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TAYL()R RF/VIDEO MEASUREMENT INSTRUMENTS

MEASUREMENTS
MADE EASY

[UnaDHM]

1l
!

fld
]

UNAOHM EP741FMS
FIELD STRENGTH METER/SPECTRUM ANALYZER

Frequency Range: 38.9MHiz to B60MHz, continuously adjustable via a geared-down vernier
TV Bands - 4 digit counter with 100KHz resolution

FM Band - § digit counter with 10Kz resolution

Reading Accuracy: reference Xtal +/- 1 digit

Frequency Reading

Function: NORMAL: picture only
TV Monitor ZOOM 210 1 horizontal magnification of picture
_'—r]—\_ picture + line sync pulse (with chromaburst if TV signal is coded
for colour
PPanorama: Panoramic display of the frequency spectrum within the selected band and of tuning
marker.
Panorama Exp Adjustable exp of a portion of the spectrum around the tuned frequency.

20 to 40dB. Static measurement of received signal. Scale calibrated in dBuV (at top
of picture tube) to rms value of signal level.

Analogue
Measurement:
DC/AC Voltmetzr: 510 50V.

Measurement 20 t0 130dBuV in ten 10dB attenuation steps for all bands. -60 to 130dBuV in nine

Range: 10dB steps for LF.
Measurement ANALOGUE: brightness stripe against calibrated scale superimposed on picture tube.
Indication: The stripe length is proportional to the sync peak of the video signal.

Video Output: BNC connector. 1Vpp maximum on 7560

DC OQutput: +12V/50mA maximum. Power supply source for boosters and converters.

TV Receiver: Tunes in and displays CCIR system ] TV signals. Other standards upon request.
Additional (1) Video tnput 75€2. (2) 12V input for external car battery. (3) Output connector for
Features: stereo earphones.

PRICE: £ 134400 nett, excluding V.A.T. and Camage

UNAOHM EP742
FIELD STRENGTH METER/SPECTRUM ANALYZER

Specification as EP74] + Synthesized Tuning 99 channels, Programme Storage
(EP815 Satellite Converter can be added as illustrated)

PRICE £1498.00 newt. excluding V.A.T. and Carriage

UNAOHM EP815
T.V. SATELLITE CONVERTER

Frequency Range of 950M1iz 10 1750MHz. Fi y is i ly adjustable th +

q gh a geared-down
Input Signal: control.

Frequency Reading: Throughout the frequency meter of the associated field strength meter.

Input Signal Level:  From 20 10 100dBuV in two ranges -20 10 70 and 70 to 100.

Power Source: Available at BNC input connectors as follows: 15V DC/.5A intemal or 25V DC

maximum external.

Satus Indication: Continuity, overload and short circuit conditions of power circuit are all shown by LED

lights

Demodulation: FM for PAL and SECAM coding. Switching to MAC system is provided together with

room for an optgonal MAC decoder.
Audio Subcarrier:

PRICE:

5.5Mt1z 1o 7.5MHz continuously adjustable. Provision for an automatic frequency control.

£536.20 nett, excluding V.A.T. and Carmiage
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“TAYLOR BROS (OLDHAM) LTD.
BISLEY STREET WORKS, LEE STREET,

OLDHAM, ENGLAND. OLS8 IEE
TEL: 061-652-3221 TELEX: 669911 FAX: 061 626 1736
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UNAOHM EH 1000
TELETEXT AND VIDEO ANALYZER

Function: Eye Pattern: display of RF and video-frequency teletext signals by means of cye
pattern diagrams both in linear representation and lissajous figures (0 and X). Line
selection: display of video signals and linc by line selection. Measurement of
modulation depth. Teletext: monitoring of teletext pages.

RF Input: Frequency Range: 45 to 860MHz. Frequency synthesis, 99 channel recall facility,

S0KHz resolution, 30 channel digital memory. Level: 40 1o 120dBuV; auenuator
inuously adjustable. Indicauon of the muni level for a correct operation of
the instruments. Impedance: 75€2.  Connector type: BNC.

Video Frequenc/

Minimum Voltage: 1Vpp. Impedance: 75Q or 10KQ in casc of a through-signal.
nput: Ni

Connector type: BNC
Teletext Input: Volage: 1Vpp/75Q.

Teletext Clock
input:

Voltage: 1'Vpp/75€1. Measurement: Aperture of eye pattern; linear or Lissajous
figures, selectable. Indication: direcily on the picture tube. A calibrated scale
shows percentage of eye pattern aperture.  Error: the instrument introduces an error
of less than or equal to 5% with video input and 20% with RF input. Jitter on regen'd,
clock: less than or equal to 25ns.  Line selector: Selection of any TV line between the
2nd and the 625th scanning cycle by means of a 3 digit thumbwheel switch.
Oscilloscope: VERTICAL CHANNEL: Sensitivity: 0.5 to 2Vpp/cm. Frequency Response: DC 1o
10Mliz. Rise time: pre & overshoot less than or equal t0 2%. Input Coupling: AC.
Input Impedance: 75€)/50pF.

TIME BASE: Sweep Range: 20 to 10ms (1.1/2 frames). 32; 64/192us (1/2: 1: 3 lines).
Lincarity: +/-3%. Horizontal Width: 10 divisions: x5 magnification.

tl()}().()() et excluding

PRICE: AT and Carriage




JULY 1989

650 | Oscilloscope offer. Buy a
- 20MHz oscilloscope and 3!

digit multimeter for £288.

[ 651 1OW SMPS flvback converter.
Control chip for multiple rail

switching power supplies.

6%; Remote scnsing from space.

=~ 1 Earth observation satellites
could eclipse comms satellites in
importance by the end of the century
' 661 Analogue Action. Making it ]
| waork in silicon. Analogue 1Cs
examined at the transistor level

| 1_566 DIY PLD. Brian Frost

~ 1 concludes his introduction to

programnuble logic.
678 FFT analysis without tears. A
powerful wav of analvsing the
frequency domain.

(l86 | Phase locked VFO for VEF,

= | Microprocessor controlted

locat oscitfator svstem.

724 Multiplexing with photovoltaic
L= refays. Bidirectional sotid
state relavs for signal switching.,

736 | Inside digital television. The

o latest I'TT chassis takes into
account digital video recording and
satelhite TV,

IN DEPTH - The cad revolution.
Computer aided design and modelling
is at the centre of design and
devetopmentin larger companies. We
review aselection of cad tools and

explain their use.

694 Designing with cad. Printed

I circuit board design and

manufacture is a natural arca for
computer-assisted methods.

699 Review = PCB Turbo. A
L layout tool for placing up to
sixlavers of wiring on a PCRB.

Starting cad. An introduction
10 productivity tools.
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706 Review = EE Designer HEand
Nettlister. Software packages

tor PCB layout and design.
711 High density PCB design.
= 1 Using surface-mounted
components introduces design

problems.
7]4 | Review — Autosketch. An
object oriented drawing
program for use with a laser printer.
715 Review — Easy PC. A design
* 1 tool for both circuit diagrams

and PCRBs.
721 Pitfalls and possibilities.
=~ 1 Choosing the right hardware
software combination for PCB design is

beset with ditficulties.
723 j Rcvic\\.(‘()l);\S and PCS. Two
£~" 1 modelling programs for use by
control and svstems engineers
643 Comment. There is no business in
show business.
645 Rescarch notes. Super-fast
transistors out in the cold?
664 Update News from around the
clectronics industry.
671 New product classified. The at-a-
glance guide to components.
674 Applications summary. Codec
fitters. modems and DTN
676 On the house. Parliamentary
clectronics news,

682 Leuters. Cold fusion, crossed fields

and anti-gravity,

691 Circuitideas. Low distortion audio
and other ideas.

729 RE connections. Exploiting
millimetre waves.,

732 Pioncers. Konrad Zuse: father of
computers.

In the nextissue. New Wave
Microwave. The August issue of
Electronies & Wireless World will
present aseries of articles charting the
rise and rise of microwave technology
The advent of satellite broadeasting has
changed the price structure of
microwave technology dramatically.
Microwaves belong exclusively to the
military no longer.
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£rom Neptune, on 30 watts: Voyvager-2
eruises into Research Notes, page 648.

Speciaf offer to E&WW readers: for
details of this 20MHz oscilloscope and
the digital multimeter which comes with
it, turn to page 650,
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Typieal PC-based cad station with PCB
design in progress, using PADS-PCB
from Microtel which is to be deseribed
in a future issue.

041



SPKR 30L USB
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AEL 2230 AUDIO

Masterclass
OSCILLOSCOPES
For £105€ W0 Compare

With the phenomenal succes of the HM205, with ts Component Teste
feoture, proneered by Homec we now lake pleosure in introducing the
HM205-2. This improved version contains all the previous features, but

as increosed capabilities in the following orec

Increosed sompling rate of SMHz 20 MHz onologue bondwidth
time

Dot joining focility A digitol timebose of 55-2us per
division moke 3
of esto tore of Kiichen
# aht

Memory of 1024x8 bns per channel Moxumum sensifivity o‘ 2mV per
division ]

because at £527 itdeserves

the prize of the year:

HMAAINELs

74-78 Collingdon Street, Luton, Bedfordshire, LUT 1RX Telephone (0582) 413174 Telex 825484
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CONSULTING EDITOR N O b u S i n eSS i n

Philip Darrington
EDITOR

EDITOR —II;V”;’)AU(:LI‘:;'\I INSIGH T S h Ow b u S i n ess

Geoffrey Shorter, B.Sc.
01-001 8639
DEPUTY EDITOR

f‘(i‘l"(’,"(')llf;f(')"‘!‘\:‘ The UK’slargest electronics show, British Electronics Week, is over for
('(NMlINI(‘/\'I‘I‘().r;s‘ o aqother year. Wf: hope that it will be the last. Opinion, perhaps, but a
T Richard Lamblev widely held one if the results of a straw poll among the people who
01-001 3039 attended and exhibited was anything to go by.
HLLUSTRATION One couldn't possibly deny the sheer scale of the “Week™ as the organizers
Roger Goodman like to call it. It occupies virtually the entire floor-space of Olympia for its

01-661 8640

DESIGN & PRODUCTION
Alan Kerr

01-661 8670 exhibiting or attending. or could one?
ADVERTISEMENT MANAGER The opinion of the largest exhibitors: “We spend £50 000 putting the stand
Paud Kitchen together and we don’t really know what we get for the money ™. Of course
01-001 3130 N - . A . g .
. [ . they don’t. They exhibit for the image. They’ve already identified the major
SENIOR ADVERTISEMEN' 4 . .
EXECUTIVE business prospects with a field sales force.
Rodney Woodle The smaller companies have to pay upwards of £4000 for their stands. They
o okenlSedo o look for “good™ enquiries and try not to think about the additional costs
¢ L'\””-](l“lf:)'i?::»\b:[;? JEerTive involved in keeping highly qualified people cooped up on a stand for a few
(,,‘_,,/,, 033 days, touting for custom from visitors walking the aisles.
ADVERTISING PRODUCTION Then consider opinions from the visitors themselves. Some will work for
Una Russ large companies who can afford to send people down to the bottom half of the

01-061 8649

PUBLISHER
Stusan Downey

O1-00] 8452 to do without the dubious benefits of British Electronics Week.
FACSIMILE The event has now reached such a size that, unless you organize a visit very
01-001 8959 carefully. you have little hope in seeing all that yau really wish to see and of

feet.

77— EllJl\llle 1SS work. Most concentrate withir a particular design area; for example. digital,
"‘ PUBLISTTING micro. linear. The problems in attending distant venues remain and it seems

shows in any year.

@i VM | thiv U SPSos=~300 I

e O S rc e It could be that you have just picked up the answer in the magazine you are
oo i G D Ot e H now holding. The UK’s technical press leads the world in its variety,
g St e | specialization, content and readership. Electronics & Wireless World plans
Bt 411 190 <o 1) o | S Cc S more thanits fair share of coverage for electronics professionals.
> ulo Fww st NSNAN
Newstrade ) oo LU Subsenip-
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three day duration. It has swallowed up the old ECIF event, much of
Internepcon and a few others besides. One couldn’t possibly think of not

country. Others live in the South East and can reasonably endure the miseries
of ashort journey to Olympia. The remainder of the electronics industry has

meeting all the people you would really wish to meet. The situation has
clements of Catch 22. You've got to know what you want to see before you
see it but you can’t know what you want to see until you have. The earlier,
smaller venues offered a showcase; the design engineer looking for ideas
could wander around and see everything, not missing anything. The only
consequences a visitor can now guarantee are mental numbness and aching

The answer may lie in the staging of small, specialist shows, preferably on a
regional basis. This merely reflects the way in which electronics professionals

unrealistic to expect small companies to exhibit at more than a couple of

July 1989 ELLCTRONICS & WIRFLESS WORIL D
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From £534°

(We are assuming that you already have an IBM™ or
compatible)

Thurlby's DS-PC Link package connects a Thurlby
Digital Storage Adaptor to an IBM compatible, creating
a flexible digital storage oscilloscope of great
sophistication with a performance of instruments
costing up to ten times as much!

The DS-PC Link comprises disk-based software and
an interface cable to link the DSA and PC. It provides
a fast, high resolution colour (or monochrome)
waveform display, a full set of DSO facilities and
special PC features, including disk-based storage,
intelligent cursor control and hard copy output.

N ]

DSA524 Two channel adaptor 20MS/s| £585
| DSA511 | Two channel adaptor 10MS/s| £395° |
DS-PC Link | Interface Package £139* |

644

Prices exclude VAT

Thurlby Electronics manufactures and distributes a
wide range of electronic test equipment. Send now for
the full data.

Thurlby

Burrel Road, St. Ives, Huntington, Cambs PE17 4LE
Fax: 0480 64832 Tel: 0480 63570

ENTER 21 ON REPLY CARD

IBM-PC 1/0 Cards

There has never been a better time to
start using
for data acquisiti
and control

The new selection
from Fairchild offers
an exceptionally
wide range so you
can get nearer
than ever to
your precise
requirements

wide range
— over 60 models

high quality

software support in 7 programming
languages

IBM-PC/XT/AT compatible

Call us today on 042] 2] 6527

for a free full colour product selector chart

Fairchild

Fairchild Ltd Eastpoint Burgoyne Road Thornhill Southampton $02 6PB
Tel:042121 6527 Fax:04212) 6583

ENTER 24 ON REPLY CARD
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Super-fast transistor out in the co

Quantum clectronics is a subject that's
guaranteed to make many of us feel
we're beginning to lose touch with real-
ity. Its main contention - that clectrons
are waves — somehow doesn’t seem to
square with the familiar mentalimage of
little black balls threading their way
through atomic lattices. And despite
the fact that most of us were treated to
liberal doses of the wave/particle duality
of clectromagnetic radiation at school,
its analogue in clectron behaviour
seems remote,

Small wonder then that most of to-
day’s devices exploit only the particle
character of the electron. relying as they
do on diffusion or charge density mod-
ulation. Tunnel diodes and guantum-
well devices are among the few excep-
tions. Yet theoretictans have known for
some time that quantum effects hold out
a tremendous potential for increased
performance: in simple terms. waves
are fasterand cleaner than particles.

Onc of the most interesting proposals
recently discussed (Appl.Phys. Lett.
Val. 54. No 350) is a design for transis-

Brew your own chips

If ultra-low temperatures are diffi-
cult to achieve, then ultra-tiny
dimensions may prove the casiest
route to exploiting quantum effects
in clectronics. Certainly there's a
greatly renewed interest in low-
dimensional structures such as quan-
tum wells and super-lattices. But
what about semiconductor particles
in which quantization occurs not just
inone dimension, butin three?

In very small colloidal particles,
less than 100nm in diameter. size
quantization results in a new class of
materials with propertics intermedi-
ate between those of a single atom
and those of a bulk solid. Confine-
ment of clectron-hole pairs leads to
an increased conduction band-gap
and hence interesting new  prop-
erties.

But if this sounds like another
example of over-funded physicists
tinkering around with bizarre and
uscless states of matter, it's worth
noting that Nature may have already
learned to exploit quantum semicon-
ductors.

C.T. Dameron er al. from the
University of Utah have shown (Nea-
ture Vol. 338, No 6216) that two
varicties of veasts can biologically

July 1989
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Coherent
electron
beams

Phase shift
due to gate

Beams out of phase

tors based on quantum interference
between parallel waves of electrons. ItUs
a bit like holographyv. in which small
phase changes between two coherent
beams of light lead to interference pat-
terns or holograms. In the case of the
quantum transistor. the effective path
length of one of two clectron beams
would be modulated by applving a vol-
tage to a gate electrode. The two sets of
waves arriving at the drain would then
interfere constructively or destructive-
lv. depending sensitively on the gate
voltage.

So beautiful is the concept that you |
might be forgiven for wondering why |
vou can’t order such devices off the

synthesize cadmium sulphide crys-
tals on this almost sub-microscopic
scale. They do it ostensibly to get rid
of cadmium, a substance that is nor-
mally poisonous in its bulk form, by
transforming it to quantum-sized
crystals in which for.n it is stable and
harmless to the yeasts.

When such crystals were extracted
from the yeasts, the Utah resear-
chers found that they were perfectly
uniform in size and had extremely
consistent physical properties.

Further research has shown that,
far from being biological rarities,
quantum-sized semiconductor crys-
tals are probably quite common in
nature.

More interesting still is the possi-
bility that cells such as yeasts might I
be harnessed by man to grow the raw
materials for a whole new class of
clectronic devices, especially solar
cells, lasers and other optical de-
vices. In factit doesn’t go beyond the
bounds of reasonable speculation to
imagine clectronics raw materials
that are brewed for their precise
application as vou or [ would tailor
other yeast by-products. . . a tin of
Bootsbury's ReadiBrew and a good
fermentation lock.

d?

shelf especially as their speed and noise
performance would be exceptional by
any standards.

The first major obstacle is that such a
device would require a pair of electron
beams with a high and consistent phase
coherence. As vet this hasn’t been une-
quivacally demonstrated in solids. the
problem being that electrons continual-
v interact with impuritics. distocations
and lattice vibrations to prevent any sort
of coherence. except over extremely
short distances.

Muany theoreticians are now of the
opimon that these difficulties can ecither
be allowed for or eliminated by operat-
ing the device at a temperature close to
absolute zero. Gerhard Fasol of the
Cavendish Laboratory (Nature Vol 338
No 6215) thinks that the phase coher-
ence length for clectrons in gallium
arsenide heterojunctions should be of
the order of Spm at 0.1K - a tempera-
ture too low even for liquid helium. So
Sol's quantum interference transistor.
whilst miraculous in theory, would be
impracticable at present.

Ear on the universe

A sub-millimetre-wave telescope with a
10 metre diameter dish antenna has
been designed to scan the heavens
through what. up till now. has been a
closed window. It's a joint venture
between the Max-Planck-Institut fiir
Radioastronomic in Bonn and the Uni-
versity of Arizona.

Normally radio waves of less than a
mill.metre are strongly absorbed by
water vapour in the atmosphere: so to
worx cffectively the new telescope is to
be installed next vear on the 3300m
sunmit of Mount Graham. some [S0Okm
from Tucson. Arizona. This places it
above the bulk of the vapour and will

cnable it to get a clearer picture of

milhimetre emissions from space.

The telescope. manufactured by two
German firms. is reported (Dewtscher
Forschungsdienst Vol. 28 Nol/89) to be
virtually complete and ready for testing.
The antenna surface is made from car-
bon fibre-reinforced material which de-
viates no more than 0.013mm from a
true paraboloid at any point.

When installed and working. the sub-
milimetre wave telescope will be used
by astronomers to gain insight into what
takes place inside opticallyv-dense
clouds of interstellar matter where, it's
thought. stars are born.

ELECTRONICS & WIRELESS WORLD
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FIRST QUALITY SECOND USER
EQUIPMENT

CarstomCarston

\\\\\\

RN
[N\

CW

Fax: 01-977 9232 Telex: 938120 CarlecG

APLAB Guide Price £ MARCONI

TIS 115/230/500 Converter, 5S00VA capacity 550 TF893B Power meter 495
ROHDE AND SCHWARZ

CENTRONICS
NA?2 Power meter with Z3 probe .

353 180 CPS Line printer 195 to 1 GHz 1400 / g

\ FLUKE 9000A-280 280 POD for 9010A 250 SOLARTRON 5

3530D Data logger 3600 / Vs ]

HEWLETT-PACKARD 353018 Solid state card 250 L7 .S

4951A-001 Protocol analyser 1500 SUN 360 Workstation, 14" colour

1630G Logic analyser 4500 4M9 mem 11400 8

16500A Logic analyser mainframe 3900

16510A 80 channel card 2650

| 165154 16 channel, 1 GHz card 5750 Is your Carston S'OCk

16521A 48 channel pattern gen. card 3300 i o ]

8301B/001 Audio analyser 6900 Guide Up-to-Date:

8620C Sweeper mainframe 1500

86290B Sweeper plug-in 4000 ™

5386A 3 GHz counter, HPIB 1450 _

89708 With option H18, noise figure meter Carston Electronics Limited

to 1800 MHz 5500 2-6 Queens Road. Teddington. Middx TW11 OLR Tcl: 01-943 4477

TEKTRONIC
577

Curve tracer
£4500

HEWLETT-PACKARD 8350A Systems
Various configs. available on request PHILIPS PM3295 Scope £2900
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'Y Y NN From simple minimum chip solutions
8051 Project....?

through to complex turnkey
multiprocessor systems, Cavendish
Automation has the hardware and tools to
allow you or us to design rapid and
professional implementations.

Off-the-shelf hardware includes numerous
DACs, ADCs, bus-drivers and decoders,
and many other forms of analogue and
digital /O cards, together with power
supplies, backplanes, card cages and
equipment cases.

iy

Software development couldn 't be easier. Our 7034
card’s text editor enables software development for the
8051/2 in either assembler or MCS-52 BASIC
Programs are simply blown into EPROM or EEPROM
on the card itself. When writing in assembler. both
source and/or assembled code may be saved in this
way

IR W

It

For further information contact Cavendlsh Automation Limited
- - Oak Park. Barford Road
cavend | Sh Au tomat ion St. Neots, Huntingdon. Cambs PE19 2SJ

Telephone 0480-219457
FAX. 0480-215300 TELEX 32681 CAVCOMG
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Engineering in the
blood

For those of us who feel squeamish at
the thought of a spider crawling up
our legs, how about a creepy-crawlie
that gets inside the body and swims
about in the blood stream? It’s not a
bad dream, nor even a good Hitch-
cock movie, just a sober project
dreamed up by Professor Iwao Fu-
jimasa and a team of engineers at
Tokyo University.

If you recall the micro-robots
being devised by the Massachusetts
Institute of Technology for cleaning
windows then this is just the same
principle scaled down another cou-
ple of orders of magnitude. Fujima-
sa, whose work is being taken very
seriously by companies like Toyota
and Hitachi, believes that within ten
years it will be possible to create
micro-robots that can be injected
into the body and which will be able
to swim through the bloodsteam to
the site of some obstruction or le-
sion. There they’ll perform an opera-
tion by remote control and then swim
away when the job is complete. So
seriously is this bizarre prospect
being taken that the Japanese Minis-
try of International Trade and Indus-
try (MITI) is expected to contribute
about £20 million to get the work
under way.

In engineering terms the obstacles
are phenomenal. Today’s chips are
much too large for the control and
communications aspects of the
micro-robot; sensors and power sup-
plies are even more so. But the truly
amazing prospects are those of
micro-miniaturizing mechanical
parts such as motors and gears. In the
USA, gear trains have already been
cut at sub-millimetre size by lithogra-
phy, but the Japanese are actually
planning to make micron-sized mov-
ing parts.

Fujimasa is confidently predicting
that by the end of next year he will
have a proto-type micro-robot cap-
able of travelling around in the body
and communicating its whereabouts.
Later, but still within the foreseeable
future, he expects to be able to add
simple sensors for doing reconnaiss-
ance jobs around our innards. There-
after it will be on-board micro-lasers
to zap our clots and beam up our
tumours. Utterly incredible, but it
doesn’t half give you a creepy
feeling. . .

RESEARCH NOTES
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| Digging for cosmic answers

matter® of the Universe. This

The reason for setting up the ex-

perimental detectors in a potash mine is
quite simply that the depth of carth will
form an cffective screen for the showers
of spurious particles produced by cos-
mic radiation which would otherwise
‘blind” the equipment. Even at 1100m
the rescarchers. trom six British univer-
sitics and the Rutherford Appleton
Laboratory. plan to line their S00m*
experimental cavern with further lavers
of specially-developed screening mate-

Europe’s deepest mine shaft. the 1100m |
Boulby potash mine in North Yorkshire
will be the site of a feasibility study to
detect the so-called missing mass or
| “dark
material. which could comprise any-
thing from tiny black holes to as-yet
undiscovered subatomic particles. is
thought by cosmologists to make up
90% of the Universe.

rials. possibly of lead or salt.

If this preliminary study proves that
the scarch for “dark matter™ is worth
pursuing and if the necessary funds are
forthcoming, then a full-scale experi-
ment will get underway later this vear.
Special detectors will be developed to
measure the recoil of an atom when its
nucleus is hit by particles of the
hypothetical dark matter.

Boulby mine isn’t by any means the
deepestin the world. nor is this the only
attempt ever made to find the missing
mass of the Universe. Nevertheless if it
succeeds. this work will go a long way to
unravelling one of cosmology’s greatest
mysteries.

Research Notes is written by John Wil-
son of the BBC World Service science
unit.

Busking under the bridge?

Physical scientists throughout the
ages seem to have enjoyed a certain
dalliance with the musical arts, not-
ably men like Herschel and Borodin.
Even today, great minds expend vast
amounts of energy and hours of
computer time trying to re-compose
Bach or make a perfect bassoon from
old wardrobe pancls. \

One gentleman of this kind. who |
confess has cscaped my attention
until now, was no less than Sir
Charles Wheatstone (popularizer of
the Bridge”). Sotheby’s, whose |
annual sale of scientific instruments
on May 5 was to have included nearly
50 items of Wheatstone memorabi-
lia, ample evidence of his musical
pursuits. Lot 16, an automatic har-
monium chord transposition assem-
bly, was accompanied by lot 27, a
patent bellows fiddle. Or would have
been. had not the whole Wheatstone
collection been withdrawn from the
sale following a legal dispute about
its ownership. So you could still have
a chance to bid when the matter is
settled.

But new to me was the realization
that this great Professor of Ex- |
perimental Philosophy was also the
inventor and perfector of . . . .the
concertina!

* Sce Pioneers: Charles Wheatstone, mas-
ter of telegraphy, E & WW April 1987
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Some of Wheatstone's first bridges were on
stringed instruments such as this VW heat-
stone & Co. Harpe-Lute of 1810- 1815, Lot
18 in Sotheby 's sale catalogue. By the age
of 14, in 1816, young Charles was already
working at his uncle's music business at
436 Strand, London, where this and other
insiruments were made and sold.

|
B
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From Neptune, on 30 watts

After an incredible twelve-year journey
through interplanetary space. Amer-
ica’'s Voyager-2 will rendezvous with
Neptune on August 24. Already this
hardy little spacecraft has sent back to
Earth some amazingly detailed pictures
of what is currently the most distant
planetin the solar system

When Vovager-2 was launched by
NASA in 1977. the main object of the
mission was 1o explore the two great
planets Jupiter and Saturn and their
various moons. Needless to sav, even
that involved an extraordinary feat. not
just of planetary ballistics but also of
data storage and transmission, especial-
ly when vou consider that the radio
range from Saturn isabout 2 X 10°km

Saturn, however, wasn't to be the last
planetary encounter for Vovager-2
Earty in 1986 it went on to explore
Uranus, together with its rings and five
major moons. Uranus is so far away
that. since its discovery 200 years ago by
Wiltiam Herschel. we've learnt very
littte of this distant world except that it
has a "horizontal’ axis of rotation and
more-or-tess rolls its way around the
Sun

What NASA never dared suggest at
the time of its launch was that Vovager-
2 could theoretically make its way to the
very edge of the Solar System and
encounter Neptune (Pluto is currently
orbiting inside Neptune's orbit). Yet
thanks to a rare planetary alignment
that happens only once every 177 years,
it was simply a matter of jugghng with
trajectories — a sort of interpitanetary
game of snooker. ‘Simply” is perhaps
the wrong word. for NASA likens the
required degree of accuracy to that ol
hitting an atom from a distance of a few
hundred metres

Neptune is at present 4.5 X 10’km
from the Sun, a distance at which it’s
over four hours’ journey by any form of
electromagnetic radiation. Any com
munication from NASA's deep space
tracking network therefore takes
around twice that ime to be acknow-
ledged. Two-way communication is
achieved on S-band and X-band using

[ two highly duplicated systems feeding

two separate antennas.

The S-band transmitter consists of
two redundant exciters and two redun
dant RF power amplifiers of which any
combination is possible. Only one
exciter-amplifier combination operates
at any one time. Selection of the com-
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Abave: colour images of Neptune hy Vovager-2, taken two hours apart, from about
309 million kilometres away. Note the movement of the bright cloud teature which is
consistent with a 17-18h rotation period. Below: NASA painting shows Neptune and
its moon Triton just after Vovager’s flv-by on August 24, 1989.
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bination is by onboard failure detection
logic within the computer command
subsystem (CSS). with ground control
backup. The same arrangement of
exciter-amplifier combinations makes
up the X-band transmitting unit

One S-band and both X-band amphi-
fiers employ travelling wave tubes. The
second S-band unit i1s a solid-state
amplifier. The S-band transmitter is
capable of operating at 9.4 watts or at
28.3 watts when switched to high power
and can radiate from both antennas
X-band power output is 12 watts and
21.3 watts. X-band uses only the high
gainantenna

Alldata is sent in digital form, slowed
down when necessary by means of a
belt-driven magnetic tape drive. Even

RESEARCH NOTES

then. tull resolution television pictures
from Saturn required a frame read-out
time of 144 seconds. As received on
Earth, the data rate varies from 40bit/s
1o 1 15kbit/s depending on its nature and
the range of the craft. Slow it may seem.
but it's no means feat to receive any-
thing at all from a 30 watt transmitter at
a range of four-and-a-half bilhon
kilometres!

With only a few months and a few
hundred thousands kilometres left to go
10 Neptune, NASA are keeping their
fingers tirmly crossed for Voyager-2. I
the promisce of these early pictures is
anything to go by, one could soon be in
for some spectacutar shots trom a dis-
tant world where the summer tempera-
ture rarely rises above —220°C "

Right: Voyager-2’s launch aboard a
Titan/Centaur-7 on August 20, 1977.

Below: test model of Voyager-2 being
checked in the Kennedy Space Centre’s
industrial area.
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@ Two X 10 probe kits
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he flvback converter principle

permits low-cost control of

several auxiliary output vol-

tages over a wide supply vol-

tage range. Both applications
shown in Fig. I have three outputs cach
protected against overload and short-
circuit. A 12V output powers the con-
trol and monitoring logic of the main
SMPS primary. Since no electricatisola-
tion is needed. it is further used for the
power supply and controt of the TDA
4814 controller. Anisolated 13V output
supplies the control and monitoring
circuitry of the SMPS secondary and a
tightlv toleranced and isolated 3-V out-
put supplics any TTL logic.

One of the converters shown exhibits
an input-voltage range of 100 to 450 V,
whilst the other will only operate at
inputs greater than 250 V because of its
undervoltage monitor: a thyristor is
triggered via an additional isolated out-
put to overcome the on-resistance and
permit smooth capacitor charging at
switch-on of a high power switched-
mode powersupply.

TDA 4814 controller

Controlling the outputs with the TDA
4814 ensures protection against over-
voltage and short-circuit. This is
achieved by using the on-chip oper-
ational amplifier to control the first 12V
output. the remaining outputs being
indirectty controlled by transformer
winding ratios. Good coupling is re-
quired to ensure voltage stability. The
tolerances required at the 3V output are
achieved by designing the winding for a
7.5V output and adding a fixed voltage
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regulator. The switching transistor in
the primary side is driven directly from
the chip.

Switching transistor. Maximum drain-
source voltage V.. = Vi + Vi
where Vi is the tflvback or demagnetisa-
tion voltage. in this case 130V, Hence
Vi =450+ 150 =600 V.

However. this does not account for
the voltage transients which occur at
switch-off. Hence, the BUZ 78 SIP-
MOS transistor (V... = 800V R,

8 ohms. 1, = 1.5 A) was sclected as a
suitable device.

Transformer. The winding details
shown in Fig. 2 show how the primary
and secondary windings are ‘nterleaved
in lavers. The EC35/17/10 transformer
core (N27) is targe enough to take six
windings while providing the required
creepage paths. Good coupling is
obtained when the start of cach winding
is on the same side, enabling the clectric
ficld to be built up geometrically in the
same direction.

Start-up. Resistors R, - Ry provide the
necessary standby current with mini-
mum input voltage: with maximum in-
put voltage (450 V) there is no over-
loading.

The standby current is that required
by the standby function of the TDA
4814 (maximum 0.5 mA). The under-
voltage monitor (TAE 1433) requires a
further2mA.

The TDA 4814 becomes fully oper-
ational once its threshold voltage has
been reached. An auxiliary trigger sig-
nal. possibly derived from the undervol-
tage monitor, starts the tflyback conver-

FLECTRONICS & WIRET ESS WORLD
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10W flyback
converter

Multiple-output SMPSs must often provide independent

auxiliary current sources for control and monitoring. The

Siemens TDA 4814 uses a triangular current characteristicin
self-oscillating flyback converters

J. NATTRAS and S. WRIGHT

ter which then draws the required cur-
rent from the first winding.

Auxiliary trigger. The auxiliary trigger
signal is provided by the internal start
logic. which functions as a diac with a
20V trigger voltage. The signal at Q
START is coupled via R to the detee-
tor input. this signal being suppressed in
normal operation by the low-impedance
signal from the detector winding.

Power unit. With SIPMOS transistor
Tr, conducting. current rises lincarly
from zero and is measured via a series
resistance. When a peak-current value
given by the control amplifier s
reached. transistor Try is blocked. At
this time. the potential at the detector
input is high. maintaining the transistor-
off state. Once the transformer has
completely discharged the stored ener-
gy to the secondary side. the detector
winding changes polarity and Try is
turned on once again,

In the event of a short-circuit. the
voltages at the output windings will be
low. The detector winding is designed
such that these low voltages are sutfi-
cient for reliable triggering.

Current detection. Low-pass filters Cyj,.
R,;. C, and saturation choke L, are
included to reduce the
parasitic currents when the load current
is low. This leads to continuous opera-
tion even at low loads and supply vol-
tages below 300 V. A bias voltage of
about 100 mV at the comparator input
(Riy. Ryy) climinates the problem of
negative voltages originating from the
charging currents of the SIPMOS
capacitances.

influence of |
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Voltage limiting. The interleaved prim
ary transformer windings give a wide

HE - Pin|no Pin no
tolerance to load distribution at the G e ] I
output windings. However a resistor- 7aﬁ'smr1 S:]'L S
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triggering of a thyristor via an additional
secondary winding (W,). The thyristor
is used to bridge the on-resistance for
the current-limited charging of the
SMPS primary smoothing capacitor. It
would be triggered after switch-on once
a minimum input voltage (e.g. 250 V)
has been reached. Thyristor gate cur-
rentis defined by R,y

The TAE 1453A is well suited as the
undervoltage comparator due to its low
power consumption. A small hysteresis
is provided by Rs; and Ry, whilst D, is
required as an additional reference,
since the reference output of the TDA
4814 is inactive during standby. At an
input level greater than 1.6V, the com-
parator will block switching transistor
Try via the detector input of the TDA
4814,

Diodes Dy & D, limit the voltage
from the detector winding to the operat-
ing voltage of the TDA 4814, This
ensures reliable switch-off by the under-
voltage monitor under any condition at
the detector winding. A low level at the
comparator output will not affect the
trigger voltage due to the inclusion of
diode D,.

Performance of the
flyback converter

Use of the TDA 4814 control IC in the
flyback converter shows a reliable per-
formance under all supply voltage and
load conditions (Fig. 3). Good coupling
of the windings by interleaving is indi-
cated by excellent individual control
characteristics. despite the nced for
creepage paths of a minimum of 5 mm.
Continuous operation up to 300 V input
is possible with the inclusion of base
load resistors (Rys, R,z). At higher
input voltages and with no further
change in base load., intermittent duty
will occur during which the output vol-
tages will remain within given toler-
ances.

The function of the base load is to
limit the output voltage in the no-load
condition. However. the available base
load is sufficiently small that with a
no-load condition at output 2 and other
outputs heavily loaded, the upper toler-
ance threshold may be exceeded.
Hence. for more critical applications,
an increase of the base load may be-
come necessary. A good transformation
performance is achieved when output |
delivers atleast 10% of the rated power.

The internal resistance of filter choke
1., (0.2 ohms at 20°C) will influence the
control performance of output 1. Tak-
ing the voltage direetly from output 1
would clearly worsen the indirect con-
trol of the remaining outputs and pro-
duce control instabilities which may

600- -300
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/ —
wo{ / Orain=90d L 200
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= | —
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Fig.3. Transistor switching performance in full-load operation at 300V supply
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Fig.4. Dynamic performance of the converter with abrupt load changes.

occur as a result of further phase rota-
tion in the control circuit. By further
improving the overall performance of
the controlier the deviation of the
steady-state output could be reached
during load changes. However. this has
not been pursued here as the dynamic

performance would be greatly affected
by abrupt load changes.

These two application circuits  de-
monstrate how versatile auxiliary pow-
ersupplies can be builtat lowcost. B
The authors are both with Siemens Lid
Electronics Components Group.
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Re

pace-based remote sensing has

its origins in military recon-
naissance, weather forecasting

and the Gemini-Apollo space
programmes. Early in the

| space age. the mihtarv in America and
the USSR recognized the potential for
spving upon one another from space . So
today we have secret Shuttle pavioads.
public debate over the UK Govern
ment’s attempted Zircon programme
and veiled boasts that such satellites can

m

read a car number plate from 200 miles
or so up. More useful was the deploy-
ment of cameras. from 1960 on. to
photograph the Earth’s weather. so
revolutionizing forecasting. Finally
beautifu! full colour photographs ot the
Earth’s surface were taken from space
during the first Gemini space missions
and followed by the Apollo mission’s
"Planet Earthin a void’ photos

The detail and colour of these photo-

graphs awakened people to the poten-
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sing
from space

By the turn of the century, remote-sensing satellites could
well eclipse comsats in theirimportance to the growing
global community. Jeremy Cavanagh describes sensing

techniques which are providing information about the Earth
on ascale not previously possible.

tial of looking at Earth from space.
Space-based remote sensing now has
applications in pollution control. agri-
culture, resource assessment, climatol-
ogy. land use. archaeology and
oceanography

Whatis sensed?
Several frequency bands in the visible
and infrared spectrum are available.
together with microwave frequencies
(Table 1). Using the visible and infra-
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red spectrum depends upon the Earth's
being a ‘black-body’ radiator. A black
body emits all the energy it absorbs
(emissivity = 1). The Earth emits ener-
gy received from the Sun, also a *black
body'.

The wavelength at which the max-
imum energy is emitted depends on the
temperature of the body. This is found
from Wien's displacement law, A ., =
a/T. For the Earth this is approximately
10um at 288K surface temperature.
which is in the thermal infra-red band.

Planck’s radiation law E = hi gives
the relationship for emission of radia-
tion (E 1s the radiant energy and f its
trequency: his Planck’s constant). This
equation for all wavelengths emitted
per unit area translates to E = T o
W/m.

However. not all wavelengths of visi-
ble to far infra-red pass through the
Earth’s atmosphere: different gases
absorb difterent wavelengths.

e Oxygen (O, and O) absorbs
wavelengths shorter than 0.1 wm while
| 0zone absorbs wavelengths from 0.1 to
0.3pmand0.32100.36pum.

o Carbon dioxide absorbs at 2.5um.
4. 5pmand [Spm.

e Waterabsorbsat 0.6.2, 3and 6um. So
sensors usced in remote sensing are de-
signed to "look ™ between these bands.

Orbits

You want to have the opportunity 1o
gather information from anvwhere on
the globe. Two orbits allow this. the first
being the geostationarv orbit of
36 000km distance. From this height. a

Above: London and the Thames estu- |
ary, in false colour (Landsat thematic
mapper). Left: Bedtord and the giant
airship hangars at Cardington (Spot
image, 10m resolution). Previous
page: Gulf of Suez (Landsat); width
represented is about 90km.

sensor such as a camera can image a |
large amount of the Earth's sphere. |
which the satellite taces 24 hours a day.
Changes across large areas of the
Earth’s surface can be followed and the
extent and impact seen as fast as the
data can be transmitted received and
processed. This is particularlv valuable
tor weather satellites. The ESA
Meteosat weather satellite. operated by
the Eumetsat organisation. has scan-
ners operating in the visible to thermal
infra-red bands and a sensor for water ‘
vapour. It can image weather patterns |
557 north and south of the Equator. |
The second orbit is the near-polar
orbit which. at a height ranging from {
I
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Ia_blg_Z_. Some remote sensing satellites —current and planned.

Satellite
Landsat5

|
Landsat 6
| SPOT

Meteosat 2
Insatl

Meteor series
Space Shuttle
Imaging Radar
(SIRB)

Radarsat
ERS1

Columbus
Polar Orbiter
Platform

| —

_Country

USA

USA
France

ESA
India

USSR
USA

Canada
ESA

ESA

Sun-synchronous orbit

Laungh
1984

1993
1986

1981
1B-1982

From 1969
1984

19937
1990

1993-4?
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Orbit
Near-polar®

Near-polar *
Near-polar®

Geostationary
Geostationary

Geostationary
Low Earth Orbit

Near-polar
Near-polar

Near-polar *

Applications

Land use. vegetation, geology.
geomorphology, hydrology

Land use. agriculture, cartograpbhy,
enploration

Meteorology. environment. vegetation
Meteorology. communications, direct
broadcast

Meteorology

Geology, geomorphology. soils. land use.
oceanography

lce monitoring, land applications
Meteorology. oceanography. land
applications, climatology and environment,
marine biology. land and seaice

Meteorology. climatology. pollution and
environment. ocean ice, ocean colour, land

use, search and rescue. precise positioning.

space plasma, solar research, ocean-
ography. land use. astronomy, materials
science

REMOTE SENSING

500 to 1500km above the Earth’s sur-
face. allows swaths to be scanned in far
greater detail than is possible from the

geostationary orbit. It the sateilite 15 |

Cartying passive sensors operaling in
the visible to near infrared portion of
the spectrum then a sun-synchronous
polar orbit is desired. In this orbit the
satellite maintains the same angle to the
Sun over a particular part of the Earth’s
surface all the time. So Landsat 5 always
crosses the Equator at about 9.30a.m.
local time and northern latitudes
around 10.00a.m. The polar orbit
allows the satellite to re-scan the same
spot on the Earth’s surface every 18
days. giving an opportunity to note
changes on a regular basis. Landsat 4
and 5 were designed with an attitude-
pointing accuracy of 0.017 and a stability
of 10 "“degrees per second.

Sensors
In remote sensing. two types ot sensors
are used: passive and active.

The most widely-used passive sensing
insirument to date has been the scan-
ning radiometer. This consists of a sing-
le detector and a scanning mirror. The
mirror scans the field of view and fo-
cuses radiation on to the detector. The
MITror's scan represents a line consist-
ing of pixels the size of the detector. An
image is built up by the forward motion
of the satellite.

Ditterent detectors are used for difte-
rent bands. Hence the Landsat series
used a multi-spectral scanner by which
five bands were imaged. The scanning
mirror would focus the radiationontoa
pornt and then that light was split up and
conveyed by light-pipe to the appropri
ate detector for each band: 64 levels of
grey were allowed for. with a grey-scale
reference built in at the end of the
mirror's movement. Similar are the
thematic mapper and the Nimbus-7
coastal zone colour scanner.

Charge-coupled devices have been
used on the French Spot-1 (CNES)
satellite since its launch in 1986. Known
as IRV (high resolution visibie). the
sensor package consists of 1wo sensors
canstructed of 15 000 CCD clements
each set out as three 3000-element
arrays for three bunds and one 6000
arrav for a fourth band. The CCDs are
limited to operating in the visible and
near infra-red spectrum. In panchroma-
tic mode the ground resolution is
10X 10m with a 60km field of view.
giving great resolution. For multi-
spectral mode, the two sensor packages
are operated together giving a ground
resolution of 20x20m. CCDs do not
suffer from the noise caused in scanning
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radiometers by oscillations in the move-
ment of the scanning mirror across the
field ot view. However, thermal and
unshielded radiation noise can affect
the image.

Active scanners. Microwave radar tech-
niques are coming into wider use with
the employment of synthetic aperture
radar (SAR). Radar is not affected. of
course. by bad weather over the Earth's
surface.

The back-scattered return depends
on factors such as the dielectric of the
surface (e.g. wet or dry soil), the rough-
ness or texture of the surface and its
angle in relation to the pulse trans-
mitted.

To achieve a ground resolution of
25%25 metres, SAR uses two techni-
ques. A very short radar pulse is trans-
mitted for resolution along a (typically)
100km swath. The forward motion over
the ground of the satellite synthesizes a
much larger antenna than the satellite
carries. SAR is side-looking radar, i.e.
it does not took under the spacecraft
straight down to the Earth's surface, but
off-nadir 10 the side of the spacecraft.

Remote sensing by active microwave
sensors is already eclipsing passive scan-

Thetford and the Little Ouse, on the
Norfolk-Suffolk border. This and the
other Spot image are copyright of the
Centre National d’Etudes Spatiales
(CNES) - see panel opposite.

ners for oceanography and future Euro-
pean satellites such as ERS-1 (ESA
L-1989/90) are concentrating on micro-
wive techniques. The difficulties in us-
ing an imaging SAR radar are the
extremely high data rates (approx-
imately 100Mbit/s) and the need 1o
process this data in real time. This calls
for the development of a SAR processor
tor use on board the spacecraft.

Other active scanners based on radar
techniques used on remote-sensing

Table 1. Satellite sensors and their capabilities.

satellites are

e The scanning multichannel micro-
wave radiometer flown on Seasat (1978)
and the Nimbus-7 weather satellite. The
SMMR can measure the temperature of
the ocean surface. Seasat. operating for
only four months in 1978, generated so
much data about the ocean wave motion
and its global effects that it is still being
analysed today.

e The radar altimeter operates at Ku
band and uses a 20us pulse to obtain
precise measurements of the altitude of
a satellite plus information about the
Earth'ssurtace.

e The Active Microwave Instrument in-
tended for use on ESA’s ERS-1 (1990)
operates at 5.3GHz using vertical polar-

- |

Sensor Mode Band Resolution Datarate Quantization Ground swath
'm) (Mbivs)  (levels) width, km
Thematic Passive 7.visible 30 80.34 256 185
mapper toinfra-red
Multi-spectral Passive 4:visible to 82 15 64 185
scanner Infra-red
HRV Passive 4:visibleto 20 25 256 (DPCM) 60
near Infra-red
SAR Active  KatolL 25 100 -
AMISAR Active  6.3GHz 30/100 80-100
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ization for two modes: SAR image and
SAR wave. for detailed monitoring of
ocean arcas including mapping and the
spectral analvsis of occan waves, map-
ping of occan/seaice boundaries and the
imaging of land surfaces.

These sensors concentrate on imag-
ing wide swaths of the Earth’s surface.
However. of increasing importance is
vertical sounding of the atmosphere.
NOAA weather satellites carry a high
resolution infra-red radiation sounder:
astratospheric sounding unit: a micro-
wave sounding unit: and an Earth radia-
tion budget sensor. These are used to
increase our knowledge of the structure
and mechanism of the Earth’s atmos-
phere. which is of vital importance to
our understanding of the “greenhouse
effect”. It was a weather satellite that
first detected the depletion of ozone
over the Antarctic.

Data transmission

A scanner on a satelhite can generate a
huge amount of data. For example the
thematic mapper generates 277Mbyte
of data per scene at 256 levels per pixel
and seven bands! This has to be trans-
mitted. received and stored multiplied
by the number of scenes tiken per day
over a particular country. Spot (sce
Table 2) makes use of DPCM for reduc-
ing the rate of data transmitted —
25Mbivs for its HRV in panchromatic
mode.

The TM was carried on Landsat in a
low Earth orbit so that it was possible to
access the satellite from the ground only
for relatively short periods of cach day.
If a particular organization needed in-
formation from Landsat then it could
rely on its country’s Landsat receiving
station (there are 17 around the world)
or it could buy the data from the com-
mercial organization Eosat in the USA.
However NASA has deployed its
TDRSS communication satellites at
41°W and 171°W respectively in geosta-
tionarv orbit to access almost in real
time the data transmitted from Landsat.

This huge amount of data generates
problems in storage and processing. In
Britain this is carried out by the Nation-
al Remote Sensing Centre at Farn-
borough. which makes its services avail-
able ona commercial basis.

Image processing
Organizations can buy raw data or take
advantage of facilities at the NRSC to
look for particular items of interest.
Large organizations such as mining con-
cerns. universities, or Government
bodies may have their own systems for
processing and using data. Among the
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image-processing systems run by the
NRSC are Gems. an interactive svstem
using "Gemstone” algorithms for image
analysis. Also used is the LS-10 image
processing system which is micro-
computer based and not as extensive.

Three techniques can be applied to
raw data from a satellite to arrive at the
information wanted. The first two are to
compensate for distortions introduced
by the satellite system.

Geometric distortions are due to the
spacecratt’s imperfect movement and
orbit. Pitch, roll and vaw of the
spacecraft. and changes in altitude and
velocity affect “fitting” the image to
existing cartographic information. This
involves modetling the spacecraft’s
orbit and backing this up with measure-
ments of the spaceeraft’s position. Data
from such sensors as Spot’'s HRV s
suitable for 1:30000 scale maps with
40-metre contours as Spot can produce
stereoscopic images.

Radiometric distortions are more com-
plex because they depend on scene and
sensor. For example Spot’s HRV sensor
package has a vertical stripe ocecurring
seven pixels "down’ the image. of about
3% in brightness variaton on both
sensors. HRV-1 also has less spatial
resolution than HRV-2. This can be
dealt with in a straghtforward manner
because itis readily quantifiable. Other
effects may be less casy to deal with: for
example. haze or sub-pixel sized clouds
affecting brightness, which need an
estimation of their effect and occurr-
ence.

Processing is pixcel-based. Some of the
techniques are

Photographs for this feature were kindly suppliec
by Nigel Press Associates, of Edenbridge, Kent
The NPA group specializes in acquisition, digital
image processing, interpretation and mapping
from satellite imagery for environmental and
resource surveys. NPA is the UK representative
of Spot Image SA. Further information from NPA
on(732-865023.

“NPA

RREMOTE SENSING

-]

e image cnhancement. involving con-
trast and edge-correction. Further en-
hancing takes in spatiat and directional
filtering of the data numbers making up
the image. This takes the frequency
spectra of the information to identify
detail in an otherwise uniform image
seament or scene. Such details can then
be highlighted for display on a monitor,
allowing the operator to pick out such
ttems as dried-out river beds:
o density slicing, where pixels in one or
more bands are identified as being close
in value or density. So pixels represent-
ing water bodies may all be assigned a
colour:
e cnhuncing arcas of interest such as a
stretch of vegetation and bare soil by
taking ratios of different wavelengths
that have a more consistent variation for
vegetation than for soil:
o principal components analvsis, a tech-
nigue for finding a set of variables trom
the image data that are independent of
cach other. These components are sepa-
rated out for display on a colour
monitor.
o nultuispectral classification, which
makes use of the differing reflectance
curves of different surfaces having each
a scparate reflectance curve according
to the spectral band of the sensor used.
The emphasis in developing interac-
tive processing systems is on GIS (geog-
raphic information systems). In the
form of an interactive data base. GIS
cembines space and aerial remote sens-
ing data with ground truth and historical
imformation, all fitted 1o cartographic
data.

The future
More and more countries are setting up
their own RS programmes as planning
of resources becomes dependent on the
multi-level knowledge RS can provide.
This is shown by the numbers of coun-
trics building or planning their own RS
satellites: Japan, Brazil, India. China.
Canada is planning Radarsat for sca/ice
studies: Britain. having maintained a
consistent effort in such matters pulled
out of this project after participating in
the planning stages. In Europe. ERS-1
is being planned for 1990, while the
ambitious Columbus space platform is
being designed with every conceivable
sensor deviee for both Earth and space
rzmote-sensing in time for the vyear
2000, ]

The author wishes to acknowledge the
information and time given by personnel

from the NRSC and Imperial College’s

Centre for Remote Sensing.
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CONNECTORS
AND CABLES

CABLE ASSEMBLIES AND
TEST LEADS MADE TO
ORDER

Coaxial or Multiway.
RF, video, audio and data

Double braid and tough PTFE
coaxial cables.

Price guide: BNC 1.0m lead only
£3.50. Using high quality RG58,
£6.20 using double braid PTFE,
Data leads (D plugs etc) typically
£8.00 for 6.0m long.

Customers already include
several universities and
polytechnics, government

departments, broadcasters and
BT — Celinet.

WAVEBAND

ELECTRONICS

3 Lon Howell, Denbigh,
Clwyd LL16 4AN.
Tel: 074 571 2777.

Toroidal
& E.I.

Transformers

As rr)anufac;turers we are able to offer a range of
qualuty toroidal and laminated transformers at
highly competitive prices.

Toroidal Mail Order Price List
prices inclusive of VAT & Postage

15va 9.12, 30va 9.48, 50va 10.16, 80va 11.02, 120va
12.23, 160va 14.44, 225va 16.37, 300va 18.05, 500va
26.46, 625va 30.66, 750va 34.14, 1000va 49.40.

Also available 1k2, 1k5, 2k, 2k5, 3k. Prices on request.

Available from stock in the following voltages: 6-0-6,
9-0-9, 12-0-12, 15-0-15, 18-0-18, 22-0-22, 25-0-25,
30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220,
240. Primary 240 volt.

Quantity prices and delivery on request

AIR

Air Link Transformers
Unit 6, The Maltings, Station Road,
Sawbridgeworth, Herts. Tel: 0279 724425

ENTER 39 ON REPLY CARD

100 (E)EPROM and MICRO-CONTROLLER types...

| E——— 1

BE

[ ¥ New
J Devipes
16 276t cont/nually
17 2764A QP belng

introduced

... what more could you ask!

THE MODEL 18 PROM PROGRAMMER

@ All 1 Mbit EPROMS, Greenwich Instruments Emulators,
27C parts and EEPROMs now programmabie! Still only
@ Upgradable for future types £189.95
@ Designed, manufactured and supported by MQP in England VAT
@ Comprehensive User Manual
@ 32 and 40 pin devices require low cost socket adapter
@ Supports our new EPROM Emulator as 2716 to 27512 EPROM
@ Mains powered unit external to your computer. without speed penalty
@ Fastinteractive algornthms automatically selected as appropriate
@ Two independent communications protocols built n. Use with:
any host computer with RS232 port and terminal emulator
our PROMDRIVER Advanced Features User Interface Package available for all
MS-DOS and PC-DOS computers. NEW FAST COMMs — 1 Mbit PROMs programmed
n about 212 mins
@ Quick Pulse programming now available for suitable EPROMS - e.g. 2764s in 10 secs'
@ Limited version also avallable for CP/M computers

Hundreds of satished customers. As supphed to: BT Mercury. UKAEA, Briish Aerospace.
Thorn EMI, Mitel, Cosworth Engineenng. British Gas. Kodak, Lucas. Ferrant, Smiths
Industries. Telecom Technology and major Universities and Colleges of Further Education.

Please enquire about our other products:
EPROM EMULATOR - -
EPROM ERASER If you have any difficulty in obtaining unusual PROMSs or
PAL PROGRAMMER other Ero&rammable devices. we will try to hlep. We also
EPLD PROGRAMMER sell PROMs in quantity and give a PROM blowing service
CROSS ASSEMBLERS -

Telephone ACCESS orders welcome.

Phone for free information pack and price hst - 0666 825146
GD m D ELECTRONICS, UNIT 2, PARK ROAD CENTRE, MALMESBURY,
WILTSHIRE, ENGLAND SN 16 0BX.

ENTER 38 ON REPLY CARD

(E)EPROM PROGRAMMER '

EMBEDDED
CONTROLLERS

Range extended to provide a

System Component that matches
YOUR NEEDS at
LOW COST

[ FORTH and BASIC on boarﬂ

MONIFIETH BUSINESS CENTRE,

SOUTH STREET, MONIFIETH,
DUNDEE DD5 4PJ
TEL: 0382 534944

E " T Q ﬂ H electronics Itd

ENTER 35 ON REPLY CARD
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Precision analogue signal processing

|

As digital signal processing advances in
.spud and accuracy. cver-inereasing
standards are demanded trom analogue
systems to keep pace. Improvements
are sought in device parameters such as
higher CMRR Hower offset voltage and
current with lower temperature coeffi-
cients. cte. These are achieved with
well-thought-out circuit designs
together with ingenious technigques em-
ploved during chip lavout and manutice-
ture to optimize performance to a given
process.

Most analogue designers will tell vou
that reaching the stage of having veri-
fied the circuit performance with a Spice
simulation run s the casy part: the
longest and hardest task is to translate
that theoretical chip into a fabricated
device that measures up to expecta-
tions.

Transistor matching. Mismatching be-
tween transistors causes problems and
is the result of fabrication process varia-
tions. including mask resolution. dop-
ing level non-unitormities cte. The usce
of large arca transistors reduces these
process parameter uncertainties but at
the expense of silicon “real-estate™. This
compromise can be overcome by using a
common centroid layout approach. a
technique which can be emploved in
matching the transistors of a long-tail

Fig. 1. Matching techniques for BJTs:
(a) common centroid layout; (b) parallel-
ing transistors to create a well matched
long-tail pair.

Trig Tr2b

of
Ol

Tr2q TMb

{a)

Cy Q2

T ™Mb Tr2p Tr2a

By

™m

(b)
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Fig.2. On-chip resistor trimming of |
long-tail pair loads.

pair to minimize input offset voltage.
Instcad of simply two BITs. four are
laid out symmetrically. as shown in
Figurel. Opposite pairs are paralleled
so that diffusion gradients across the
chip and also thermal gradients tend to
be equal in both halves of the long-tail
pair: the effects then canceet.

On-chip resistor trimming. Lincar ana-
logue designs rely almost exclusively on
the lincar current-voltage relationship
of resistors. Despite their diminishing
numbers in todav’s generation of 1Cs
they are sull an extremely important
circuit clement. Parameters such as

closed-loop amplifier gain. CMRR of

ANALOGUE ACTION

mstrumentation amplifiers cte. are
generally set by accurately-defined re-
sistor ratios: and on-chip resistor trim-
ming is an important production en-
gineering facility needed in the manu-
facture of precision analogue 1Cs.

Two methods of resistor trimming are
used. laser trimming and the selective
short-circuiting or open-circuiting of
trimming hnks in the circuit. Both tech-
nigaes may be fully automated. but this
individuat device attention adds con-
siderably to the chip costs. Direcet laser
trimming is the more accurate but more
expensive method.

Manutacturers of high quality ana-
logue products have invested heavily in
developing laser trimming expertise.
wh-ch forms an integral and important
part of their design and manutacturing
base

The second method of on-chip trim-
ming involves creating shorting links.
using a technigque called “zener-
zapping’. or opening fusible links across
fixed-value resistors. Figure 2 shows the
resistive load of a long-tail pair made up
with a binary weighted series of resis-
tors. Trimming is done at the wafer
probing stage (as itis for laser trimming)
and the offset is measured and reduced
to a minimum by computer driven-
signals to cither short-circuit or open-
circuit the trimming hinks.

Both of these transistor matching and
resistor trimming technigues are em-
ploved in the OP-27 (PMI1) op-amp.
which features a typical offset of 10mV
and @ maximum of 23mV.

AUTOMOTIVE ELECTRONICS:

WHAT'S NEXT?

The market for automotive electronics
in general is only just beginning to open
up. with predictions that 25% of the cost
of the average car will be in electronics
by the mid 1990s. This presents the
designer with quite a challenge. as the |
environment is relatively harsh. Equip-
ment must be able to” withstand the |
—40°C 10 +125°C temperature range
and not be affected by vibration or
clectromagneticinterference.

The wiring harness in a car has in-
creased dramatically in size over the last
decade and there alwavs seems to be vet
another accessory to add. An attractive
alternative to the present wiring system.
which requires a separate power line to

ELECTRONICS & WIRELESS WORILD

cach clectrical/electronic device. fed
generally via the dash-board controls, is
to wire cach device to a common power
ring. The deviee is fitted wth a so-called
intelligent power switch thatis activated
only upon receipt of a uniquely coded
signal, which may be sent via the power
ring. Texas Instruments’ development
programme for a range of intelligent-
power switches is nearing completion
and they will be Taunched later this vear.
As always seems 10 be the case with new
developments. the industry is not in
total agreement as to the protocol to be
adopted for these multiplexed wiring
systems. We shall wateh the debate with
in:erest!
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ANALOGUE ACTION

Flexible alternative for analogue asic

Recently Exar has revolutionized the
approach to semi-custom analogue
design with the introduction of its
Flexar lincar arrays. The concept is
intriguing. The architecture of the
Flexar-array is based on a cell which is
repeated throughout cach array in
series. This permits the duplication of
the circuit layout, anywhere within an
array or on related arrays, with un-
changed characteristics. This repeat-
ed cell structure simplifies design
compared with traditional semi-
custom linear arrays.

Each cell contains threc ‘twinsis-
tors’ flanked by two groups of resis-
tors. The ‘“twinsistor’ is a versatile
multi-functional and multi-purpose
component that can be configured,
with appropriate connection of its
nine contacts. into over twenty diffe-
rent active and passive functions in-
cluding an n-p-n transistor, a p-n-p
transistor, a diode, a resistor, a capa-
citor etc. The “twinsistor’ is a compo-
site device comprising a dual-
collector p-n-p merged with a dual-
emitter, common-collector n-p-n.

In addition to the ‘twinsistor” there
are two other composite elements,
referred to as ‘padstor” and ‘twinboos-
ter’. Both are multi-functional and
multi-purpose  devices programmed
by the particular interconnections
made.

The *padstor’ is located around the
perimeter of the chip and is a bonding
pad merged with a five-emitter n-p-n
and a large area p-n-p. Not only can it
drive loads when configured as a
n-p-n or p-n-p. but it can also be used
as a large value capacitor for frequen-
cy compensation. a high voltage high
current clamping diode and a resistor
network.

The *twinbooster” is the third ele-
ment in the Flexar-array stable and
this device provides high power drive
capability. It has a 32-emitter n-p-n,
merged with a lateral p-n-p containing
four collectors and three large emit-
ters. The “twinbooster™, not available
on all Flexar-arrays. is intended for
coping with high current output de-
mands: it can handle loads of up to
500mA as an n-p-n and 25mA as a
p-n-p.

There are two Flexar-arrays: the
Beta series launched in 1986 and now
the Delta series, with the additional
benefits of thin-film resistors, Schott-
ky diodes. easier-to-use components
and higher frequency operation to
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IGHz. With Delta, Exar aims to
challenge full custom-design. The tast
turn-round. typically six months shor-
ter than full custom. with very low
comparative development charges,
tow-risk designing and tow unit cost
make the Delta chip a strong alterna-
tive to full-custom for high-volume
applications, such as automotive.
consumer and disc drive markets.

As with gate-array development,
when a successful module has been
created, it is easy to replicate it else-
where on the chip because of the
identical matrix structure of the array.
For companies without expertise in
analogue IC design, Exar provides a
suite of software to run on IBM
PC/AT machines. giving the designer
so called *soft cell” designs of standard
analogue circuits that have already
been characterized and verified. Soft
cells available from Exar include most
analogue system blocks — op-amps,
comparators. phase-tocked loops,
peak detectors, precision rectifiers
ete. Software is also available for
experienced designers to develop
their own analogue circuits, with

schematic capture. simutation and
tayout.

A further advantage of the Flexar
system of semi-custom 1C develop-
ment is that it is perfectly feasible to
design mixed-mode analogue and
digital circuits on the same chip and
relatively casy todoso.

Though at present Exar is the only
company to offer an analogue asic
facility, based on what could be
termed an uncommitted lincar array
approach, it is likely that competitors
are looking rather jealously at Exar
and will be seriously reviewing ways
of producing something similar!

Both the Flexar series are BIT
arrays. which makes sense for many
analogue applications: however it
would be particularly useful to sec an
equivalent lincar-array master-chip
developed based on mosfet technolo-
gy rather than BJT. since this would
provide better packing density and
compatibility with so many of the
recent developments in digital clec-
tronics. Such a device would be ideal-
ly suited for mixed-mode analogue
and digital applications.

Do vertical p-n-ps indicate a

BJT revival?

Discrete designs with BJTs became so
much more versatile with the availabil-
ity of complementary p-n-p and n-p-n
devices. Unfortunately, 1C processes
are predominantly cither p-n-p or n-p-
n, with n-p-n devices preferred because
of their higher tfrequency performance
due to the higher mobility of electrons
in silicon than of holes. On a p-type
silicon slice, principally intended for
vertical n-p-n devices, p-n-ps are real-
ized as lateral transistors: inherent in
this structure is a device with poor B and
t.. This imbalance between the per-
formance of n-p-n and p-n-p transistors
has led designers into using convoluted
tricks to keep the signal path to n-p-n
transistors so as not to degrade perform-
ance. However, it is undoubtedly true
that IC design would be much simpler
and better if p-n-p transistors were
available with comparable performance
to n-p-ns.

Several manufacturers, including
PMI, Texas Instruments and Analog
Devices, have reported technical de-
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velopments enabling isolated high-
performance vertical p-n-p to be real-
ized on a P-type silicon slice. This gives
the designer the freedom to use elegant
complementary n-p-n and p-n-p struc-
tures previously possible only in dis-
crete circuit designs. Although this is a
relatively recent development., several
new devices are already appearing on
the market that make use of this new
frcedom to use symmetrical com-
plementary topologies. such as the new
CLCH01 current-feedback op-amp trom
Comlincar.

So much of what is new in electronics
is driven by semiconductor process de-
velopments. The consequences of this
particular advance herald a BJT renaiss-
ance. and we shall soon see a range of
new analogue circuit designs coming
forward that exploit this development
to the full.

Analogue Action is written by Dr John
Lidgey of Oxtord Polytechnic.
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Non-destructive
PCB current test

An outstanding piece of electronics de-
sign has resulted in a non-destructive
method of current measurement in a
PCHB track. Aninstrument based on the
technigue will measure current in the
range ImA 10 A without breaking a
track or hfting a component leg as
demanded by conventional measure-
ment methods.

The Track Current Meter. designed
by the small British company Laplace
Instruments. uses a combination of spe-
cial measurement probes. chopping dit-
terential amplification and current null
ing to determine current tlow irrespec-
tive of conductor thickness

The meter comprises two basic circuit
sections: an highly sensitive DC ampli:
fier measuring the voltage drop along a
section of PCB track due to the current
flowing in the conductor under test; a
reference current generator controlled
by the output of the DC amplifier which
njects a current of a magnitude and
direction sufficient to cancel out exactly
the voltage drop measured in the con-
ductor. The instrument provides a read-
out of the mirror current which is equal
and oppostie 1o the current flowing in
the track.

While the operating principle is as

Cellular explosion

A report published by The Economist
[ntelligence Unit says the growth in the
cellular market has exceeded even the
most optimistic forecasts: 1988 saw a
total of 500 000 subscribers to the cellu-
lar networks generating a gross income
of £600 million. The Unit goes on to
predict that the subscriber base will
triple to 1.5 million by 1992 creating a
billion pound industry.

The report, entitled Retail Business
Special Market Survey, says that cellu-
tar will face increasing competition
from other systems such as telepoint
and radio paging. It claims that radio
pagers have already caught on as a
cheap method of alerting people, poss-
ibly with a simple message passing facil-
ity. It predicts two million users by 1995
rising from an existing base ot 600 000).

The report sums up with an assertion
that current systems and equipment will
be obsolete by the end of the century,
being replaced by integrated fax, voice
and data transmission terminals.

simple asitis novel. the measurement ot
DC potentials in the microvolt range
has required some ingenuity on the part
of the designer. David Mawdsley. The
instrument requires (win contact elec-
trode probes. An inner spring-loaded
point measures potential while an outer
fixed point provides the current injec-
tion. Successful measurement also re-

A computer called
horse

It 1s now possible 10 buv a multi-
processor system off the shelf using a
system based on VME running Unix V
Called Equus. the prototype was de-
veloped by harnessing four Vitesse
graphics systems from Cambridge Mic-
rocomputers with a rack of twelve 68030
processor cards. An ethernet link con-
nects these to six Sun workstations and
tour Sun file-servers providing a stan-
dardintertace to the system

| Equus is an operating system en-
[ vironment which runs computationally
intensive applications across any num
ber of distributed parallel processors
Atits simplest, 1t allows the user to add
extra processors into a single processor
computer.

The system uses dynamic reallocation
of resources while the program is run-
ning. The designers claim this 10 be a
significant departure from transputer-
based systems which cannot allow re-
configuration.
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quires a combination ot polarity chop-
ping followed by an averaging circuit. It
s worth noting that the instrument
allows equipment under test to remain
fullv operational and that current
measurements are unaffected by cur-
rent flowing in adjacent tracks

David Mawdsley’s company intends
tosell the TCM-204 tor £485

(]
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Diamond window on the world

Researchers from Plessey’'s Caswell
facility have developed a process o
manufacture diamond film in layers
over two inches diameter and Sum
thickness.

The synthetic diamond layer makes a
durable and transparent window for IR
detection in missile targeting systems
and burglar alarms operating in the 0.4
to 12pmregion. According to the work-
ers involved in the development of the
process, the polycrystalline layer offers

Semiconductors on steel

A hybrid production process developed
by the comms chip manufacturer Mitel
uses stainless steel as the substrate
medium. !t ofters all the benetits of the
traditional ceramic based product but
has the added advantages of heat dis-
sipation, strength and electromagnetic
shietding. says the company

Mitel says that the key to the technol-
ogy is a dielectric material which match-
es the steel substrate to the thick film
ink system

Hybrid thin film circuits can now be
built with multiple tayers of circuit con-

superior transmission properties to
natural diamond because it produces
less scatter than asingle crystal.

Manufacture involves the deposition
of carbon from low-pressure methane
gas plasma at temperatures below
800°C. a very low temperature in com-
parison to those normally employed in
the manufacture of synthetic diamond.
The individual crystals measure in the
regionof 2to 3pum.

nect using a new fabrication process
from AT&T.

The process uses successive layers of

polymer taid down on a conventional
ceramic substrate which also acts as a
thermal header. Each layer can contain
a mix of standard thin film elements
such as tantalum nitride resistors. tabri-
cated capacitors and inductors. The
increased amount of interconnect

based on gold - allows a much improved
packing density. The low-loss dielectric
makes the process suitable for micro-
wave and high frequency applications.

Calling the

According to its designers. the North-
ern lIreland Fire Brigade's new com-
puterized call-out system is the most
advanced in Britain and possibly in the
world. From a central control room in
Lisburn, County Down, operators can
despatch staft and resources to incidents
occuring anywhere in the province's
5200 square mites. At present. the bri-
gade responds to more than
25 000 incidents per year, ranging from
house and factory fires to road accidents
and the occasional terrorist episode.
Altogether, 59 fire stations and their
vehicles are linked to the system, by
telephone. private wire and VHF or
UHF radio. Data communications are
the dominant means of passing informa-
tion to fire stations, but voice channels
are available simultaneously over the
private wire and radio circuits.

At the brigade’s headquarters, the
operators who receive alarm calls from
the public are supported by a 350Mbyte
gazetteer of the province. With thi
fires can be located accurately from the
incomplete or garbled details given by
an over-excited caller, or even from the
number of a telephone call-box alone
When there is any doubt, the software
offers a list of sound-alike addresses
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fire brigade

Seen here is one of the control positions
at Northern Ireland Fire Brigade's head-
quarters at Lisburn. Equal opportunities
note: the giant wall-map status display,
part of which is visible at top right, has
5000 lamps. All of them were wired up in
the space of four days by a man with only
one arm. He did his own cable-forming.

from which the operator can select the
most probable. Also available on-
screen is the Harwell chemical data-
base: firefighters tackling a chemical
spillage can receive directly from it a
print-out of the special information they
need. Touch-screen controls are exten-
sively used. tor rapid operation without
mistakes.

Two Data General Eclipse mini-
computers manage the system (one is
on stand-by) and there is a third for
training purposes. Two “shadow” con-
trol rooms are available in case the main
one has to be evacuated. The system
was designed and installed by Interna-
tional Aeradio (1AL), a subsidiary of
British Telecom. IAL’s next project of
this kind, an even bigger one, will be in
operation shortly — a call-out system for
the London ambulance service.

Personal
cell-phone

Motorola’s pocket-sized 9800X is the
smallest cellular radiotelephone yet.
Though it weighs only 305g {including a
shmline NiCd battery pack) it ofters
features to match much larger models.
Among them is a facility to recall stored
telephone numbers using names.

Channels covered include the full
ETACS assignments. and the unit can
be registered on both UK networks at
once. RF power output is 0.6W and a
continuous talk time of 30 minutes is
possible (or 75 minutes with the stan-
dard battery, which brings the weight
up to 350g). A range of accessories
includes a car fixing kit and a mains
power unit.

Within the 9800X. all main compo-
nents are mounted on a single printed
circutt board — RF components on one
side, logic and audio on the other. A
metal interlayer provides an isolating
screen. The display is an alphanumeric
led type: Motorola doesn’t consider its
relatively heavy power consumption a
problem since for most of the time it is
blanked. Some 80% of the semiconduc-
tor devices are special types sourced by
Motorolaitself.

The telephone will be available this
year in versions for all 900MHz ana-
logue cellular systems; the British mod-
el is ready now and carries a price tag of
£2295.

RS-232 multimeter

A five-digit multimeter from Fluke can
be used under computer control using a
built-in  RS-232 interface. It accepts
ASCII commands, interpreted by inter-
nal rom, which can control range, func-
tions and calibration. A standard PC
could be used to provide full remote
control of multimeter function.

An optional software package allows
the instrument to be incorporated into
an automated testing environment.
Captured data can be transferred into
standard PC applications packages such
as «dBase or Lotus 1-2-3. The RS-232
port can also be used to address an
external printer for hard copy.

The model 45 multimeter provides all
the conventional multimeter functions.
Additionally it has a dual display enabl-
ing comparative testing to be made. I
costs £459.

LCD digitizing tablet

The Japanese company Mitsubishi has
combined an LCD display with a touch-
sensitive panel to create a self-
ind:cating digitizing tablet. The screen
iablet comprises an array of 640x400
pixelsspread over an area 230% 145mm.

Working with a pressure stylus. the
operator can display images as they are
digitized. An external computer con-
nects to the umt by a standard RS-232
port.

World’s fastest
synthesizer?

This is what Lyons Instruments claims
for a direct digital synthesizer manufac-
tured by the US company Sciteq. 1t says
that the unit will hop over a bandwidth
of 300MHz in less than 20ns, maintain-
ing phase-continuous switching.

Based on GaAs technology, it uses a
central clock running at 640MHz to
produce a frequency range of DC to
300MHz with a resolution of just under
10Hz. The specification indicates a
phase noise of —105dBc/Hz at 100Hz
offset when running at an output fre-
quency of 15S0MHz.

Hermetic optics

Hughes Aircraft has developed a
hermetic packaging technique for optic-
al fibre pigtails. The fibre lead-in uses a
multi-layer jacket produced by first
coating the silica fibre with aluminium
as the fibre is being drawn. The alumi-
nium layer then receives coatings of
nickel and gold to aid the soldering
process.
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PROGRAMMABLE LOGIC

DIY PLD

Brian J. Frost concludes his introduction to programmable
logic devices with a design example and alook

s an actual design example.
consider a simple four-bit

| binary up-counter. The de-
sign equations are casy to
| appreciate once the basic

rule of operation of the counter is clear.
There are two rules for counting. which
foran up-counterare

1. The least-significant bit must toggle
on cach clock.

2. Higher bits must toggle only il the

bits are lower order are all T, otherwise
they must remain unchanged.

From rule 1. implementing the least-

significant bit is simply a question of

changing the pal D-type flip-flop opera-
tion into a T-type. or toggling. flip-tlop.
If the Q output of the flip-tlop is con-
nected back toits D input it will toggle
on cach clock pulse and since we have
this feedback into the array. this pro-
vides our bit 0 of the counter. We
usually need a reset facility as well. so
the equation for this bitO would read

qO.d = Treset & g

Here the D input to the tlip-flop for this
bit is signified by the extension ».d™ o
the actual output pin name “g,”. and
that the state of the actual output pin s

used as an input on the right. Thus if

Resetis nottrue. cach new output state

after a clock pulse will be the inverse of

| the Last state. Should Reset go true. it

tiakes precedence and sets the Dinput to
l 0. thus clearing the flip-flop to the reset
condition on the next clock.

From rule 2. the nexthigher bit. bit 1,
must toggle only when bit 0 s a 1.
Controlover this toggling is achieved by
presenting its D input with cither its
own output (soit does not change) orits
own output inverted (so that it does
[ toggle). The decision for this “toggle or

not™ is based on the state of the previous
bit. go. This control over an inversion is
conveniently represented by the
exclusive-Or function which can be ex-
[ panded into Ands and Ors if required.
| Here we shall Tet the Jogic compiler do
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at PLD design tools.

the expansion for us and use the symbot
$ for the exclusive-Or function. Thus
the definition for ¢ becomes

gl.d="Treset & (q0Sgl):

For bits 2 and 3. the principle is identical
and their equations just add another
termeach time:

g2.d = treset & (g0 & g $42):
g3.d="resct & ((qO& g1 & q2)S 43):

Note that Reset has appeared in all
cquations,

PLDs—WHY YOU SHOULD BOTHER

Programmable logic devices are setto move :
into areas where conventional logic has
seemed inviolate, and although traditional
logic families are likely to exist for many
years yet, the developing PLD technology
will be regarded by more and more desig:
ners as the less painful solution to their
design problems once their initial learning
phase is complete, The wider acceptance of
such devices that follows this learning will
| fuel in turn the generation by manufacturers
of ever more innovative PLD products and
design tools.

- —

From this sequence itmightseem that
we could go on adding more bits to the
counter very casily, but a limitation
arises from the number of product terms
to which cach equation expands. When
compiled for the basic pals. cach bitina
binary counter will reguire one product
term per control function (e.g. Reset,
Preset. Hold ete.) plus a number of
product terms equal to the binary order
plus 1. limiting the popular pals to
around cight bits. This limitation can be
avoided cither by using special pals that
have exclusive-Or gates available
placed before the D-tvpe fhip-flop.or by
partitioning the counter into several
shorter counters and intertinking them
viaa countenable™ signal.

The philosophy behind this example
of a simple binary up-counter is applic-
able to atl counter designs. and a down-
counter can be designed just as casily by
reversing rule 2.
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However simple the principles 1 have
just outhined. a justifiable comment is
that to create a simple counter in this
manner seems rather more painful than
just picking a readily avaitable TTL
part. But because counting is so com-
mon a requirement. a number of exam-
ple counter designs are supplicd with
any logic compiler and it is more usual
to modify one of these examples to vour
requirements than to create a new de-
sign cach time from the ground up. The
reward of a PLD-based counter design
is the case with which one can incorpo-
rate additional features over those
found in the TTL standard designs: for
example. counters with control inputs

. . |
that allow them to shift their contents

left or right as well as count. This is the
arca where pals become particularly
useful. since many of the complex MSI
LSI functions with high numbers in the
TTI. range turn out to need extra signal
conditioning logic before they can be
used within vour application. A PLD
can be programmed to provide just the

signal polarity that you require and |

becomes even more attractive when
pins need to be re-arranged to suit a
PCRB lavout.

For those like myself who can exist
for really quite a long time without
feeling the need to write a boolean

Y N ]
cquation. ways have been developed in

which high-levelsyntax can be used with
common logic compilers o express
these counting operations in 4 much
more direct way by regarding counting
as one defined sequence of a state
machine.

State machines

Astate machine is any logic system that
proceeds through a defined sequence of
states under the influence of external
inputs. its previous state. and a clock.
Much software executes in this way,
with its sequential instruction-controtled
flow and its programmability working
together to provide avery tlexible tool,

A logic-based state machine can pro-

vide the same level of tlexibility as u_]
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software routine but at a much higher
speed where the control “branching™ is
performed not by software testing of
input bits. but by logic states that follow
sequences dependent upon inputs at the
[time the sequencer was clocked.

As an example of the application of a

| PLD-based state machine. a very high-
[speed data acquisition system may re-
quire an A-to-D converter to have its
[result awaited. transterred into local
ram followed by an auto-increment on
to the next address and a re-triggering
of the A-to-D for the next measure-
ment. Cycle rates below [ps would not
be possible using a software technique.
vet alogic state machine can be prog-
rammed from a list of the A-to-1) con-
[trol signals (trigger. busy. read. chip
select ete.) and the memory control
[lines toissue these ina fixed sequence at
very high speed. A clock of S0MHHz
[would not be excessive.

Because of the usefulness of state
[machines for counting and sequencing
[applications. many logic compilers pro-
vide syntax for their definition. The
[CUPL notation is

PRESENT name
IFinput_ 1 true
NEXTname of
IFinput_ 2 true
NEXTname of

|One can see the similarity to the
It... Then expressions of high-level fan-
guages.

[ To sce how casy this makes the
Lexpression of a counter design. Fig.10
shows a decade counter with control
inputs for up. down and clear. and with
acarry output.

The design starts with declaring the
pin numbers to use for inputs and
outputs together with their names and
polaritics. Then follows a definition
section where cach state of the 10 possi-
1 ble counts is given a name (S,,. S$,...80)
and the the names Up. Down and Clear
Lare defined.

The actual design is in the Sequence
statement where cach “present” state is
shown leading to one of (in this case)

three possible “next™ states. corres-
ponding to incrementing. deerementing
orclearing the counter.

of _present state

state P

state Q

l

How much TTL to replace
Deciding on partitioning = where a
design needs to be split up into smaller

[logical blocks — can be difficult, And
perversely. the flexibility of PLDs can
make it more so. With traditional TTL
design. circuitry grew around the avail-
Lable parts: and partitioning concerned

| S — - - ==
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only which parts of the design were to be
split on to other circuit cards within a
card frame.

With PLDs. partitioning is not only
about fitting a larger design into more
than one device. but it is important not

PROGRAMMABLE LOGIC

1o lose the PLDs flexibility in so doing.
For example. consider a simulated.
proven design which fully occupies one
161 8 pal. 1.c. all 10 inputs and cight
outputs are used. A decision, based on |
whether any further features are likely

/* Inputs **/
pin 1 = clk; /* Counter clock */
pin 2 = clr; /* Counter clear input */
pin 3 = dir; /* Counter direction input */
pin 11 = loe; /* Register output enable */
/** Outputs *#/ I
pin {14..17) = [Q3..0}; /* Counter outputs */ [
pin 18 = carry; /* Ripple carry out */
/** Declarations and intermediate variable definitions **/ |
field count = [Q3..0]; /* declare counter bit field */ I
$define SO 'b*'0000 /* define counter states */
$define S1 'b'0001
$define S2 'b'0010
$define S3 *b'0011 |
$define S4 'b'0100
$define S5 'b'0101
$define S6 'b'0110
$define S7 'b'0111
$define S8 'b'1000
$define S9 'b'1001
field mode = (cir,dir); /* declare mode controt field */ I
up = mode:0; /* define count up mode */ [
down = mode:1; /* define count down mode */
clear = mode: [2..3]; /* define count clear mode */ |
/** Logic Equations **/
sequence count { /* free runnhing counter */
present SO if up next S1;
if down next S9;
if clear next SO;
present S1 if up next S2;
if down next SO;
if clear next SO;
present $2 if up next S3;
if down next S1;
if clear next SO; Fig. 10. Configuring a
present S3 if up next S4; decade counter. This one [
if down next S$2; has a carry output and three
it clear next SO; control inputs - up, down
present Sé if up next S5; d cl
if down next §3; and clear. ,
if clear next SO;
present S5 if up next S6; |
if down next S4;
if clear next SO;
present S6 if up next S7;
if down next S5;
if clear next SO; '
present S7 if up next S8;
if down next S6;
if clear next SO; [
present S8 if up next S9; |
if down next S7; |
if clear next SO;
present S9 if up next SO; |
if down next S8;
if clear next SO; |
out carry; /* assert carry output */ I
e — - — - — |
667
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[to be required. must be made as 10
[ whether this implementation of the de-
sign is satisfactory, since if additional
| outputs are required. the resulting addi-
i tional 1C would display a modification
no more attractive than a TTL design.
Further outputs can be added by using a
larger pal device — for example the
| 24-pin 20110 with 10 outputs — and
leaving the extra two unconnected.

Another sotution is to lay out a PCB
to take a 24-pin 0.3 inch wide package
| with V. to pin 24, to earth pin 12 as if
for the larger pal devices, but then to
earth pin 10. This footprint will
accommodate either 20-pin or 24-pin
| pals with no PCB moditication and with
only one lost input on the larger device.

Designs often require more than just
a few extra pins on one device. A good
|designer will partition a PLD design
'such that not only are uncommitted
[ inputs and outputs availabte within each
|of the several PLDs, but that logic
functions are grouped within each PLD
s0 as to minimize interconnections and
to contain the “domino cffect” of anv
[ future changes to the design within as
| few P1.Ds as possible. Such a reduction
of the interconnections between the
PLDs is well repaid. not onty through a
{tidier design. but because each inter-
connecting link frees two PLD pins.
| Consideration must also be given to the
lend use of the design: for example, a
[prototype system should offer many
| more spare connections than a final.
tested design aimed at minimizing cost.

Larger counter designs eat up the
available architecture of PLIDs because
the higher order count bits require more
Iproduct terms (Ors) than the device
'has. In this case it a PLD with larger
internal organization is not teasible the
counter design will need to be split
[ between devices.

One technique which sometimes pays
off is 1o make sure that you have spare
|'TTL functions avaitable which the pal
cannot provide. For example. a com-
| binatorial pal is supplemented with an
| external uncommitted thip-tlop that can
[be roped in should it be required.
| ensuring that Murphy is frustrated at an
| early stage in the design.

Interestingly. software techniyues
can provide pointers toward good PLD
partitioning. There are a number of
|purullcls between a well-structured.
modular piece of sottware and a well-
partitioned PLD design. Good software
i has individual modules (each PL.D) with
well controlled parameters (signals in
and out) without complicating cross-
linking and changes in the main flow
| (such as Goto).
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Fortunately. as with software writing.
any partitioned design - however inele-
gant — will function once debugged. and
the experience that defines your own
future partitioning rules is quickly
achieved. The choice of PLDs is then
wide: number of devices. their size
number of pins. power consumption
technology and of course cost

As with microprocessor program-
ming. having the right tools makes for
efficient use of PLDs. PL.Ds are now
almost universally designed using soft-
wire tools and programimed on specific
hardware. Both merit a closer examina-
ton.

Software design tools

The early days of programmable logic
were often spent with a dedicated prog-
rammer box which applied the neces-
sary programming voltages 10 one spe-
cific type of part and where the device
program was often entered using manu-
al switches. Although apparently cost:
effective. this approach was only
acceptable for devices with a small
number of bits to be programmed and it
could still lead to errors in program-
ming. Even then. the user still had to
code his logic requirements into the bits
10 be programmed. further increasing
the risk of incorrectly translating the
equations into fuses to be blown.

A few vears ago, software tools began
emerging which woutd accept a simple
document file written with the required

PLD logic equations and. acting much
like any other softwure language com-
piler. would translate these cquations
together with a knowledge of the in- |
tended PLD into the bits that required
programming. This had the advantage
that the user could specify names for
pins. vastly increasing the readabilit
and documentation ot a design as well as
allowing a fast-turn-around to mmor |
changes.

Today. these software packages fall
into three basic categories:
. Shareware. Scveral manulacturers
have developed software that supports
their devices and in some case also
supports general architectures. so |
allowing its wider application. Exam-
ples are AMD/MNMU's “PALASM™ and
Signetic’s "AMAZE". which are avail-
able for basically the cost of the discs.
The quality of such software is quite
high and offers many of the facitities of
the traditional up-market CAD pack-
Ages.

Nou-specitic general purpose logic
CAD software. To cover as many as
possible of the PLDs in the market-
place. several software packages cover
4 wide choice ol devices. tor example
CUPL and ABEL (sce the reference list
last month for more details). The librar-
1es of these packages are regularly up-
dated with new designs as they become
available. and their relatively high cost
is attributed to features such as power-

PLDs — THE FUTURE

Programmable logic devices have a very
bright future. Many popular devices have
been with us for a long time, but their volume
of use is increasing rapidly; most general
distributors’ catalogues now include them.
At the same time, manufacturers of con-
ventional logic families have realised that
there will come a time when users choose a
PLD route for their design and therefore they
need to be positioned ready to offer in that
market As a result, several alliances have
now been formed between high-volume
logic semiconductor manufacturers and the
| often smaller, more innovative PLD manu-
facturers. The programmable logic market-
place is likely to become much more com-
petitive.
| The greatest potential would seem to be
| for UV or electrically erasable devices which
are rapidly increasing in their internal densi-
ty. This increasing capacity benefits the user
in two ways. Firstly, new device configura-
tions can be designed that are very flexible
in the logic functions that they replace: for
example, registers can be buried within the
device, freeing pins for i/o tasks. Secondly,
devices can be designed as “supersets” of
existing smaller fixed architecture parts. As
an example of the latter, one device that is
gaining much present popularity is the 16V8.

This 20-pin device, usually electrically eras-
able, can be programmed to act as one of 20
or more dedicated pal devices; i.e. it can
mimic combinational or registered pals in-
cluding devices that have mixed outputs
(16R4 etc). It does this by offering a prog-
rammable output cell on each output pin
that is defined when the programming
equipment loads the type of device to be
used, allowing isers with existing pal logic
designs to us' he 16V8 with no modifica-
tion. Markete s Generic Array Logic, or
GAL, it adds Yer buzzword to the logic

vocabulary.
For the fu t seems likely that within
two or thre 'rs PLDs will evolve into

standard lar shitectures and grow until
they reach, a. ass, the complexity level at
which ASICs w. r @ being offered some two or
three years ago. This will allow whole PCBs
of conventional logic to be replaced by just
one PLD; and it will be then that design
verification techniques such as logic simula-
tion learnt now on the simpler PLDs will
return the greatestrewards.

Another area showing significant growth
is that of PLDs designed specifically around
certain functions that end-users tend to
repeat often. As an example, the new IBM
Microchannel bus architecture used in the
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ll'ul logic minimization, “hot-line™ sup-
[ port. thorough simulation etc. Many
packages also incorporate conversion
utilities enabling designs made using
| othersoftware to be converted.

(3. Other manutacturer-specific soft-
Iware. Some PLDs with newer archi
tectures are so specific that their manu-
facturers have written software dedi-
[cated to them which exploits the advan-
tages inherent in their design. In many
cases (PLD sequencers for example)
[ this software is also available as share-
[ware at low or zero cost. In other cases
[the manufacturer has chosen to in-
|corporate software intended to aid the
{user i entering his requirements. for
|example where devices from the TTL
familv can be specitied: the software
then converts these to the PLD design.
Some software packages permit the
{graphical entry of TTL components in
[circuit diagram form. and so present a
| very friendly user interface. This dia-
gram is then converted into logic equa-
tions by the software and on into a fuse
map for the intended PLD. Whilst this is
an excellent process tor straightforward
[designs. remember that there is no
substitute for an understanding of the
[ processes involved in fitting the design
to the PLD. and that you will certainly
nced such an understanding should
problems occur.
| In all case though. the eventual out-
|pul is a JEDEC file that contains in-

latest PCs requires significantly more in-
teraction between the main processor and
an expansion card that uses the bus. Several
manufacturers such as Altera have tailored
PLDs to Microchannel bus applications
where the PLD contains “hard” non-
programmable circuitry that implements
the defined bus functions and registers but
also contains “soft” programmable features
such as decoder outputs, interrupts and
handshakes that the end user can customize
to his own use. In this way not only are many
traditional ICs saved, but so too is the effect
of designing-in quite complex bus specifica-
tions.

Other PLDs with a bright future are those
designed for sequencing. These can be
thought of as similar to a reduced instruc-
tion set processor, but with very little mem-
ory: they are designed to perform small but
fast sequencer loops to control a subsystem
of logic. The common requirement for
counting, jumping and testing at speeds in
excess of software capability has resulted in
several manufacturers offering PLDs that
are specifically designed to be flexible in
this mode, and often come with their own
assemblers and software tools,

Another example of a PLD device that is
increasing in popularity is the logic cell

tormation in the form that can be read
by the device programming equipment.

Programming equipment

Many devices tor programming PL.Ds
are on the market and on the surface
they appear similar 10 eprom program-
mers. Indeed their task is a related one.
to set individual bits in the device being
programmed to states as defined by a
downloaded pattern file.

Unlike eproms though. PLDs ditter
widely in pin connections. program-
ming algorithms and technology: and
this torces many manufacturers to dedi-
cale an item of programming equipmen
exclusively to certain types of PLD
One reason for this is that bipolar pals
(such as the 16L8) and other devices
based on fuse technology can require up
10 .5A to tracture the fuses ina manner
guaranteed to meet the manufacturer’s
specification. By contrast. the erasable
PLDs now appearing use eprom and
earom technology in c-mos where the
programming process requires raised
pin voltages that must be restricted in
their slew rates 1o avoid the risk of
¢-mos latch-up. The significant differ-
ence in programming electronics that
this demands has led to lower cost
programmers designed either for “pal
programming™ (probably bipolar tuse
types) and "EPLD programming™ (the
newer erasable types). This makes it
very important 1o examine their speci-

array, or LCA, manufactured by AMD. This
device is an array of configurable logic
blocks, each one containing some com-
binatorial logic, a flip-flop and control logic.
A PLD design using this device is based on
programming the required logic within the
blocks and also the routeing used to connect
signals from input pins, through logic blocks
and out again. The flexibility of this
architecture comes from the ease with
which logic can be cascaded without using
valuable package pins, so “burying” logic
within the device. There is an increase in
propagation delay using this technique,
since the internconnection is performed
using relatively high-resistance silicon
“wires” instead of metal, but development is
concentrating on minimizing this.

An interesting development for the future
is that of devices that can be programmed
in-circuit This relatively new concept relies
on equipment that can connect to one or two
reserved device pins and load a fuse map
into the PLD using a serial technique. As well
as being a useful prototyping aid, this has the
advantage that devices can be flow-soldered
with the other PCB components without
having yet been programmed. It also allows
PCB devices to be field-upgraded without
the need to design them into sockets. |
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fication in detail to establish which |
devices they cannor program. since this
limitation may not be discovered until
later. '

Several manufacturers specialize in
“universal programmers”. These are
sophisticated devices that are designed |
to handle PLDs with a wide range of pin
voltage. current and slew-rate require-
ments and which are configured inter-
nally to suit the specified device. Such
equipment usually handles eproms, |
eprom-based microprocessors and
promsas well.

Which tools are best?
Unfortunately the answer to this ques- |
ton is not a simple one. since your
particular requirements reduce the op-
tions available.

None of the tools currently available.
however full of windows. menus and
circuit diagrams. releases the end user
from the need to understand the basic
principles involved. and there will al
ways be a need for an adequate under-
standing of how your design is actually
overlaid on the architecture of a given
device. Although this understanding is
only fully tested when errors are re-
ported to you by a software or program-
ming process. it does help you to avoid
creatingerrors in the first place

Software that allows schematic entry
does tend to look very attractive since
the circuit diagram concept is im-
mediately recognizable to the user; but
be aware that unless the error reporting
incorporates really positive suggestions
about curing problems - almost to the
extent of doing it for you — you are still
notspared the basiclearning curve. Asa
result, regard such software tor what it
is — a convenient “front end” for user |
entry.

If you have no previous experience of
PLDs. or equipment or 1o0ols for hand-
ling them, the need for a learning curve
makes the low-cost shareware approach
quite adequate as a starting point.
PALASM from AMD/MMI for exam- |
ple. is available from several distribu-
tors for under £20 and supports all the
common pal devices. But it has enough
features to allow you to decide more
objectively on purchasing a more com-
prehensive software package (such as
CUPL or ABEL) once your nceds are
clearer.

Again, the cost of programming
hardware can be kept low with the
purchase of a programmer that is de-
signed only for simple pal devices.
Straightforward programmers designed
for serial connection to a PC are readily
available for under £400. .
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WONDERLAND! |

POWER SUPPLIES
BARGAINS GALORE ! All power .ugplieo operate from 220-240vec. All power

. supplies are BRAND NEW unless stated. We have many

NEW 514 inch from £29.95! other types ranging from 3v to 10kv always In stock.

1200 baud modem - Massive purchases of standard 514" drives enables us to Byte Drive BD301Dual output Svdc @ 1.6 amp & 12wic @ 1.5

“vﬂa:d%;?ﬁmi cBa{\ ;\gw 29:3 “T;:n;?ny\:"ge:' g:'r:dlgg present prime product at Industry beating low prices! Al units amp. Perfect for disk drives. Has standard Molex sockets Attrac-

V22 high speed data comm, which at 120 'qas can save your {unless stated) are removed from ofien brand new equipment tively encased. Dim 15 x 12 x 7 cm. £19.50(B)

phone bitl and connect time i)y a staggefing 7651 Ultra slim 45 and are fully tested,aligned and Shifped to you with a 0 day Plessey PL122 tullg enclosed 12vdc 2 amp. Regulated and
2v .

THE ORIGINAL SURPLUS

SPECIAL PURCHASE FLOPPY DISK DRIVES

V22 1200 baud modems

Wae gol a tremendous buy on turther stocks of this popular
Master Systems 2/12microprocessor controlled V22 full duplex

high. guarantee and operate from +5 & +12vdc, are of standard size short proof. Dim 13.5x 11 x 11cm. £16.95(B)
T dgahgn’:)‘ﬂlgagmng ;‘g‘sl;fcou;‘i‘wﬁ'&';:’f d romole. 3nq accep! the standard 34 way connector. AC-DC Linear PSU with outputs of -5v @ 5.5a.-5v @ 0.6a,

bullt In 240v mains supply and 2 wits connection to BT Ur:gs' SHUGART SA405. BRAND N £29.95(B) -24v @ Sa. Fully regulated and short clrcult proof. Dim 28 x 12.5

are in used but good condition. Fully tested prior despatch, with TANDON TM100-2A IBM compatible DS £39.95(8) X7 cm. £49.50(C)

data and a full 90 day guarantee \thal more can you ask fof - TANDON TM101:4 80 Track DS £49.95(8) Power One PHC 2dvdc 2 a. Linear regulated E19:.95(0)

and at this pricell y ON 269)'(0) CANON,TEC etc.DS half height.State 40 or 80T £75.00(B) Boshert 13090 switch mode (deal for drives or complete system.

T = Ly TEAC FD-55-F 40-80 DS half helght. BRAND NEW £99.00(B) +5v @ €a.+12v @ 2.5a. 12v @ 0.5a and -5v @ 0.5a, Dim 5.6

x21x10.8cm. £29.95(8)

ON' ORS 3‘/2 lNCH BRAND NEW AT 21995" Boshert 13085. Same as above but outputs ot +5v @ 6a,424v

COLOUR MON|TORS Never before seen price for a 312" drtve. Standard size be leved @ 1.5a,+12v @ 0.5a,-12v @ 0.5a. £39.95(B)

to be by Canon. Brand new and packaged - mint conditlon! 40 Greendale 19ABOE 60 watt switch mode outputs -5v @6a.+12v
Decca 16" 80 sertes budget range colour monitors. Features track SS, run from +5 & +12vdc with standard power connec- @ 1a.-12v @ 1a+15v @ ta. Dim tt x 20 x 5.5 cm. Removed

Include PIL tube, an attractive teak style case and guaranteed tor. ..Only. e £19.95(B) from equipment and tested. £24.95(B)
80 column resolution, features which are only normally seen on Conver AC130-3001.High grade VDE spec. Compact 130 wait
colour monitors costing 3 times our pricel n?'s absolutely ready CHOOSE YOUR 8 lNCH' switch mode. Outputs -5v @ 15a,-5v @ 1a.-12v @ 6a Dm6.5 |
to connect 1o a host of computer of video outputs. Manufacturers Shugart 800801 SS refurbished & tested £125.00(E) x 27 x 12.5cm.Reg price £1901 Ours new. £59.95(C) |
tully tested surplus, soid in little or hardly used conditlon with 50 Shugart 851 double sided returbished & tested €195.0G6(E) Farnell G6/40A Compact 5v 40a switch mode and fully
day full RTB guarantee. Mtisubishi M2894-63 double sided switchable endosed. £140.00(C)
Deccs 80 RGB TTL and sync Input for BBC and similar type  hard or soft sectors- BRAND NEW £250.00(E) Famell G24 5S As above but 24v @ 5a. £95.00(C}
o PAAFED: 715" i composlie Widen Ingat wll ksl SPECIAL OFFERS!! SPECIAL EXPERIMENTERS PSU's
audio amp & speaker. Ideal for use with video recorder of our ‘Dv“":‘:;ltl’lr:“’“ with2 "‘egrbY‘e capadity housedin a smart case ng;l'&gr':r "g:m‘:ﬁ“i;’:ﬁ;:s-g;s'l‘;‘f ‘15“: ‘2’:'3152‘\" “;’:‘i;;s
wer s . : . :
Telona BT ar any Siver dlG0 Hape) uss. it Bl o " only £499.00 ) Tarvbu fully floaling 50ma. EPSUZ:+5v 6a,+12v 1a,-12v 0.5a &
Any type only £99.00 (E)

End of line purchase scoopl Brand new NEC D2246 8 85 5 others.30-70vdc input.Parts alone valuel
HI-DEFINITION COLOUR MONITORS megabyte of hard disk storagel Full CPU control and Industry  EPSUT ... £16.95(c)epsv2.........£9.95()

Brand new Centronic 14° monitor for IBM PC and compatibles standard SMD Interface. Ultra hi speed transfer and acocess time

; leaves the good old ST506 Interface standing. In mint condition F ]
at a lower than ever pricel Completely CGA equivalent. Hi-res — LASH, —
A eemer 074D dot atoh giving 669 X 507 pixels. Big 28 Mhz 2nJcOMeS compiete wan manual. Only................E39(E)
ggngw‘dth. A rs“uper monitorin aml'.lcllve style mouldedé:ase.Full Lowest ever priced 8 mhz PC-AT 286 cione with 20 mb hard
rantee. Onl| i d
ay gua y £149 (€) Ploasa ity 110 or 240 volts for AC fans. disk and one 5.25° 360k floppy. Complete with a regular type

20",22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour
monitors,complete with composite video & sound Inputs.Attract.

[ WRITE FOR OUR EIGHT
| WEEKLY BARGAIN SHEET &

keyboard and very hi-res 14" mono greenscreen monitor and
Hercules graphic card. Guaranteed for 90 days!|

ONLY £799.00 ¢ ,

WRITE FOR ITEMS YOU |
|IDON'T SEE, OUR SHOP AND

THIS MONTH'S SPECIAL!

Very high res fully cased,mains powered 147 green screen monitor with
non-glare screen & swivelfit basa. The very latest technology at the very low-

est price! Fully compatble PC type input to plug direct to HERCULES card

GET ON OUR MAILING LIST -| outputs,enabling superb graphics and resolution at give away prices!| The many WAREHOUSE ARE FULL TO
FREE! | features Inchide aux +5 & 12v DC output’s to power at least 2 disk drives BURSTING!
other / Supplied BRANF[)) NEW & Boxed
= e or uipment. [ L
> THE AMAZING TELEBOX!
Ive teak style case. Perlect for Schools,Shops,Disco, Clubs? £69 00 (E) H
in EXCELLENT fitte used condition with full 90 day guarantee. ONLY . EACH Converts your colour monitor into a
20"...£155 22"...£170 26"...£185 ® o
MONOCHROME MONITORS  3.J%n,  ACerh sim £ 850m) QAL EOLOER S

3121inch  AC ETRI slimiine.Only 1° thick. £ 9.95(B) T ymmmoxz ! TV SOUND
Motorola M1000-100 5" black & white compact chassls measur- 4inch AC 110/240v 112" thick. £10.35(B) 2 & VIDEO
Ing only 11.6H x 12W x 22D. Ideal for CCTV or computer 4 inch AC 112" thick £ 9.95(B) 3 e & o @& TUNER!
applications. Accepts standard composite or Individual H & Vv 10Inch Round.312 thick. Rotron 110v £10.35(B} .
syncs. Needs 12vdc at only 0.8a. Some units may have minor 62 mm DC 1° thick. No.812 for 6/12v.814 24v. £15.35(A) Brand new high quallty, tully cased, 7 channel UHF PAL TV tuner
screen blemishes. Fully tested with 30 day guarantee and full 92 mm DC 12v. 19 mm thick. £10.95(A) system. Unitsimply connects to your TV aenal socket and colour
data. £29.00(C) 4 Inch DC 12v. 12w 112" thick £12.50(B) deo monitor tuming same into a fabulous colour TV. Dont worry
Fully cased as above In attracive moulded desk standing 4 inch DC 24v 8w. 1° thick. £14.50(B} it your monitor does nt have sound, the TELEBOX even has an
swivel. Dim 12 x 14.5 x 26cm. £39.00(C integral audio amp for drving a speaker pius an auxillary output
JVC 751 ultra compact chassis monitor for 12vdc 0.7a. Dim 1 1 RECHARGEABLE BATTER|ES tor Headphones or Hi Fi system etc. Many other teatures: LED
X 14 x 18cm. Simple DIY data induded to convert to composite LEAD ACID Status indicator, Smart moulded case, Malns powered, Built to
video Input Full data. BRAND NEW £65.00(B) BS safety specs. Many other uses for TV sound or video elc.
20" Bisck & white monitors by Aztek, Cotron & National. All Maintenance free sesled long fite, all type A300. Supplied BRAND NEW with full 1 year guarantee.
solid state, fully cased monitors ideal for all types of AV or ccTv “;2 "‘I"“’ ‘1;2 Vx'g'; 3 amp/hours g‘g:g‘:’ Telebox ST for composite video input monitors.........£29.95(B)
applications. Standard composite video inputs with Integral 6:)?6 .olu C;?ﬂ 'am ‘:”és i b SbS(A) Telebox STL as ST but with integral speaker...........€34.85(B)
audio amp and speaker. Sold In good used condition - hully tested v re tapped 1.8 amp hours (A) Telebox RGB for analogue RGB monitors... .£58.95(8)
with 90 day guarartee. £85.00(F) SPECIAL OFFER! NOT suitable tor IBM clone type colour monitors

{BM KEYBOARD DEAL O Dy el arors o sacuoty b, Panect AND NEW PRINTERS

A replacement or backup keyboard for 1BM PC, PC-XT or for uninterruptable power supplles, portable power source,

PC-AT. all In anel It has a switch on the rear to convert betwen caravans etc. Normally costs £801 £39 € gpﬁcmﬁnﬁgngmﬁum;rieﬁggg fg':,‘ﬁ{sm‘;{ﬁ‘:?g,' !
models! LED indicators for Caps,Scroft & Num Locks. Standard NICKEL CADMIUM enlarged,bold,condensed elc. Standard paraliel imerface. Brand |

1 d o5
ég:z?m@'gmé %gmfe'?m:?ﬁgﬁaiggv:@mw Quality 12v 4ah cell pack. Originaily made for the Technicololor tabel removed from front. Handles tractor,tantold and individual

standard. Brand new & boxed with manual and key template for video company. Contains 10 GE top quallty D nicad cells In a paper. OK with IBM PC and most others. A tremendous buy!

smart robust case with a DC output connector. 1deal tor portable £129.00 (E)
user slogans on the Brclo Koy e loge undeimeath. A 2auipmeri. Brandnow. £15.05(8) Hazeltine Esprint small deskiop.100 cps with RS232 and
cmnaerous length of curly cord, terminating in the standard 5 pin Ex-equipment NICAD cells by GE. Removed from equipment standard parallel. Full pin addressable and 6 user selectable

N A begautltu| cleyan piece of manufacturers surplus. What and in good, used condiion: D size 4ah 4 for £5(B) fonts. Up to 9.5 paper. Sheet & tractor leed. £149.00(E)

plu% NEW AND BOXED ONLY B F size 7ah 6 for £8(B) Centronics 150 senes. Always known for thelr reliabilly in con-
a deall BRAND NEW AND BORED LR T....- £59 (B) tinuous use - real workhorses In any environment. Fast 150 cps

SPECIAL INTEREST with 4 fonts and choice of inferfaces.

MPUTER SYSTEMS e B0 st
Co Racal-R real me colour dratting PCB layout system. In- :NWUP "0 913 _3;39'. . g:g&g
cludes fumiture and huge monitor.Complete ready to ol £3950 upto 14. aper.. . .
TATUNG PG2000. Big brother of tha famous Elnstein. The SUees HTRIESTE L ploto eady 109

TPC2000 Professional 3 piece system comprsaes: Quality high eg Ram DZ and ful documentats;&\ Specity whether senal or parallel required.

resolution Green 12" marnvtor. Sculphured 92 key keyboad & il 1 CALL FOR THE MANY OTHERS IN STOCK
il comaining Z80A CPU and all cortrol circults. )
m:‘;r:;}gc 5.22%0 track double sided disk drives. Generous CHEETAH Telex machine. INCLUDING DAISY WHEELS

1.5kw 115v 60hz power source.

Wayne Kerr RA200 audio real ime freq.res.analyser.
Tektronics 1411/R PAL TV test signal standard.
Tektronics R140 NTSC TV test signal standard.
Versatek V80 Printer plotter

y 2299 (€) DEC LS11/02 CPU board

other features indude dual 8 IBM format disk drive support.
Seral and parallel outputs, full expansion port, 64K ram and
ready to run software. Supplled complete with CPM, Wordstar
and Basic. Brand new and covered by our famous 90 da
guarantee and backup. Nomal iurlce of this unitis over £1400

Our Price ...on

Visit our Shop - Technical heip always on hand
plus many un-advertised spedials. 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 for
caiters!

MAIL ORDER/OFFICES
Open Mon-Fr! 9,.30-5.30
32 Blggin Way,

DISTEL € The Originel
Free diai-up database! ALL ENQUIRIES

1000's of Hems+info On Line 01-679-4414

Open Mon-Set $-5.30

215 Whitehorse Lane,
South Norwood,

300bd 01-679-1888,1200/75 Fax-01-679-1927
01-679-6%83,1200/1200 Telex 894502
01-679-8769

Upper Norwood,
London SE19 3XF.

[ AN prices for UK Mainkand. UK customers ADD 15% VAT to total order amourt. Minimusn order £10. PO orders from Govemment Universbes, Schools 8 Local Authortties |
welcome- minimum account order £25. Carriage charges (A)=€1.50 (B)=£3.50. (C)=£6 50. (D)=£B.S0 (E)=£12.50 (F=£15_{G)=Cal . All goods supphed subgect to our
standard Conditions of Sale and uniess atherwise stated guarartesd for 90 days. All guaraitees given on a retum %0 base basis. We reserve the nght to change prices 8
specifications without priot notice. Orders acoepted subject 1o stock Quotations wilkngly ghven for higher quartite s than those stated. i

ENTER 42 ON REPLY CARD




ACTIVE |

ASIC

C-mos arrays. Three new members of the
HDC famuly of 1 micron arrays are the
HDCO03. 006 and 011, offering 3000, 6000
11000 gates respectively The HDC
technology allows over 70% gate use Its
channel-less sea-of-gates architecture offers
300ps delays (with a fan-out of two),
combined with unprecedented | O countsin
mimal chip dmensions Motorola, 0296
395252

A-to-D and D-to-A converters

16 channel A-to-D-to-A 12 bit converter.
The PC-30A plug-in board for the IBM PC
provides both A-to-D and D-to-A conversion
with a conversion time of less than 1
microsecond. plus parallel | O and a timer
The 12 bit A-to-D converter and 16 channel
multiplexer has a typical conversion time of
35microsecands A sample-and-hold circuit
1sused between the multiplexer and the
converter Amplicon Electronics 0273
5700220

Eight-bit, 200Msample/s flash converter.
The monolithic AD770 provides an eight-bit
output at 200Msample/s with 250MHz full-
power and 400MHz small-signal bandwidths,
which allow low-distortion sampiing of
100MHz Nygutst-frequency signals
Additional benefits include accurate
sampling of high-frequency signals without
an external sample/hold, fast setthing when a
high-speed externat sampleshold 1s used and
sampling of signals beyond the Nyquist
frequency Analog Devices, 0932 253320

Data acquisition board. The DT2809. an
IBM PC XT AT-compatible data-acquisition
board can measure the outputs of eight
difterent sensars or transducers within 20ns
of one another, and is capable of 16-bit
resolution {*+% accuracy) The analogue-to-
digital converter performs a calibration each
time the board s powered up Data
Translation, 0734 793838

Eight-bit D-to-A converter. The Plessey |
Semiconductors 8-bit D-to-A converter |
(ZN438) has input latches to facilitate |
updating froma data bus and a buffer

amplifier to give low analogue output l

impedance Other featuresinclude a 1 25
microsecond setting time to + Y, LSB,
tnmmable 2 5V bandgap reference.
microprocessor TTL and 5V ¢-mos
compatibihty and commercial and military
temperature ranges RR Electronics 0234
270272

Discrete active devices

Tuning diodes. MS| Electronics announces
its High Q surface-mount and stripline
packagedsingle-chip and back-to-back
abrupt-type tuning diodes. Milimum reverse
voltage is 31V and they are available with a
4V capacitance from | 8pF to 100pF The
2C3113Asernies Qvalues are from 1000 to
125 Elyon Electrorics 088347916

Linear integrated circuits

Bipolar op-amp. The AD708 dual bipolar
op-amp features 25 microvolt maximum
offset vottage and 0 3 microvolt per degree
Celsius maximum offset voltage drift
Maximum offset voltages and dnifts are
matched to within 25 microvolts and 0 3
microvolts per degree Celsius respectivery
Analog Devices, 0932 25320

Fast current-feedback op-amp. The PM!
OP-260 offers slew rates of 1000V/
microsecond at unity gamn, 500v/
microsecondat againof 10, and draws a
supply current of only 4 5mA per amphfier
Bandwidth 1s 90MHz Current-loop amplifiers
are used in exactly the same way as voltage-
feedback amplifiers, but offer major
performance advantages Jermyn
Distribution, 0732 4501 44

Hybrid dip VCO. Vectron model VC-373 s a
non-crystal-controlled, voltage-controlled
oscillator providing a TTL output at any
centre frequency inthe 1 MHz to 90MHz
range: HCMOS output i1s available up to

July 1989

| 5
Passive components

40MHz Dewiationis +10% standard with
octave deviation optional Lineanty s +10%
Lyons Instruments 0992 467151

Memory chips

ASIC memory. PUMA I11s an asic ceramic
memory which can carry flash orom,

eeprom, UV eprom and static ram and be |
configured by the user to provide up to four
megabits of memory N8 16 or 32-bit wide
words Memory configurations are changed
through “select” pins which enable users to
access each of the 32-pad sites in any order

by using the chip-select pins as address Iines
Hybrid Memory Products 091-258 0690

C-mos 64K prom.The CY7CZ66 by Cypress |
Semiconductor s a high-speed. low-power
¢-mos 64K prom that offers standard epram
pinout With a maximum access time of 55ns
the CY7C266 dissipates 440mW, which

drops to 35mW when deselected The device
1s arranged as 8192 x 8bit andis housed na
choice of packages which cari be equipped
with an erasure window Pronto Electronic |
Systems 01-554 6222

CD-rom. Digital's RRD40 Compact Disc rom
stores up to 600Mbyte on a 1 2cm platter
and s available in table-top form for SCSI and
Q-bus systems or as an embedded unit for
SCSl systems Access time averages 0 5

seconds and the standard Philips, Sory data
format is empioyed Rapid Recall, 0494
457388

Optical devices

Infra-red emitter. The TSIP5201 has a
viewing angle of 40 and offers 520mw SR
of radiant intensity when drivenwith a 1 5A
pulse of 100 microseconds duration
Spectrally matched to siicon photo-
transistors and photo-diodes, the device has
awavelength of 950nm AEG (UK) Lt¢, 0753
872120

Retro opto switches. The \TR22 se-1es of
devices consist of a galhum arsenide led with
a phototransistor or photodartington so
mounted that each optical axis 1s
perpendicular ta the face ot the retro
package Aretro opto switch normally sees
no light when an abject passes withi 1 the
device’s field of view the infra-red frcm the
led is reflected back to the protodet :ctor
Pacer Components 049] 873077

Power semiconductors

Intelligent power device. The TPD1000S 1s
ahigh-current manolithic power IC which has
the control IC and vertical output musfet ona
single chip It features a high-sided power
mosfet output switch for grounded inads

The TPD1000S has a Vi, 0 60V, and |; of 4A
and a Ry on, 0f 0 22¢) Typical operating
current.s 2mA at 12V and rmucroprozessor
drive compatability is assured Toshiba
Electronics. 0276 634600

TPD 1000S smart power from Toshiba

PASSIVE EQUIPMENT

Standard size. SM mica capacitor. This
retains the advantages of nuca over NPQ
ceramic, with the added benefit of SMT Two
package sizes SMO1 7 3x 3 4mm and SMQ?2
73x58mm, ine up with industry-standard
landscape sizes for tantalum chip capacitors
Height above the boardis 2 8 and 3 Smm
respectively Acapacitance range of 4pf up
to 2000pF 1s made involtages between 63
and 1000V DC Ashcroft Technology. 0493
853957

Surface-mounttrimmer pots. The
TRGOA42 series of cermet trimmer
potentiometers by Tocos 15 designed for
surface mounting The res'stance of the
devices, which measure 38x4.5x2 2mm,
ranges from 500¢ to 500kS? and they have a
resistance tolerance of + 30%. Mechanical
travelis 250 and maximum operating
torque 1s 300gcm BDL 06285 30607

Leadless electrolytic capacitor. The NAC
series of leadless, surface-mounted,
cyhndnical electrolytic capacitors are
available inpreferred values from0 | to
220uF with working voltages from4 0 to
50V DC and an operational temperature
range from —40to + 105 C The series s
packaged in a cylindrical aluminium casing
measuring only 4 x 6mm -or values from 0 |
to47uf. and 6 3 x 6mm far values between
g 7and 220uF Bowmar Instrument, 0932
51341

Metallized-film capacitors. Panasonic has
two new ranges of miniatunzed film
capacitors the ECQ-B senes polyester film/
foil and the ECQ-V series stacked metallized
film capacitors At 63V DC. the two ranges

ELECTRONICS & WIRELESS WORLD

togetter offer arange of 0 0001 tc 1 OufF
HB Electronics. 0204 386361

Interference-suppression capacitors.
Metaliized-paper capacitors by RI+A are
intenced for use n across the line {X1 and
X2) arid Iine to earth {Y) applications
especially where high pu se voltages of more
than | 2kV can be experienced The PME
271E -ange offers capacitance va.ues from
0.01ufto022ufanda e rated 2 300V AC
(X1) RIFA-EVOX (UK) Ltc. 020363100

Low-voltage electrolytics. Two “anges of
low-voltage electrolytic Lapacitors. the EXR
and EKX series have been designed for use
n switched-mode powe- supplies Both
senesare polanized, rad al-leaded devices
and are avallable in valu2s from 10 to
220Cuf Voltage ratings of 10, 16.25 400r
63V DC can be specified, and the capacitors
have particularly low impedance over the
frequency range 10-100KHz Steatite
Roederstein. 021-643 6888

RF attenuators. A range of high-oower RF
attenuators. covering the 0-2 5GHz
frequencyband s avaikable in standard
attenuation values of 3to 60dB 4t 12 to 20W
They are available with type “N” =onnectors

Model 8212 or “BNC" connectors — Model
8211 Impedance s 501} Telonic
Instruments, 0628 73933

Cannectors ard cabling

Capacitor collet sockets. A complete Iine
of open-frame capacitor sockets for devices
with 0 3in (7 62mm), 0 4in (10 16mm). and
06n(1524mmjrow-10-row pitch gives a
chaice of ether 0 1 wF or 0 33 F capacitor

| charactenistic and driver circuitry The neon
| orange display 1s presented against a black

I Digital panel meter. The DPM-8100 can be

| units such as height, pressure and flow rates

| Microwave instruments 0208 77777

asstandard The use of capacitor sockets isa
protection agatnst momentary voltage
surges. and ehminates the need for a
separate capacttor on the PCboard. Aries
Electronics (Europe). 0908 260007

NEW PRODUCTS CLASSIFIED

Terminal blocks. The CTB1300 series of
flame-retardant, plug-in interiocking termnal
blocks can be piugged flush to the PCB,
either horizontally or vertically, on to the
Smm pitch pin strip. They are rated at 6A
250V AC and accept up to 2 5Smm? wires
Camden Electronics, 0727 64437

High tension connector. This 2mm touch-
proof connector has a test voltage of 5kV ana
1srated at 15A The recommended operating
‘emperature range 1s between 70" and

10 C The socket, manufactured from
brass. machined and gold-plated has a deep
insulating shroud giving a breakdown voltage
to VDE standards of 9 5kv. Mutti-Contact
(UK} 01-5757070

Displays

Graphics plasma displays. These displays
consist of an AC gas-discharge plasma panel
including memory function with bistable

background and provides a brightness of
110cd/m” with a cantrast ratio exceeding
20 1 FPFB050HRUM features a display
matrix of 640 x 640 dots with an effective
display area of 21 Imm x 132mm and the
FPFBOSOHRUK, a 640 x 640 dot matrix unit
Fuptsu Microelectronics. 0628 76100

Instrumentation

Digital multimeter. Gold Star madel DM
724115 a4V digt instrument witha DC
voltage accuracy of 0.05%. all ranges having
tull overload protection It measures
alternating and direct voltage to 750V and
1000V to 10uV resolution. and alternating
and direct current ta 20A with a resolution ot
0 1A Resistance measurement goes from
10m4) to 20M{ Alpha Electronics, 0942
873434

used erther as a conventional voltmeter
providing AC DC amperes and volts read
out, or recalibrated to display engineering

It provides automatic zero and palarity
indications, crystal-control for noise
rejection, display hald capability and true
differential or single-ended input Anders
Electronics.01-388 7171

Programmable attenuator controller. A
high-speed senes of control processors is
now available for micros in conjunction with
Flann programmable attenuators and phase
shifters Setting times for the attenuators of
1 2 seconds for 0-60dB and 70ms for S50-
60dB are achieved. Phase shifters can be
repositioned from 0 to 360 in 320ms Flann

Handheld multimeter.The GDM 1 11 s a
3V -digit. handheld multimeter which
includes capacitance measurement as one
of its eight functions The multimeter, which
alsoincludes diode testing and semiconduct
hyy measurements, has a basic DC accuracy
of 0 5% The 29 ranges, which include DC
voltage up to 1kV and DC/AC current up to
10A are selected by a single rotary control
Praobes are included in the purchase price of
£49 95 and an optional carrying case is also
available Global Specialities, 0234 217856

Digital storage oscilloscope. The SO40
25MHz microprocessor-controlled digital
storage oscilloscope. which has an analogue
real time display. has two input channels and
astorage capacity of 4 x 2K or 1 x 8K All
tour of the stored signals can be displayed
simultaneously. Grundig Electronic. 0911
7330-1

Clip-on ammeter. The 2000 AC is a basic
wide-range. Hall-effect instrument Designed
to be hand-held. its jaws chp round a
conductor to enable measurement of the
current carried The design of the jaws
permits current measurement on circular
conductors of up to 48mm diameter or

22 x60mm rectangular section. Three
current ranges are provided: 0-20A, 0-200A
and 0-2000A Accuracyis + 1% of range The
frequency range of the instrument s 15Hz to
3kHz Heme International. 0695 20535
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NEW PRODUCTS CLASSIFIED

Digital/analogue oscilloscopes. Tektronix |

2230, 2221 and 2220 are the first digital
storage oscilloscopes to include non-storage
measurement to 100MHz (2230) and
60MHz (2221/2220). As a DSO, the 2220
supports sample, peak-detect and average
modes; the 2221 and 2230 also support
accumulated peak detect. All three models
have a sampling rate of 20Msample/s with
8-bit vertical resolution, and inrepetitive
storage mode of up to 2Gsampie/s. IR
Group, 0753 580000

Waveform tester. A multi-channel
waveform analyser that simpiifies a wide
range of measurements in mechanical and
electromechanical applications, the
Tektronix 2510 is designed to perform
complex waveform analysis. Features
include record lengths to 256K points and
card modular expansion up to eight
acquisition channels per analyser

| Additionally, a simple spreadsheet-style user

interface fully integrates control of waveform
acquisition. storage. analysis and data
management. Tektronix UK, 06284 6000

Penrecorder. The Hioki 8601 battery-
powered pen recorder offers single-channel
inkless recording on a 1 5m-long pressure-
sensitive paper roll. The four chart speeds
are 1 and 2cm/sand 1 and 6cm/minute.
Zero can be positioned at any point onthe
20mm wide recording paper. Seven input
ranges give 100, 200 and 500mVand 1,2,5
and 10V full scale sensitivity. Frequency
response is 80Hz and the input resistance a
fixed | M{2. Universal Instrument Services
0533750123

Power Supplies

1000W power supply. Powermag A1000 is
a 1000W singte-output, switch-mode power
supply ina5x8x 10 in standard package
Outputs include 5V, 12V, 24V and 48V DC.
Advance Power Supplies, 027955155

DC-DC converters. Aseries of
economically-priced miniature DC-DC
converters, with both single and dual
outputs, 1is manufactured by SCI
(Semiconductor Circuits Inc.). The DPU
series of singte and dual-output unregulated
converters offers efficiencies up to 80%
short-circuit protection; an operating range
of - 25°Cto +71"'C wthno derating; and an
LC input filter to reduce the reflectedripple
Pascall Electronics. 01-979 0123

DC/DC converter. Vicor "Megamodules
are compact, chassis-mounting converters
available in ratings from 50-600W. which can
be combined to achieve multi-kilowatt power
ratings. With an operating frequency of up to
3MHz and efficient thermal packaging, the
overall efficiency of the Megamodules
reaches 85% and their power density is up to
27W per cubic inch, depending upon the
model. Powerline Electronics, 0734 868567

Production test equipment

Component test system. Abench-top
component test system. the CT1000, offers
functional and parametric testing of linear
components including op-amps.
comparators, voltage regulators and opto-
couplers. The user sets the test limits and
conditions using simple menu-driven
software running on the system PC which
controls the instrumentation and processes
the test results. Antron Electronics, 0252
737191

Radio communications
products

HF/SSB transceiver. The 2230 synthesized.
100 watt HF/SSB transceiver is engineered
for mobiie, portable and fixed-station service
in hostile, bush and desert environments.
Combining keypad frequency entry with
rotary-switch selection of 15 memory
channels, the AEL 2230 operates in USB
LSB.CW. AM and FSK modes. The keypad
may be detached from the front panel, with
operation then as a conventional
channellized transceiver on up to 15 spot
frequencies. AEL Communications. 0293

Switches and relays

Alternative to dip switches. Alfa Bridge i< a
low-profile, 2.54mm-pitch jumper, which can
be used as a low-cost alternative to dip
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switches. The jumpers simply slide over a
pair (or more) of pins from the unshrouded
header. The pin passes through the jumper,
allowing jJumpers to be stacked up and cross
matched. It is available in three versions.
single, in-line and bus-bar. from 2 to 20
positions. Digitran, 00763 61600

Programmable waveguide switches and
drivers. A senes of programmable
waveguide switches and drivers is designed
for use in instrument, laboratory or ATE
applicaticns. The switches, with an optional 2
or 3 channel rotor, offer high repeatability
and reliability. A precision stepper motor
provides programmable switch positioning
via a switch driver unit. Fiann Microwave
Instruments, 0208 77777

Metric rotary switches. Metric versions of
the Grayhill Senes 50/51 rotary switches
have a 4mm x 25mm shaft, and are rated for
200mA at 28v DC, or 150mA at 115V AC, for
25000 cycles. The Series 50 features a 36
angle of throw with up to two poles, the
Series 51 a 30° angle of throw with up to four
poles. Both series are available in solder-lug
and PC-mount versions. Highland
Electronics, 04446 45021

Sealed diaphragm switch. The Series 145
has a seal design using a membrane, which
effectively excludes dust, liquids and
arrborne contaminants from the electrical
contacts. It features ITW's registered
Butterfly contact mechanism to provide high
reliability and a current-carrying capability of
20A at 480V AC. The contacts themselves
consist of a high mass of solid silver with a
semi-refractory design. ITW Switches, 0705
694971

Heme 2000 AC clip-on current meter

Transducers and sensors

Opticaltransducers. Type DP500 is a
series of high-resolution, non-contacting,
optical panel-mounting encoders, named

Digipot™. Designed to convert input rotation
anddirectioninto real-time digital data. the
DP500 encoder offers extremely low torque
and the ability to cope with continuous
speeds up to 10 000 rev/min. providing 500
pulses per revolution to generate 14 40 code
changes every full rotation. Control
Transducers, 0234 217704

Load cell. The ELF-500 series of load cells
trom Entran could be the smallest in the
world, with a diameter of 0.5inand a
thickness of 0.110in. The devices are
available in tension, compression or both
modes and offer measuring ranges from 11b
up to 100Ib. Temperature compensation
covers the range of 0°C to 60°C, but canbe
extended. These low-deflection devices
provide outputs of up to 250mV FS.
measuring static or dynamic forces at
frequencies to 20kHz. Entran, 0344 778848

Rotational impulse-signal emitter.
Designed to convert shaft revolutions into
electrical signals, the model GO8O rotary
impulse emitter is a small, mechanically
driven electrical contactor which produces
electrical impulses in accordance with the
gearing arrangement between the driven
shaft and the contact breaker. IVO Services,
0959 64884

Temperature transmitters. The SEM 151
senes of temperature transmitters now
includes 0-200°C versions as standard. The
units are designed for use with two or
three-wire platinum resistance detectorsto
BS 1904 or DIN 43760. Status Instruments,
0684 296818

COMPUTER

Computer board level
products

PCBus isolated extender board. The PC.
54 isolated extender board finds application
in PCB development and trouble-shooting. It
provides a socket on its top edge which
duplicates the 1BM motherboard socket, but
is fully buffered from it. The bus protects the
host PC while checking experimental or
production boards. Amplicon Electronics.
0273570220

PCAT frame grabber. The DT2862
arithmetic frame grabber isan(BM PC
AT-compatible board that can capture,
process, and store up tofour 512x512x8
bit images from standard video or slow-scan
devices inreal time (1/25 second). It has

1 Mbyte of on-board memory, a built-in 8-bit
arithmetic logic unit, and high-speed data
ports for direct connectionto dedicated
processor boards. Data Translation, 0734
793838

Data communications
products

Serial communications controller. An
enhanced ¢-mos version of the industry
standard 8530 serial communications
controller that doubles the soeed of the
previous generation, the 85C30 is designed
for use with 8- and 16-bit microprocessors.
AMD (UK), 0483740440

Arcnet network cards. The Arcnet PC
communication range includes the ARC-100
Arcnetinterface in both star and bus
topology as well as active and passive hubs.
Allinterface cards plug into PC/XT/AT and
386 machines and are fully compatible with
Novell and other major software packages
The ARC-100 is a short card and includes a
2Kbyte muiti-packet buffer with 1/0Q address
and interrupt, selectable via Imks. Blue Chip
Technology, 0244 520222

Developmentand
evaluation

| VME 10 prototyping. Using anon-board

68000 processor. the XVME-080 and XVME-
081 prototyping systems enable designers
to develop application-specific 1/0 modules
with local inteltigence at reduced cost. The
on-board intelligence ensures that the
system processor is not overloaded in 1/0-
intensive applications. Dean Microsystems,
073575155

PC based simulator for H16. This
simulator/debugger allows software for the
32.bit H16 microprocessor to be developed

Arcnet network card from Blue Chip

on an IBM PC or compatible system. The
SO16SIMPC allows H16 programs to be
developed. tested and debugged before any
target hardware has been developed
allowing hardware and software design to
progressin parallel. Hitachi Europe, 0923
246488

Interfaces

tntelligent VME analogue 1/0. The BVME
650 module is a high-performance VME
board. providing an intelligent DMA interface
for A-to-D and D-to-A conversion. The 6U
module provides 32 input and four output
channels, each with 12-bit resolution. It is
capable of continuous conversions through
its DMA controlier: either via on-board ram or
via the VME system memory. BICC-VERO
Electronics, 0703 266300

D-to-A and digital /0 for PCs. The DADIO
produced by Scientific Solutions, can be
used in any personal computer with a
standard IBM PC bus. such as the IBM PC. XT
AT.and PS/2 model 30. It contains four
independent, double-buffered, 12-bit digital
to-analogue converters in additionto 24 1/0
lines, which can be programmed in groups of
eight. Frontline Distribution. 0256 463344

Programming hardware

Eprom programming. The XP2M supports
allcurrent 24-, 28-, 32-, and 40-pin eproms,
eeproms. flash eproms and micros as
standard, and has the ability, with optional
add-on modules, to cover bipolar proms and
pals. GP Industrial Electronics, 0752 342961

Software

PADS-PCB design system. Version 3.0 of
the PADS-PCB PC-based cad system
includes many enhancements, among which
are networking, high resolution, a 30
increase in autorouter speed, and advanced
placement capabilities. A major advantage of
Version 3is that it enables the iser to setup
asingle file server and library node
accessible by all micros on the network.
Export Software, 0242 222307

Task-oriented processors

Transputer-performance graphics. The
QTVIO MicroVAX-resident graphics and
image-processing module is one of the QT
Series of transputer-based Q-bus
subsystems which allows MicrovAX users to
make full use of the transputer. Suitable for
both PAL or NTSC cameras as well as PAL,
NTSC or non-interlaced monitors with
refreshrates of up to 60Hz. the system may
be expanded to 24-bit RGB image
processing by running three QTVIOs in
parallel. Hawke Components, 01-9797799



CONTACTS

AND LEEDS

With over 125 leading Exhibitors Leetronex ‘89 has, once

again, all the elements needed to maintain its position as the
North’s leading Electronics Exhibition....so: whether you're
’ FREE HOTEL BOOK'NG SER\/ICE buying, selling, contracting, manufacturing, using or

’ SEMIN/A\R INFORM/A\T,ON researching; it's certainly going to be the one Exhibition where

you'll be absolutely positive of making the right contacts!
D EXHIBITOR AND PRODUCT
INFORMATION

D FREE PARKING e ex
27th- 28th- 29th JUNE 1989

AT THE UNIVERSITY OF LEEDS EXHIBITION CENTRE

CALL THE LEETRONEX ‘89 INFOLINE

rg R5555§/52>/0L/§ ggzgrg/«!m Y ak € th €

NOW! positive connection

By road, rail or air you'll find Leeds and Leetronex ‘89 so accessible
London and many European cities are within day-visit range by air into Leeds Bradford
Airport, the Intercity Station is quite literally a five minute drive from Leetronex ‘89 and the Leeds Inner Ring Road, which
connects with the M1 and M62 motorways, runs directly alongside the Exhibition Centre. it couldn’t be easier to make
the connection....and, if that's your intention, then please accept the Complimentary Ticket below....we look forward to
seeing you at Leetronex '89. In the meantime if you need any further information
Justcalt us on the Leetronex ‘89 Infoline

L emmm @S
o =3 o R mm omm S r—— ﬂ
P MPLETE TH! FORMIN K CAPITAL
LEASE COMPLE £ THE (o] INBLOC CAPITA S

Mr Mrs  Miss Ms or

INITIALS/FIRST NAME [ . N | |
| N — L
URNAME | B
; FAMILYISURN ol l o
JOBTITLE 1 t

r—_————_——_ Professor |

| c;nGAmsA'bONK:OW’ANV b I A S I
| ' 1, BEN S L —t—
COMPANY Aooazsi N S A s 1§ | i _. ’ L I
l 2" FA ] 1 |
| o POST CODE i | I
y -
f- 29th JUNE 1989 e .

|| AT THE UNI\2/7E[I?SI'?$[OF LEEDS EXHIBITION CENTRE conn T ‘

PARTMENT OF ) i

ANISED BY THE DE - N _
| aSRopsaruoNconTe  wieusnesp e = = = =
UNIVERSITY OF L PR g
mms s

THE NORTHS PREMIER ELECTRONICS EXHIBITION

ORGANISED BY THE DEPARTMENT OF ELECTRICAL & ELECTRONIC ENGINEERING - UNIVERSITY OF LEEDS - LEEDS - LS2 JT - TELEPHONE: 0532 332021 - CONTACT: DENNIS BROWN
ENTER 23 ON REPLY CARD
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APPLICATIONS SUMMARY
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However, details of how the CD
player data system works make up for
the over-adventurous title. Cross-
interleave Reed-Solomon coding, data
framing and oversampling are all out-
fined in the article. There is also a
run-down of advantages that accrue
from using the ADSP210 family DSP
chips and a note that there is an entire
section on multi-rate digital filtering in
the ADSP210x Family Applications
Handbook, Volume Two.

Other articles in the newsletter de-
scribe a 16bit PCM audio d-to-a conver-
ter, disk-drive head positioning using a
digital signal processor and high-
resolution data conversion in general.
Below is an extract from the newsletter
onaninteresting signal/array processing
system called SP20 and manutactured
by Sigmet and Lassen Research. The
SP20 is capable of between 20 and
400Mtlops depending on its configura-
tion so it is suitable for radar and image
processing applications

Choosing a PGA

Suggestions on how to choose the right
programmable gate array are given in
AMD’s brochure Programmable Gate
Arrays — The Perfect Solution for the
Imperfect World. Among subjects
broached are cost, why user programm-
able devices are useful. why you shoutd
program your own devices rather than
let them be programmed by the vendor,
and risks and compromises associated
with PGAs.

There is also a table of devices avail-
able from AMD in the brochure and
notes on software. PGA design and the
design cvcle. AMD, The Genesis Cen
ire, Garretl Field, Science Park South
Birchwood, Warringion WA3 7BI.
0925 828008.

_High-sﬁeed sig_nal_
array processing

Signal processing has traditionally re-
quired the speed associated with hard-
wired electronics which. by their nature.
are inflexible. fixed-program systems.
The SLR SP-20 signal/array processor
takes tull advantage of this technology: it
has computational rates an order of mag-
nitude higher than comparable systems.
yet supports a gencral-purpose
architecture capable of high performance
i avariety of applications.

The SP-20 is designed for performing
repetitive. computationally-intensive
algorithms for applications such as re-
mote sensing (e.g.. radar. lidar. sonar.
satellite). image processing or numerical
modelling. Use of an SP-20 together with
a low-cost to mid-range host computer,
yiclds the performance of a much more
expensive system.

Ana/(;g De;ices. Station Avenue
Walion-on-Thames, Surrey KTI12 | PF.
0932-232222.

STD cells

Gate
arrays

-

/

Many trade-offs exist between semicustom solutions
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APPLICATIONS SUMMARY
o |

Dual-tone multiple
frequencyona
microcontroller

Assembly-language software for pro-
ducing DTMF on COP820C/840C con-
trotlers is tisted in Application Note 521
from National Semiconductor

Since the 820/840 controllers only
have one timer. the problem with pro-
ducing DTMF on them s that three
different times need to be handled - the
two selected frequencies and the 100ms
DTMEF duration. One. or possibly two,
of the timings can be handled by the
timer but the remaining one or two need
to be dealt with insoftware.

The solution described in the note
consists of 78 bytes of code together
with 32 bytes of look-up table. It relies
on dividing the 100ms duration by the
half periods for each of the eight fre-
quencies and then examining the re-
spective high and low-band quotients
and remainders shown in the table.
National Semiconductor, The Maple,
Kembrey Purk, Swindon, Wiltshire SN2
6UT.0793-614141.
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Hz inps Quotient Remainder
Low 697 71736 717 139 337
band 770 64935 649 154
freq's 852  586.85 587 170 200
94 53135 531 188 172
1209  413.56 414 241 226
B _ {256+158) )
High 1336 374.25 374 267 142
band (256+118)
freq's 1477 33852 339 294 334
(2_56+83_) B
1633 306.18 306 326 244
(256+50)
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NOTES ON THE HOUSE

Statistics and anti-statistics

Is there a relationship between particle
physics and politics? Just as a nuclear
particle has its counterpart, an anti-
particle. cach statistic produced by a
politician leads to the appearance of an
anti-statistic. and quantum theory en-
sures that two statistics refating to the
same subject can never be the identical.

This was cvident during a debate
which expressed concern at the trade
deficit in electronics, and the increasing
skills shortages in high technology.
when Paddy Ashdown. the Democrats’
feader, began to focus a beam of anti-
statistics on to the Government ben-
ches.

In 1979 there was a trade surplus of
0.5% of GDP in high-technology pro-
ducts. which by 1989 had become a
deficit of £2.19 billion. Between 1971
and 1983, out of five major OECD
countries, only the UK's pereentage of
GDP spent on R&D dropped (from
1.8% to 1.53% . whilst civil R&D drop-
ped from 0.73% to 0.5%): in terms of
patents, the UK's share has fallen

sharply (26% of all European patents in
1963 to 16% by 1985). and the UK s
the only OECD country whose numbers
of applications for USA patents has
fallen. In terms of skills. by 1993, the
UK will be shortof 100000 IT staff. and
that the UK rates [7th out of the top 20
OECD countries for the number of
those staying in full-time education over
the age of 16 (the Japanese have 95%
stav-on rate. the UK 32%): and for
every 10000 population of the top
OL=CD countries, the UK has the fewest
scientists and engineers working in
R&D.

“Too selective™. samd the Govern-
ment. which unselectively noted that
recent high-tech investments by Fujitsu,
Tovota and Bosch amounted to t1.2
billion. Indeed. capital investment in a
high-tech industry such as chemicals
was £1.4 billion, the trade surplus on
clectronic radars was £700 million.
capital investment in I'T was up by +4%.
and in 1988, 1BM alone added £2 billion
to the positive side of the trade cqua-

Parallel thought processing

" .. ON-GOING SIMULATED STRIKE
SCENARIO NEGATING A COUNTER  CA2
PRE-EMPTION STRIKE EVENTUALITY..." =

-HERE, NIGEL! ANY IDEA
WHAT THEY'RE ON AsouTy\E’

iR

An intriguing conundrum concern-
ing Fylingdales early warning station
surfaced during an exchange be-
tween Archie Hamilton, Minister of
State for the Armed Services, and
Labour’s Andrew Bennett. How was
the Minister sure, Bennett asked,
that the USA would provide all in-
formation from the early warning
station to the UK authorities, if the
USA thought that a UK government
would independently fire its Trident
missiles? No problem, replied the
Minister, we receive information in

-—— —

MISSILE LAUNCH |

ey

parallel, “so there is no question of
one nation having it and giving it to
the other™.

But what about the interpretation
of data? Aithough there was a princi-
ple of mutual corroboration, no
guarantee was given to the House
that such corroboration would resuit
in an agreed interpretation of events.
Thus, it is theoretically possible for
the UK'’s interpretation to be so
different from the USA’s that the
UK might want to fire off its Trident
independently. Mmmmm!

tion. With respect to the skills shortage.
3000 extra technical graduates would be
produced by the engineering and tech-
nology programme. and YTS now has a
technical component.

With so many statistics, claims and
counter-claims. the hectic final stages
resulted in Erne Forth. the minister
responsible for technology. describing
the Democrats™ leader as “ghb™, “wav-
ing something which was halfway be-
tween a wand and a panacea” and
offering “fraudulent proposals™. Tt all
goes to show that when statistic and
anti-statistic collide. cold fusion re-
teases much energy in the form of heat.

More support for
defence exports

Defence exports from the UK over the
last three vears have totatled £13 billion
and clectronies forms a significant part
of that total. Could the UK export more
if the resources of the Defence Export
Services Organisation (DESO) and
embassy statt abroad were more effec-
tively used?

The answer from a recent National
Audit Office Report™ is a definite yes”™.
Its study showed that DESO’s and
cmbassy staff did not usually have sutfi-
cient business or marketing experience.
and that high staff turnover in DESO
made communications between staff
and exporter difficult. Resources. the
NAOQO found. were targeted at the larger
companies. with the result that there
wits too little support tfor the smaller
company in defence clectronies. To
assist exporters further. DESO should
computerize its complex and cumber-
some manual database. Both embassy
and DESQO should. the NAO reported.
apply specific performance measures to
ensure that their effectiveness and ctti-
ciency was not impaired.

The NAO managed one unsubtle
hint: it noted that exporters “welcomed
the NAQO's own sarvey™. and “such
surveys should be a regular feature™ of
DESO s and the attachdés” future work.

National Audit Office, Report by the Comp-
troller and Auditor General, “Minister of De-
fenee: Support for Defence Exports™. FIC 303,
ISBN 0 10230389 4, £5.60 from HIMSO.

Notes onthe Howse are by Chris Pounder.
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UNBEATABLE PRICES

COMPUTERS METERS
Hewlett Packard 9836A 128Kb RAM. twin drives HPIB £ 4,750 Anritsu ML518A5 Field Strength Meter, 520MHz £ 2,650
Hewlett Packard 98508 A HP310. 1Mb RAM. RS232 HPIB £ 3,500 Avo Model 8 Mk 4 Analogue Multimeter £ 5
1BM PC-ATE 512Kb RAM. 20Mb hard disk. 80286. Bruel & Kjaer 2426 Electronic Voltmeter, 500kHz £ 250
inc monitor/adaptor £ 1,250 Hewlett Packard 3455A 6 "-0igit AC/DC Voltmeter £ 2500
PLOTTERS Keithley 580 4 2-Cigit, Micro-ohmmeter £ 500
Gould 6320 10-pen. A3, IEEE £ 300 Keithley 617 Programmabie Electrometer £ 1850
Hewlett Packard 72207 8-pen. A3 RS232 £ 1,400 Solartron 7055 5 "4-digit DMM, GPIB £ 45
Hewlett Packard 7440A-2 8-pen, A4 HPIB £ 350
SPECTRUM ANALYSERS MAINS DISTURBANCE ANALYSERS
Hewlett Packard 70001A System mainframe £ 1500 Aurora Glitchguard Power Lirie Monitor £ 450
Hewlett Packard 70205A Graphics display £ 1,650 BMI 4800 Surge’3-phase Monitor £ 7,500
Hewlett Packard 70900A Local oscillator £ 5150 Dranetz 808 Power Derrand Analyser £ 2500
Hewlett Packard 709024 IF section, 10Hz-300kHz £ 1,000 Sension DPR-2 Demana Profile Recorder £ 800
1 .2
Hewlett Packard 70904A RF section, 100Hz-2.9GHz £ 2650 RECORDERS

Hewlett Packard 70905A RF section 50kMz-22GHz £ 3200 b
Hewlett Packard 85694 Spec analyser, 10MHz-22GHz  £17,000 Micromovements 101204 10-charnnel UV Recorder £ 1,500
Hewlett Packard 8903A Distortion analyser. 100kHz £ 2300 Solartron, 3530A Orion Alpf:a, 200-channels
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FFT ANALYSIS

FFT ANALYSIS
WITHOUT TEARS

here has been a virtual explo-

sion in the use of FFT techni-

ques and equipment within the

past 10 years in almost all

branches of engineering and
science. The driving force has been the
availability of very powertul FFT instru-
ments at steadily reducing prices as the
cost of computing power and speed
drops.

But what about the expertise to drive
these instruments? Most practising en-
gineers and technicians were trained in
an era when the Fourier series was only
mentioned in passing and FET analysers
were almost unheard of. To make mat-
ters worse, most magazine articles and
academic courses approach the subject
from a mathematical or theoretical
point of view. Although this approach is
obviously important and is indeed
essential in some areas. it is not really
what the engineer wants to know when
struggling to decide which instrument to
buy. or how to obtain the best results, or
how to interpret results.,

This article is based on an intuitive,
non-mathematical approach to explain
how FFT analysers work. how to choose
the right one for your application. and
how to get the bestout of it

SIDE EFFECTS

FFT analysers are powerful and usetul
machines, but as with powerful drugs,
their use can have potentially destruc-
tive side effects which must be antici-
pated and allowed for. Examples are
leakage, the picket-fence effect. and
aliasing.

In frequency analysis, aliasing is not
just an minor irritant or nuisance: it can
be a source of major errors and must be
completely avoided. This is because
aliases cannot in general be disting-
uished from *real’ signals in the frequen-
cy domain. It is therefore vital that
proper anti-aliasing filters are used for
all serious FFT analysis.

To understand the other side effects.
it is important to grasp two basic con-
cepts about how the FFT analyser oper-
ates. Firstly the basis of the FET techni-

FFT analysisisa

powerful tool which,

nevertheless,

conceals anumber of

traps for the unwary.

David Mawdsley of

Laplace Instruments

exposes them and

shows how to tame

FFT analysers

Fig.1. Windowing. The signal at (a) is
seen through a “window" at (b). If the
signal is repeated for ever, as at (c), the
signal seen by the FFT analyser is that
shown at (d).

que is derived from the discrete Fourier
transform. or DFT. The important
word here is discrete. It means that the
process works on discrete samples of the
signal and displays the results in the
frequency domain as discrete points. so
the results are not in the form of a
continuous spectrum. but as points or
‘lines” with gaps in between.

The second point is that the anatyser
works on only a short length of the
signal. This is called windowing. be-
cause the analyser sees the signal
through a window. and cannot sec any-
thing either side of the window. Now
the Fourier technique assumes that the
signal is continuous. To satisfy this
requirement. the windowed signal is
assumed to repeat itself continually. i.e.
the windowed signal fully represents the
true signal and therefore repeating it
continuously should not be a problem:
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FFT ANALYSIS

or should it? (Fig. 1). In general. major
discontinuities cxist at the window
edges. are assumed to be part of the true
signal and are therefore transformed
into the frequency domain, leading to
false results. What form will this distor-
tion of the results tuke?

A simple way to visualise the effectis
to look at the discontinuitics in the
apparent “signal” as a modulation of the
original signal. The effectappears every
window width T and its frequency is
therefore 1/T. Now, modulation causes
sidebands in the frequency domain,
appearing at f £F, so one would expect
to sce similar effects on the FFT results.
This is precisely what happens. The
effect of windowing is to cause shoul-
ders or sidelobes to appear either side of
the peaks. Some of the energy in the
signal is leaking away into these side-
lobes. which is where the term leakage
comes from. How can this effect be
prevented?

‘.'i.“ i ;T;(\‘A

One way would be to avoid the discon-
tinuitics by arranging for the window
length to be an exact multiple of the
signal period. The problem is that (a)
most real signals contain more than one
fundamental frequency and (b) on most
analysers the window length is not
adjustable. This means that we have to
accommodate these discontinuities in
some way. In practice. the ettect is
suppressed by using “weighting”.

Weighting is a function applied to the
samples of the signal prior to processing
by the FFT algorithm. So far, all sam-
ples have been considered equal. and
have a weighting of one. This is called
rectangular weighting. Other weight-
ings have been derived which reduce the
importance of the samples at the edges
of the window. and correspondingly
increase the importance, or weight, of
the samples toward the middle. Many
such weightings exist. the most common
being Hann, flat-top and Hamming.

The effect of these weightingsis to

—reduce the discontinuity to zero
- modulate the signal by the “shape™ of
the window
— reduce the sidelobe height in the
frequency domain, and
—increase the effective bandwidth.

Increased bandwidth? This needs alittle
explanation. The bandwidth we are
talking about is that of cach point in the
frequency domain. In a perfect system,
cach point would represent a perfect
band-pass filter ot very small width and
with virtually brick-wall characteristics
cither side. However, in practice the

Fig.2. Leakage due to windowing.
Energy from the signal F,, has *leaked™
into the side lobes.

filter has a finite width and a finite
cut-off slope. which characteristic de-
termines the selectivity of the system.

Now the time and frequency domains
have an inverse relationship. 1f we look
at the window shapes in the time do-
main. it is clear that the maximum
effective window width is obtained with
the rectangular window. All other win-
dows can intuitively be scen to have a
reduced effective width (think in terms
of the 3dB points). Reduced width in
the time domain is equivalent to in-
creased width in the frequency domain,
So the effect of windows other than
rectangular is to increase the bandwidth
of cach frequency point. Therefore this
eftectively reduces the ability of the
FFT analyser to resolve close compo-
nents. Ftalso reduces what is called the
picket fence effect.

To understand this. recall that the
FET process is discrete. b calculates the
frequency content of a signal in terms of
discrete points in the frequency domain.
So. for instance. if we have a 400-line
FFT analyser working on a 20kHz span.
then there will be a line every S0Hz, at
50, 100, 150Hz. What happensifasingle

Fig.3. In the special case of the window
length being an exact multiple of the
signal period, as in (a), repeating the
window recreates the original signal.

frequency of  say, 125Hzis present? Ina
perfect system, it would not appear
because it falls between two frequency
lines. This is the picket-fence effect, so
called because we do not see the fre-
quency domain fully. butonly as narrow
slots separated by arcas we cannot see
praperly. In reality. because cach line
has a finite bandwidth. and these over-
lap. frequencies which fall between
lines are seen as components in the
adjacent line. but at reduced magni-
tude. The wider the bandwidth of the
system. the less reduction in magnitude
is seen. Rectangular weighting gives a
worst-case reduction of 3.9dB. whilst
Hann gives | .4dB.

Thus you can see that the selection of
the right equipment, the correct modes,
weighting and other controls, are vital
toensure the integrity of the results.

Vibration analyis. As an example of the
use of weighting. consider the ultimate
vibration generator — the helicopter.

Take a lightweight structure, balance
avery powerful engine somewhere near
the top of it and connect it to a gearbox
with many power take-off points. all
requiring different gear ratios. Put a
huge fan on top of all this. which takes
virtually all the power of the engine to
drive. and has variable angle of inci-
dence and long. tlexible blades as well.
Attach a long stick to the back. put
another fan on the end of it and drive it
from the gearbox via a long shaft with
another gearbox at the far end. Hang
various accessories all overit (antennas,
landing gear. missiles. some crew mem-
bers, ete.) and fly through the air at
speeds in excess of 100mile’h. What
happens. . .7

Well.imagine driving a car fitted with
all-steel wheels. Bits fall off. The crew
cannot read their instruments. Ancil-
lary equipment fails. Critical equipment
fails. The fatigue life of the machine
sutfers.
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Fig.4. The idealized band-pass filter at
(a) is, in practice, more like that shown
in(b).

Question: what can be done about it?
Answer: eliminate cach possible source
of vibration.

Problem: how to detect which of the
hundreds of possible sources are the
significant ones?

Answer: do a frequency analysis of the
vibration.

The helicopter is a fixed-speed
machine. The engine and rotors run at a
constant speed within a tolerance of
around 1% and. in general, cach source
has its own characteristic frequency.
Helicopter manufacturers issue charts
showing those frequencies for all their
models. By checking vibration frequen-
cies against those charts. the sources can
be immediately located. By extending
this principle to do vibration analyses
periodically and monitoring the results
for trends. an carly warning of any
problems in bearings. gearboxes or
rotors can be detected. The next gen-
cration of helicopters will almost cer-
tainly have an FFT-based monitoring
system built in, complete with accelero-
meters to measure vibration and clec-
tronics to perform continual in-tlight
FFT analysis and warn the pilot of any
significant changes in the vibration
spectrum. Such equipment is already in
use on a limited scale with some manu-
facturers.

But what arc the practicalities of
performing vibration (frequency)
analysis on helicopters today? The start-
ing point must be a vibration transduc-
er. These days. small piczoclectric
accelerometers are almost universally
used for all vibration mcasurements.
Tri-axial units are available which will
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give outputs in all three axes simul-
tancously if you have the equipment to
cope with three channels. Obviously,
equipment which is portable. small and
battery-powered is essential. Lugging
19inch-rack equipment on and oft heli-
copters has been done., butit’s not to be
recommended. One perfectly viable op-
tion is to use a special data logger or
recorder to record the vibration on the
helicopter and pertorm the analysis la-
ter when back at base. To define the
requircments for the analysis itself we
nust look initially at the type of signal
being analysed. The signal tends to be
noisy and consists of the following com-
ponents:

e Steady components from cengine.
gearbox cte. often at a relatively low
level (amplitude).

e Fluctuating steady signals (1), signals
which are of fixed frequency but can
vary in amplitude significantly over
periods of several seconds. The main
rotor vibrations and acrodynamic
effects are examples of this type.

e Random noise caused by acrodyna-
mic buffeting. mechanical and elec-
trical equipment ete.

Next. look at the results needed.
Obviously the main objective is to de-
tect and accurately measure the amplhi-
tude of all significant vibration compo-
nents. On helicopters some of these are
quite closely spaced. Some are harmo-
nically related. but many arc not. Am-
plitude is important and it needs to be
output scaled in units of (typically)
velocity. Things which are not so critical
are the detection and measurement of
low-level components, wide dynamic
range or frequencies above 10kHz.

These requirements dictate that we

use the analysers in the following way.

The eftect of random noise is reduced
to an insignificant level by using averag-
ing in the frequency domain. Any
steady signals. even if completely
buried in noise. will be revealed if
sufficient averages are performed. Be-
cause the signal is essentiatly stationary.
lincar averagingis used.

Those signals which vary with time
can be averaged out to provide a steady.
meaningful level. Again lincar averag-
ingis used withup to 128 updates.

The requirement to measure amplhi-
tude directly in terms of engineering
units means that lincar vertical scaling is
used. Logarithmic scaling would com-
plicate such measurements and its main
advantage. increased dvnamic range. is
not required.

Because amplitude measurement is
critical in this application. the window
function (i.e. weighting) used should be
one which minimizes the picket tence
ctfect. Suitable weightings are therefore
those which give a wide bandwidth.

In certain cases. the frequency re-
solution may not be sufficient to sepa-
rate closely-spaced components. In
these cases frequency zoom may be
necessary to increase the resolution.
The penalty for using zoom is time. For
instance. zooming to give a resolution
of 0. 1Hz with 32 averages means wait-
ing for five minutes before getting one
result (and helicopters cost several hun-
dred pounds per hour to fly).

As you can judge from the above,
getting the right results is not just a case
of buying the fanciest picce of kit in the
catalogue. plugging in and watching the
screen. FFT analysis is a powerful
machine. but you have to know how to
drive itoryouwillend up in a spin. L]

Fig.5. The picket
fence effect. Sig-
nals falling be-
tween the lines,
such as the 125Hz
signal (above),
could not be seen
ifeach line was
infinitely narrow.
In practice, the
lines have band-
width, as below,
and show the sig-
nalin each of the
adjacent lines at
reduced ampli-
tude.
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LETTERS

Cold fusion

Radical scientific discoveries
have a propensity for creating
scepticism, and the Fleischmann
and Pons tusion cell is certainly
no exception. During the early
1900s, Bohr. Einstein and others
suggested thatatoms could be
stimulated to emit energy., but it
was 1960 before the first laser
appeared!

It the cold-fusion device fails
todeliver its promise. the purge
of ridicule might also inhibit the
discovery of an “avalanching’
effect tor radioactive decay!
Many physicists will insist that
the natural rate of radioactive
decay cannot be influenced by
external means. However,
nuclear dogma has enjoyed
frequent reinterpretation over
the years, particularly after
Mossbauer’s discoveriesin 1958.

Nuclear avalanching will
resolve the fission waste
problem, by converting long-
lived isotopesinto compact
power sources. whilst
simultaneously transtorming fuel
slugs into safe non-active
clements. The nucleonic turn-
key for this process will be found
within the observed phenomena
of nuclear physics and the
technique will chunge our world
more radically than cold-fusion
experiments!

C. Bruce Sibley
Waddington
Lincolnshire

Crossed-field
antenna

Allow me to congratulate Messrs
Kabbary. Hately and Stewart
(EWW March 1989, pp 216-218)
on their very amusing April Fool
article! [Us a pity it was published
amonth too soon.

They have almost persuaded
one that a simple modification
could make the humble dipole
into a super-efficient radiator.
Like good conjurors they
cleverly hid their trick: firstly. by
concentrating on the H-field
produced by displacement
currents, they made one almost
forget that ordinary currents also
produce H-fields: secondly, by
setting up an analogy between
addition and the logical Or (top
of p.217) they made one almost
forget that terms might cancel as
well as add. Hence. the reader
was made to overlook the
possibility that the H-field due to
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the currentin the feed-wire to
the upper D-plate of their
crossed-tield antenna (Fig.6.)
might cancel the field due to the
displacement current between
the D-plates.

Unfortunately they seem to
have missed the best trick ot all.
If. by rephasing one of the
drives. we phase-reverse one of
the factors making up the
Poynting vector S, then we
change the direction of S itself.
So. instead of having power
flowing outwards, we can make it
flow inwards. Thus we shall have
an inexhaustible source of
energy which might make even
Professors Fleischmann and
Pons green with envy!

William G. Chambers,
Department of Electronic and
Electrical Engineering,

Kings College.

London.

Ohm tune

I note from EC WW May p449
Martin Eccles’ reporton the
declining value of the standard
Ohm.

This does not bode well for
Mrs Thatcher’s Ohm ownership
policy!

C.J. Harris,
Weoley Castle.
Birmingham.

Anti-gravity and
cold fusion

As David Williams (EWW
Letters. p. 415, April. 1989)
says. itcertainly is reasonable to
dispute the anti-gravity claims. if
one has not seen the
demonstration of the
phenomenon. Towitness a
heavy flywheel subjected toa
gentle forced precession and
litted by Professor Eric
Laithwaite’s little fingerin a
smooth non-vibrating fashion
has overcome my incredulity. To
have the result confirmed by two
separate precision weight
measurements. one mechanical
(the Strachan machine) and one
electronic (the Kidd machine). is
confirmation that Professor
Laithwaite is not superhuman. 1t
is due time that those interested
in the technological
opportunities provided by this
phenomenon brought itunder
their own scrutiny. as there is
little to be gained by interested
onlookers. including myself,
giving vent to their personal
opinions.

However, until authority rules
on this subject. itmay help to
draw attention to something clse
that has a possible connection
and has just hit the news, namely
the cold-tusion process
discovered by Professors
Fleischmann and Pons.

Rather than venture my own
opinions. I point to the 1966
edition of a book written by
Professor Sir Harrie Massey.
F.R.S..entitled “Tke New Age in
Physics’ (published by Elek
Books). The title was probably
about 25 years ahead of events.
On page 149 he discusses anti-
gravity and says:

*One possibility, which cannot
be ruled out at the present
stage. is thatof arepulsive force
of gravity between matter and
anti-matter. We cannot yet say
whether a piece of matter exerts
a gravitational attraction or
repulsion on a picce of anti-
matter —we donot know
whether anti-protons tend to
fall downwards or mpwards.
‘The nature of the force of
gravity is still so obscure that no
reliable answer can vet be given
from theory.”
A few lines further.on p 150, he
discusses “The New Aether and
the presence of negative mass
protons and neutrons as well as
mu-mesonsin the vacuum itself.

Now having regard tomy
article on "Anti-gravity
clectronics’ in the January 1989
issue of EWW readers wiltsee
that I questioned the universal
validity of Newton's Third Law
of Motion (as related to the law
of conservation of momentum). |
have received many letters from
professors and others, taxing me
on these opinions. Butlet us see
if the book canshed light on the
subject. I quote fron his chapter
entitled “The Strangest One of
All" at page 253:

“This is by no means an isolated
example. These two teatures
are present inall beta-
radioactive phenomena —there
is an apparent disappearance of
energy and the conservation of
angular momentum appears to
be violated. Attempts were
made for many veats todetect
the energy which was not taken
up by the product nucleus and
the emitted electrons. but all
withoutsuccess. .. It was natural
to enquire whether, inbeta-
decay phenomena. the
conservation of momentum
also breaksdown. Thisis
difficult to investigate because

of the small energy taken up by
the product nucleus.
Nevertheless it was established
in later experiments that this
further conservation rule also
appeared to fail

Readers may wonder about the
‘isolated example” just referred
to. It concerned the decay of the
triton into helium 3and un
clectron. The energy shed to the
clectron did not fit the Einstein
formula for the loss of mass
involved in this nuclear process.
The triton is formed by two
deuterons fusing to create a
triton and a proton. Note also
that two helium 3 nuclei can fuse
to decay into two protons and
helium 4. There are no neutrons
involved.

The pointof interest is that the
cold-fusion process reported by
Professors Fleischmann and
Pons is stated to occur with
negligible neutron production.
This. then, means that the decay
process raises the mysterious
issues of energy balance and
force balance just discussed and
we dosee our entry into a“new
age in physics”. an age in which
we can face up to the prospect of
anti-gravity and new aether
technotogy. However. sceptics
relvingonwhat they have been
taught, without reference to
what is accepted as inexplicable.
will need to be dragged into that
new age. Sadly. that drag effect
does comply with Newton's law
and sets up opposing torces
which resist those trving to drive
us forward.

Finally. concerning “cold
fusion’. is it not curious that
EWW published an article by
Carl D). Adams as recently as
January 1988, on whatis
effectively “cold fission™ Had
“cold fusion” been predicted as
well, eritics would have pointed
to the very substantial energy
needed to bring deuterons close
enough to fuse and said that it
was impossible for this to work at
normal temperatures. | would
then have drawn attention to my
discussion of the deuteron
binding energy in my 1969 book
*‘Physics without Einstein’
(Sabberton, P.O. Box 35,
Southampton). because I show
that electrons can bind protons
togetherin an atomic nucleus.
Thisisalso the theme of my
paper ‘The Theoretical Nature of
the Neutron and Deuteron®at p.
129 of the Hadronic Journal, July
1986. [t does not surprise me,
therefore, to hear that deuterons
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| canbe fusedina palladium
cathode. bearing in mind the
presence of free electronsina
metal conductor and the
background vacuum activity of
those elusive mu-mesons.

H. Aspden,

Department of Electrical
Engincering.

The University
Southampton.

Feedback and fets
in audio power
amplifiers

tam surprised that, in the above
article by Ivor Brown in
February 1989 the Otala
criterion'= for the prevention of
transient distortion in amplifiers
is still being used. (Erno Borbely
alsousedthiscriterionina
mostet power amplifier design’.)
| Thiscriterion requires that the
open-loop bandwidth of an audio
feedback amplifier be at least
equal to the upper audio
frequency limit (usually 20kHz).
This criterion. which was
introduced by Otala in the early
19705, caused somethingof a
revolution in feedback amplifier
design. withmany
manufacturers moving to reduce
negative feedback in their
amplifiers to satisfy this
criterion.

However. by the late 1970s
and carly 1980s it was shown
both theoretically and
experimentally by JTung. Cordell
and others *7 that open-loop
bandwidth and feedback factor
have no direct bearing on the
transient distortion performance
of an amplifier. and that the
relevant parameter is the
amplifier’s slew rate.
Specitically. to avoid transient
| distortion (slew-rate limiting).
the slew rate of an amplifier must
be greater than or equal to the
‘slew rate” of the highest-
amplitude. highest-frequency
sine-wave signal that must be
transmitted at the output of the
amplifier. Since distortion
progressively increases as the
slew rate limit is approached. the
amplifier’s slew rate should be
somewhat greater than the
minimun value to minimise
distortion products.

In conclusion. consistent with
the normal stability
requirements, large amounts of
negative feedback can be applied
around an amplifier. thereby
securing the benefit of reduced
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harmonic distortion. ttis time |

that this “high feedback is bad.
low feedback is good™
philosophy be laid to rest. Otala
waswrong. Letus not
perpetuate his error

Stephen Gift. |

Trinidad and Fobago Telephone |
Co.

Portof Spain.

Trinidad. W1.
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In his letter in the May 1989
issue. Douglas Self appears to
state that the only detrimental
effects caused in audio amplifiers
by the use of large amounts of
negative feedback and “heavy
dominant-pole compensation™
are due to slew-rate limitations.,
These he dismisses as 4 “non-
problem™.

I donot agree with tnis view
and ask you to consider the
amplifying system shown in
Fig.1. Assume that the low-level
amplifier is perfect and
introduces no distortion. and
that the output amptifier is

operatedin class B. This an
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overall DC feedback onthe

| system to stabilise the operating
| conditions. but. owing tothe

very large capacitor. no signal
feedback. Withasinusoidal
input. the output waveform will
appear asin Fig.2(a) as the input
goes through zero. Now throw

the switch and increase the input
signal level to obtain the same
output amplitude. and assume
that the presence of the signal
teedback removes all crossover
distortion from the output. If this
is to happen, the output from the
low-level amplifier mustiook as
in Fig.2(b) with an infinitely fast
step in the waveform.implying
that this part of the circuit must
have intinite bandwidth and
slew-rate

In practice. operating in class
AB. the crossover distortior: will
not be as severe. but since it
occurs during only a small part of
cachsignal cycle. the output of
the low-level amplifier with its
correcting “steps” will have to
contain frequency components
much higher than the signal
frequency. It the frequency
response of these stagesis talling
inthe aadio range due toa
dominant-pole compensation
network., this cannot happen.
Therefore, effective cancellation
of the crossover effects in the
output stages is not possible.

As Esayvinmy article in the
February 1989 issue, bipolar
output stages generate a lot of
high-order harmonics when
operated inclass AB. The
limited-bandwidth teedback will
become less well able to reduce
them as the orderis increased. In
practice. they dofall in
amplitude as the frequency
increases, which tends to
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compensate for the reduced
effect of the feedback: hence the
frequently seenspectrum with all
the odd “crossover™ harmonics
appearing to have about the
same amplitude.

In asystem with alarge loop
gain. the feedback will always
attempt to make the outputan
exact but enlarged copy of the
input. With limited bandwidth in
the low-level stages this becomes
increasingly more difficultas the
frequency rises. Inan attempt to
provide the necessary correcting
steps. some relatively large
transient signals may appearin
the carly stages. With poor
design involving low-current
stages and large compensating-
capacitor values. slew-rate could
be a problem.

In my design. the use of fets
considerably reduces the
crossover distortion problem and
also enables a wideband low-
level amplifier to be used. so that
the full amount of feedback is
present throughout the audio
range. In thissituation the
distortion created in the output
stage is not too important, asitis
effectively removed by the
feedback. With a voltage gain of
about ten in the output stage, its
THD exceeds the 0.1% figure
quoted by Mr Self for his circuit.
However, his design uses bipolar
drivers which appear to operate
inclass AB and so will not help
the crossover situation. With no
information about the rest of the
circuit, comparison is not
possible.

Further articles on my design
are in preparation to include
circuit details of the prototype
together with experimental
waveforms and spectra. With the
Editor’s permission these should
be published in due course.

Ivor Brown,

Department of Electrical
Engineering and Electronics,
Brunel University.

Feed forward

inyour February issue, ivor J.A.
Brown writes in his paper
“Feedback and fets in audio
power amplifiers” about the feed-
forward principle: “Addition of
the inverted error signal to the
output of the main amplifier is
not easy to arrange.”

However, this principle. also
known as ‘adding of the missing
part’ can very well be arranged in
an audio power amplifier. All you

Vin

have to dois to connect the
loudspeaker to the "plus’ (or
‘hot’) connectors of two
amplifiers. The loudspeaker is
then driven by the difference of
the two power signals. Mr
Brown's Fig. 3 can then be
implemented as illustrated here.
In this design, amplifier 11,
although itis only handling
small signals. has to deal with
large loudspeaker currents and
will probably be as expensive as
main amplifier 1. However, a
symmetrical circuit can be
designed in which two
equivalent amplifiers each
deliver 50% of the power to the
loudspeaker, while at the same
time each amplifier produces a
signal that compensates for the
distortion produced in the other
amplifier, using the principle of
‘adding of the missing part.’
Peter van der Wurf
Bosrand
Geldrop
Netherlands

Ball-bearing motor

The ball-bearing and shaft
configurations describedin
Stefan Marinov’s April article do
have features which could be
expected to make them operate
as motors. Take. for example. an
arrangement with a rotatable
outer evlinder. two ball races.
and a fixed shaft of two insulated
sections, with a voltage applied
betweenits ends.

It the outer evlinder is initialty
clamped, current flowing axially
along the shaft. well removed
from either race, will have a
fairly uniform azimuthal
distribution. but near the race
will be channelled towards the
points of contact of the ball
bearings. 1If now the outer
cylinderis steadily rotated, the
channels will try to fotlow the
movement of the points of

AVin*Vg

contact.i.e. they willswingin the
direction of rotation, but with a
time lag. Thus they become
somewhat curved. by an amount
which is greater. the greater the
speed of rotation. Asaresult the
current develops a
circumferential component near
the race, which givesrise to an
axial magnetic field over the
space occupied by it. This
interacts with the radial currents
flowing through the individual
ball bearings, producing a torque
on the race whose sense is such as
to make itrotate faster.
Consideration of the currents
along the outer cvlinder shows
that they are distorted so as to
have alocal circumferential
component flowing in the
oppuosite sense. The axial field
produced by this also tends to
make the race rotate faster.
Thus. if the outer eylinder is now
allowed torotate freely it will
begin tospeed up. and asitdoes
so the driving torque will
increase further.

On thisinterpretation there is
no electromagnetic torque acting
on the outer cylinder. which
moves instead in response to the
rolling friction between it and the
individual ball bearings. The
balls rotate as they roll. so that at
every pointon each ball thereis a
current oscillating in both
magnitude and direction at a
frequency a few timesthe
frequency of rotation of the
outercylinder. Thiscould be a
significant factor in limiting the
ultimate speedof the motor. The
mechanism outlined is one which
allows the motortorun on AC.
C.FF. Coleman
Grove,

Oxtordshire.

I was most amused by Stefan
Marinov's article and vour
report, and decided it was a
phenomenon that could onty be
observed on the Ist April!
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|

My copy of EWW didn'tarrive |
until after that date and by the
time I'd reached the article it was
the 8th April: nevertheless. T was
sointrigued that I decided to try
itwith a couple of ball bearings
ex EMI tape recorder pressure |
roller. Yes.indeed - tomy
surprise it worked until the
connecting wires to the car [
battery melted with clouds of
rubberand PVC fumes. |

[ tried then on my welding
transformer. Again, yes. and it
ran until things got too hot for
comfort: the race outer shells
had tempered to a light straw
colour but it still ran freely when
cool.

Whilstitis an interesting
phenomenon [can’t see it having
aserious future. butitdoesalert
us to the nearly instantaneous
thermal deformation in moving
machinery that few people have
ever considered to date.

Ralph L. West,
Villereal,

Lotet Garonne,
France.

Anti-gravity
electronics

I wonder if many of your readers
remember the Dean Drive of the
carly 196057 This was the subject
of USA patent No. 2.886 9806,
entitled “System for converting
Rotary motion into
Unidirectional motion.™

It was a purely
clectromechanical device,
employing timed reciprocal
shifting of centres of revolution.
In the computer world, there
were rumours of an electronic |
version. But of that possibility,
neither papers nor articles ever
became public. Publicinterest
fuded when some (US
government?) agency. took a
belated second look at the Dean
Drive. and it justdroppedout of
sight. As Tunderstand the
situation, under USA patent
law, all patents are investigated
for possible “defense™ use. The
Dean Drive had originally
passed as innocuous. perhaps
potty.

Some time later. tdid seca
possible utilisation. [twas during
one of the carly near-space-walk
experiments, when space was
still considered to be news-
worthy. An astronaut was shown
to be using a power tool todrive a
bolt head. There was no rotary

, reaction, but contra-rotating
weights could assist there.
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The significant point was the
way that the astronaut did not
move backwards. He had no
means of forcing the tool to stay
on the bolt head! 0077 back-
pack jets were not then being
used. Inmy circle. it wis
assumed that the Dean Drive
was being used.

This patent was brought to
public notice by a series of
articles in the magazine
Astounding Science Fiction.
which is now called Analog
Science Factand Fiction, and
continues to publish new and
speculative sicence. The Dean
Drive was the cause of lots of
speculation and comment in
“Brass Tacks™ — the letters
page... regardingitsuse asa
space drive, and other more
terrestrial applications.

Philip Lonsdale.,
Hillbrow,
Republic of South Africa.

Motion through the
ether

Thoughin his May article E.W.
Silvertooth doesn’tsavin so
many words that Special
Relativity cannot account for the
Sagnac effect. he manages to
leave the strong impression that
itcan’t. Infactitis normally
interpreted in terms of the
Doppler Shifts generated in
radiation reflected from moving
mirrors (including beam
sphitters).

I the Sagnac ring is to provide
a practicable system for
measuring rates of rotation. then
the difference between the phase
shifts for beams travelling
clockwise and counter-clochwise
round the loop must be virtually
unaftected by any lincar motion
common toall parts of the
system. i.¢. to the beam splitter.
source. and phase-shift detector.
aswell as to the mirrors (see the
inset box on page 438). This
property certainly holds if
Special Relativity is valid.
However, the expression for the
differential phase shift derived
from ether theory (calculation
supplied) contains a term lincar
in Vy/c. the component of the
common velocity along the line
joining the two mirrors. Inother
words. if alaser gyro based ona
Sagnac ring is mounted inan
aircraft with its plane horizontal
and with the mirror-to-mirror
path perpendicular to the
heading of the atreraft. then
according to ether theory the

July 1989

gvrowould be expected to
respond not onlv to rotation of
the aircraft about its vertical axis.
but also to any sideways driftit
mightshow relative to the
ground arising from the presence
ofacross-wind. Some gyvro!

Silvertooth states that ring-
laser gyrosare now inuse for
navigation. If <o hisown
interpretation of his
measurements is certainly
untenable. The effectshe
observesrefative to the direction
ofanisotropyofthe 4 Kresidual
radiation from the “bhigbang™ are
large. inmarked contrast to the
results of the recently reported
experiment by Riis et ad. which
setsavery low limit to the
anisotrophy of the velocity of
lightin the laboratory refative to
this direction. In principle. the
Silvertooth experiment is the
more direct of the two, but
unlike the otheritinvolvesa
mechanical transtation in which
the movements of the
photocathode of the
photomultiplicr D1 and of the
offset reflecting mirror M4
(p437) must match towithin a
fraction ofa micrometre. Stillit’s
hard to imagine a systematic
errorin the drive mechanism
linked to the stellur rather than
the solar day.

He referstoerrorsin
navigation systems controlling
satellite communication, and |
remember Pr Murray making a
similar pointin this journal some
vearsago. Ifsucherrors are
believed toexist. itis perhaps
tinie the svstems were deseribed
in the open literature in sufficient
detail for outsiders to consider
them.

C.I-. Coleman,
Grove,
Oxfordshire.

Reference
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Rt Letters 60 (1988) 81-84

Whether E W, Silvertooth's
claim to have disproved the
theory ot relativity (E& WW,
May. 1989) is confirmed or not,
the underlving principle of the
apparatus he deseribesis
certainty the origin of number
since ttisof exactiy the same
form as the Tower of Hanoi
problem. Clearly, as multiple
(optical) path propagation under
spread-spectrum conditions. the
sime mechanism will be found
literally evervwhere one looks.
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Since the Tower of Hinoi
problem can be stated interms of
Gray (retlected binaryicode. it
follows that the visible
environmentis already codedin
binary. Morcover, this.and
similar problems are related to
Hamiltonian pathways and
therefore represent nimimal-
energy solutions. This leads on to
the supposition that phase is
quantized which.on reflection,
seems to have been o massive
error of omission in theoretical
physics.

B.I2.P. Clement.

Crickhowell,

Powys.

Radio data system

I write to thank vou for
publishimgthe above articles
(February and March. 1989).
They have enabled me toidenufy
the source of interference which
has been ruining the reception of
stereo radio inmy home and car.

Itappears that the 37k Hz data
signal is gettinginto the stereo
decoder, with disastrous resalts.
The interference is hcard as a
rushing noise very like the seund
of steam escaping froma boiler
safetvvalve.

Itis annoving that the BBC
should be allowed to rransmit
RDS inamanner whichis not
compatible with existing.
recently purchased receivers. |
am certain that Fam notalone in
having to endure thiscurse and |
suggest two possible methods of
putting an end to the nuisance.

The tirstalternative is that the
BCC should cease trunsmitting
RDS and not resume untibit has
developed a means which is
compatible with existing
equipnrent. Indefault of this,
voushould publisha circuit for a
filter to remove the otfending
signal betore the multiplex
stereo gets to the stereo decoder.
Andrew Cowper.

Northfleet.
Kent.

I was sorry to hear of the
reception difficulties
expericnced by Mr Cowper
which he attributesto the
transmission of RDS. [ thina.
however. thisisvery untikely to
be the source of his problens.
Compatibtlity is, for the
broadeaster. a very important
aspectof any new developnient
and was an essential efement in
the development of RDS. RDS
conforms to well established

CCIR provisions from
supplementary sub-carriers:
both older and newer receiver
designs almost without
exception. are compatible with
this enhanced feature of FM
LFansmissions.

The impairment described by
Mr Cowper can result froma
numberof other causes. Inarcas
which are very generously served
with FMsignals. such as
Northfleet. receivers can suffer
from oy erloading which results
inintermodulation products
being generated. Severe
multipath reception can also
resultin effects similar to those
deseribed. Without specific
details of the receiver. or the
aerial installation used. itis not
possible toidentify the specific
cause with certainty.

However. foratixed
mstallation, careful attention to
aerial type and positioning would
be worthwhile and. in the case of
possible overload. the use of an
attenuator could be beneficial.

Should he be unsuccesstul in
overcoming his reception
difficulties, which T am confident
are not caused by RDS Twould
be pleased to receive more
details from himand offer what
further assistance | can.

Mick Gleave,

Assistant Head of Engineering
Information Department.
BBC

RDS isanagreed European
Broadcasting Unionand CCIR
standard, and is designed to be
completely compatible with
reception onexisting non-RDS
radios. Since 1987 the 1BA has
sofar instatled RDS encoders at
3 independentiocal sites. after
first having carried out extensive
tests to ensure compatibility.
From our experience. we are not
aware ofuny problems having
resulted totisteners with existing
MONO OT SIEFCO TECLIVeTs.

I would suggest that the
difficulties being experienced by
Mr Cowperare likely to be due
toreceiveroverloadingin the
presence of farge numbers of
strong signals {Wrotham s just a
tew milesaway ). Stereo
reception is much more prone to
the etfects of signal overloading
than is mono. Whatever the
cause. amconfident thatitis
not RDS!

Paul Gardiner.
Principal Engineering
tnformation Officer,
IBA.




VHF OSCILLATOR

he initial requirement was to

produce a transceiver which

could receive anywhere be-

tween 50 and 70.5MHz, and

transmit in the bands 50 -
S2MHzand 70-70.5MHz.

Incvitably, a microprocessor was in-
cluded to do all the house-keeping work
such as scanning the controls. driving
the synthesizer. frequency display. and

band switching ete. From the outset the
design was about producing a transceiv-
er with excellent radio performance.

Fig. 1. Dual-band transceiver for SOMHz
and 70MHz. The phase-locked oscillator
and microprocessor control stages are
outlined in Fig.2. Aim of the design was
to produce a transceiver with excellent
radio performance.

Phase-locked VFO
for VHF

Tim Forrester describes an advanced oscillator which forms
part of adual-band, multi-mode VHF transceiver.

and not about a radio with average
performance but with an al-singing.
dancing microprocessor system (as is
often the case).

First of all. I decided that the tuning
must have the “feel” of a VEFO . i.c. the
minimum tuning step size from the
synthesizer must not be greater than
20Hz. Any step size greater than thisis
too casily detected by the car. To be
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VHF OSCILLATOR
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Fig.2. PLL, microprocessor and CW transmit oscillator for the dual-band transceiver. The processor is a1 6805.

Fig.3. Dual-band transmit-receive converter and master VCO.
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VHF OSCILLATOR

sure of a smooth VFO-like tuning re-
sponse. | eventually decided upon a
resolution of 10Hz as being a good
compromise between complexity and
resolution.

In the carly stages of the design of the
PLL, I considered a direct digital synth-
esis (DDS) approach. This would have
had the benefits of very low phase notse
and a very good tuning resolution,
perhaps down to 1Hz step size. Unfor-
tunately. though. at the time of starting
the design the cost of fast digital adders
and the other associated digital circuits
made the use of a DDS oscillator pro-
hibitively expensive. However, the cost
of chips for DDS is falling rapidly.
Plessey Semiconductors has announced
anintegrated circuit DDS device, which
is capable of operating at up to SOOMHz
with a switching time of something
around 10ns. No doubt devices such as
this will eventually replace most con-
ventional PPLLs; but at present this
particular device costs about £600 and is
not yet freely avinlable as a production
item.

In this design the PLL would. ideally
enable the radio 10 operate over the
range of S0MFz to 70.5MHz. with no
gaps in the coverage. However. 1o keep
the design simple 10 align. and to avoid
the use of tracking filters and orther
complications in the actual RF signat
path. | decided to restrict the coverage

1o just the amateur bands. Thus the PLL
could operate at around 6OMHHz and use
low-side injection for 70MHz opera-
tion, and high-side injection for SOMHz
operation.

An additional benefit of restricting
the tuning range was that the PLL had
only to cover 3.4Mtlz in total to tune
both the 50 and 70MHz bands. This
enabled the PLIL’s performance to be
optimized over a narrower bandwidth,
thereby makingits overall design easier.
It the PLL had been required to work
over the entire tuning range of 50 to
70.5MHz, inevitably some circuit para-
meters (such as VCO sensttivity) would
have varied, causing the phase noise
and/or the lock-in time to degrade.

For these reasons. combined with the
need for tracking filters (10 remove the
unwanted in-band image response
caused by the 10.7MHz first IF with its
continuous coverage from 50 to
TO0MHz). | have restricted the tuning
range so as 10 be able 1o use easily-
adjustable bandpass filters to select the
desired product from the mixer.

Trade-offs

Designing a PLL with a resolution of
10Hz and good phase noise perform-
ance 1s not too diftficult if cost and
complexity are not limiting factors.

Omde VIO1 by 00

However in the present case certain
compromises had to be made. The first
was in the method of obtaining the [0Hz
resolution.

Itis fairly easy 10 design a svnthesizer
with a step size of say 10kHz, with
reasonable performance. without re-
sorting to complex multiple loops. This
design. however. needed a resolution of
[O0Hz. which could not be achieved by a
simple single-loop design.

After looking at several different
schemes | decided on a basic digital PLL
resolution of 100Hz, and to achieve
10Hz resotution by interpolation. This
interpolation 1s achieved by slightly
shifting the PLL’s reference crystal. To
understand how the resolution of 10Hz
is obtained, it is best to break the
operation of the PLL into sections
(Fig.2).

PLLI is a conventionat PLL operat-
ing between 20MHz and 29.99MHz in
10kHz steps. The only oddity in the
design is the mixing down of the VCO
signal from Try, with the 10.24MHz
referenee signal. The purpose of this
mixing process is to enable 1Cy, to
operate on the signal directly without
the need for a prescaler. The output of
this PLL is divided down by 100 in IC,,
to produce a signal of between 200 and
299 9kHz in 100Hz steps. This signal is
used as the basic 100Hz digital incre-
ment in the PLL and is ted to IC)5, a
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Fig.4. Master VCO control circuit.
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low-frequency phase comparator oper-
atingin the range 20010 300k Hz.

PLL2 is another conventional PLIL,
but this time operating in TOOKHz steps:
it uses the same 10.24MHz reference as
PLLIL. Transistor Tr4; is a VCO operat-
ing in the 60MHEZ region. whose output
is split between 1Cs and 1C,,. The
output to 1C 5 is divided by 10 to be
within range of 1C . which is the divide-
by-N and phase comparator device.
PLL2s frequency is chosen such that it
heterodynes with the master VCO 1o
produce a signal in the range of 200 to
299.9kHz. Forinstance if the offset PLL
is set to 61.5MHz, and reference fre-
quency set by PLLTis 200k Hz, then the
master VCO has to be on 61.7M1z to
be in phase lock. If the frequency of the
200k Hz reference (generated by PLL)
were to change by say. 100H . then the
master VCO would have to change by
100Hz to track it.

To ensure that the master PLL locks
up quickly. a steering voltage from the
VCO in PLL2 is applied to the master
VCO such that the 200kHz phase com-
aprator has only to fine-tune the fre-
quency. This steering voltage from the

MC Mic
W down

offset VCO also ensures that the master
VCO is within the capture range of the
200-299_ 9k Hz phase comparator.

The final 10Hz resolution is obtained
by slightly varving the crystal reference
frequency of 10.24MHz. An analoguc
control voltage is used to change slightly
the bias voltage on Do, which in turn
shifts the reference frequency: this vol-
tage is generated by an eight-bit digital-
to-analogue converter on the micro-
processor circuit board. As onlv a total
of only 10 voltages are required (OHz to
Y011z shift). only the four most signifi-
cant bits of the D-to-A are used.

Control of the PLL

This method of heterodyning the master
VCO with another PLL to produce a
signalin the region of 200k Hz for phase
locking has been used for several vears.
But with the advent of single-chip PLL
devices such as the Motorola MC143130
series. it has become increasingly casy
to implement. thereby avoiding  the
masses of discrete logic which would
have been previously needed.
Programming the PLL oscillator to

Fig.5. Microprocessor control circuit.

the desired frequency is achieved by 18
parallel lines from the microprocessor
vio level shifters to 1€, and [C,,,. Paral-
let programming is adopted in prefer-
ence to the more usual serial method to
make initial testing of the PLL easy
without the need for a special serial
intertace. If serial programming is pre-
ferred. to lessen interconnections and
improve overalt reliabitity. then 1€,
and 1Cy, could be replaced with 1C type
MCI4S1550 A serial driver routine
would then have to be added to the
microprocessor program. because the
number crunching in the processor is all
paraltetarithmetic.

With a design such as this, combined
with an IF offset of 10. 7M1z which can
be on either side of the locat oscillator,
there is no casy or direct relationship
between the eventual operating fre-
quency of the radio and the data re-
quired 1o program the svathesizer. It
would be possible to design some form
of discrete fogic circuitry to drive both
the PLL oscillator and the frequency
read-out. but this would be rather com-
plex and inflexible. A much better solu-
tion would be to use a microprocessor.
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Indeed, using a microprocessor allows a
much greater flexibility in both the
design and implementation of the con-
trol functions.

Software

The processor is a Motorola 6805, which
offers good facilities for control func-
tions. while at the same time being casy
to program. In addition, since the pro-
cessor can be single-stepped through its
code. it is easy to debug the code by
simply monitoring the state of the
address and data lines.

Processor control was initially broken
down into a number of basic modules
which would form the basis for driving
the synthesizer and frequency read-out.
Subsequent subroutines would make
use of these driver routines.

Any module or subroutine would
have to restore the conditions of the
processor’s internal registers, before
passing control back to the parent
routine. Data would be passed between
modules by each routine taking an input
from one location in ram, processing it
as required before writing it to its par-
ticular output location. This method
could be considered wasteful of mem-
ory space, but does lessen the possibility
of data being incorrectly processed.

The first module simply takes data
from a location in ram and outputs it to
the synthesizer. The data in ram is
initially written to a particular location
by the program itself. and contains the
digits required to program the synth-
esizer to a particular frequency.
Another module operates on the same
source data as the synthesizer driver
module. This module was designed to
drive the frequency read-out. taking
into account the 1F offset and frequency
band in use.

The frequency read-out driver mod-
ule has a fair amount of number crun-
ching to perform, and is therefore
broken down into a number of sub-
routines.

For the tuning control [ selected a
cheap and readily available rotary en-
coder, whose outputs are two square
waves in anti-phase. This encoder needs
only a very simple logic circuit to detect
the direction in which the tuning knob is
being rotated and at the same time
generate an interrupt to the processor.
This enables the interrupt routine to
update the frequency data and call up
the driver programs previously de-
scribed.

The interrupt routine of the tuning
control also scans the front panel con-
trols to determine in what step size the
frequency is to be altered. The interrupt

routine is in turn broken down into
sub-routines. This was necessary as the
tuning rate could be 10, 100, 1k, 10k or
12.5kHz per step. Routines are there-
fore needed to add or subtract these
amounts to the data operated upon by
the driver routines.

Included in the interrupt routines are
limits on the frequency data. to ensure
that the radio is not tuned out of band,
and that the tuning wraps around at the
band edges.

Also included are memory and scan-
ning routines which enable the radio to
scan spot frequencies on either band,
automatically switching from band to
band as required.

A further feature of the software is
the ability to operate cross-band: that is
to transmit on one band, then receive on
the other. The control line which
switched band pass filters in the radio
was already being controlled by the
program: and it was therefore an casy
task to test the state of the transmit and
receive band buttons, before outputting
data from the appropriate ram location
to the driver routines.

Microprocessor hardware
The 6805 microprocessor contains two
PlAs. 112 bytes of ram and a clock
generator. To interface the processor to
the rest of the radio. one PIA is used as
an input output bus. while the other
PIA is used to enable various sighals on
to the PIA bus. Extra circuitry is in-
cluded to de-bounce the rotary encoder
and to generate interrupts when cither
the tuning knob is operated or the
power supply falls below about 10 volts.
If an interrupt is generated by low
power supply volts. the processor is shut
down and all present settings saved in
the processor'sinternal ram.

When the processor is shut down it
draws only a traction of a milliampere of
supply current, which is provided by a
back-up battery.

Fuller details of this design will appear
later in publications of the RSGB.

Have fame, wealth
and public
recognition passed
you by? We could
change that!

You might not yet have been
immortalized by having an Sl
unit named after you but there is
stili time. The first step to gener-
al acclaim has to be publication
of your work, possibly in the
magazine that you are reading.

Electronics & Wireless World
wouldn't exist if it were not for
people who are prepared to
report on the unusual, the intri-
guing and the out of the ordinary
in the technical world around
them. We want you to write
about it for us.

if you've got something to say,
then | would be pleased to listen.
And it can be a rewarding experi-
ence. Drop me a line or give me
acallon01-661 3128.
FRANK OGDEN
Editor
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' Speaking telephone
' keypad for the blind

A low-cost speech processor 1C and a
speech rom vocalize the dialled number
in a modified electronic telephone for
the blind. The circuit gives an audible
output when each digit is keved, which
is a useful confirmation of the number
dialled.

When a digit is dialled. the dial pulse
output, e, of the 2560 pulse dialler
outputs a pulse train, the number of pulses
depending on the number dialled. Output
pulses are counted by a four-bit binary
counter (7493) which connects to the
address lines of the 02560 speech processor.

The pulse dialler gives a yure output.
shown in the timing diagram, for muting
the recciver during the dial pulsing. This
output is used to trigger a negative-edge
triggered monostable of 10ms pulse width.

After a digit is dialled. there is a pause
during which the MUTE output goes high.
The inverted amure signal latches the coun-
ter value in the binary counter into the
four-bit 74116 latch. This transition trig-
gers the left-hand monostable device
whose output pulse is inverted and used to
load the address into the speech processor
using the ap input. Qutput of the first
monostable device triggers the second
monostable section on its negative edge to
obtain a 10ms pulse: this is inverted and
used to reset the binary counter and the
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latch. Thus both the counter and the latch
are reset during the inter-digit pause.

The 0256 speech processor is cabable of |
synthesizing speech or complex sounds
using its stored program. Within the 0256,
a microcontroller controls data flow from
the SPR-16 speech rom to the digital filter,
the concatenation of the word strings
necessary for linking speech elements
together and the amplitude and pitch
information to excite the digital filter. The
pulse-width modulator in the speech pro-
cessor creates a digital output which is
converted to an analogue signal when
filiered by an external low-pass filter.
Addresses from the 74116 latch feed a 2K
by &-bit rom (SPR-16) and data is ex-
tracted for the speech processor arithme- |

-
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tic logic unit for coefficient transfer.
Coefficients are then manipulated via a
vocal tract model” block in the form of a
12-pole digital filter. Bits are then pulse-
width modulated from digitized wave-
| forms to analogue sinewaves.

L

The AL strobe pulse given to the speech
module cnables the speech to reach a
transducer through a passive filter.

V. Lakshminarayanan
Centre for Development of Telematics
Bangalore [ndia

Input

Hybrid audio —!
preamplifier with
low distortion

One of the main drawbacks of vacuum |
triodes, when used in the common-
cathode configuration, is their high out- |
put impedance when a high gain is
requested. The usual solution is to use |
two triodes for each stage. with the
second one connected as a cathode |
follower or in a shunt-regulated push- |
pullconfiguration.

This circuit — a hybrid audio gain
stage — achieves a low output impedance
and a low distortion using only one half
of an ECC88 dual-triode and a solid-
state buffer formed by Tr and Tr,. The
triode operates in constant-current
mode by the bootstrap connection (C))
to improve lincarity and achieve the |
maximum gain. in spite of the relatively
low supply voltage and of the lack of the |
usual cathode capacitor.

Typical applications for this circuit
include 600Q headphone driving and
line stages in vacuum tube preampli- |
fiers. Measurements on this stage show
a gain of 30dB, 100V/ps slew rate, 270Q
output impedance and 0.15% distortion
at [kHz with a 10Vpk-pk output signal
and 10kQ load (mainly second har-
monic).

Having no overall feedback, the cir-
cuit is virtually free from instability
(even when capacitively loaded) and
transient intermodulation distortion.
However, the application of 10dB of
negative feedback (smaller diagram)
reduces the output impedance below
1002 and the distortion well below |
0.1%. with a gain of 20dB. which is a
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i 70V typical value found in line amps.
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IN VIEW OF THE EXTREMELY
RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS
INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH
PURCHASERS OF SUCH
MATERIALS AND WOULD
APPRECIATE A TELEPHONE
CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND
COLLECT.

R. Henson Ltd.

21 Lodge Lane, N. Finchley,
London, N12 8JG.

5 mins. from Tally Ho Corner
Telephone:
01-4452713/0749

ENTER 12ON REPLY CARD

With 4€ years’ e<perience in the desigr and manufacture of
several hundred thosand transtormars we can suppy:

AUDIO FREQUENGY TRANSFORMERS OF

EVERY TYPE
YOUNAMEIT! WE MAKEIT!
OUR 3ANGE INCLUCES:

Microphone transformers (ali types]. Microphone Spilitter/Combiner wansfor-
mers. Inpu- and Output transformers. Di-ect Injecton transformers for Guitars.
Multi-Secondary output transformers Bridging transformers. Line transwormers.
Line transformers to B.T. Isolaing Test Specificatior . Tapped impedance match-
ing transformers. Grarrophone Pickup transformers: Audio Mixing Desk wansfor-
mers ‘alt types). Minigture transformers. Micromimnature transformers or PCB
mounfing. Sxperimental transormers. Ultra fow fraquency transformess. Ultra
linear and cther transfcrmers tor Valva Arplifiers ug to 500 watts. inductve Loop
transforme-s. Smoothrg Chdkes. Fiter Inductore, Amplifiers to 100 wolt line
transformers (from a faw watt3 up to 1,020 watts), 100 volt line transfo-mers to
speakers. Speaker matching ransformers (all pov-ers), Column Loudspeaker
transformers up to 300watts os more.

We can design fcr RECDRDING QUALITY, STUDIO QUALIT™, HI-Fi
QUALITY OR P.A. QUALITY. DUR PRICES ARE HIGHLY COMPETITI/E AND
WE SUPPLY LARGE OR SMALL QUANTITES AND EVEN SINGLE
TRANSFORMERS. Many standard typss are in stock and normal Jispatch
times are snort and sensible.

OUR QLIENTS COVER A LARGE NUMBER OF BROADCASTING
AUTFORITIES, MIXING DESK MANUFACTUREFS, RECORDING STUDIOS,
HFFI ENTHUSIASTE, BAND GRQUPS AND FUBLIC ADDRESS FIRMS.
Export is a speciality and we Jave overseas clients in the COMMONWEALTH,
EEC, USA MIDDLE BAST, et.

Send for our questionnairs which, when completed, enables us to post
quotazionsby return.

= OWTER
= TRENSFORMEF S

PO Box 36, Ipswich IP1 2EL, England.
Phonesz 0473 252794 & 0473 219390 —

Telex: 987703G Fax: 0473 236188
ENTER 8 ON REPLY ( ARD

A NTRIM
RANSFORMERS LTD

UNIT 3A/9, 25 RANDALSTOWN ROAD, ANTRIM
CO ANTRIM, N. IRELAND

Telephone: (08494) 66734. Telex: 74667
Fax: (08494) 68745

Manufacturers and designers of high quality
toroidal transformers to specifications VDE
0550, BS415 Class 2 and IEC65 Class 2.

Prices quoted are lots of 100 (VAT not
included). Prices firm to October '89.

15VA-£4.70 120VA- £6.70 625VA-£13.80
30VA-£5.18 160VA- £7.57 750VA-£22.60
SOVA-£5.52 225VA- £8.40 1000VA-£37.20
80VA-£6.00 300VA- £9.40

100VA -£6.56 500VA -£12.50

Prices quoted are for primary voltage 110,
120, 220, 230, 240.

For additional primaries please add 4% to
price for the following:
120/120, 220/240, 110/110, 115/115
110-120/110/120.

AGENTS WANTED - ALL COUNTRIES

RELIABILITY.

S IMPLICITY.
VALUE.
PERFORMANGE.

3 5:“

BRESE NS
S
H

If you appreciate thisrare
combination of virtues in a wave
soldering machine, and would like to
see how we incorporate them into
the design of our four models, from
100mm up to 380mm, simply RSVP to:

— SOLDERMATIC Equipment —
97-99 Gloucester Road, Crovdon CRO 2DM
01-6890574 Fax: 01-689 0090 TIx: 8811945

ENTER 13 ON REPLY CARD
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esigning with cad

Computer-aided design of printed-circuit boards
on a PCis becoming commonplace. Mike Walsh,
a cad consultant, describes the process.

ntil about seven years
ago. computer-aided de-
sign facilitics were limited
to the large design depart-
ments of multinational
companies. This limitation was duc. in
the large part. to the high cost of the
computing power required by cad prog-
rams. The introduction and rapid adop-
tion of the personal computer, howev-
er. influenced a sudden surge in the
number of cad applications available at
a price well within the reach ot even the
smallest company: the innovative de-
sign of these products offered close to
mainframe facilities on the humble PC.

DESIGN CYCLE

Nearly all the activities that the average
enginer indulges in when designing a
circuit or product can be enhanced by
the use of cad. as can be seen in Fig.1.
Indeed. some disciplines have only be-
come practicable because of cad. Let us
consider a typical design for a moment
and mention the application of auto-
mated methods at cach step.

Normally, the engineer would con-
struct a block diagram of his design
before deciding how to implement cach
function. Schematic capture systems in-
variably offer a hicrarchical approach.
allowing unlimited levels of “black box-
ing” down towards the component-level
circuit diagram. Verifying that the cir-
cuit works to specification conven-
tionally requires the building of a pro-
totype and subsequent bench testing.
The cad approach tackles this require-
ment by using a simufation of the circuit
- cither analogue or digital as appropri-
ate. Modern circuitry often uses roms
and PLDs to implement glue logic:
constructing fuse maps by hand is a
tedious and error-prone operation and
is much better automated. The design
may also contain asics (application-
specific integrated circuits) and many
manufacturers now offer tools which
allow their design to be carried out by
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the engineer using a Personal Com-
puter.

Production requires that a PCB be
designed and again, a range of packages
is available to assist in this task. Assem-
bly of the design into a casing or rack
has implications with regard to heat
dissipation. Thermal analysis packages
can provide an early indication of
potential dissipation problems which
would otherwise cause malfunction or
poor reliability. Finally, the product has
to be tested and even here. tools are
available to automate the task.

Although. as can be seen, the compu-

ter can help at every stage. one more
important point should be appreciated:
that of integration. In many cases. each
of the tools mentioned above is inte-
grated with the others in such a way that
there is a flow of data possible between
them. This is one of the major benefits
of cad. since it minimises the chance of
crrors creeping into the design process.
To best appreciate this facility we might
regard the schematic as the “docu-
mentation™ or “specification” for the
rest of the design. Under no circum-
stances may we alter design data any-
where other than in our schematic.

Fig.1. Traditional and computer-aided design processes compared.

I Sketch schemuﬁc'

[
I COrrectionL}——-{Redruwn by D&I
r CorrechonsJ—i Test breudbourd]

I Design PCB |

[ Corrections l—{ Check design I
Build prototype

Test prototype

|Design test progma

l Corrections |—{ Verify program

TRADITIONAL METHODS

Draw schematic
onto CAD system

r Simulate I—| Corrections I

Automated
P(B design

I Build prototype |

Test with
automatically
created program

CAD TOOL METHODS
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7401

Sel Out

7600

(a)

Thus, if the schematic is correct. every-
thing else must be correct. This is, of
course, an ideal and most cad systems
allow a less formal interaction to better
match a designer’'s more normal work-
ing methods.

To see how each activity discussed
above benefits from the application of
cad | will elaborate on the principal
advantages to be gained in each disci-
pline. There are. incidentally. one or
two seeming disadvantages at various
points. but these usuallv turn out to be a
matter of changing one’s thinking pro-
cess to accommodate new methods of
working.

Schematic capture. At the start of most
designs comes the initial sketching of
the circuit on paper. either directlv at
the component level or using a black-
box representation. Hand drawn
schematics are then either tidied up or,
often. completely redrawn bv a ditfe-
rent department. When using a cad
system in this environment an ideal
method s 10 design directly on the
screen. dispensing with the manual
approach completely. This ideal is often
not followed precisely since the brain-
storming approach 1o circuit design is
often yuicker and easier, using tradi-
tional methods. But, the sooner the
design is entered on to the cad system.
the sooner one can get the benefits of all
the supporting tools. Thus a certain
amount of discipline is necessary to try
and minimise the paper and pencil exer-
cise. since it represents a duplication of
effort. Most schematic-capture systems
provide a means of abstracting informa-
tion in the form of a hierarchy. Each
laver or level of the circuit can contain
black boxes representing circuits at a
lower level: Figure 2 shows an example
of this tvpe of construction. For large

Og A
0}] B Out
So Sel ’-_l—A
- 8 0 OMUX
B ut
S] Sel
02 A J
03 Out
Sel
{c)
E— 15
DMUX e
501
{d)

Fig.2. The hicrarchical method of in-
formation capture. Four levels of the
hierarchy are shown, starting with the
circuit at (a) and ending at (d) with a
composite symbol incorporating several
(a) circuits. The final diagram using
symbols as at (d) is uncluttered with
unnecessaiy detail.

designs this representation is extremely
advantageous, since large amounts of
detail which may otherwise cloud the
understanding of the circuit can be
hidden inside the boxes. Features avail-
able from the cad system allow traversal
up and down the hierarchy at will.

The new user often finds capturing
the schematic time consuming when
compared with more traditional
methods. The important point to grasp
here. however. is that not only is the
result a quality hard-copy plot. but that
a database of information about the
design is being built. Thus, at the ex-
pense of some extra time, the informa-
tion which will be used by the rest of the
cad process has been stored by the
computer.

Libraries. During schematic capture.
frequent use will be made of standard
schematic symbols such as gates, tran-
sistors and resistors. A selection of
these components is normally provided
by the manufacturer of the cad product,
but the user should be wary of the size of
library supplied. since creating new
symbols can be time consuming; some
lower-cost systems are supplied with a
few hundred symbols — some with sever-
al thousand. There is frequently the
need to create new svmbols. however
since designs often use innovative com-
ponents that the cad manutacturer mav
not have anticipated in his libraries.
There is usually a fully graphical

approach available in the svstem to fulfil
this task and various items of “intelli-
gence” are normally added to enable
the symbol to convey all the information
required to other sections of the cad
system.

Netlists. Not all of the schematic data is
normally required by the other ele-
ments of the system; for example. most
of the graphical data is simply tor hu-
man recognition. Todrive the rest of the
design process. it is usually enough to
have a list of components and their
associated connections. This type of
structure. called a netlist. is derived by
processing the schematic database and
may either be held in the machine as
ASCII text or as a binary data base.
Figure 3 shows a simple schematic and
its retated netlist

Py
(R

p1

2

1
R R

2 ?
Components Connect
7602: 1C4 UNG0O0D0O 1G4S 1¢y
Res:Ry, Rp, R3 UN000010 Tr 2 R32
NPN: Trq UNOOO0O6 Ryt 1C12 Ay 1
Plug: Py UN000008 Ry2 Ro2 Try 1

UNOD0000S 116 Ryt Py2

UNDOOD12 T3 Py S

UN000009 TC3é 1C43 Ryt
End

Fig.3. A simple schematic diagram and
its associated netlist.

Flectrical checking. The first benefit
one receives from having patiently en-
tered the schematic is the ability to
check all sorts of electrically related
items; for example. that no outputs
havebeen shorted together or that there
are no floating inputs or that pull-up
resistors have been added 1o open col-
lector outputs — and so on. High-end
systems are able to provide additional
facilities such as fan-in and fan-out
checking of logic gates.

Simulation. Both analogue and digital
circuits can be verified for correct op-
eration by using the appropriate simula-
tor. The traditional method of bread-
boarding a design 10 test it is no longer a
necessity. Indeed. in the case of asic
designs it is not even practical to verify
the functioning of the circuit in this way.
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MAKING ELECTRONICS C.A.D. AFFORDABLE

M PCB CAD, FOR THE PC/XT/AT

- Are you still using tapes and a light box?

o

- Have you been putting off buying PCB CAD software? BRITISH )
Have you access to an IBM PC/XT/AT or clone inc Amstrad 1640 & 1512 o
or Archimedes with P.C. Emulator? - =

- Would you like to be able to produce PCB layouts up to 17 square? DESIGN o

- With up to 8 track layers and 2 silk screen layers? o

- Plus drill template and solder resist? AWARD C

- With up to eight different track widths anywhere in the range .002 T ]
to 5317 ; g f , ®
With up to 16 different pad sizes from the same range: e i o T

- With pad shapes including round, oval, square, with or without hole and | N— o
edge connector fingers? N2 2
With up to 1500 IC’s per board, from up to 100 different outlines? o b i RN o o
With auto repeat on tracks or other features - ideal for memory planes? -0 o o
That can be used for surface mount components? o ¢ 8000 (W’.__;P e -
With the ability to locate components and pads on grid or to .002" [ = :
resolution? ‘ ¢ 000 0 o

_ With an optional auto via facility for multilayer boards? °\°\ a\u\n\u\_‘, p~ © ©
With the ability to create and save your own symbols? o0 <

- That can be used with either cursor keys or mouse? ‘ =
That is as good at circuit diagrams as it is at PCB’s? | o o

- Which with EASY-PLOT and EASY-GERB can output to pen-plotter or
photo-plotter (via bureaux) o

Where you can learn how to use it in around an hour?

-THAT ONLY COSTS £95+ VAT (TINY-PC), £275+ VAT (EASY-PC)

SMITH CHART PROGRAM m CIRCUIT ANALYSIS BY COMPUTER ANA_I.?SEB “
_——r e e s — |

For IBM, PC/XT/AT and clones inc. Amstrad 1512
and 1640 and BBC B, B+ and Master.

—_—

REF.COEE.=0.731 . f'j\;_ ol s - WAUELENGTHS | IMAKDS

RNGLE :149.57 DE6 . - “: :;_;_._:;::\ GENERRTOR=R.R473

SHR:6. 47 ; % “)r"’«-——?_-@ 10AD=R. 4577

#=1.6 Ny '.,(\)2( e A/’—*_ ‘——:‘\‘f a/z EE!E“
) TR |

8/e POTHT

1:2.11F 8
fenries

A% noRmLISED:
2l RUSIE

w 4 —r‘ i ‘.;"f.j/.
o' %

2050 OMN \/ Pty S
FREQ=100 Mz e T T IREDAMCE-otes:
DIELEC . CONSTANT:1 I it o 8.303¢j13.204

Z-MATCH - Takes the drudgery out of R.F. matching
problems. Includes many more features than the standard
Smith Chart.

Provides solutions to problems such as TRANSMISSION
LINE MATCHING for AERIALS and RF AMPLIFIERS
with TRANSMISSION LINE, TRANSFORMER and STUB
MATCHING methods using COAXIAL LINES
MICROSTRIP, STRIPLINE and WAVEGUIDES

The program takes account of TRANSMISSION LINE
LOSS, DIELECTRIC CONSTANT, VELOCITY FACTOR
and FREQUENCY

Z-MATCH is supplied with a COMPREHENSIVE USER
MANUAL which contains a range of WORKED
EXAMPLES

£130 for PC/XT/AT etc.
£65.00 for BBC B, B+ and Master

For IBM PC/XT/AT and clones inc. Amstrad 1512,
1640, R.M. NIMBUS, and BBC B, B+, and Master.

!n

TV IF AMPLIFIER e 18
\ I - Iﬁzrllu
w = ) [ 12
Tt A A g Bl e
e P Ve L | 1,7
448 Ulhebohu -\--‘6\1 M)
pls i
5| 15 | 17 4 L (R

“ANALYSER 11" — Analyses complex circuits for GAIN,
PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE
and GROUP DELAY over a very wide frequency range.

Ideal for the analysis of ACTIVE and PASSIVE FILTER
CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER
CROSS-OVER NETWORKS, WIDE BAND AMPLIFIERS,
TUNED R.F. AMPLIFIERS, AERIAL MATCHING
NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS
can be evaluated by “breaking the loop™.

Can save days breadboarding and thousands of pounds
worth of equipment.

£195 for PC/XT/AT etc.
£130 for BBC, B, B+ and Master

All prices Ex-VAT
WRITE OR PHONE FOR FULL DETAILS:- REF WW

Number One Systems Ltd

Harding Way, St lves, Huntingdon Cambs, PE17 4WR

Tel: Stives (0480) 61778 (4 lines)

We provide full after-sales support with free telephone
‘hotline help’ service.

Software updates are free within 6 months of purchase date.

ENTER 27 ON REPLY CARD
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Digital simulators. The op-
eration of the circuit is emu-
lated by applying a series of
stimuli (input signals) to a
computerised model of the
circuit ctements and evaluat-
ing the response: the simula-
tor software has algorithms
within it that can emulate the
behaviour of the gates in the
design. Many simulators can
only model a small range of
“primitives” such as Nand,
Nor and Inverter in this way
and cad suppliers will provide
libraries of models which
build up the simulation of
more complex clements
like counters or registers from these
primitives. Alternatively. the user may
create his own models. The accuracy of
the models supplied or constructed is of
paramount importance. since a be-
havioural inconsistency will cause the
simulation results to be incorrect.

It may seem at first sight that simula-
tors only nced to be able to handle logic
states of 0 and 1. but this would limit
their effectiveness unnecessarily. In the
case of a tri-state driver circuit. for
instance. the simultor must also emulate
the high-impedance state with, for ex-
ample. a Z level. There are several
other situations where the accuracy of
the simulation can be enhanced by
defining other states such as resistive or
supply strength and. finally. an un-
known or “ X" state is usually used when
the simulator is unable to compute the
exict state. Thus, the capabilitics of

L commercial simulators are often de-

—

scribed in terms of the number of states
they can handle. Low-end products
start at between 6 and 12 states and go
through to the high end of 32 or greater
states. Table 1 shows the states and
levels used by a commercial 12-state
product. Simulators of this type will
normally also handle timing and can
identify crrors such as setup or hold-
time infringements for flip-flops or
latches.

Table 1. States and levels for a 12 state simu-
lator.

Level High Low Unknown
Supply S1 SO SX
driving D1 Do DX
resistive R1 RO RX
high-Z 21 20 ZX

A word of caution. however: simula-
tion at the one extreme can show design
problems that no amount of bench work
cver would and. in this case. the techni-
que is extremely valuable. But. at the
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Fig.4. A typical isothermal display from
a thermal-analysis package — Thermax,
from P-CADEDA.

other extreme. an inexpericnced or
carcless user who accepts blindly the
results that a simulator gives can run
into deep trouble. Simulators are, after
all. only giving an approximation of the
way a circuit will behave and are clearly
unable to react to the external influ-
ences which a real design needs to
tolerate, such as power-supply varia-
tions and noise cffects. Thus, the desig-
ner must still follow good engineering
practice in his design methods.

As a general rule. simulation should
not be used asa way to synthesize logic -
only toanalyse it.

Analogue simulation. Complex ana-
logue circuits can be a nightmare to
design and test, particularly whenone is
faced with verifying performance over
temperature and component tolerance.
This is one region where the analogue
simulator can be invaluable. Such pro-
ducts use iterative. numerical techni-
ques to solve the complex equations
describing the circuit and can then pro-
duce a range of results such as transient
or frequency-response data or voltage-
transfer functions. Analysis over a
range of temperatures can guickly show
design problems and so-called Monte
Carlo analysis can show the circuit’s
sensitivities to component tolerance.

Once again, simulations of this sort
are only as good as the models supplied.
Modeclling in this case refers to the types
of model used to represent active de-
vices and the range of devices that have
been characterised with this model.
Some simulators also provide special
tools to allow the user to develop his
own models.
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Mixed-mode simulators. In
an ideal world, a mixed
analogue/digital circuit
would be simulated as a
whole using a composite or
mixed-mode simulator. In
practice. such simulators are
rare and require considerable
computing power, so the PC
user will normally find him-
self testing the digital and
analogue portions of his cir-
cuit separately.

PLD DESIGN
Programmable logic devices
have become an economic
and popular way to
reduce the [C count in designs. Miscel-
lancous logic functions can be
“mopped-up™ into one or more PLDs,
thereby reducing space and cost and
increasing reliability. As PLDs have
matured into relatively complex de-
vices. various tools have been de-
veloped to allow the design enginceer to
implement his requirements quickly
and accurately. These programs pro-
vide the designer with the ability to
define his logic requirement in terms of
what could be considered a high-level
language using truth table and/or state-
machine syntax. The PLD program will
then be able to derive the correct fuse
maps to implement the functions re-
quired. Logic minimisation algorithms
are frequently included in this type of
program to allow the user to concen-
trate on the result and let the program
determine methods of achieving it effi-
ciently. Simulation of the completed
PLD is also normally provided,
although it may not neceessarily be inte-
grated with the simulation tools above.,

PCB DESIGN

Probably the one area where most pro-
ducts exist to computerise the task in
question is that of printed-circuit board
design. The very low-end products offer
what we could call an “electronic tap-
ing” facility. meaning that the tradition-
al technique of laying tape down on to
Mylar has been duplicated on the com-
puter. with the added advantages of
casv editing and redesign. Medium to |
high-end products offer much. much
more in terms of a wide range of interac-
tive editing functions. facilities to work
with ground planes. multilayer board
capability and surface-mount technolo-
gy support. Additionally. many pro- |
ducts now provide automatic placement
and automatic routeing tools as well as J
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real-time short-circuit detection and
even real-time design-rule checking.
Once again. the power of the cad
approach derives from the integrated
design cycle. where the PCB design
function accesses the imtial database
constructed from the schematic.

Good PCB design tools normally
have the ability to drive pen plotters and
photoplotters for the creation of
artwork and the derivation of suitable
data to drive automatic drifling
machines and automatic insertion
equipment.

THERMAL ANALYSIS

A topic that many designers ignore or
leave to trial and error is the thermat
performance of the board. cither alone
or as part of the final assembled pro-
duct. Until recently no suitable auto-
mated tools were available to address
this topic. Whilst not of importance 1o
everybody. poor thermal design can
have an adverse affect on the perform-
ance and reliability of a product. Pro-
ducts are available for use on the PC
which allow the user to generate
isothermal maps tor the board in ques-
tion when considered either in a two-
dimensional manner or in full 3-D.
Figure 4 shows an example of the output
available from a product of this type

TESTING

Lastly comes the subject of verification
of production pieces. Again. the inte-
grated approach can be of assistance
since much of the information about the
location of components and tracks can
be derived from the PCB database. The
test patterns should also be obtainable
from the results of the simulations
which have. of course. characterised a
fully functioning system. It is simply a
case of massaging the data to produce a
tester program.

PLATFORMS

I think that a few introductory com-
ments on the types of machine being
utilised in the field of clectronic cad are
in order at this point. By far the largest
number of products are intended for use
on dos-based Personal Computers.
although there are certainly useful pro-
ducts to be found running on Apple
equipment and even the BBC micro. In
general though. cad programs are de-
manding on the resources necded to run
them expeditiously. Ram. disc capacity
and operating speed affect the resulting
performance: thus. the latest 25MHz
(or even 33MHz) 80386 machines with
plenty of memory will provide the opti-
mum system. But this general statement

needs some clarification: if an applica-
tion is relatively undemanding. in terms
of, say, size of schematics or PCBs, and
if the cad system is not going to be used
day in day out. then a more modest
approach s perfectly adequate.

Also. designers of cad products run-
ning under dos are always taced with a
limitation of 640K memory and normal-
ly take special measures to create their
databases in a compact manner. They
also understand that only refatively few
users will be using state-of-the-art hard-
ware and are at pains to implement
program operations as efficiently as
possible.

Many of the tasks the cad user per-
forms are graphical in nature: that is.
sitting at the terminal drawing a
schematicor PCB. The resolution of the
display and the capabilities of the
graphics card driving it are of great
importance here. A low resolution will
produce “chunkv™ graphics and the
screen will only be capable of showing a
small area of whatever is being viewed
A poor display is tiring to view and
frequent pans and zooms will be re-
quired if the resolution is low. Once
again, it depends very much on the
application as to whether this is a prob-
lem. A workable range of resolutions 15
from the EGA standard of 640X 350 to
the very highend of 1280x 1024,

This article has attempted to show
how cad may be utilised in the design
flow of a typical clectronic product from
concept to production. As we have
seen. almost every area can be en-
hanced in term of throughput. reliabil-
ity and accuracy by the application of
the PC-bascd design system. The in-
tegration of the various tools that go to
make up the end-to-end design
approach 1s also very important to
obtain consistency of operation and to
minimise translation errors. There are
many svstems on the market that
address individual items in this design
tflow and other systems that address
groups of design steps. The potential
user should be aware by now that the
more heavily integrated the application.
the easier it will be to get optimum
performance and have available a range
of upgrade paths as requirements grow.
Thus. when embarking upon the initial
purchase of a cad system or even up-
grading from one product to another.
time spent evaluating the integration of
the system well spent
Mike Walish runs his own independent
cad consultancy specialising in training,
software development and support of
electronic cad products.
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CBTURBO V2 is Insta-
graphic’s second-generation
design and draughting soft-
ware package for printed-
circuit boards.

The demonstration software did not
have the full functionality provided by
the retail version. Component libraries
were not included, only three of the
main menu options were usable and all
of the output options were intentionally
disabled. including storage of con-
structed components and trial tayouts.
However, the facilities provided by the
package were sulticient to demonstrate
the capabilities of the retail package and
1o identify its limitations.

PCBTURBO V2 is a specialised
draughting too! for the production of
between one and six lavers of circuit
wiring on a single board. The maximum
board size that the system can deal with
is 32in by 32in although, at maximum
scaling. the display screen provides only
32in by {Sin.

A library of standard component
drawings is provided with the retail
software but. if the demonstration soft-
ware is representative. all {4-pin dil
devices will use the same component
model. Pin numbers are not provided
and the wiring connections cannot be
specified explicitly. All wiring ‘connec-
tions” are made manually and there isno
user reference for identitying individual
wires

Getting started
If the computer configuration matches
the requirement. then installation is
quite simple. The hard disc must be
drive C: because the software specifies
the directory structure and the path
internally

There is ample storage space on 1wo
floppy discs for the demonstration soft-
ware, so that with a little reorganisation
of the files it could be run on a twin
floppy disc system. The tull version
includes component libraries and will
need the hard disc capacity for storing
finished lavouts.

Batch files are provided tor automatic
installation and a further batch file sets
up the path structure. toads the device
drivers and invokes the program.

698

ELECTRONICS & WIREIL.ESS WORLD

July 1989



Fig.2 0pe I

CIN DEPTHEH )

PCBTURBO V2

A specialised tool for 32-in square boards of up to

yer of ‘tracks disply yed.

Display screen resolution
The package can work with CGA
graphics. but the resolution is not
adequate for professional use and the
tour colours available from a CGA
palette are not enough to distinguish
individual layers when they are super-
imposed on the screen.

Two EGA screen formats are avail-
able: the first requires 64Kbyte of
screen memory and provides a resolu
tion of 640 x 200 pixels in a range of 16
colours; the second uses 256Kbyte of
screen memory and provides a resolu
tion of 640 x 350 pixels in the same
colours.

A board length of 32in accommo-
dated on a single screen provides a
resolution of 32/640 = 0.05 in. which is
insufficient to display small-diameter
holes or thin tracks at this scale

Six distinct drawing scales are pro-
vided. the smallest devoting the whole
screen area to a view of 0.6in x 0.3in of
board space — this provides a maximum
resolution of 0.6/640 = 0.001in. Work
ing at this resolution produces very
satisfactory results

Screen scale factors of 4 or 5 provide a
working compromise between available
resolution and sufficient board space to
display several adjacent components

Some visual aspects of the scaling
were noticeable — circles appeared oval
and short fat components rotated into
long thin ones. Changing from
EGA256K to EGA64K altered the
aspect ratio of the Demo board. None

six layers

of these effects distort the output and
they are preferable 10 a loss of resolu
tion.

PCB design facilities
Separate layers are provided for silk-
screen printing and for copper circuits
on each side of the board: these four
layers can be extended to eight with
four additional internal wiring layers
Each layer is displayed in a different
colour and layers may be superimposed
in any mixed combination. The display
colours used for each layer are not
selectable

The silk-screen layer is used 10 specify
the outline of a board. components then
being positioned on the board with their

a
Fig.3. Component placement for

simple poard.

terminal pads. Layers are then wired up
manually or by using the autorouter

Relative positioning of the compo-
nents determines the track lengths.
Wire crossings can be largely avoided by
routeing horizontat tracks on a different
layer 1o the vertical tracks. Each con
ducting layer may be plotted out separ-
ately for PCB production.

The output plots obtainable include
silk-screen plot: 1op and bottom side
plots: a drilling drawing: top and bot-
tom solder-resist masks: internal layer
plots: and a multilayer plot. The outputs
can also be recorded in computer files
for record purposes or for sending out
1o a bureau for plotting

Design notes may be recorded in the
system wsing the built-in word pro-
cessor

July 1989 ELECTRONICS & WIREL.ESS WORLD

EQUIPMENT REQUIRED
Prospective PCBTURBO V2 users need a
minimum of an IBM PC/XT or compatible,
with 640 Kbyte of ram, a 10 MByte hard disc,
one 525in floppy-disc drive, one RS232
serial port and an EGA graphics adaptor with
compatible colour monitor.

A mouse or tracker-ball pointing device is
required for easy graphics-screen man-
ipulation and for making selections from the
pop-up menus. Alternatively, the arrow keys
can be used for menu selection or for
locating the cursor. Software drivers are
provided for a number of serial pointing
devices. A high-resolution device is required
for graphic output.

Operating features

he top line of the screen can display
the X-Y co-ordinates of the cross-wire
cursor position, as measured from the
bottom left corner of the largest viewing
area. [t can also show the current posi
tion of the cursor relative 10 a local
origin at the centre of the viewing
screen. This latter facility is a conve
nient ruler for measuring distances in
Imperial or metric units.

When the scale of the display is
changed. the centre of the field of view
on the new screen is placed at the
position of the cursor on the previous
screen. The screen can be “adjusted’ in
position at the current scale. The plan
ning tacility moves the view in steps of
half a screen size to left and right and up
and down. As soon as this is realised it is
no longer difficult to appreciate where
the screenis located on the board

Fig.4. The
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The pop-up menu windows provided
are excellent. However, it 1s more con-
venient to use the pointing device for
graphics and the arrow keys for menu
selection.

Autorouteing appears to have becen a
recent development — its facilities are
not available on manually positioned
tracks. Separate ‘ratsnest’ lines are first
drawn manually, directly between the
terminal points. The autorouter is then
activated to re-arrange those lines so
that they avoid the obstacles on the
straight path between the ends. The
autorouter is not infallible and any lines
that it is unable to deal with must be
removed and re-arranged manually

When a new PCB is being laid out, a
silk-screen laver is used to define the
hoard outline. Positioning prepared
component outlines on this layer auto-
matically provides, and displays. the
associated pads on another layer. A
menu lacility called “Windows' is used
to capture components in a square “net
so that they may be moved about on the
board and copied.

5,
complet®

Text of difterent sizes may be placed
on cither the component legend
artwork or m copper on cither side of
the board.

A point to watch: the board is viewed
from below and. if the dil component
drawings are unpolarised and unnum.
bered. then lateral inversions could re-
sult in incorrect wiring. It was not
possible. on the demonstration pack
age. to check that the plotter outputs of
the various lavers were as vicwed from
the appropriate side of the board.

Repositioning the view of the circuits
on the screen requires the whole screen
to be redrawn. all of the selected lavers
and filled-in colours. The redrawing
process can be speeded up with the
quick-draw facility. which displays col-
ourcd outlines instead of filled in tracks:
the speed gain is significant but not
large

The software does not appear to
move a viewing window over an exten-
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art of demonstration board, “zoomed”, of Instagraphics® PC Turbo V2.

sive precalculated layout: it simply re-
draws a different portion of the luvout
each layerin turn.

The tracks are made up from straight
segments, with adjacent segments ro-
tated about the centre of the track
width. One result of this is that the
wider tracks can have some severc

notches in them at the corners. These
should be ‘patched” up. at high magni-
fication. with tiny track segments to
maintain the current rating of the track.

Onnsr wa LA T

Fip N - :
.'III;LV..ﬁ' Rest of routeis g completed muny.
It can be difficult to erase lines if they
have been wrongly placed

The Track Resize and Break facilities
did not work on the demonstration
package

I'here were the usual minor discre-
pancies between the manual and the
actual svstem behaviour
the book said Ctrl-F6 would erase an
arc. whercas the footnote on the screen
said [D]

In practice. the lavouts and tracking
will be prepared from a circuit diagram

ELECTRONICS & WIRELESS WORLED

for simple boards and from a wiring list
for more complex ones. A wiring list
would be an ideal input medium for
package of this kind; the computer
could provide a data base which stored
component pin-out information

To use the package. vou will need at
least £1200 tor the computer system and
a minimum of £600 for the simplest
plotting device. The software itself re-
tails for £695. Thus. an investment of at
feast £2500 is needed. Offsetting this
against fabour costs would not be ditfi-
cult to justifv if artwork for more than a
few PCBs has to be produced.

Facilities provided by the package are
limited to the production of artwork
Circuit design and development is a
separate activity which has to be com
pleted before the artwork can be
started

However. the package performs a
usetul function, and it will speed up the
production process. It will find a ready
market in the smaller electronics com-
panics who need the services that it can
provide at prices they can afford

It can be operated by techmical statt
who do not have the extensive know-
ledge of circuits and components that i
necded for the full design process. R.L.

tor example, g
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A VERY AFFORDABLE PCB CAD SYSTEM

Professional high quality PCB CAD SYSTEM at a Price yvou can afford.

The complete package consisting of Protel Autotrax PCB Autorouting Software, Protel Schematic Design Software,
Amstrad PC2086 30Mb Hard Disk with a 14" High Resolution VGA Monitor and a Roland DXY1200 Electrostatic
Paper Hold A3 Flat Bed Plotter, including a set of Plotter Pens and Cables in the package price of £3485.00*.

For and additional £350.00* the package would include an Amstrad 2286 40Mb Hard Drive with a 14 High Resolution
VGA Monitor (in place of the 2086 Computer). Software Available Ex Stock from only £245.00*
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PROTEL AUTOTRAX at £695.00° 1s an
affordable. precision design tool that
improves productivity for occasional and
cxpert uscrs alike. It streamlines the PCB
layout processes while providing powerful
interactive design automation. plus gencrates
professionaily accurate PCB Artwork. outputs
10 a wide range of Printers. Pen Plotters plus
Photoplotter with Pull Down Menus for case
of use.

A comprchensive library of Through-Hole &
Surface Mount Devices is included with
AUTOTRAX. plus the designer can casily
create new or modify existing Devices.

Runson MSDOS 640K machines with support
for Hercules. CGA. EGA. VGA monitons &
MS Mouse.

Fvaluation Packs Available.

Available Ex Stock.

PROTTT EASYTRAX at £245.00% 1s a very
affordablc. casy to use precision design tool
that gencrates professionally accurate PCB
Arnwork. With support for a wide range of
displays. plus Photoplotters. Pen Plotters,
Laser and Dot Matrix Printers all as standard.
NOT EXPENSIVE OPTIONS. with Pull
Down Menus for case of use. With an Upgrade
path available to AUTOTRAX.

A comprehensive library of Through-Hole
Devices is included with EASYTRAX. plus the
designer can easily create new or modify
existing Devices.

Runs on MSDOS 640K machines with support
for Hercules. CGA. EGA. VG.A monitors &
MS Mouse.

Iivaluation Packs Available.

Available Ex Stock.

PROTEL SCHEMATIC 3.16 at £495.00°
when used with PROTEDI AUTOTRAX,
forms the front end of powerful PCB design
system with "Dedicated CAD" performance.
AUTOTRAX transforms SCHEMATIC 3.16
Net Dists into finished PCB designs using
automatic and interactive track routing and
com ponent placement. with Pull Down Menus
for case of usc.

Comprchensive hibraries of over 3200
components are included with SCHEMATIC
3.16. Plus the designer can casily create new
or modify existing components. with the
powerful graphic component cditor.

Runs on MSDOS 640K machines with support
for Hercules. CGA, ELGA. VGA monitors &
MS Mouse.

Iivaluation Packs Available.

Avatlable Lx Stock.

J.AAV. ELECTRONICS LIMITED

Tel No: 061-320-7210

Unit 12A. Heaton Strect. Denton. Manchester. M34 3R
Fax No: 061-335.0119

*Excluding Delivery and VAT, Prices are for a limited period only

UK Distnbutor for PROTEL CAD Software.

Advanced System Centre for AMSTRAD Computers & Peripherals
Main Dealer for ROLAND Plotters.

Dealers for SAGE Accounts and Business Software.

BROTHER. OKI MICROI INE & EPSON Printers.
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Starting cad

[f you are about to take the plunge into computer-aided design techniques for
electronics, starthere: Mark Pavitt of Microtel has the water wings.

omputer-aided design (cad)

has been with us now for

several years and. as with alt

technological advances. has

matured with a process in-
volving many brave failures. These have
sadly led to many conceptions and mis-
conceptions that serve only to cloud the
real issues for the newcomer. The fuctis
that cad is a reality which no engineer
can afford to ignore. 1t is therefore the
objective of this discussion to present a
resumé for the engineer who is about to
become involved in cad. The first cle-
ment in any such discussion must be a
definition of objectives.

Obijectives of a cad system
The first objective of a cad svstem is to
achieve an improvement in design effi-
cieney. This begins with the capability
to emulate the traditional tools of the
manual designer. A computer can casily
reproduce the function of such aids as
rufers. compasses and set-squares. but
can additionally provide tools which
have no manual anatogy. When com-
bined with a user interface which pro-
vides immediate access to o extensive
information about the design and allows
casy cditing of such information, an
improvement in design efficiency s
bound to result. The manipulation of
information is undoubtedly one of the
great strengths of cad systems and this
leads toa far better overlap between the
activities of the design process. An
engineer may wish, for example, 1o
complete eritical layout features before
passing the design on to a PCB layout
artist. With cad. thisis simply a question
of transferring the favout between two
computers. The final feature of a cad
system which improves design efficien-
¢y is the automation of design tasks,
which range from simple tools for the
automatic numbering of components to
the advanced tools now available for

| . . .
automatically designing the actual fay-

outofacircuit.

A second objective when installing a
cad system is to improve the quality of a
design. The old adage that computers
never make mistakes may not be entire-
ly true. but is certainly a major aspect in
the use of cad to improve quality. The
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system can monitor the designer’s prog-
ress according to a set of design rules
and identify potential infringements.
which can range from the connection of
two output pins to the placing of tracks
too close together.

An adjunct to the quality issue is that
of design maintenance. Since very few
designs are completed from concept to
hardware without modification. a strin-
gentset of documentation standards is a

Fig. 1. Placement routine. Partial
manual placement is shown at (a), while
(b) shows full placement with connection
density map and histogram.

requirement. A change at the circuit
diagram stage. for example. will have
implications for the lavout and probably
for tabular documentation such as the
parts list as well. Maintaining  docu-
mentation is notoriously prone to hu-
man crror in manual systems, but is o
task which is casily avtomated in an
integrated cad system.

The final key objective in the use of

cad is the improvement in communica-
tions which can be achieved with com-
puters. Since all the information for a

design is contained in some form of

ELECTRONICS & WIRELESS WORLD

database it can be casily disseminated
among the design team. where informa-
tion can be automatically extracted inits
most useful form. The other gremt
advantage in this form of storage is that,
being inamachine-readable format. itis
relatively casy to generate output in a
form which can be used to automate the
manufacture of the hardware. Outputs
suitabte for driving photoplotters,
numerically controlled (NC) drilling
machines and automatic test equipment
are all possible using cad.

Terminology

The best way tointroduce clectronic cad
and the inevitable associated jargon is
to consider a design example. The first
task is clearly one of input: the desig-
ner’s ideas must be communicated to
the system. In cad. this is known as
“schematic capture™ and is simply the
generation of a schematic diagram
which represents the circuit. A typical
schematic-capture package offers the
designer a library of parts which he or
she may select and place on the sereen.
Once the parts have been placed. a
pointing device such as a mouse may be
used to draw in the connections until a
complete circuit schematic has been
created. This graphical representation
of the circuit must next be converted
into a precise connectivity specification
known as a nethst™. FPhe term “net™ (or
“node™) is used to desceribe a group of
connections within a design. For exam-
ple. the “ground net™ specifies all points
in the circuit which are connected 1o
eround. The netlist assembles all nets
and parts together into a format suitable
for transfer into the next module of the
cad system.

Although the vast majority of electro-
nic designs are constructed on printed-
circuit boards. the concepts behind elec-
tronic layout apply equally to hybrids
and even IC design. Having taken in the |
netlist, a typical layout package will
present the designer with a display
showing the required parts with connec-
tvity identified by straight lines be-
tween pins. At the outset no particular
placement is established and. typically.
the parts are stacked up on top of cach
other (Fig. 1). The first task which mi]
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the parts within the design outline. A
basic cad package will offer 4 manual
capabitity which is analagous to the
traditional process. while more adv-
anced packages may offer tools to auto-
mate the task.

Once placement is complete. the
point-to-point connections (known as
the ratsnest) must be converted into
physical conductors. Like placement,
this may be done cither manually or
automatically (or a combination of the
two). Typically. design-critical tracks
such as high-speed signals or power
connections must be routed manually at
the outset. An autorouter may then be
uscd tocomplete the butk of the connec-
tions. Finally. manual alterations may
be required to complete and optimise
the lavout.

The final stage of the layout process is
the generation of the output necessary
to produce the hardware. which is
generally known as computer-aided-
manufacture (cam). The required out-
put may be of three different types.
Firstly. artwork must be generated.
This includes photoplotted artwork de-
lincating the conductor scheme for
photo-lithography and pen-plotted
artwork for design record and assembly
purposes. Additional artworks may also
be required for items such as a compo-
nent silksereen or solder-resist mask on
a PCB. The second type of output that is
needed is the statistical information
pertaining to the design. This might
include parts lists, job dimensions. lay-
out arca, component density and drilled
hole count. Finally. output is required
to automate the production process.
Control of NC drilling machines. pick-
and-place and automatic test equipment
15 possible.

This overview has illustrated cach
stage of the design process in general
terms. It is now appropriate to discuss
the concepts involved in more detail.
The discussion will be divided into two
parts: schematic capture and layout,

Scl ti Jtu
As 1 have said. schematic capture is the
process of converting a designer’s ideas
into a circuit schematic. There are two
fundamental approaches to this pro-
cess. The first of these is the sheet
methodology. in which the display be-
comes & sheet of “electronic paper™,
The design is then assembled into a set
of such sheets, which are exactly analo-
gous to drawings laid out on a desk.
Connectivity may be defined between
sheets using a suitable schematic sym-
bol so that circuit elements on different
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be confronted is therefore the placing of

sheets become connected within the
netlist.

The second approach is the hierar-
chical methodology. The concept of the
sheet is the same. but the sheets are
stacked up on top of cach other with
hierarchical access between them. This
means that circuit primitives may be
defined at @ tow level in the hicrarchy
and are subsequently organised at high-
er tevels until the top level constitutes a
simple block diagram of the design.

Another feature which characterises
a schematic-capture package is its lib-
rary organisation. LEach entry in a
schematic library contains detailed in-
formation abouta part: thisincludes not
only a graphical symbol. but also clec-
trical information such as input and
output identification (to offer a check-
ing capability) and implied connections
such as power and ground which may
not actually appear on the diagram.

While the methodotogy and library
form the hub of a schematic-capture
package. itis completed by a set of tools
tor the organisation and connection of
parts. cither emulating manual design
aids or offering unigue cad functions,
An example of such a function is the
ability to define a group of parts and
manipulate the whole group at once.

In addition to a powerful set of tools,
the user interface of a schematic-
capture package may offer certain fea-
tures for the automation of design tasks.
A macro capability is one such feature.
This allows a set of operations to be
organised into a sequence which can be
replaced at a single kevstroke. Using
this technique. laborious command
sequences can be casily automated.

LdYUUI d(’Slgl'!

A layout package takes as its input a
netlist (either manually generated or
derived from a schematic-capture pack-
age). The design is then processed using
i set of tools for component manipula-
tion and connection. Finally. output is
generated in the form of artwork, CNC
datafiles and design documentation.

A layout package in its basic form
allows the user to create and organise a
design database through o graphical
intertace. This database is organised as
asetof levels which may be individually
or globally maniputated. {tis important
to distinguish between a database level
and an clectrical fayer, since confusion
between the two often arises. An clec-
trical tayer is a conductor plane within
the design. Hence single layer, double
layer and so on. In contrast, a database
level is a design plane which may con-
tain not only conductor information but

also virtually any graphical information
pertaining to the design.

Having defined the nature of a cad
database. itis necessary to consider the
organisation of the information within
it. There are three object types to
consider: graphical objects. clectrical
objects and part objects. Purely
graphical objects are used to complete
the presentation of the design and in-
clude dimensioning lines. alignment
symbolsand free text. Electrical objects
are also represented graphicatly. but
have some form of clectrical signifi-
cance. such as tracks. copper arcas and
the board outline. Finally. part objects
define the actual components in the
design. A part definition inchides both
graphical information to identify the
footprint of the part and clectricat in-
formation such as pin assignment for
power connections and gate informa-
tion. which is used by certain automatic
routines which will be discussed later.

Fig.2. Length minimisation — before (a)
and after (b).

Placement. The first set of tools which
the tayout designer is likely to encoun-
ter is the placement set. The placement
of a lavout is in many ways the most
critical part of the design process, since
errors at this stage will have a de-
trimental effect on the track lavout
stage later. The kev coneept in the
placement task using cad is that of
connection length. As a general rule.
the designer will always attempt to
minimise the connection path between
components. This may seem obvious,
but there are certain subtleties associ-
ated with cad which are important.
Consider the ratsnest display. which is a
setof connections defined by the netlist.
But consider further a multi-connection
net such as V. The connections to the
V¢ netare pre-defined by the netlist in
an order that may well not be ideal for
the particular placement scheme chosen
by the designer. Figure 2 shows how a
cad system can automatically reorganise
the connections to minimise the connec-
tion length. Clearly, this has no effect
on the connectivity but is a critical
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indicator towards the routcability of a
design. The coneept of automatic length
minimisation may be extended to that
of pin and gate swapping — a feature
which allows input pins to logic devices
to be swapped to reduce connection
length. Whole gates may even be swap-
ped around in the design in an attempt
to achieve the shortest connection
scheme.

The process of placement begins with
design-critical items such as edge con-
nectors, high-voltage parts, thermally
critical components and RF devices.
These must always be placed manually
by the designer and fixed in place so that
no automatic function can subsequently
move them. The remainder of the parts
may be placed cither manually or auto-
matically.

Routeing. Once placement is complete,

T Ly,
1 Pt fon

e Wiggy

the next phase of the design s the
conversion of the connections into
tracks. When performed manually the
operation of a cad system s closely
analogous to the use of tape inaconven-
tional layout. The great advantage
which cad oftersis the speedand accura-
cy of manual track placement. Editing is
also considerably simpler. with mod-
ifications being quickly and casily made
10 0.001 inresolution.

The alternative to manual routeing is.
of course. autorouteing. Unfortunately,
there are many  misconceptions sur-
rounding autorouteing tools. and opin-
ions vary from the deeply suspicious to
the devotedly enthusiastic. The truth is
that what an autorouter can do for you
depends very much on what you need.

Although there are several different
approaches to autorouteing. there s
one concept which binds all routers
together. This is the use of layout fea-
ture cost. All routers use a system of
feature cost to assess the feasibility of a
proposed route. As the name implies.
the feature-cost system assigns a notion-
al cost to the vartous features of a route

and gencerates a total cost by adding
cach feature up. The route with the
lowest total cost is then chosen from the
vitrious  alternatives. Costed  features
typically include: vias. routeing in the
non-preferred direction, routeing in
dense arcas of the layout and routeing
between adjacent component pins. Fi-
gure 3shows set-up for autorouteing.

What distinguishes different autorou-
ters is the way in which the feature-cost
concept is applied. The vast majority of
routers operate on a grid and calculate
the cost of cach route for successive grid
points. ‘the difference between routers
lies in the qualification of connections,
which is the process by which the router
selects the order in which to perform its
function. In practice. several passes are
performed which have costs optimised
for different types of connection.

The routeing process that has been
described so far is present on the vast
majority of autorouters. There are.
however, certain refinements which
have achieved popularity in more adv-
anced autorouteing tools. The first of
these is the “rip up and re-try™ algor-
ithm, which uses the costed-maze prin-
ciple. but includes the capability to
correct carlier mistakes by removing
previously routed tracks which are caus-
ing an obstruction, routeing new tracks
and then re-routeing the ripped-up
tracks. This approach has u far greater
chance of achieving 100% completion
of the layout.

The final role of the lavout module is
to generate the necessary outputs that
are required to fabricate the hardware:
in this operation, the organisation of the
database into levels is of key signifi-
cance. Features from different levels
can be merged to assemble the informa-
tion that is required for cach output
process. A drilling detail, for example,
may take pad symbols from one level.
board outline from another and a title
block from vetanother.

The ultimate extension of these prin-
ciples is the integration of the design
database into a manufacturing environ-
ment. Output from the layout package
could be used to control automatic
production and testing equipment,
while maintaining a record for the
stock-control and accounting depart-
ments. Figure 4 shows the sclection.

Practical considerations
So far. the discussion has dealt with the
operation and facilities of electronic cad
systems. There are. however, certain
important practicalities which must be
considered when initially investigating
cad. the first of these being hardware.

~ M1')441,ICAD

The CPU in a cad system may be
judged according to two primary fac-
tors: processing speed and memory
capacity. In the contextofcad, the clock
speed of a CPU offers a good indication
of the actual processing speed. since cad
makes extensive use of integer opera-
tions rather than using floating-point
arithmetic. By the sume token. arithme-
tic co-processors may well not offer a
significant advantage. The only area
where this guideline does not apply is in
the field of simulation, which most

definitely does require a powerful
floating-point capability.
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Fig.3. Strategy set-up window for an
auterouter.
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Fig 4. Selection menu for output to a
plotter.

Memory capacity is. of course, the
limiting factor in the database size and is
therefore significant in the complexity
of designs that may be tackled with a
particular system. Autorouteing is a
particularly memory-intensive activity,
since it often requires several words per
grid point. On a 0.025in gnd. a four
layer, 6X6in layout might typically re-
quire around Imbyte of ram.

The next item of hardware to be
considered is the display. This s, of
course, an important feature of any cad
system, but clectronics cad has slightly
different requirements to its mechanical
counterpart. A full-colour display is a
virtual necessity, since this is the most
effective way of identifying different
layers. but outright graphical resolution

July 1989 ELECTRONICS & WIRELESS WORLD

705



CINUEPTHL I

PE— S— -

1s not of primary importance. This is
because. unlike mechanical drawings

electrical designs consist primarilv of

simple. geometrical objects.

Finally. the input and output devices
must be considered. On the input side.
pointing device of some Kind is a great
time saver. The majority of systems use
the humble mouse with ereat effect. but
digitizing tublets and lightpens may pro-
vide useful alternatives. For output. the
minimum requirement 1s a dot matrix
printer. While this may be used primari-
lv for printing statistical information,
some systems support the output of
graphics for checking purposes. It a
better graphical output is required. then
apen plotteris essential. Thisis particu-
Larlv usetul when generating schematic
hard copy and can also provide good
resulbts for tavouts. The final artwork
generation for photo-lithography.
however. requires the use of a photo-
plotter. which is the onlv wayv 1o ensure
dimensional correctness. In view of the
cost of photoplotters (tvpicalty several
tens of thousands of pounds) most cad
users take advantage of plotting
burcaux. which can accept job files in
machine-readable tormat.

A second consideration when investi-
gating cad s learning time — verv impor-
tant when evaluating asystem and form-
ing an important requirement for most
prospective users. I the system is 1o be
used primarily by a single “expert”™,
then the training time required to learn
a complex package may be justified by
the advanced capabihities of the system.
It. on the other hand. the system is for
the use of several less skilled operators
who may only use it occasionally. then it
1s quite probably worth sacrificing com-
plex features for case of use

Another consideration in cad s the
issuc of interfacing. The shortcomings
ot so called “standards™ in hardware
miertaces are well known and are no
fess prevalent in software systems.
When evaluating a package. the inter-
faces should be clearly identified and
tested for their integnity

The tinal issue in a cad evaluation is
simply one of capabilitv. It is important
to establish exactly what cad can and
can’tdo. This must always be seenin the
context of the requirement, but one
single principle always applies: cad is
quite literally a design aid and must be
recognised as such. Cad will never re-
place engincers and skilled lavout
artists. It acts. rather. as a productivity
tool. Seen in this context. the benefits
will become clear 1o anyone contem-
plating using computers as part of their
design effort. u
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Nettlister and
EEDesigner 111

Two packages for PCB design from
Racal-Redac and Betronex Elektronik

RACAL-REDAC
NETTLISTER

This program accepts input from the
kevboard. mouse or both in any com-
bination. There are two menu panels,

| one tor control and one to add to the

display. These pull down at the top right
corner and toggle. At other times they
are out of sight. A message bar across
the top announces the current function
and requests action when necessary.,
There is a full set of ten general actions
called bv the function keyvs.

A schematic is buitt up and the result-
ing file(s) can be output 1o a plotter, a
printer. a network and to lavout-
generating software. It does not pro-
duce lavouts itself. but the schematic,
data files and parts list are completed
within the package. The data is in-

[ tended to be passed to Cudstar or cer-

tain other programs tor generating PCI3
conductor lavers. resist lavers and print
screens. Cadstar is available with or
without an autorouter and in versions
tor PC-AT and 80386 machines.

The box contains five SViin or three
3%2in dises. a two-volume reference
manual. a study course in paperback.
and Keyboard templates. The latter
comprise a moulded plastics [raume for
the 83/4-key kevboard and a sheet of
sticky labels which have to be cut up and
stuck on to the 101/2-key keyboard. In
my experience sticky labels cither dry
up and drop oft. or they go stimv and
make a mess. A small point. maybe. but
1t hits vour eye every day. They aren’t
even in sequence. Everv one has to be
cutup separately.

Installation takes a tew minutes only.
The user has to modity CONFIG.SYS
1o include ANSLSYS and the optional
MOUSE.SYS. and it is convenient to
add a path 10 the new subdirectory in
AUTOEXEC.BAT. It a proprictary

graphics card is in use. and if network
software is required. the drivers have to
be added to AUTOEXEC.BAT. In-
structions for this are explained in de-
tatl. including the use of EDLIN. for

those not tamiliar with DOS level
working
The first dis¢ has an installation

routine which calls the dises in turn and
copies them to the hard disc in a sub-
directory REDAC. When they are all
loaded 4 configuration menu appears
for the selection of the appropriate
display. printer and mouse drivers. Net-
thister’s own CONFIG.EXE can be cal-
led at any time to reconfigure the sys-
tem. The space occupied on the hard
disc is about [.6Mbvte in 115 files
Finally the user is advised to create a
working sub-directory of his/her own
andtologontoit.

Self study course
The self study course is very well put
together. Three fold-out diagrams are
found at the buck and can be seen at all
times; if it would stay flat it would be
pertect. The reader can skip the section
dealing with the creation of symbols.
but it is well worth following because it
is extremely detailed and leads 1he
student gently into the look and feel of
the system. The later section on the
creation of a schematic gradually moves

The operating environment is an IBM
PC-XT, PC-AT or compatible with 512Kbyte
ram and DOS 2.0 or later, or one of the IBM
PS-2 range of computers. The software sup-
ports CGA, EGA, VGA and seven display
cards by other manufacturers, including
high-resolution models. It supports IBM or
Microsoft mouse and 17 pen plotters. Files
can be created to interface with other plot-
ters. It will output graphics to an Epson FX
series or IBM Proprinter or equivalent dot-
matrix printer. Parts lists are ptain ASClt and
go to any printer.
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taster. taking eartier work as needing
tess and eventuatly no further explana
tion. There are a few minor omissions
which [ resolved immediatety with the
reference manuat. The companv claims
that one to one-and-a-half davs’ work
completes the course. and | found this
cstimate generous.

The manuals are organized in sec-
tions. Appendices are not at the back of
the book but at the end of the retevant
section. as are the error message ex
planations. Therc is noindex. but all the
menu choices appear in the table ol
contents. Each has a new page

Fig. 1. Nettlister: a bi-directional shift
register. executed in discrete logic and
reduced in scale to put the whole
drawing on screen at once. Text would
he too small, and it is replaced by small
rectangles of appropriate size. The
larger rectangles represent hierarchical
drawings. one of which is shown in
Fig.2.

There are tew idiosyncrasies. One is
the terminal numbering on the symbols.
which is unlike any real component
The component numbering is substi
tuted when components are assigned
later. It allows the use of a symbot for
more than one component. and facih
tates component substitution. but does
the operator need to know? Another is
toundtin the library: P12V and NSV and
the rest are intuitive supply rail sym
bols. so why does the 3V supply have 1o
use VCC? It takes two or three minutes
onlv 10 add the P5V symbol to the
library. Incidentally. the parts library
only lists digital ICs. | included an edge
connector: when preparing an output
file for PCB layout the programme
asked for a name and number. which |
wiis able to bypass by entering 500 - &
random shot. When the parts list was
printed out another library number had
been substituted. suggesting that the
part had been recognized after att

The overalt impression is one of con
siderable user-friendliness. There is a
relativelv small number of menu selec-
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Fig.2. Nettlister: hierarchical drawing,
with the menu hox displayved. There are
four of these in the whole circuit. each
stored separately on disc with its own
name.

tions. and one casily learns their pur-
pose and location. One calls a program
me trom the DOS command line for
each major function. in effect a third
unwritten menu. Other programmes in
the Nettlister suite create parts lists,
data for PCB layout preparation and so
on by question and answer. Anyone
who can read a circuit diagram ought to
commence productive work on the
second da

Initializing provides for one invisible
and eight visible tine types. Five of the
visible lines. once laid down, are pro-
tected. To alter them one first converts
toan unprotected type. These line types
apply to text as well as graphics. There
are cight assignable tine widths, and
default values can be changed

The working area is limited to
8192x 8192 DSUs (data structure un
its). which are definable. tnaddition the
working grid and the optional displayed
grid can each be defined by intervals of a

Fig.3. Nettlister: screen dump of the
original drawing used to generate the
hirearchical hox of Fig. 2. Setting the
screen dump going caused total loss of
the screen display. I had to do a system
reset when printing was completed.
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number of DSUs. Symbols and connec-
tions are located on the intersections of
the working grid. Moving the symbol
takes the test with it and rubber-bands
the connections. Substitution of sym:
bols preserves connections according 1o
the svstem’sown numbering. Labelsare
automatically incremented as they are
supphied: quad gates started .. A incre-
mentto .. Dandsoon
Commands are selected by their ini-

tial letter or the mouse. Routeing s
either by mouse or by stepping with the
arrow Kevs. A toggle selects either grid
point size or tine DSU-sized steps
There 1s an automatic back-up at irregu
larintervals which seem to be tied to the
exit formindividual operations

he hibraries can hold up 10 1023
svmbols (236 tisted in the manual but
252 claimed by the directory display
function) and up to 3280 parts descrip-
tions (7539 listed. counting 7400 and
74LSOO0O as different). No micro
processor chips are included. but there
are a few memory chips in sizes up to
64Kbvte. There is a large selection of
TTL tamily devices: | only noticed one
omission from among those | have used

here will almost certainty be occa
sions when new components have to be
created and added to the hibraries. and
there is a symbol creation program and
librarv editor. Svmbol create has two
menus like the schematic programme
and some of the choices are the same
Learning one 1s good preparation for |
the other. The symbols used are the
traditional ones. D-shaped And gates
andsoon

Graphics are serviceable. but curves

are a bit ragged. The cursor has a
curious way of attracting attention: it
gives adouble wink every hall' second or
s0. which looks random until one stu
diesit

he program supports up to 20 levels
of hicrarchy. This is usefut when tryin
10 keep everything on screen. or when
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reducing large schematics to several
small sheets for a manual. At the top
laver one creates a box contamning &
circuit from another sheet. The prog-
ram takes the user through this in such a
way that all terminals are matched be-
tween the two. The circuit for the box
can have further boxes in it. and so on.
An existing hierarchical file can be used
in a new place: the program extracts all
the terminal data from that file and so
savesalotof ume.

It 1s possible to draw two identical
components one on top of another: | did

| itwithan hierarchical box. The parts list

s
)

|
l

is correct when the part numbers are the
same. but the PCB data preparation
program pours out an enormous num-
ber of errors. which don’t help it you
aren’t aware that there are superim-
posed components.

Figure 1 shows an exercise example. a
bidirectional shift register in discrete
logic. reduced to put it all on-screen.
The text is replaced by rectangular
boxes in the same colour to indicate the
area covered. Figure 2is the contents of
an hierarchical box. with the add menu
displaved. The other menu is the con-
trol menu. The circuit used ftor the
hierarchical box was dumped to the
printer (Fig.3).

Although the box which arrived was
shrink-wrapped. it contained neither
registration card nor help telephone
number. The former may have been an
omission, the latter is probably un-
necessary. but it does make one feel
abandoned. A B. =

iy
NETTLISTER
Racal-Redac Ltd
GreenlLane
Newtown Industrial Estate

Tewkesbury, Gloucestershire
GL20 8HE
0684294161

£495
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Input to this svstem is by mouse. There
is no choice most of the time. A narrow
menu at the right hand side 1s visible at
all times. a message bar across the top
expands the short title of the menu
selection when it is highlighted and
another bar at the Dbottom displays
typed entries and other data. All the
features of the program (and there are
many) are available through the menu
svstem.

The operating environment is an IBM
PC-XT or PC-AT or compatible with
640Kbyte ram and a hard disc. LIM (Lotus
Intel Microsoft) expanded memory is sup-
ported, and | would say required. Extended
memory is not supported. The mouse may
be one of four types. Graphics may be CGA.
EGA, or one of five proprietary adapters. For
hard copy, five families of dot-matrix printer
and five families of plotter are supported. It
will drive a tape punch for NC drilling
machines.

Beside the initial data capture the
programme gencrates schematics and
PCB layouts. does digital and analogue
simulations and prepares data fields tor
a variety of purposes. The graphics are
generally good. but the dark blue found
in the simulation graphs is difficult to
see and 1 didn’t find a way to change it
Other graphics allow changes of cotour.
All the data can be sent to printers and
plotters as required. and output tiles can
be prepared for a Gerber photoplotter
and for PSPICE

This program is idiosyncratic in a
varicty of ways. As one who is naturally
at home with a keyboard. I don’t use a
mouse. For this program [ had to go out
and buy one. On powering up. the first
menu setection can be made only with a
mouse. The function kevs are used less
than with Nettlister and no templates
are supplied. Second. there is an enor-
mous number of menus. One can step
through five or six. sweeping up or
down euach time. to perform a simple
action. and then one has to step buck
again. While there is a large number of
commands. some are duplicated or
nearly so in different menus. and other
menus aren’t full. Third. the manuals
are not arranged in a manner conducive
to finding the answer to an immediate
problem. All of this is very hard on the
newcomer.

Software instatlation requires a good
hook. It took me two and a half hours’
continuous disc reading. At theend ot it
all 1 had was a new CONFIG.SYS (the
old renamed) and six new subdirector-
ies. Two were for my creations. while
the other four between them held 1999
files. [ jest not. Very roughly, it occu-
pics 6.5Mbyte of disc space. The first
system disc¢ has a batch file 1o load the
system and the first library dis¢ has the
same for the library. System configura-
tionis by menu

Tutorial
The tutorial can really only scratch the
surface of this amount of software. In
two places at the start the student is
nstructed not to use anv commands

Fig. 1. EE Designer l11: A two-transistor
J0dB amplifier designed at the console.
The voltage figures are the result of a DC
simulation. which assumes all
component values are exact. One can
sinmlate, adjust and simulate again until
satisfied.

other than those indicated. and to
adhere strictly to the method of working
described. In other words. the wrong
key can land one in trouble. Some
menus do not allow one 1o return with-
out doing something. and this can cause
confusion.

The backup system ensures that no-
thing is lost; it operates at intervals of
less than one minute. and beeps while
doing so. There are two beep tones
about four octaves apart, the upper one
being a warning and the lower an ack-
nowledgement. { am used to working in
silence. but I quickly adapted.

The graphical facilities correspond 10
those available in Netthister. and are
similar for both schematic and layout
preparation.

The tutorial uses a disc in drive A and
not the installed hibrary material. One
can destroy this with case. The
commonly-used graphics commands are
exercised. and a digital example 1s buiht
up. Symbol creation is covered. and
simulation. The digital simufation uses
the exercise example. while analogue
simulation uses three very simple exam:
ples already present on disc.

There is a good reason why the ana-
logue examples are ready made: tinding
the data required is no casy task. One
component I wanted was the analogue
power supply (reference "@E). In the
update manual there was a list of
PSPICE primitives with some equiva-
lents. There was a “$E listed. Thatis the
nearest | found to “@E (1 rang the hot
line for that). The only index is in the
Reference Manual, not at the end. and
not up to now containing many of the
key words | have sought. The contents
list uses paragraph numbering. and the
index. page numbering.
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The mode of advancement is well
summed up by the final remark in the
tutorial: "The best method is “trial and
error™’. Many changes have been made
to the software since the manual was
written. and the screen messages some
times use different words. Cross
referencing is hampered. 1 am told there
1S a new manual in preparation. which
will. 1 hope. resolve these problems.
The copyright message 1987 on cach
page identifies the old manual

With use. the menu entries muke
more sense. but idiosynerasies remain
Why doces it deposit a junction point if
corner is created and moved on 1o
another segment of the same net, when
it doesn’t if an existing corner is moved
on to another segment of the same net?
(vou can add them separately). Why are
corners not avanlable in the same menu

Fig.2. EE Designer HI: AC simulation of
the circuitin Fig. 1. I couldn’t change the
deep blue colour, which was not easy to
read when light fell on the screen. The
Lallin gain at HF is due to the parasitic
apacitances in the models used.

as those used to luy down connections?
One is supposed to rubber-band con-
ncections from terminal to terminal. and
then change menus tosortitout. During
connecting. especially if designing at the
console. one nught casilv find that
another component is required. o takes
five menu changes cach way to go and
getat. Htall adds up to a lot of clicking
and swishing
This is a programme for engineers

Once can design at the keyboard. do a
simulation. and switch back to modit
the design as often as needed to arrive at
the desired result. Having done that
one can prepare a PCB layout with up to
twelve layers of conductors, and solder
mask and sitk screen for each ot the two
sides (1 tned only two'). There is an
autorouter which will accommodate
whatever the designer fixes in advance.
or tracks can be laid down manually. It
1 possible to alter the circuit at this
stage. as for example to use spare gates
and save a package of inverters, and

teed the change back to the schematic
Hois alsoin order 1o change a schematic
and feed the change forward to an
existing layout.

These facilitics lay traps for the un-
wary. 1ts apparently possible to trans-
fer from the schematic generating sec-
tion to the layout section with the
schematic still resident. Saving from
here overwrites an existing lavout file of
the same name if you let it. and bang
goes the layout. | sav apparently be-
cause. i retrospect. it seems the only
way | could have lost halt a day’s work

The maximum plotting arca is
800X 800mm. and the area to be used is
specified in absolute measurements.,
metric or impenal. Component data is
reterenced through afile with the exten-
sion DEV. There are 12 categories of
line and text in different colours. and 16
colours are used for the 12 track layers.
masks and silk screens. There are 16
trace widths, seven text sizes and pad
details all presettable and with defaults.
There are macro facilities for sections of
both schematies and layouts. 1 saved a
macro consisting of a coit and a capaci-
tor, which took a quite remarkable
number of dise accesses to complete.
For some reason the simulator regarded
these as undefined when 1 used them,
probably because | took the macro from
one ol the preset tutorial exercises

The DEV files have their own sub-
directory holding 1168 files. Lach de-
vice has its own file. and provides links
1o other files with symbol and package
outline data which is shared. There are
tacihties to create new symbols and
device files. and the content of these
hles is explained in some detail

Fig.3. EE Designer HI: decade counter,
indiscrete logic. This is a modified form
of the tutorial exercise.

Once a feature of the programme has
been uncovered. it is seen as powerful
and usetul. Figure | depicts a discrete
amplifier using (wo transistors. Vol
tages shown are the result of a DC
simulation. The AC simulation pro-
duces the data for the curves of Figure 2.
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The phase range is imited to 360°, with
a choice of four starting values 180
apart. Intervals ot 90° would be more
usctul. but phase overrun simply causes
aswitch across the diagram.

Time domain simulation (TD) is also
provided. 1 was sure the data must be
tucked away somewhere and 1 made it a
crusade to find it. The chapter dealing
with TD barcly mentions input. There is
a parameter entry described in the tuto-
rial book and one s aware that to
ascribe parameters one must select the
component on the schematic to attach
the data. The symbolis all

Entries like “$E (and 10 others) won't
do Model data can’t be attached. In the
update manual | found a generator for
analogue simulation. with a simulation
code of =7, and mn another place a -7
entry had the moemonic @G in brack
ets after it, the only one in the list so
annotated. | find in the library a
schematic symbol fite @G.SCH. The
schematic capture doesn’tload it. There
are detailed instructions for creating a
DEV file, but they hang it no layout
symbol is provided. Another possibility
is the disc model edit | came across in
the analogue simulation group. This
lists a voltage generator, precisely as
required. which allowed me 1o create o
file on disc with the parameters for sine
or pulse wavetorms. But no symboti to
hang themon

At 11 30pmthe hotlincisn’topen. At
one point | entered the voltage gener-
atar definition sequence from the edit
disc model menu selection after enter-
ing TD Finstructed it to load the model
! had written. and the menu on screen
came up with no exit — everything clse.
but noexit. I had to do a general reset to
getout

Next day it turns out that the entry
required is “@G. [ now understand the
displayed message about DEV or ()
symbol. I started a simulation, which
hung. Clearly some of my data requires
overhaul. My deadline tor photographs
passed. so there’s no illustration of a
tume-domain simulation. Subsequent
processing of the file branded mv " @G
as undefined. and it wouldn’t aceept a
definiion. I also tried the disc model
cdit from the TD menu again. and 1 still
needed a general reset to get out. also
find that if 1 do a model edit from the
main analogue simulation menu before
gomg 1o TD (the same menu comes up)
I geta return function. Furthermore. it
will now go through the motions of a
simulation. producing a table of (incor-
rect) data. It does look as though 1 will
get there in the end. but 1 can’t report
thatat this stage
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I describe this episode in detail as it is
an example (albeit one of the worst) of
the trial and error needed to get to grips

| with the program.

Figure 3 is a decade counter in dis-
crete logic. Figure 4 1s the correspond-
ing layout tor a two-sided board pro-
duced bv the autorouter. I straightened
a couple of tracks after the routeing and
optimizing. which removes unnecessary
vias. on the principle of try everything;
but the layout and component placing (1
fixed the connectors) isthe program’'s.

Fig.4. EE Designer HI: layout lor a
two-sided printed circuit board. It can
he displayed with trace widths to scale,
as here, or with uniform thin lines.
Components, except the connectors, and
the traces were all placed automatically
by the programme.

There are two digital simulation
routines: the second being more com-
prehensive with a number of discrete
components included in the repertoire.
and some other improvements. The first
was used to simulate the counter. with
the results shown in Figs.5.6. The flip
flops can be preset for the start, or
random settings can be provided by the
programme. The figures illustrate two
random starts. Where memory chips
are involved. memory data can be pre-

Fig.6. EE Designer HI: sereen dump of a
further sitaulation run of the circuit
sinmulated in Fig. 5. This dump did not
affect the display.

Fig.5. EE Designer IH1; waveforms for
the circuit of Figure 3 calculated by the
digital simulator. Initial conditions were
set at random by the simulator. The row
of figures is defined by assigning node
voltages to bits in a word, in this case
those giving the value of the count.

loaded. The tables of data produced by
all the simulation routines can also be
savedina file or dumped

The simulation routines permit inser-
tion of user-coded routines. | haven't
tried this but it seems a powerful tea-
ture.

The data in the schematic can be used
to generate a bill of materials which
imcludes costings. A file of data for each
component is saved once entered. and
can be modified when necessary. Three
price levels are covered according to
quantity

This programme tackles the electro-
nic design process in its entirety. lis
facilities cover circuit design. simulation
and PCB artwork and tape generation,
Since the last printing of the manual.
much new material has beenadded. W

AB.

EE DESIGNER
Betronex (UK) Ltd.
1 Wells Yard

High Street

Ware, Hertfordshire
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n the past. most components were

both fixed und electrically con.

nected to the PCB by passing the

terminal lead-outs through holes

in the board. then soldering to a
copper pad. This technology is often
referred to as “through-hole™ and has
within the past two vears. been largel
superseded by SMT  (surfuce-mount
technology)

SMT (Fig.1) provides major benetits
by increasing packing densities over
conventional through-hole technolog:
bv at least a ftactor of three: it also
introduces cost savings due to reduced
component count and board arca
However. SMT imposes severe con
straints on the manufacturing and pro-
duction cycle and demands a high level
of automation.

Electrical inter-connection between
the component terminals s made b
strips of copper on the surtace of the
board. the spaces between the tracks
forming the electrical isolation. All
component terminals which connect 10
a piece of copper can be considered to
form a common “tree” or “net”. Where
there is o high densitv of tracks on the
bouard. then the number of lavers of
copper can be increased.

So. how does the engineer o about
transferring his schematic drawing to
the various copper layers. and how did
PCB design technology develop to cope
with the changing demands of SMT?
The first step is to capture the circunt
data in a suitable format: a hst of
components used with their outlines
and pad positions. plus a “netlist™ which
details the point-to-point connections
which form the trees or nets mentioned
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above, with details of the track widths
to be used. This ditta can be generated
manually or as an output from a cad
(computer-aided designy schematic cap-
ture svstem (Fig.2).

Most carly designs were (and some
still are?) produced manually on a draw-
ing bourd by laving down strips of tape
to represent the copper interconnece-
tions after the component footprints
had been placed in position, different
colour tape being placed on separate
overlaid sheets of tracing paper to sig-
nity the different lavers. Engineers may
still occasionally be heard referring to a
“red and blue™ artwork. which was
commonly used to denote a two-laver
design. To ensure some degree of
accuracy. the design was laid out to a
farge scale and then reduced photo-
graphically to produce the true-scale
artworks used to manufacture the
board.

There are three major problems with
this manual approach: accuracy. con-
nectivity and post-processing. Imagine
that the specification for the design Tavs
down a minimum spacing between

Surface mount
component

Through board
component

Solder
)\

T
—| e e——m ¢ ;rt'!
7 7 ]
v bd /
PC8 Glue Copper

Fig. 1. Surface mounting allows greater
packing density than through-hole
mounting. but needs automation in de-
sign and production.

I TEPTHTYT

High-density
PCB design

The advent of surface-mount technology has
led to the need for extremely closely packed
boards. Bob Sadowski of Racal Redac looks at
the techniques now available to the designer.

tracks of 0.020in. Even designing at a
scale of 10:1 would require that the
designer manually position the tracks
with @ mimmum spacing of 0.200in to
guarantee conformance. Reducing the
design scale factor or setting the track
spacing rule to a more realistic level of
0.010in makes the lavout engineer's job
very difficult!

Maintaining the original connectiviny
of the netlist is also ditficult: it relies
upon the dexterity of the PCB lavow
engineer to ensure that the tape is firmly
fixed to the backing paper and that
tracks line up between lavers: the en-
gineer must also remember to add pads
1o represent “via® holes. Maditving a
lavout. where the PCB favout engineer
may have to relocate @ component and
re-route existing tracks. introduces
major risk that short or open circuits
mary be introduced.

Finally, when it comes to post-
processing the design to extract manu-
tacturing data. for example hole drilling
data or the information tor a solder-
resist mask. the manual method has o
very wide margin of error.

PCBcad systems provide aninvaluable
design toolto overcome these problems.
and also to allow engineers to produce
complex muiti-layer designs which are
bevond the capability of manual
methods. Six- and cight-laver boards are
now commonplace. with occasional
specialist applications demanding over
SO0layers! Tounderstand how using PCB
cad can achieve such benefits, we firs
needtoreview the design process, which
can be split simply into three sections
preparation of data. component place-
mentandtrack routeing.

EIECTRONICS & WIRELESS WORILD

Data preparation
As outlined above. the most essential
datarequired fora PCB designis alist of
the parts to be used and their compo-
nent footprints, together with a netlist
of the connectivity of the design.
Schematic capture packages (Fig.2)
available within most modern cad sys-
tems allow the user to capture his
schematic diagram on sereen using cus-
tomisable parts and shapes libraries and
produce a netlist automaticaliy.

Fig.2, From a lavout like this, a netlist is
generated.

In using such @ cad system. however,
itis necessary to specify additionat data
which the manual designer might take
forgranted. This data inctudes the spac-
ing rules on what track-to-track. track-
to-nad and pad-to-pad clearances are
allowed: the sizes of component pads
and their associated drills for through-
hole designs: the size and shape of pad
variants to be used for different solder-
ing technologies: the sizes of textitems:
the size and shape of the board: and. not
least important. what colour should be
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used to display all these items on the
computer screen!

In practice. most of this data does not
vary from one design to the next and can
be stored in a default file, thus simplify-
ing the layout engineer’s job.

Component placement
Onge the basic design information has
been fed into the PCB cad system. the
next task is to place the components
within the board outline (see Fig.3).
Although this sounds simple. it is
actually the most important part of the
design process. since bad component
placement may make it impossible to
route — that is to position the connecting
tracks on — a layout which could other-
wise be easily routed.

To achieve the optimum placement,
the layout engineer nceds to take
advantage of all of the cad tools avail-
able to minimise connection length (the
sum of the point-to-point or pythago-
rean connections for all nets) and pro-
duce the best pattern for routeing.
However, these tools must be used in a
sensible and logical way.

Automatic component-placement
tools vary widely, from simple routines
which merely fill up the available space

]

-]
[T EE]

[EE L]

Fig.3. Component placement can be either random, as seen on the left, or according
to the Manhattan algorithm. shown on the right. The improvement is obvious.

with no consideration of the routeing
pattern. to those which use artificial
intetligence techniques to determine the
order, rotation and position of cach
component, even taking into account
the ability to automatically tlip or mir-
ror SMT components from one side of
the board to the other. The layout
engineer still needs to exercise discre-
tion and run these routines as a number
of passes to optimise machine time.
grouping together components, such as
memory devices, which are logically
inter-connected. Running more and
smaller passes of a routine is more
effective in terms of both man and
machine resources (that is, the PCB
lavout cngineer takes less coffee
breaks!)

As an example. consider the negative
biased Manhattan algorithm used in the
automatic placement tools within Cad-
star, Racal-Redac’s PCB cad system
running on IBM-compatible PCs (Fig.4,
heading). This algorithm attempts to
emulate the placement process by ap-
plying weighting penalties to selected
groups of connection types (e.g. bus
signals); this ensures that components
commonly connected by those signals
are placed together, in logical order, in

a clear area of the board where a
minimum number of cross-overs will be
created. Similarly, components with
few common inter-connections with
other devices will be placed in any
available area of the board where their
potential track fengths will be mini-
miscd.

Use of the Manhattan algorithm en-
sures that the resulting placement will
provide a routeing pattern with the
orientations of connections biased to-
wiard the Xand Y axes. which simplifies
routeing. The ability to selectively bias
the connection pattern is particularly
useful before routeing power tracks on
conventional through-hole boards.
when an un-biased minimisation of the
connection nets would produce a more
random. and hence more difficult. pat-
terntoroute.

The connection pattern can be furth-
er optimised by running automatic pin-
and gate-swap routines (Fig.5). These
routines swap compatible pins or gates,
or exchange equivalent gates within and
between compatible parts. to minimise
the length and cross-over of connec-
tions. The tvpes of swap allowed for
cach part type are defined ina library,
the data being extracted from data
books supplicd by the part manufac-
turers.

Since these changes alter the connec-
tivity pattern of the design. they should
all be stored automatically by the PCB

Fig.5. Optimising the layout by pin and
gate swapping. The elfect of swapping is
shown below.
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cad system so that they can subscequent-
ly be back-mounted to the schematic
drawing by manual or automatic means.

The result of using these placement
tools is to reduce the total connection
length within a design sometimes by
over 25%. which results in a much
simpler pattern for routeing. In some
cascs. however. the PCB layout en-
gineer may wish to produce a non-
optimised connection pattern, for ex-
ample on an analogue design  using
high-speed logic, where specific connec-
tivity must be maintained to minimise
crosstalk. In such circumstances. the
ability individually to optimisce connec-
tion nets or components with respect to
their position is very important.

Track routeing

After a number of iterations, the PCB
layout engincer will be satisfied with the
component placement and connection
flow. and will be ready to begin
routeing. Important decisions must be
taken on how many track lavers are
required. how many additional layers
are required for power or screening
planes. and how the track layers should
be biased by routeing axis.

Deciding how to build the board at
this stage requires a measure of experi-
ence. a pinch of information and a twist
of luck. since making the wrong deci-
sion can be very expensive in both
development time or production cost.
Trying to squecze tracks on to two
layers where four are really required
will either lengthen (perhaps infinitely!)
the design cycle. or compromise the
design rules by forcing the engineer to
usc lower track widths or track-to-track
spacings. The alternative, to add addi-
tional layers. is complicated by the fact
that track layers are normally manufac-
tured in pairs. so increasing the cost
disproportionately. Some cad systems
provide a board-status report which
provides essential information such as
the board area. component-to-board
density ratio, number of equivalent 1Cs,
cte. to assist the layout engincer in his
decision. Figure 6 shows a high-density
PCRB layout designed and routed using a
modern PC-based cad system.

Deciding whether to bias the routeing
axis on a layer will depend on the types
of components used, the soldering
method to be used and the connection
density. All routers, manual and auto-
matic. find it much casicer and faster to
route a board using biased layers. Most
through-hole boards using dip technolo-
gy arc routed with paired layers of
X-biased and Y-biased tracks (Fig.7).

Assuming that the board will be wave

Fig.6. A high-density PCB designed by
means of a PC-based system.

soldered. then the solder side is biased
to run in the axis of the direction of
travel over the solder wave. to minimise
spikes and short circuits. The decision
to allow unbiased routeing is usually
forced on the layout engineer when
SMT components are used. since they
can require track entries from all four
points of the compass (dips are usually
X or Y biased. not both). and can in
addition be placed on the board in any
orientation or on either side. to opti-
mise the connection pattern. SMT also
implics finer track widths with smaller
spacing requirements: whereas a “typic-
al™ dip board will use 0.01in tracks and
0.01in spaces. an SMT board may use
0.004in tracks with 0.006in spaces!

When the track density is high or
when a mixture of technology types are
used. then the type of autorouter used is
critical. Autorouters can be separated
into two broad categories: cell-based
and gridless.

Cell-based routers work on a grid
principle whereby all obstacles (pads,
existing tracks. copper arca. text etc.)
arc mapped on to the grid points which
arc marked as cither blocked or un-
blocked. When routeing a track, the
router scearches for unblocked points
which will form a path between the
source and destination of the connec-
tion. Tracks arc placed on the grid
points on the assumption that there are
no oft-grid obstacles; to properly map
off-grid obstacles the resolution must be
increased by lowering the routeing grid.

FFor example. to map a one-inch
square board on a routeing grid of 0.2in
would require storage of 36 grid points
for cach layer: doubling the resolution
to 0.010in increases the number of grid
points to 121 per layer, while running on
a routeing grid of 0.001in - the resolu-
tion of the majority of PCB cad systems
-increasces the number of grid points to
overone million per layer!

Memory availability within the design
system and constraints on run times

impose a practical limitation for gridded
routers on cither the routeing grid or
the physical size of the design. An
added complication is that gridded rou-
ters have difficulty routeing designs
where the routeing gird is less than the
sum of the track size and track-to-track
spacing. which makes them ineffective
on mixed-technology boards where the
variable component-pin pitch means
that the majority of pins will be off-grid.,
increasing the possibilities for error.

Gridless routers operate on the prin-
ciple of storing all objects and design
parameters as absolute entities in a list.
Since the gridless router understands
the absolute size and position of all
obstacles. it can follow their contours
(Fig.8). allowing tor specified spacing
rules: this produces a much higher track
density with no spacing errors.

Fig.7. Two layers of a board layout using
Xand Y biasing.

Fig.8. Gridless routeing produces a |
higher track density.

Some of the more competent routers
have the ability to “rip up and retry”
individual routes to find alternative
paths when the going gets tough. The
Bloodhound autorouteing algorithm, as
implemented on both workstations and
PCs in Racal-Redac’s Visula Plus and
Cadstar software suites, has additional
intelligence which aflows it to “push
aside™ groups of existing routed tracks
in busy areas to clear a way for the new
track. much as a manual designer would
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do (but the software does 1t much
taster).

When routeing is complete. smooth-
ing passes must be run to minimise the
number of track segments, optimise the
track density and minimise the number
of vias. Optional mitreing (43 degree
cornering) helps 1o produce a more
reliable and manufacturing board. The
gridless router may require more system
memory initially than a gridded router
but the requirement does not mcrease
with the resolution. making  gridless
routers the only real choice for mixed-
technology and high-density. SMt de-
signs.

Manufacturing links

A good PCB cad system will provide
major benefits when it comes 1o post.
processing the design data to produce
consistent, high-quality documentation
for manufacture. In addition to indi-
vidual plots of each clectrical layer to
produce the copper etch patterns, 10-
day’s PC-based cad systems can olten
provide the required data for silk-
screen. solder resist, puste mask. NC
drill etc. in the appropriate format for
pen plotters. photoplotiers or as paper-
punch tapes. Any modifications to the
PCB tavout then only reguire that the
designer produce new output files to
reflect the design changes.

More advanced workstation-based
EDA systems should also be able 10
provide direct-dnive data tor automatic
assembly tools and automatic test
equipment.

Itis generalty the case that the capabi-
| lities of PCB cad software packages are
reflected in the price. However. 1t
should be borne i mind that cad 1s
supposed to be an aid to the designer: it
should not become the master. Most of
adesigner’stime wilt be spentininterac-
tion with the svstem. so it must be
technically competent. user friendly.
but most of all it must allow YOU to
control 1T,

CADSTAR
Racal-Redac Systems
GreenlLane

Newtown Industrial Estate
Tewkesbury

Gloucester, GL20 8HE

0684 294161 £4500-£12000
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utodesk. the makers of the cad
Adruwing package. AutoCad, n-
{ troduced this product some years
ago to fill a gap in the market. AutoCad
| is a full-featured. professional. expen-
sive drawing package. capable of three-
dimensional work and with a host of
features.

For the single user or small business
looking for something to draw occasion-
al or less-complicated material and not
requiring 3-D capabilities. AutoCad is
way over the top in most respects, not
| least the price. which can exceed the
| cost of the hardware it is run on. Auto-

Sketch filled that gap. being o 2-D
drawing package with sufficient fea-
tures for everyday use. As AutoDesk
put in the manual. "you can get your feet
wet in cad without drowning in a sea of
commands and options.” Having battled
(unsuccesstully) with AutoCad on a few
occasions, | totally agree with that con-
| cept
| The program still maintains compati-
| bility with AutoCud in terms of file
format. so that vou could later upgrade
{and still be able 10 use any drawings
| produced in the lower-cost pachage.
AutoSketch s object oriented. That
is. it holds all the information on the
lines. circles and other material that you
| draw as a series of mathematical de-
| scriptions. When vou later change their
size. the resulting image is a true scaled
| up or down version of the original. And
| any drawings sent 1o a printer. be it a
| laser. plotter or dot-matrix. are printed
[ at the maximum resolution the device is
capable ot
| Simpler drawing packages. often
termed Cpaint’ packages. use bit-
mapped images. These deal in indi-
vidual pixels. usually at the same resolu-
tion as the screen disptay. The problems
come when vou want to scale such an
image. cither on the screen or in print —
if you make it larger. the pixels making
up the image are alsoscaled up. giving a
rugged appearance. If you make it smal-
ler. deta! often vamshes when the re-
solution of the printing device or screen
is no longer an integral multiple of the
[ originalimage.

~ AutoSketch

| An object-oriented drawing package,
providing outputtoalaser printer

Operating environment

Installation is easy and the program will run
on just about anything. If you have a choice
of equipment, go for something with a co-
processor fitted — Autodesk supplies two
versions of the program on the master discs.
One is speed-enhanced with the program
code tailored to specifically use the co-
processor — you cannot use the speed-
enhanced version without one fitted. Auto-
desk claims that it performs up to 10 times
faster than the standard version without a
co-processor and | can validate this claim
100%. it will run with 512K of memory, but
640K is better, since you can produce more
complex drawings, and you use it with any
display from CGA up. CGA gives the worst
screen resolution and is hard on the eyes, 5o
go for VGA. EGA or Hercules (in that order) if
you can. A hard disc is useful but not
mandatory, since it will run quite happily on
a dual floppy setup, and there is no copy
protection.

Needless to say, you need a mouse or
other pointing device (such as a trackerball,
joystick or graphics tablet) to make real use
of the program. It will work with the keyboard
arrow keys but you end up taking all day to
do a simple drawing.

No problems of this nature exist with
AutoSkerch and. once vou master the
interface. you can expect high-quality
output. especially it you have a laser
printeror pen plotter

AutoSketch’s start-up main screen is
emply except for a status hne at the
bottom and a menu line at the top.
Menus drop down in the fashion famil-
iar to any Mac or GEM user. and a
continuous display of memory usage by
percentage Keeps vou informed of how
large vour drawing is. The main menu
options are Draw. Change. View.
Assist. Settings. Measure and File. from
where all operations are conducted.
Each has turther sub-menus with every
thing being fairly intuitive touse.

As vou would expect, AutoSketch
can draw and manipulate virtually any
object vou care to draw, and on up to 10
layers. It produces spline and ordinary
curves. polygons. lines. arcs. circles
together with text. and you can move.
copy. rotate. mirror image. size and
stretch just about anvthing. Smatl draw-
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ings. such as circuit symbols, can be
saved and later retrieved into any other
drawing to save time. [ had some diffi-
culty with the sizing function. which
seems extraordinarily sensitive to
mouse movement. making an object
few millimetres wide expand and dis-
appear off the screen very easily. The
lack of any resident on-screen ruler
facility makes it very difficult 10 relate
1o the size of objects you are drawing on
the screen. forcing you to watch the

I”

A “manua

umber One Systems. the UK
N manufacturers. supplied us with

both a complete working pack-
age and a demonstration version of
EASY-PC. The complete package con-
sists of one main component. EASY-PC
itself. and two optional subsidiary pro-
grams: EASY-PLOT and EASY-
GERB. EASY-PLOT s a post
processor for printing stored PCB or
schematic disc files on a Hewlett-
Packard plotter or any device capable of
understanding HPGL (Hewlett-
Packard Graphics Language) instruc-
tions. EASY-GERB is a photo-plot
post processor. converting disc files into
GERBER photo-plot format — this is
stored on disc then downloaded to a
photo-plotter at & suitable burcau. The
latter component of the package was
not reviewed.

There is also a lower-cost option
called TINY-PC. This is aimed at the
hobbvist and works in machines with
only 256K of memory. but at the price of
speed. Although all files/libraries are
compatible. a typical operation such as
Zoom. taking two seconds on EASY-
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co-ordinate display all the time. It is
possible to make a sort of ruler by using
the auto-dimensioning facility, but this
Is inconvenient.

The most frustrating aspect of Auto-
Sketch is its manual. While this runs 1o
116 pages and is very informative. it is
also very difficult to use. Autodesk have
gone for a narrow AS format with a
rather wide perfect binding. To lay i
open and flat for reference is impossible
without breaking the spine. Then when

Easy PC

PC. takes 25 seconds on TINY-PC.
Incidentally. a maths coprocessor

makes no difference to the speed of |

execution of any of this program’s facili-
ties.

EASY-PC is not an automated pack-
age in the sense that it makes any layout
decisions on the user’s behalf. You still
have to lay out and design the printed
circuit board manually. But this is a
much easier process. especially when
ulterations are called for, than the clas-
sical pen and ink or sticky tape proce-
dures. The same applies to schematic
design. essentially no different to the
computer. since the process involves
the same idea of placing and linking
objects. So. what can EASY-PC do.
and why is using it an advantage over
traditional methods?

The main features are:

up toeight track layers available:

up to twosilk screen lavers;

- automatic generation of solder resist
master:

- selectable pad and track sizes:

— true track width/pad size shown on
screen;
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you try to close it. it pops open again.
just like the well-read puges in a copy of
Lady Chatterley’s Lover.

While the program is well designed
and. tor the price. a bargain, it is more
suited to drawings of the architectural
and similar types than clectronics. For
schematics and certainly printed-circuit
board design. a program designed spe-
cifically with those applications in mind
makes life easier. Many of Auto-
Sketch’s functions are redundant in
such applications. and it lacks many of
the useful features present in software
suchas EASY-PC . reviewed next. A B.

AUTOSKETCH
Autodesk Ltd,
99 London Road,

London SE16 6LN

01.928 7868 £91.54

package forboard desiﬁn and circuitdrawing, which

copes with up to eighttrack layers.

- full ibrary tacilities:

-output to dot-matrix printer (plotter
optionatl).

For the average small electronics busi-
ness or one-man band, these facilities
are probably more than adequate -
many people will never need to produce
more than the two layers required for a
double-sided PCB. Having designed
many PCBs in the past. of varying
complexity. I must admit that a package
like this would have been of great help.
had a suitable PC been available at the
time.

The manual is a short. Ad. loose-leat
production. taking the approach of run-
ning through a tutorial using supplied
exampled files. It is competent and 10
the point. running to 39 pages with an
index. plus technical information. lib-
rary contents and lists of error mes-
sages. |

Once you run the program and
choose your startup mode (PCB layout
or schematic diagram) EASY-PC pre-
sents an uncluttered startup screen with
a rectangular outline representing the
lurgest size it can handle — a board or
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piece of paper 17 inches square. Along
the top of the screen are three small
blocks used for popping down menus.
The left controls mostly editing func-
tions, such as New Track, New Pad
Edit Pad etc.. while the centre looks
after operations performed in Block
mode, such as printing and reversals.
The right menu contains mostly com-
mands atfecting the screen appearance
such as Pan, Zoom, Scale, Grid and
Cursor size.

Many of the menu commands have
keyboard equivalents, either using
function keys or letter keys, sometimes
in combination with Shift. This
approach is usually quicker than relying
entirely on the mouse. since one hand is
generally free anvway when using a
mouse.

EASY-PC does have one bad point in
its choice of a cancel key for certain
operations. The majority of PC graphics
programs use the Escape key and/or the
right-hand button of the mouse as an
abort or cancel key; this program adopts
this approach when using menus, but
most of the time the right-hand mouse
button acts as a confirmation key, such
as when laying down tracks. This be-
came extremely frustrating. since |
spend most of my time working with two
other graphics packages that take the
opposite and more normal approach.

Designing a printed-circuit lavout is
very casy once you do get the hang of
the keys. With the optional snap grid
shown and set to the standard spacing of
0.1 or 0.2 in, you can start designing
The basic library is extensive, including
all the stundard dil and SMD pad out-
lines with each svmbol coming with
both pads and a silk-screen overlay
outline for the component. Some of the
more exotic symbols are a PGA68 pin-
grid aray and a EUROcard outline
(more libraries are available from the
manufacturers). On-screen. the silk
screens and pads appear white, with
tracks in ditferent colours depending on
the layer selected — using two layers, the
first layer shows as blue with the second
in red, although vou can change this and
many other settings via a defaults menu.

Placing a symbol is simply a matter of
selecting it from the library, then mov-
ing it around and pressing Esc to con-
firm the placing. It is a shame that the
symbols do not move as you move the
mouse as with most graphics programs —
each time you move you need 10 press
Enter or the left mouse button tosee the
repositioning. Compare this with track
taying where there is an optional rubber
band feature that shows you where the
track is currently placed before vou
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Operating environment

It should be said that you really need a
mouse to use EASY-PC packages effectively.
Although all will function using the keyboard
and cursor control keys, operation is
smoother, faster and altogether easier witha
mouse. Like all good programs, EASY-PC
allows you to adjust the mouse response to
suit your own preference.

Until recently, EASY-PC used the CGA
graphics mode with its fairly low resolution
for all work. As a README file now indicates,
there is an EGA version supplied with much
higher resolution — you can use this on any
machine with an EGA or VGA adaptor and
was the choice for this review. Unless your
equipment budget prevents it an EGA
screen is without question the best choice
for work like this. With CGA, the screen
resolution is 320 x 200 pixels, while for EGA
it is 640 X 350 — the difference is readily
apparentin the screen shots shown here.

drop it

Within the [7-in square maximum,
the PCB can be of any size. A zoom
feature with seven tevels aids design, as
does the pan facility, using the mouse or
kevboard. One striking feature is the
speed of redraw when panning or zoom-
ing — even without a maths coprocessor
this is fast. A quick check of the pro-
gramon an XT PC gave a slower but still
respectably quick redraw

Once the symbols are down. adding
the pads is easy — select New Pad from
the menu (or press F4) and drop them
down. Sizes are selectable from 0.010in
to ().3in and the program will place them
onall laversor just the current one.

Fig.1. Two-layer EASY-PC screen shot
from EGA display.

Fig.2.
screen.

Typical schematic drawing

Laying tracks is perhaps the easiest,
rather than the most complex opera-
tion. The first press of the left mouse
button establishes the origin which. if
the grid snap i1s on, will be the nearest
pad to the cursor, while subsequent
presses establish the next point or node
of the track. Only when you press Esc or
the right mouse button does the track
become permanent — if you get into
trouble, the Edit function lets you de-
lete or change nodes at will. In accord-
ance with good PCB design. EASY-
PC’s default is to allow only-right angle
or 457 angles in running tracks. although
you can change this to allow any angle —
you need to do this when drawing
schematics rather than PCBs. The

Fig.3. User defaults screen used to select
displayed layers and other screen de-
Laults.

optional rubber-band feature lets you
see where a track s heading at all times
(in white rather than the colour of the
current layer) as you move the mouse
about and | found this feature speeded
up track laying immensely.

Track widihs are variable at any time,
even in the middle of a track run if, for
instance, you are running between two
IC pins. The available widths are
0.002in (the standard default) to 0.531
in, the latter being useful for laying
ground planes quickly. All size changes
are reflected accurately on screen with-
in the limits of the display resolution,
but are obviously seen best using an
EGA or VGA adaptor.

While designing a multi-layer board,
you can instantly change from one tayer
to the next if you need to. There is even
an automatic ‘via-hole” option to tink a
track from one layer to the next — as you
change layers a prompt asks whether
you want a via-hole faid down. If you
answer Yes, a default-size 0.035in via
pad appears, linking you to the next
layer, from where you can continue.

A somewhat more complex operation
is editing tracks, although not as com-
plex as the manual warns. It is possible
to add sections to tracks without laying
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down the whole track again, and even to
drop a scction of an existing track down
10 a new layer using via-holes if you run
into layout problems.

Text options are extensive in the
same way as for pads and tracks with full
editing facilities. You can add text to
either copper or sitk screen lavers. and
in varying sizes from 0.05in to 0.4in
high, with the linc widths composing the
characters variable from 0.003in 10 0.05
in. Textis also rotatable in 90° angles.

Once your layout becomes complex,
1t is easy to change the screen display 1o
show only a single layer, or the upper
silk screen or just the pads as required.
This would probably only be necessary
for boards with more than three layers,
since the colours make it refatively
simple to see what is going on. even with
the majority of a complex board dis-
played at once

There are many more options within
the various menus to aid the PCB

| design. These include repeat and block

-

move/edit facilities. text flip (mirror
image). and the ability 10 create new
symbols for permanent storage in the
library

If. as is likely with a complex design.
you lose track (') of the exact size or
layer location of a pad or track. you can
easily check it using the Status function.
Atter selecting the offending item for
editing. pressing the grey + kev on the
right of the keyboard displays a status
line at the bottom of the screen showing
pertinent data — for a track. this would
be the Layer. Width. Current Node.
and Total number of nodes in the track.

All of EASY-PCs defaults are user-
definable if the supplied settings do not
suit you. For instance. with Drawing
defaults, you can change any of the pad
sizes through a range of 128 possible
values. altering both the outer diameter
and the hole size. Any changes are
stored in a lookup table that is stored
with each tayout. so you can have
different defaults for different PCB de-
signs if needed.

The above has covered PCIB design
EASY-PC is very suitable for drawing
schematic diagrams although, as men-
tioned earlier, you cannot use these in
any way tor tater automatic PCB design,
such as through the production of Net
Lists. A matching symbol library for
schematics contains all the usual C,R L
and transistor symbols. plus over 4()
logic symbols and 16 often-used labels.
such as +5V and EARTH. Drawing a
schematic is really no different from
designing a PCB as far as program usage
is concerned. It is simpler. however,
and you don’t have to worry about
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Fig.4. Drawing defaults screen used to
define track and pad widths.

lavers since these are fixed in this mode.

Throughout any design work, EASY-
PC prompts you periodically to save
your work. This backup function is time
based. and defaults to 10 minutes. Easi-
ly changeable. it can also be turned oft if
it annoys you. There is also an efficient
backup system which, although using
lots of disc space, does ensure you
should never lose your work. Three files
are kept at all times — the current file,
and the two versions before that. So, it
you make a really bad error like delet-
ing half of a layout and then saving it.
you should still be able to recover it via
the third oldest copy.

Once design 1s over, you need to
produce hard copy of the output. The
basic version of EASY-PC supports any
dot-matrix printer capable of 1BM,
Epson graphics in either 9- or 24-pin
modes. Using a 9-pin printer with out-
put scaled at 2:1 (or higher) for subse-
quent photo-reduction, the results
could be acceptable for many produc-
tion jobs. although better results are
obviously obtained from a 24-pin prin-
ter. The examples in this article show
what can be obtamned from a 9-pin
printer. reduced down from 2:1. 1 would
have expected to see a laser printer
driver of some kind. since these
machines arc now realistically priced
and becoming more common.

When printing. you can choose whict
layers to print, the scale of the output
(from Vs 1o x4) and the density, such as
Draft. Normal or Bold. 10-in or 15-in
platen printers are catered for, as is the
smatllest line-feed increment of 1/180th
or 1/216th of an inch, depending on the
age of your printer. When printing
double-sided PCB masters. you
obviously need to be able to mirror
image the bottom layer before printing

this is done using the block mode
facility on the selected layer before
selecting print.

Two very useful options are the abil-
ity to print the pads only (perhaps for a
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driting master template). and to pro-
duce a solder resist master. The latter
prints the pads only. enlarging the out-
line by a selectable amount and filling in
the drill holes.

For higher quality, the separate
EASY-PLOT option allows output to
any plotter capable of accepting HPGL
commands — this covers the majority of
those on the market including the ubi-
quitous HP7475A used for the examples
reproduced here of both PCB and
schematic design.

Again. virtually any of the settings
are usecr-definable. tfrom the area plot-
ted and pen speed/size, 10 a choice of
whether the pad drill holes are 10 be
filled or not. The latter option has a
major effect on print time. and unless
you are producing a single-sided PCB
master where the holes are needed to
spot the drilt, producing hole outlines
takes an awful lot of plot time and is
usually unnecessary.

Besides outputting direct to the plot-
ter on COM1: or LPTI:. you can elect
1o save to a file. The latter is especiatly
useful if you require several copies of an
artwork. since you do not have to go
through the post-processing process
preceding each plot. If the plotter has
sheet feeder or uses continuous paper. it
would also be possible to print over-
night using a dos batch file to process
severaldifferent files consecutively.

A.B.

EASY PC

Number One Systems Ltd,
Harding Way,
Somersham Road,

Stlves,
Cambridgeshire PE17 4WR

048061778 £316
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TEKTRONIX 222 10Mhz digital storage. New  £1.250
TEKTRONIX T922 15MHz dual-trace £250
IWATSU §55710 60MHz quad-trace £400
TEKTRONIX 2465 300MH2z dual-trace £2.250
HP 1740A 100MHz dual-trace. Dual timebase

PHILIPS PM3256 75MHz ruggedised portable

PHILIPS PM3263 100MHz up-controlled dual timebase
GOULD 0S255 15MHz dual-trace

GOULD OS3000A 40MHz dual-trace dual timebase

TF1152A/1 RF power meter 0-25W 250MHz

TF 1245/1246 Q-Meter and oscillator
TF2015/2171 UHF AM/FM signal generator with
synchromser

TF2 162 MF attenuator 0-111dbin 0.1db steps
TF2300A as above with deviation 10 1. 5KHz 1sd
TF23008 modulation meter as above

TF2356 level oscillator 20MHz

TF2501 power meter 0.3W fsd DC-1GHz
TF2600 milivoltmeter AF 1mV-300V fsd
TF26008B video voltmeter 1mV-300V fsd
TF2604 electronic multi-meter

TF2807A PCM multiplex tester

2828A/2829 digital simulator/analyser

2833 digital in-hne monitor

TF2908 blanking & sync mixer

6460 RF power meter

6460/6420 power meter/microwave head
TFB93A audio power meter 1mW-10W fsd
TF2213A XY crt display

TF2015 AM/FM sig. gen. 10-520MHz

2092C noise receiver, many filters avallable
2091/2092A nolse genvreceiver & filters
6600A/6646 sweeper 8-12 4GHz

2018 synthesized signal generator 80kHz-520MHz
60568 signal source 2-4GHz

TF1313A 0.1% universal LCR bridge

TF2011 FM signal generator 130-180MHZz
TF2012 FM signal generator 400-520MHz
2438 (303J) 520MHz universat counter-timer
TF2303 modulation meler

2019 synthesized signal generator 0.08-1040Miiz
TF2700 RCL component bridge

TF2163S UHF attenuator 0-142db

TF2905/8 sine squared pulse and bar generator
TF2370 spectrum analyser 110MHz. 75 ohm

AVOB151 LCR universal bridge

AVO RM 16(/3 megohmmeter

LYONS PG73N Bipolar pulse generator

PHILIPS PM1590 1mHz-2mHz synth, function ge:

PHILIPS PMB235 multipolnt pec recorder

STOLTZ A.G. prom programmer M2 Maestro

RACAL 9102 DC- 1GHz 30W power meter

RACAL 9083 2-tone signal source

RACAL 9084 104MHz synthesized sig. gen. GPIB

WAVETEK 1503 sweeper 450-950MHz

WAYNE KERR B642 Auto Balance bridge

VALRADIO inverters 24V DC-230V AC from

RHODE & SCHWARZ 1kW 50 ochm load. N-types

BRUEL & KJAER 4428 noise dose-meter

RIKADENKI 3 pen char recorder

SCHLUMBERGER SRTG-GA63 selective call test set

TEKTRONIX 7D 12M/2 A/D converter plug-in

TEK 2901 time-mark gen £250

TEKTRONIX 178 IC fixture £250. Tek 606 XY monitor £250

TEXSCAN WB713 0-950 sweep generator £950

TEXSCAN 9900 300Mhz sweeper/display

PHILIPS PM2554 AF milli-volt meters

PHILIPS PM5165 LF sweep generator 0.1Hz- 1MHz

PHILIPS PM5324 RF generator 0.1-110MHz AM/FM

PHILIPS PM8043 XYT Plotter A4

PHILIPS PM667 High-res’ 120MHz counter (LP £582)

PHILIPS PM8220 single pen chart recorder 195

LEADER signa! generator LSG216 0.1-30MHz & 75-1 15MHz
AM/FM £600

WANTED: Top quality ‘high-end’ test equipment for stock or
will sell on commission. Please cail. post of Fax list. any
quantity. Signal generators, spectrum analysers etc urgently
required lor waiting customers

ALL OUR EQUIPMENT IS SOLO IN EXCELLENT. FULLY
FUNCTIONAL CONDITION ANO GUARANTEEO FOR 80 OAYS.
MAIL ORDERS AND EXPORT ENQUIRIES WELCOMED. PLEASE
TELEPHONE FOR CARRIAGE QUOTE. ALL INSTRUMENTS ARE
AVAILABLE EX-STOCK AS AT COPY OATE. GOOD QUALITY TEST
EQUIPMENT ALWAYS WANTEO FOR STOCK. PRICES QUOTED
ARE SUBJECT TO ADOITIONAL VAT.
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1122A power unit for fet probes £195
116028 transistor fixture £395
1415/8552B/8553B spectrum analyser. 110MHz €2, 000
8733A pin modulator £25¢

400F milli-voltmeter

529A Logic comparator

10529A/10526T Logrc troubleshooter

331A distortion meter

3J34A distortion meter

3400A millivoltmeter

382A(P) P-band attenuator 0-50db

415E swr meter

431B&C/478A microwave power melers lrom

6516A power supplies 0-3KV 6mA

7046B(07) 2-pen XY plotter high-speed

8018 A(01) serial data generator

5011T logic troubleshooting kil complete

400FL mV-meter

3585A spectrum analyser 20Hz-40MHz. 3Hz resolution

8165A function 1MHz-50MH2z

435A/8481A RF power meter & head

(Other heads available)

3581A AF wave analyser

8756A scaler network analyser

3575A gain/phase meter 1Hz-13Mhz

432A/478A microwave RF power meter

85538 110MHz spectrum analyser plug-in

7563A log voltmeter/amplifier

VARIACS (Claude Lyons) 0-270V 20A£100. 15A£75.8A

GOULD DS A600 digital s'mthesizer analyser

TEKTRONIX 521 TV Vectorscope

NEUTRIK TP401 audio test set

PM5534 standard TV pattern generator. NTSC

PM5545 PAL 625 colour encoder

PM6302 RCL component bnidge

PM2120 universal switches for syst 21

PM5580 IF modulators. Systems B.G& M

PM5597 TV VHF modulators. Rack of 5. System ‘G £1.000

FLUKE BO60A digital multi-meter £225

THURLBY LA 1608 logic analyser £250

ELECTROVISUALS TV waveform monilor and vectorscope
EVA010/EVA020 19" rackmounting 3U £950

ROHDE & SCHWARZ SWOF |1l videoskop ¢/w sideband adaptor

POA

SCHLUMBERGER 4010A 'stabitock’ mobile radio test set  £1,500
SCHLUMBERGER 4021 ‘stabilock mobile radio test set £1.750

TWO-WAY RADIO ENGINEERING SERVICES

UPGRADE PF85 Hand-

portables 25 Khz to 12.5 Khz at less
than 10% of ‘new’ price.

RETROFIT Tone Signalling —

Any generation, any make.

SERVIC|NG Two-way radio,

cellular, Band IlI.

REFURBISHMENT

to manufacturers’ specifications.

DESIGN & TEST -, |
complete systems. P@R
Cardiff, CF4 8JN, U.K. v o

0222 81 0999 Making Radlo Work — Your Way

Private Moblle Radio Ltd.,
Industrial Estate,
Gwaelod-y-Garth,

r INSTAGRAPHIC PRODUCTS LIMITED
]

\uterouter

HIGH PERFORMANCE - EASY
PCB DESIGN SOFTWARE

TO USE

& o IBM-compatible XT. AT
386 cned PS2 conipriters

& FGA suppont

& Minimum sich size Q.00

Maximuom layout size 32" x 32
1pto6 layen

Gerber outprt

SMD Capabiliny

= INSTAGRARHI

SHEIEFDY INDESNTRIAD ESTATE LOW 1AL ROAD I")l'lfl’kl/’ TEEDS
TEL TEEDS 103320 389898 THITN 537206 1NN AL R 2]

ENGLAND
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W 140 1CAD

Betronex EFE Designer running on an Olivetti M380C

CAD —pitfall

s and

[ J b [ I [ J [ J
|
' possibilities
Even the smallest companies can now afford the

advantages of computer-aided design for PCBs.
Jonathan Hewer of Betronex explains how to

here is no doubt that the

advantages of cad. in terms of

increased productivity and

designetficiency. can be enor-

mous. Time saving is one of
the most important factors. Libraries of
schematic symbols and/or PCB layout
components are usually included with
the system. and these can be quickly
arranged on screen. Connections can be
made or deleted as required and arcas
of circuitry that are to be used again can
often be keptin the computer’s memory
as a macro, thus climinating the need to
“re-invent the wheel™ every time a
change is made to an existing section of
a design. Any system worth its salt now
includes autorouteing and automatic
Lcompnncnl placement in the PCB de-

sign arca: and design-rule  checking
means that laborious manual checks for
short circuits and the tike are no longer
necessary. Logic and anatogue simula-
tion s now available with many systems
and this, again. can greatly improve
efficiency.

Nevertheless, there can be pitfatls
along the way. and only by taking a
cautiovs approach can these be
avoided.

CHOOSINGASYSTEM

No two companices involved in clectro-
nics design are the same. Different
products. different working practices
and different mental attitudes make the
electronics industry highly diversified in
approach, which dictates that the soft-

July 1989

ELECTRONICS & WIRELESS WORLD

avoid making expensive mistakes.

wire available. cespecially at the fow-
cost end of the market. must be a
compromise if it is to be suitable for the
largest number of users. That is how
producers have managed to reduce
prices so drastically over the last few
years. Mass production has great finan-
cial benefits, but it means that the
system you buy was not produced speci-
fically to meet your requirements.
Although a cad salesman may take
the view that his software is perfect for
your needs, nobody clse knows what
you need as well as you do. Think
carefully about what you need the sys-
tem to do for you, and make sure for
yourself that the system you are con-
sidering does what you want, not what
the salesman thinks you should want.
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Remember that there is a wide variety
of cad systems available and taking the
trouble 10 compare them can be an
excellentinvestmentin time.

A full demonstration of the software
by someone with enough technical
knowledge to be able adequately to
show the features that are important to
ou. is a must. If the demonstrator
doesn’t know his product. but makes
vague promises without full explana-
tions of how thev will be achieved. steer
clear.

Your first step should be to collect as
much written information as possible
about all the systems you can find which
appear to do what you want at a price
vou can aftord. Examine the literature
carcfully. und try to reduce the list of
possibles down to about three or four
which warrant detailed investigation.
Care should be taken at this climinating
stage. or you could tind vourself wasting
time on a white elephant or. worse still,
ignoring a system which could have
been just right. Do not assume that the
vendor with the glossiest brochure or
best known name should necessarily be
anautomatic choice

Specialist exhibitions can be an excel-
fent place to narrow down the held,
Here you can have a quick look at the
many offerings available and ask a few
pertinent questions face to face with the
various producers. H the exhibitors are
busy. they won’t want to waste time any
more than you do on trying 1o sell you a
svstem which is totallv wrong for vou.
Sceing all the options available at the
same place ina very short period of time
can greatly clanty the comparison pro-
cess. but try to make notes: otherwise.
at the end of the dav the alternatives
mayv become blurred.

Bv the time vou start evaluating vour
chosen few in earnest. you must have a
list of vour minimum requirements. 1l
there are features over and above vour
minimum. that’s fine - vou may be able
to use them as well. But do not be
deflected from what vou consider neces-
sities. Think hard about the board size
and density you produce. for example.
Perhaps vou produce large complex
boards only occasionally. In this case. 1t
mav be more cost-etiective to go for a
low-cost system yourselt and sub-
contract the more complex jobs.

When vou begin to analyse the sys-
tems on your short-hst in detail, make
sure that anvone clse who will have 1o
use the svstem has a say i the final
choice. Often. somebody else may spot
a flaw in a particular system which had
escaped vour notice. And do not forget
that an operator who starts off with a

- I .
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Desigme?

negative attitude to the equipment he is
using is unlikely to be as productive as
one who has been involved in the
decision-making process. It is casy for
the user to pass oft his own operational
inadequacies as fauits with the svstem
when he is only grudgingly using it
Converselv. if he has given the equip-
ment his blessing in advance. he'tl do
everything in his power to try to demon-
strate that it was the night choice.

While the system is being demons-
trated. beware of cuphoric statements
about s capahilities. For example.
there s a lot of talk at present about
[00% autorouteing. As soon as one
vendor made this claim. others were
obliged 1o follow suit. 100% auto-
routeing is often possible and. in fact.
practically any autorouter will complete
100% it the parameters are generous
enough. But at the same time. no auto-
router (and no human manual router)
will succeed il an attempt has been
made 10 squecze an impossible amount
of circuitry on 1o too small a board. The
same applies to other claims which may
be made on a system’s behall. The
silesman may be able to answer “yes”
10 your guestions. but will the system
perform the operations the wayv vou
want 1t 10? Onlv a detailed demonstra-
tion of the functions will tell vou.

You will probably find that after your
demonstrations there is more than one
contender that apparently fits the bill.
Now s the time to look at the less
technical aspects of vour purchase.
Obviously. price must be an important
factor — after all, the svstem should be
expected to pay for itsell in productivity
gains 1 a fairly short time. But look
further than initial cost alone. Some
vendors make very high charges for
maintenance agreements. They aim to
be “locked in™ 10 a large shice of your
cad budget for years to come. Any
maintenance agreement should include
regular updates. as the electronics de-
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using EE

sign idustry is constantly changing and
you do not want to be saddled with a
system that rapidly becomes obsolete
The software should be “living™ - con-
stantly improving with the industry’s
demands. If you select equipment at the
low-cost end of the market. make sure
there is an upgrade path so that. as vour
requirements increase to higher levels.
you can transfer to a more advanced
svstem.

Look into the support you will be
given once vou have bought the system
Stories of vendors “washing their
hands™ of users once the equipment has
been paid for have been all too common
in the past. Training facilities should be
available. as well as written learning
aids. and you should trv to obtain un
assurance from the vendor that your
telephone enquiries while you are fami-
liarising yourself with the system will be
welcomed and dealt with promptly. It
cannot be stressed 100 strongly that. if

l;"}_"( sin llld"()"

you are floundering around trying to
overcome a string of minor ditficulties.
vou will be wasting a great deal of
valuable design time. Often. a quick
telephone call. efficiently handled by
the vendor's technicat staff. can save
hoursof needless frustration.

One important point 1o remember
about any svstem is that it is only as
good as the person who operates it
Some cad vendors encourage the beliet
that. if the user enters the schematic
information at one end and moves the
mouse about a bit a few minutes later a
completed PCB design willemerge  as it
by magic. at the otherend. But the truth
of the matter is that a novice will not be
able 10 produce such good results as a
seasoned protessionat. no matter how
good the equipment he is given. The old
saving “a bad workman blames his
tools™ certainly applies here.

For example. when an inexperienced

— —_— ]
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user sits down for the first time with an
autorouter. he will often complain that

an unacceptably low proportion of

routeing is completed. or that the
routeing has not been carried out as he
would have wished. This necessitates a
manual redesign which the operator
blames on the autorouter. However.
the truth s that the original design
would have been unacceptable whatev-
¢r the routeing method. and the auto-
router has simply brought this to light
earty in the design process. Continual
use of the system will soon indicate how
to obtain the best results.

There are many other factors to con-
sider before nmkmg, your final decision.
Speed of autorouteing alone s not all
important. but should be taken in the
context of the complete package. H the
routeing is like lightning. but requires a
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great deal ot manual rerouteing after-
wards to bring it up to an acceptable
standard, the benetits are lost

Make sure that therc is one inte-
grated databasc to cover all your re-
quirements. A complete system written
by a single vendor. which covers
schematics. simulation. PCB lavout,
autorouteing and manufacturing out-
puts is worth a lot more than a rag-bag
of non-integrated bits and picces. alt of
which may be all right by themselves,
but as a complete solution are uscless.
Smooth transition from schematic to
layout and back-annotation the other
way can make the ditference between a
highly efticient design aid and a set of
software that causes you to tear your
hairout.

Another factor which is becoming
more important is the ability to ex-
change information with other cad sys-
tems. Look for DXF file production if
vou are going to wish to output your
PCB information to one of the major
drawing packages. To communicate
with other electronics packages. the
EDIF (Electronic Design lnterchange
Format) standard is becoming accepted
as the norm. As more companies with
whom vou do business adopt cad. it may
be importint to be able to exchange
mformation. Thev mav not use the same
equipment as vou. so the ability to use i
common communications kinguage is
vital

[t is possible to spend a lot more on a
cad system than is really necessary.
Obviously . the vendors at the top end of
the price spectrum will encourage the

view that “you gets what you pays for™,
and 1o a certain extent this s true. But
do not ignore the lower-cost offerings
just because of their price alone. PC-
based systems have improved beyond
recognition n the last few years. and if
vou go for software which can use
expanded memory. for example. you
overcome the himitations traditionatly
associated with systems priced at a more
humble level. It vou have a generous
budget available. you could contem-
plate several networked PCs with a
complete. integrated design
engincering system for each operator.

Make sure that the system vou choose
has been written specitically for electro-
nics design. There are many “add-ons™
tor zeneral drawing packages which
enable them to be used for this purpose.
but it costs no more to buv a specialized
PCE package which should do the job
much more cfficiently

So. there can be many pitfalls along
the tortuous route of cad svstem purch-
ase. but by a careful process of research
and examination you should finally de-
cide on a system which will be one of the
best investments you can make. The
time you will save once you are tamiliar
with the system will enable vou to
increase  vour productivity or spend
morc time on other aspects of your
business. Your output should be more
professionat. and the image you portray
will be enhanced. Once the decision has
been taken to step into the cad arcna. [t
Is a4 very rare occurrence 1o hear of a
user reverting to old fashioned
methods

CO

ontrol systems. with caleulations

on their associated response char

acteristies and stability. form a
specialised branch of engimeering. Yet
the ability to design and simulate per-
formance of such systems reaches into
many ficlds. not just electronic engineer-
ng. Traditionally. the performance of
closed-loop systems has centred on estab-
lishing the damping. response time and
general stability by means of the frequen-
cy and phase reponse characteristics and
the associated transfer function. Each
feedback control system has an open-
loop as well as a closed-loop transfer
function. given by,

E(s)
R(s)

__ Gs)
1+G(s)B(s)

In which E(s)/R(s) is the closed-loop
function and G(s)B(s) is that for the open
loop. The ability to plot the poles and
zeros of the trunster function. which
ultimately derive trom the Laplace trans-
form of the system (differential) equa-
nons. remains an amportant part of the
control engineer’s toolkit. Such plots are
satisfactory for stable systems. but do not
yield much information about unstable
systems. With a low enough open-loop
gain_all sysiems are stable. so by plotting
the pole/zero positions as a function of
open-loop gain as it varies from zero to
infinity. a root-locus graphic is obtained
on the “s” plane, showing the gain factor
where instability sets in. in the practical

DAS and PCS

system. this enables closed-loop design to
be carried out with open-loop measure-
menls

Returning to the transfer function. this
is & complex quantity. By replacing the
vanable s with jw. the sinusoidal re-
spomse is obtained. The transfer function
under this restriction now becomes the
frequency response and can be plotted in
a vanety of ways. One 1s amplitude
against phase. another is amplitude vs
frequency. and a third possibility is of its
real part against the imaginary part. with
w as a parameter. yielding the Nyquist
plot. A madern powertul technique in-
volves the state-space approach. in which
vector and matrix relationships appear in
the analysis and design procedures.
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CODAS

The CODAS program from Golten and
Verwer Partners carries out many of the
techniques outlined above. It does time-
domain step or impulse response and
plots the frequency and phase response it
required. It also outputs the Nyquist plot
in response to a single-function key
stroke and it carries out a root locus plot.
It does not have vector matrix computing
power for the state-space approach

The program is designed lor single-
input, single-output control systems and
runs under MSDOS on PC-compatible
machines. Because of this. multi-loops
and inputs cannot be handled on
CODAS. but the associated program
PCS goes some way to obviate this limita
tion.

The svstem equation is entered directly
after “Gy(s)="1m a horizontal window.
The "N key enters the numerator. the
“D7 key the denominator; no fraction
bar appears, but there is no ambiguity.
Control engineers analyse the plant per-
formance with regard to frequency re-
sponse, time delay, phase and so forth,
then add a compensator or controtler in
the loop to add phase lags/leads to widen
stability margins or otherwise doctor the
overall system response. These notional-
ly separate functions are clearly handled
in CODAS. the various plots giving im-
mediate visual indications of the eftects
of changesin the parameters.

The status window along the top of the
screen is clear. enabling the various plots
to be catled up instantly. The reviewer
entered,

G = F S+ +25+2)

as a hypothetical control system transfer
function and obtained the plot in the
illustration. This figure shows the quality
of the graphics: clearly. EGA standards
have been used. The clear layout and
screen window structure as described can
he seen

Golten & Verwer have concentrated
on control systems engineers with this
product. but clearly for electronic en-
gincers. the same processing can be im
ported for negative-feedback amplifier
design and. with some thought. to such
systems as phase-lock-loop designing. Ol
course. the ability to plot the impulse
response and immediately to move into
the frequency domain implies that
Fourier relationships are embedded
this program suite

On the other hand. some critical re-
marks could be made about the sketchy
nature of the documentation for this
materiat. The stim pamphlet has hardly

pPlot ¢

any illustrations. (How often we sce this
even with fairly costly products') The
vendors would no doubt counter this by
pointing out that the software was meant
for experienced control systems en-
gineers. But 1s this true? There surely
would be a very good market indeed
among those electronics engineers men
tioned above. and certainly with educa-
tors and their students.

at pottort

creen

) leftof's

Operating environment

PC XT/AT or compatible computer.
MS-DOS operating system.

Mouse or cursor keys can be used.
For CODAS-EGA display;
for PCS-GGA.

PCS

Coming from the same people. this prog-
ram “Process Control Simulation™ in
some ways complements CODAS. The
program could very well have formed an
option in CODAS. but there are argu-
ments for a “stand-alone ™ version such as
this. The function of PCS is mainly to
simulate typical three-term controllers.
the three terms originating as the direct
proportional component. plus the deriva-
tive term. plus the integral action. The
system can be modelled with autputs to a
similar screen to CODAS and load
changes. noise. other interference.
together with control-eftort inmiting etc.
can all be investigated. Again, the manu
al is even more slim than that for
CODAS. Nevertheless. some convineing
examples appear in the manual. showing
the step response of three-term control
lers when only one term (proportional
controt) is present. The offset and oscilla
tory tradeoffs are clearly shown. Then
introducing the integral term shows how
the offset is completely removed.

One consideration potential customers
need to look at would be how quickly the
cost of CODAS at £350 and PCS at £100
would be recovered in time saving. One
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cost saving can be made if both programs
are purchased together: bundled. they
cost £400. The deeper consideration in
volves value for money. by considering
non-dedicated soltware in near-
competition to this product. The review-
er has in mind general processing prog-
rams such as MATHCAD . which contam
(for the same cost level) enormousl

more calcutating power but much less
immediate convenience. Users would
have to write processing programs first,
then use the plot power of say. the
MATHCAD to yield similar results. A
time penalty would te involved. As dedi-
cated software for cad in control and
negative-feedback systems, CODAS and
PCS are excellent. if you can justity the
investment K.L.S.

CODAS and PCS

Golten and Verwer Partners,
33 Moseley Road,

Cheadle Hulme,

Cheshire SK8 SHJ
061 4855435
CODAS £350 PCS £100
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SWITCHING

Using photovoltaic
relays in multiplexers

Microelectronic power relays such as International
Rectifier’'s PVA series are replacing electromechanical relays
in many advanced multiplexer and instrument designs.

Dave Moore of IR shows how they can provide designers
with the benefits inherentin solid state performance.

odern instrumentation
system designs are
almost entirely  solid-
state. One notable ex-
ception to this has been
in analogue multiplexer inputs, which
demand o level of performance that,
until now. could only be met by the
clectro-mechanical relay (EMR).

The antroduction of International
Rectifier’s photovoltaic relay (PVR)
has brought a number of important
benefits to multiplexing applications.
These include greatly inereased operat-
ing life. higher reliability and the ability
to operate at higher scanning rates. In
addition, measurement errors caused
by thermally generated offset errors are
climinated. Operating power s re-
duced. greater mechanical ruggedness
is achicved. and instrument board sizes
are mimmized. PVRs can be used as
replacements for reed relays, stepper
switches, crossbar switches and mono-
lithic c-mos integrated circuits.

These advantages are made possible
by recent advances in mosfet technolo-
gy which cnable the ncarly-ideal open
closed contact parameters of EMRs 1o
be essentially duplicated by semicon-
ductor structures.

This is achieved by combining the
lincar switching characteristics of a
bidirectional power mosfet (Fig. 1) with
the clectrical isolation provided by a
photovoltaic generator (PVG) ener-
gized by aled (Fig. 2

The PVG consists of a compact series
connection of photodiodes in which p-n
junctions are diffused into individual
silicon wafers, stacked and alloved
together (Fig. 3). This configuration can
generate several volts into an open
circuit but can deliver only microam-
peres of output current (Fig. 4). The

4+100mA
Bidirectional mosfet
P ,So
Triac
3
+05v

Fig. 1. Output characteristics of a ty pical
bidirectionai pow-r mosfet.

LED PVO Bidirectional

}‘L .

—

Fig.2. Photovoltaic relay consists of led
plus photovoltaic generator plus
bidirectional mostet.

PVG s well suited to the drive charac-
teristics of @ modern mosfet, which
requires several volts of signal for full
conduction but draws virtually zero
steady-state current. A charging current
of only a few microamps can turn on a
typical mosfet in a few microseconds
much faster than the response time of
an clectromechanical relay.

The release time of a PVR can be
greatly reduced by the use of additional,
active arcuit elements (Fig. 5). In this
circuit, the source-to-gate charge on T,

Radiation

Fig.3. Photovoltaic generator is a stack
of series-connected photodiodes, edge- |

illumirated. I
0y— - 60 |
s r(x;en circuit
voltage I
e [+
3¢ 30
Short circuit | |
4 current A
4000 Vac
0 - » - -
0 [A 8 12

LED CURRENT (mA)

Fig.4. Output characteristics of a 12-cell
Pyve.

PVG

Fig.5. Gate discharge circuit greatly
reduces the release time of the PVR.
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is short-circuited by Tr, whenever the
gate voltage of Tryis signifrcantly more
positive than the voltage across the
PVG.

This configuration, requiring only a
single PVG L achieves bounce-tree drop-
out release times in the 1) to SOps
range.

By capitalizing on fcatures that are
unique to the PVR, the mnovative de-
signer can now create higher perform.
ance systems of smaller size. For exam-
ple. switching a SOV, 20mA (I1W) load
load. the PVR achieves an operating
life in excess of 10" operations. The
hest reed delays achieve onty 107 opera-
tions at much lower power swnlchm;:,
levels. even after sereening and burn-in,

Actuation power. tvpically SOmW for
arcedrelay isonlv 3mW for a PVR and
therefore produces negligible heating.
The simple output structure of @ PVR
minimizes thermal junctions resulting in
thermal offset voltages of less than
0.2 V. Solid state switching also engen-
ders bounce-free switching at speeds of
less than SOps. approximately twenty
times faster than EMRs. Speeds of this
order make higher scanning rates
eminently practical and break-before-
make operation is assured by a special
fast turn-off circut integrated into the
poweroutput stage.

Input drive. as well as requiring only
3mW of power. is non-inductive. chimi-
nating the need for a coil suppression
diode in the drive aircuit. Greater pack
ing densitv, oo, can be achieved
through both the small size of the PVR
fess than 0.002 cubic inches per pole
and its total insensitivity to orientation,
external magnetic fields and magnetic
crosstatk . as well as very high shock and
vibration resistance. Other features in-
clude up to 4000V AC isolation. high
voltage blocking capabihity, very low
on-state resistance and total freedom
from latch-up. The switches remain
open when the logic power is removed
and signal sources remain isolated with-
out disconnection or short circuit pro
tection precautions being necessary.

MULTIPLEXING

Analogue multiplexing requires an
array of switches operating individuall
or in groups to connect each of several
signal sources to a common amplifier or
system. Multiplexing may be in either
random order or sequential order
(sometimes reterred to as “scanning’).
Figure 6 illustrates a low-level differen-
tial multiplexer using three switches per
channel o connect the signal and shield
or guard 1o a measurement svstem com-
prising a high gain amplificr. sample-

and-hold.and an a-to-d converter.
Manvimportant performance charac-
teristics can be demonstrated using the
simple test circuit of Fig. 7. This ¢m-
ploys the PVA3354 as the switching
element in a sigle-ended. cight-
channel multiplexer configuration. DC

leakage through mdividual switches can
be observed by removing the logic drive
power and connecting a 200V supply to
the multiplexer (mux) common. A
TONQ input impedance voltmeter con-
nected between anv input and anatogue
ground will show the leakage current as

GroupI typically x 8
= =Rase=e T I _Input relays
| Lo\ ”l/‘ 2 d
I | sensor [ 1
|Shield/ d :
ield/guar Lol . pemem———————— 1
- Group T
: : ) select | Pre amp :
| VAN /|c )¢ / f\ ol = Sampl |
| | Sensor8 | [ ! and A-10-1
| : | |- hold converter :
|
[ ' I )& '
[ oy :
b e e e e e — _ | l :
e o A |
1 ‘ i ; Control :
Sensor 1 | 1
| v o
| T L )
| /l’ Greup IT
| ' i | select
| </| LY T, VAN
'] sensors ( ] | ( )
| | \1/
| g
{ I ] Input relays
Group IL typically =x 8
Fig.o. Typical multiplexer system.
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Fig.7. Eight-channel multiplexer test cireuit using photovoltaic relays.
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SWITCHING

the voltage drop across the TOMS input
impedance. Conversely. connecting all
inputs to a 200V source and measuring
the mux common output vields the
feakage through all cight switches.
Typically. this measurement shows ab-
out 20nA. cqual to an average off-
resistance per channetof 10'1¢).

With logic power applied. the binary
counter and decoder sean all eight chan-
nels sequentially. Because of the make-
before-break operation of the PVA. no
delay is required between successive
addresses. A zero-volt, 1k source is
connected to the channet under test. By
connecting the remaining channel in-
puts to a 30V pk-pk squire wave gener-
ator, the effects of crosstalk and setding
after extreme preconditions on the pre-
vious channel can be simulated. By
adjusting the control current limiting
resistor, the effect of varving control
current on switching speed can also be
determined. The use of o square wave
shows the effects of crosstalk as a dis-
turbance of the settled OV signal.

On twrn-on, a short delav oceurs
before the previous chanael is discon-
nected from the mux common. The mux
drifts slowly toward OV until the chan-
nel under test begins o rn on and
rapid settling oceurs. At turn-off. the
short detay is experienced but the mux
common does not appear to move until
the next channel begins to turn on. The
full ransition occurs in less than S0us.
The traces are taken with the diode
clamp circuit connected o prevent
overtoading of the oscilloscope input.

Switching speed is dependent upon
control current (Fig. 8) and speeds an
order of magnitude faster than a high
quality reed switch can be readily
achieved with a 7408 series driver. The

Ry Ry 5

%ig

Input filter

VoM

Channel?
—/\/\/\_I_/W\_/ T——
A

Flying
mpu:lio_l;h

v
52
""“w)—-—-q
w[ i
Channely (7 &}
Rz I Ry, 53 | 5S4
- Ul>ivw
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€
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D 2 S0 100 200 500 1k

DELAY TIME (ps)

Fig.8. Typical switching delay for the
mualtiplexer of Fig. 2.
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Fig.9. Simplified arrangement of T-
switch multiplexer.
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Fig. 10. Equivalent of T-switch circuit.

Pre amp

. o D

Fig.11. Flying capacitor multiplexer: this offers excellent common mode rejection
and isolation of the common mode source from the measurement system.

turn-oft delay remains fairly constant
until the drive pulse becomes too nar-
row tn allow complete charging of the
fast turn-off circuit. extending the delay
before turn-off oceurs. Charging speed
may be increased with greater control
current or by means of an RC circuit to
speed charging while limiting the steady
currenttoa nominal value.

The closed-circuit resistunce of a
PVR is greater than that of a metallic
contaet. The PVA33SY for example - a
bidirectional 300V relay - has @ty pical
on-resistance of 200 The PVAT3S
LOON relav. offers a0 30 resistance.
Comparable unidirectional retavs such
18 the 300V PVD3I3S and the 100V
PVDI1354 have on resistances of 30 and
L respectively. However, although the
on-resistance s significant it is constant
ind stable and does not degrade
throughout the switching life of the
refay. This allows compensation to be
made in the design or calibration of the
system.

MULTI-LEVEL MULTIPLEXING
The maximum voltage appeiring across
an open switch must be limited to less
than the maximum blocking voltage in
order to present breakdown occuring.
A muiti-level multiplexing scheme such
as that shown in Fig. 6 can be used 1o
double the number of switches in a
circuit. thereby doubling the break-
downvoltage.

To achieve o fow on-resistance. i
solid-state switch requires o large arca
chip. This results ininereased capaci-
tance which must be taken into consid-
cration in evaluating crosstalk for ligh
frequency signals. The non-lincar open
circuit capacitance of a PVA series
device varies from S0pE to 10phE with
apphied voltage. Larger signals or sig-
nals wth alarge DC bias therefore tend
to redace capacitance and result in less
crosstalk.

Cascading through two switching
levelsalso reduces cross-tulk, For exam-
ple. the worst case capacitive coupling
for a od-channel mux is reduced by a
ratio of 1463 or =13dB over o single
level naultipleser.

THET-SWITCH

Where pulses or high frequencies are to
be multiplexed. improved crosstalk re-
jection can be obtained by use of the
F-switch configuration shown in Fig. 9.
By attenuating the capacitively -coupled
noise signal using shorting switch S+, a
much sodler crror signal s pissed
through to the muxoutput. The equiva-
lentcircuitshown in Fig. 10 may be used
to calculate the worst case crosstalk for
the PVA3SS deviee,
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FLYING CAPACITOR
MULTIPLEXER

A flying capacitor multiplexer (Fig. 11)
uses two pairs of switches per channel to
isolate both signals and return from the
measurement system. Mainly used with
low-level, low-frequency inputs such as
thermocouples with accompanying high
common mode voltages. this technique
offers excellent common mode rejec-
tion and isolation of the common mode
source from the measurement system.
A low-pass filter. R;. R, C, 1s often
used on the input. The flying capacitor
C,isinitially charged through S; and Ss.
Resistors Ry and Ry are necessary to
avoid pitting of the metallic contacts by
limiting transient currents on switch
closure. The use of semiconductor
switches eliminates the need for Ry and
R, and consequently also chminates
their scaling crror. The PVR can easily
handle switching transients and there-
fore has a greatly extended lite com-
pared with that of a high quality reed
switch.

(a)

—(/G—J\Ram‘

(b)

RF

Fig. 12. Applications of photovoitaic relays: (a) integrator time constant and reset
selector; (b) input selector: (¢) high voltage selector.

VARIATIONS

Figure 12 illustrates three typical ap-
plications of PVA series relays. At (a).
switch S; provides a reset by shortening
the feedback capacitor — an operation
which can prove fatal to reed relay
contacts. Switches S5 and S, vary the
integration time constant

Figure 12b illustrates an input selec-

tor for use with an operational ampli-
fier. Figure 12¢ illustrates how high-
voltage signals can be attenuated using
PVRs to achieve accurate selection for
multiple inputs. The 300V blocking
capubility of the PVA3354, tor exam
ple. allows a relatively high ratio of R,
and R, thereby minumzing loading and
interference between channels. ]
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Exploiting millimetre waves

The DTI is seeking to encourage civil
use of the enormous, still largely un-
used, radio spectrum above 30GHz.
But DTI still has not finalized the
national frequency plan or the degree of
regulation or deregulation to which
such installations will be subject.

At present, apart from Defence sys-
tems not subject to DTI licensing, the
only approved allocations appear to be
the 49.2-50.2GHz band taken up by
Mercury Communications and the 47-
47.2.75.5-76. 142-144 and 248-250GHz
atlocations in the current UK amateur
licence.

In September 1988 the Radiocommu-
nications Division of the DTI published
a 40-page consultative document “The
use of the radio frequency spectrum
above 30GHz™ and an associated article
“Making the most of millimetres™ (Brit-
ish Business Supplement 23 September,
1988). These drew attention to a con-
siderable number of potential applica-
tions and invited potential users and
manufacturers to suggest other uses and
to report on the latest technical de-
velopments.

Altogether 41 responses were made:
12 from potential users: nine from
manufacturers: nine from rescarch
organizations: 10 from standards/
regulatory bodies: 10 from central/local
government: and three in other categor-
ies (some respondents fell into more
than one category). The DTI considers
that about 30 of these offered substan-
tial comment.

A one-day IEE colloguium ~Radio
communication in the range 30-
O60GHz™ gave an opportunity to review
the current regulatory and technical
situation at a time when the DTI is
preparing to issue licences for two
bands. one near J0GHz (provicionally
37-39.5GHz) and the other close to the
60GHz oxygen absorption band (pro-
visionally 54.25-58.2GHz) which is
attracting interest for short-range (1-
2km) broadband radio networks. The
excess attenuation of around 10-16dB;
km means that the same channel could
be re-used within about Skm or less
where signals are screened by buildings
or trees or the antenna dishes mounted
on the sides of buildings in an urban
environment. Oxvgen absorption, un-
like water vapour, is the same in all
countries (Fig.1).

Range in the oxvgen absorption band
is reduced by a factor of ten compared
to that about 40GHz and this band is
also of particular interest to the Defence

4“0

SPECIFIC ATTENUATION (dB/km)

0 20 S0 100 200 350
FREQUENCY (GHz)

Fig.1. Attenuation of millimetre-waves
by atmospheric gases and rain. Oxygen
(O;) has a particularly sharp peak at
about 60GHz, cutting signai intensity by
95% for each kilometre. The effect of the
various attenuations is cumulative,

services because of its resistance to
interception or jamming. The collo-
quium chairman, Dr R.C.V. Macario,
however. was highly critical of what he
felt to be an unduly pessimistic DTI
assessment of frequency-reuse dis-
tances for other segments of the 30~
60GHz spectrum. L. Powis (Plessey
Resecarch) described potential applica-

Fig.2. 40G Hz source developed at Leeds
Polytechnic based on a 10G;Hz fet DRO
and a times-four varactor diode multi-
plier.

tions of millimetre-wave communica-
tions to military systems in general
rather than specific terms since most
current projects are classified.

In general. civilian applications tend
to be stvmied by the current cost of
millimetric devices. for which costs are
unlikely to come down until in quantity
production — and this will not come
about until the regulatory situation is
determined. and specific frequencies
released: even then there may be some-
thing of a “chicken and egg” situation.

Apart from broadband local area net-
works and private building-to-building
links in situations unsuitable for optical
fibre cables. the most promising mass
use of mm-waves appears to be by BT
forits M'VDS video distribution system
(sec E&WW December 1988, p.1249
and December 1987, p.1274) for which
the Saxmundham demonstrator unit
operates on 29GHz but which seems
likely to use 38-42GHzin service.

This system was initially developed to
provide local links for the SIS race-
course video coverage relayed via satel-
lite to betting shops, some of which are
unable to receive the satellite signals
directly because of screening. BT be-
lieves that MV DS could be introduced
by 1991: ~It will be economic. It will
happen™.

BTRL is making good progress with
monolithic millimetric integrated cir-
cuits on GaAs wafers. At present the
down-converter uses a chip set includ-
ing a single-balanced mixer, two mono-
lithic IF amplifier chips and a hybrid
27GHz local oscillator using a chip fet

Frequency | Multiplier _ Band pass
T modulator [ x b > fitter [ >
é (a)

C1

I

OR - Dielectric resonator

VB
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and a dielectric resonator mounted on
an alumina ceramic substrate. This re-
mains within £3MHz over a tempera-
ture range =20/+40°C. Currently a
GaAs monolithic oscillator is being de-
veloped and will be incorporated with
the mixer and IF amplifier chips to
produce a fully monolithic down-
converter. Provided a reasonable yield
can be achieved, BTRL believes that
viewer terminal costs should be compa-
rable to those for 12GHzsatellite televi-
sion reception.

LEP of France has recently reported
(Electronics Letters, 30 March, 1989,
pp442-3) monolithic LNAs for 12-
16GHz with less than 2.5dB noise fi-
gure, 9dB gain, using high-electron-
mobility transistors (HEMTs) fabri-
cated on MOVPE structures.

At the colloguium, R. Davies (Ples-
sey Research) reviewed new mm-wave
devices with particular reference to
HEMT devices. By allying modern
material growth techniques with adv-
ances in device physics. low noisce per-
formance has been demonstrated up to
94GHz. While GaAs fets with 0.25um
gate lengths can operate at up to about
40GHz, the latest gencration of
HEMTs offers the promise of high
performance up to 100GHz with low
cost in volume production. The use of
indium phosphide (InP) tor HEMTs has
great potential although thisis a difficult
material to work with.

Millimetre-wave  oscillators  usually
take the form of backward-wave or
klystron valves or Gunn or impatt semi-
conductor diodes but Dr L. A. Trinogga

(Leeds Polytechnic) argued that the
present solid-state sources suffer from
excessive heat dissipation, poor fre-
quency stability and modulation ditfi-
cultics. He presented the design of a
40GHz source (Fig.2) comprising a
10GHz diclectric resonator based on a
GaAs fet with a tuning range of
22.5MHz (without variation in output
power) and having a stability of
2.76ppm/°C integrated with a modula-
tor and followed by a four-times fre-
quency multiplier using a high-Q GaAs
varactor diode (type D3002-48. which
has a breakdown voltage of =10V and a
cut-oft frequency of 550GHz at —-6V)
with microstrip low-pass and band-pass
filters.

RI° Connections is written by Pat
Hawker.

Test circuit for overtone crystals

Progress in quartz crystal fabrication
has resulted in crystals of ever higher
fundamental frequencies. suitable for
overtone operation and sometimes
fundamental operation throughout
the VHF spectrum. It is however still
usetul to be able to check quickly the
suitability of older crystals for use at
high overtones. Clint Bowman, a re-
tired American engincer, has de-
scribed in RF Design (January 1989,
page 58) a novel test oscillator suit-
able for use over a range of about 65
to 200MHz. initially intended to test
fifth overtone crystals cut for 65 to
72MHz at higher-order overtones. up
to and including the 15th at about
200MHz.

His circuit (Fig.3, below) is a varia-
tion of the classic “tuned-plate.
tuned-grid™ valve oscillator, where
the grid circuit provides a selective
filter to sustain oscillation. or not.
dependent upon the filtering band-
width and frequency relationship with
the plate (anode) circuit. In this
arrangement. feedback is provided to
the unbypassed emitter circuit. When

Fig.3. Crystal test circuit.

oy
v

the tank circuit is tuned to the fun-
damental or overtone frequency.
oscillation is sustained. Since the
0.01wF disc ceramic tank bypass capa-
citor becomes progressively less effec-
tive as the frequency increases. thus
increasing the degree of feedback.
while the 20pF capacitor is placed
close to the “cold™ end of the tank
circuit to provide additional feed-
back. it is claimed that the circuit
provides reliable and repeatable
oscillation to at least 200MHz when

used with a suitable crystal. The up-
per trequency is limited by the shunt
capacitance and/or activity of the indi-
vidual crystals. Excessive shunt
capacitance results in a broad arca of
uncontrolled oscillation. with some
crystals showing this effect as low as
150MHz. Correct operation results in
stable. crystal-controlled oscillation
as the tank circuit is tuned through
cach of the usable overtone frequen-
cies with no output at intermediate
frequencies.

Elevated vertical antennas

Radio Broadcast (E&WW, August
1988, page 832) drew attention to an
American computer study that confirms
in principle the experimental work car-
ried out in the carly 1980s by a small
group of retired engineers who were
also radio amateurs: Archibald Doty
John Frey and Harry Mills. They in-
vestigated monopole antennas using
elevated wire “counterpoise”™ radials
rather than the conventional 120 or
more buried radials favoured for
medium-wave broadcasting since  the
classic work in the 1930s of the late Dr
George Brown. The results showed the
feasibility of using a few clevated wire
radials and so of reducing the cost and
complexity of MF and HF broadcast
and communication antenna systems.

In effect. instead of buried radials.
the antenna becomes the familiar
“ground-plane™ elevated vertical with
three or four wire or rod radials widely
used by radio amateurs on HE and for
the base antennas of VHF land and sca

mobile services (Fig.4).

Practical development of this form of
clevated vertical antenna is generally
credited to Dr George Brown of RCA
although an earlier description can be
found in a series of patents: “Aecrials:
directive wireless signalling™ awarded
to Dr Maurice Ponté of CSF. France:
French patent No 764,473 (1933). US
patent No 2,026,652 (1933) and UK
patent No414.296 (1934).

About 1981, Dr Brown. on one of his
many visits to London, told me the story
of how he came to develop the ground-
plane antenna and how it was subse-
quently moditied to make it more readi-
ly marketable. It is a story that could
help to simplify the construction of
elevated monopoles further.

He told me that the antenna was
devised in the 1930s to meet an carly
requirement for communicating with
American police cars. then using fre-
quencies of the order of 30 to 45MHz.
Its success was immediately apparent
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when. at the very first demonstration.
the transmissions reached well beyvond
their expected service range. This ori-
ginal design used only rwo horizontal
radials, but the RCA sales engineers
soon reported that they could not per-
suade potential users that a two-radial
antenna. with the radials resembling a
half-wave dipole. would provide omni-
directional radiation. On the classic
principle that the customer is always
right. Dr Brown and his colleagues
promptly added two more radials at
right angles to the others in a configura-
tion that soon became firmly estab-
lished. although there was little reason
to suppose that either radiation etficien-
cy or the hornizontal radiation pattern
was improved by the extra radials.

Since then it has become increasingly
difficult to persuade people that con-
figurations other than the four-rod or
tour-wire radials will form an effective
ground-plane antenna. It also seems to
be a common fallacy that the elevated
ground-plane has the same 35() feed-
point impedance and vertical radiation
pattern as the earthed-monopole with
its “infinite” ground-plane. In fact. the
elevated ground-plane with horizontal
radials has a base impedance of roughly
1942 although this can be increased by
sloping the radials downwards

During recent years there have been
further investigations. some computer-
based. that point to yet further simpli-
fication of elevated vertical antennas.
For example. Les Moxon. G6XN. in
"HF antennas for all locations™ (RSGB.
1982) advocates the use of a single short
loaded radial. Then there is the “zero-
extent ground-plane”™ with no radials

RF CONNEGTIONS

Fig.4. Elevated monopole (“ground plane’’) antennas: (a) original configuration as |
developed by Dr George Brown; (b) conventional four-rod antenna; (c) antenna with
short loaded ‘“‘counterpoise” as developed by Les Moxon; (d) zero-extent ground-

plane antenna.
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Fig.5. Vertical radiation patterns showing effect of the extent of the ground plane, as
analysed by Melvin Weiner. Diagrams show elevation directive gain pattern of a thin
quarter-wave element mounted on a ground plane of radius a: (a) 2ma=« (i.e. wire
radials in free space); (b) 2ma/A=3; (¢) 2mwa/A=4; (d) 2mwa/\ =3; (e)2ma/\ = \V/42; ()

but with a lossy ferrite (or coaxial)
choke on the co-axial teeder to stop RF
current flowing down the outer braid.

This form of antenna has been analysed
in the book “Monopole elements on
circular ground planes™ by Melvin
Weiner (Mitre Corporation) e/ al.
(Artech House. 1987). Fig.5. The effect
of the size of the ground-plane was also
considered in some detail in a paper
“The radiation patterns of ground rod
antennas” by W.V. Tilston and A H.
Secord (Sinclair Radio Laboratories
Ltd. Canada) in Elecironics and Com
munications. August 1967, pages 27 10
30. This showed that the two common
but conflicting assumptions about the
vertical radiation pattern (VRP) of a
ground rod antenna are both wrong.
The radiation is neither always tilted up
nor always directed towards the hori-
zon. In tact the VRP of ground rod
antennas varies markedly with changes
in monopole and radial length and the

degree to which current is kept off the

infinite ground plane (i.e. monopole over a perfect earth such as sea water).

teeder line.

Les Moxon has been concerned pri-
marily with the radiation efficiency
rather than the VRP. He has found
himself facing much the same situation
as that which faced Dr Brown. It is
proving difficult to convince others of
the efficiency of short radials and of the
value of just one radial, providing that it
is short enough. His views seem 1o be
regarded as heresy of the worst kind.
The result is that much effort (amateur
and professional) continues to be mis-
directed at “improving™ multiple buried
earth systems or using three or four-
wire elevated radials. Such an approach
intlicts maximum inconvenience and
cost and inhibits the construction of

July 1989 ELECTRONICS & WIRELESS WORLD

directional arrays. Multiple quarter-
wave elevated radials also have a major
disadvantage since the rapid change of
impedance close to resonance can cause
severe problems of equalization.

Les Moxon insists that over a wide
range there 1s no significant difference
between short and long HF radials in
respect of any important aspect of per-
formance. In regard to the VRP for
long-distance. low-angle radiation, it
seems likely that a short or zero-extent
ground plane would be better

Much of the confusion arises from
considering the elevated ground-plane
antenna as a monopole when in fact it is
a bent dipole configuration with re-
duced radiation from one side.
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he world’s first successful
digital computer was des-
troved by an Allied bomb
during a raid on Berlin in
World War 1. Now known as
the Z.3. it was designed by Konrad Zuse

friends. Another Zuse computer aided
the design of aircraft wings at the Hens-
chel factory in Berlin and was the only
German computer to sce war service.
An improved model was probably cap-
tured by the Russians when they over-
ran Berlin in 1945, though Zuse doubts
that they knew what to do withiit.

Surprisingly. Konrad Zusc is still re-
latively unknown. despite being recog-
nized as the designer and builder of the
first working computer. For a long time
it was thought that the Americans had
designed the first computers: but then
came news of the British code-breaking
machines. and then Zuse’s work. In fact
Zuse began his first design before the
war started. He did much of the work in
his spare time and even during the war
there was relatively little official help.
After the war he set up his own com-
pany and at one time he was the major
continental manufacturer. His firm em-
ployed about a thousand people in its
heyday.

Zuse is now approaching eighty, and
one might expect him to look back
reflectively over his life: but not so. He
is o successful artist and painting vies
with computers as his first love. Whilst
he appreciates the honours heaped on
him. he is still an active engineer and
rather wishes people would give him
problems to solve instead of passing him
around “like a museum picce™'.

He was born in Berlin on June 10,
1910, but his parents soon moved: first
to Braunsberg in East Prussia and then
to Hoyerswerda in Saxony. where his
father was the local postmaster. It was
here. about 35 miles north cast of Dres-
den, that his school awakened his in-
terest in engineering at a time when his
talent as an artist was also developing.

and built at home with the help of

31.Konrad Zuse:

W.A. ATHERTON

Professor Dr. mult. Konrad Zuse

This combination and rivalry between
art and engineering caused him to drop
out of university and is still a part of his
life.

Atthe Technmical University in Berlin-
Charlottenburg he found the work stul-
tifving. especially the technical draw-
ing. So he quit the university . horrifying
his parents in the process, and decided
to become a commercial artist. He also
turned to inventing, and devised a
machine to develop and print colour
photographs automatically.

But times were hard. economices bad.
and mitlions were out of work. So he did
the “sensible™ thing and went back to
university, re-emerging in 1935 with a
degree incivil engineering.

The mother of invention
The Henschel aircraft works in Berlin
offered Zuse a job as a stress analyst,
the beginning of an on-off relationship
between the two. The work proved
boring: it involved repetitious calcula-
tions for which, thought Zuse. there
must be a better way — a machine,
perhaps. 1t was not the first time he had
entertained such thoughts because his
degree course had exposed him to

PIONEERS

inventor of the first successful computer.

equally tedious work with aslide rule.

It was not only the calculations that
bothered him but also the “tratfic con-
trol™: noting intermediate  solutions.
transferring them to other parts of the
problem. and so on. His first thoughts
(around 1933-34) had been to devise
pre-printed forms to control and record
the flow of work tn a standardized way
for some common problems. This was
tollowed by ideas for punched cards and
mechanical calculation. In fact. whilst
still a university student. Zuse had
already arrived at fundamental ideas for
information control. the reduction of
problems to a sequence of simple opera-
tions, and the concept that a machine
could be built to carry out that sequ-
ence. By 1934 he was using the terms
“memory unit”, “selector™ and “control
device™. When work at the Henschel
factory reinforced his thoughts he set
about building a machine in his spare
time using the living room of his pa-
rents”home in Berlin as his workshop”.

Necessity was not the mother of in-
vention, says Zuse. it was laziness and
boredom: the desire to rid himself of
those tedious calculations™.

Launching the V1

One of his first decisions proved crucial
to success: to use binary arithmetic
instead of decimal. One of the friends
whose help was enlisted. Walther Butt-
mann, was asked to rescarch the pub-
lished work of Gottfried Licbniz in the
Berlin University librarv. It was Licbniz
who had first studied binary arithmetic
in the 1 7th century.

So in 1936 Zuse started making the
component parts of his first all-
mechanical machine: using metal pins
and slotted metal plates. the ends of the
slots representing ones and zeroes. The
memory was to hold 64 binary numbers
of 16 bits cach and he successfully
completed it with help from friends who
laboured to make the thousands of parts
by hand. Howcever. the more complex
arithmetic unit required greater manu-
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facturing precision than they could
achieve. Programs were coded by pun-
ching series of up to eight holes into
discarded 35mm movie film, which was
far cheaper than the commercially-
available paper tape.

This machine was named the
Versuchsmodell-1 (experimental model
1) or V1 for short. It was tollowed by a
V2, both of which were later renamed
the Z1 and Z2 to avoid confusion with
the V1 flying bomb and the V2 rocket

The Z2 re-used the successful mem:
ory unitof the Z1 but with an arithmetic
unit made from second-hand telephone
relays. Here another friend. Helmut
Schrever. came into his own. Like
others, Schreyer had done his share of
cutting out metal plates for the Z1. Now
he suggested using electromechanical
relays instead of the mechanical pins
andslots

“A t first [ thought it
was one of his student
pranks...”

New relays were expensive, and since
funding was coming out of their own
pockets and those of friends and friends’
parents. cvery penny counted. A fully
mechanical computer had proved im-
practicable and a full-sized relay
machine would need thousands of re-
lays: so i test model was built using just
200 second-hand relays.

By this time. Zuse had developed the
design of his tuture computer to the
stage where he had achieved the yes-no
(binary) logical structure for the
machine and recognized that 1t was
independent of the physical methods
used tobuild it

An electroniccomputer
The possibilities for a relay computer
looked optimistic when Schreyer sud-
denly suggested using electronic valves
instead. Though they were not then
commonly employed for switching be-
tween two states. valves could be used
in that way and would be far taster than
relays. “At first | thought it was one of
his student pranks — he was always tull
of fun and given to fooling around”
Zuse has recalled.

About 2000 valves would be needed
Asking for them, and getting them,
were two different things in a Germany
then at war. Private enterprise stood no
chance so they talked to the German
Army Command (OKH). Whilst the

initial reaction was favourable. the idea
foundered when they said it would take
about two years to build. “And just how
long do you think it’ll take us to win the
war?” they were asked.

So little help came. but by the end of
the war Schrever had built an ‘ex-
perimental computer with just 100 to
150 valves. and gained his doctorate on
the way for his work on valve switching
circuits. Like the other computers. this
100 was a casualty of the war. After the
war the development of electronic
equipment was banned in Germany and
so Schreyer emigated to Brazil. It was
there that he died in 1985.%*

Whilst Schreyer worked part-time on
the electronic machine Zuse completed
the electromagnetic relay computer, the
Z3. encouraged by the Experimental
Aircraft Institute. The Z2 had con-
vinced the Institute of the uscfulness of
Zuse’s ideas and so it financed the Z3.
though Zuse still had to work alone and
at home. And he had to escape a recall
to active duty for service on the Eastern
Front

The Z3 was the first general-purpose
digital computer in the world. It was
completed in 1943. It employed binary
numbers. tloating-point arithmetic and
a 22-bit wordlength, and it has been
estimated that it used around 2000 re-
lays (and eight umsclector switches) and
cost the equivalent of between $6000
and $7000. “The most important thing™,
says Zuse. “seemed to be 1o keep the
frequency absolutely even. so that one
cycle equalled one addition™. This he
achieved using a rotating disc or roller.

Konrad Zuse (right) and his friend Hel-
mut Schrever (left) at work in Zuse's
parents’ apartment in Berlin, ¢.1936.
(Photographs in this article are by cour-
tesy of Konrad Zuse).

each revolution defining one operation
As the disc’s speed could be varied, so
too could the operating spced of the
computer. Sparking at the relay con-
tacts was eliminated by making or
breaking them before any current
flowed. so increasing reliability. Post-
war Zuse machines are said 1o have
been “legendary” for their reliabifity .

Although the Z3 was completed
(with the help of friends) it served
mainly as an experimental machine and,
according to Ceruzzi. it never went into
routine use probably because of the
limited capacity of its memory.” There
are no doubts. however. that it was fully
functional, because there are several
witnesses 10 its operation. Though the
original Z3 was blitzed out of existence
a reconstruction was made vears later,
bascd on the surviving patents. and is
now in the Deutsches Museum in
Munich

The survivor

Somehow Zuse found time to build
other computers as well. The S1 was a
non-programmable machine using
hard-wired programs. It served in the
design of the Henschel tlying bomb
HS-293. a pilotless aircraft guided by
radio from a bomber. It replaced a
dozen calculators. Animproved design.
the 52, was too late for routine service
and is the one that Zuse thinks nught
have been captured by the Russian
army. But the big one was the Z4: a
full-sized general-purpose computer,
the only one to survive the war
Construction of the Z4 began in 1943,
cven before the Z3 was finished. For
this large machine Zuse returned to his
successful mechanical memory design.
Whilst this now seems a retrograde step
it was the only way he could achieve a
large memory (1024 32-bit words) in a
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reasonable volume. Using the Z3 relays
approach would have required 32 of the
73 memory cabinets.

Work on the computer began in Ber-
lin but Allied bombing posed an ever-
present threat. “My workshop was dam-
aged several times, and three times
during the war we had 10 move the Z4
around Berlin."* As allied bombing
increased in 1945, the authorities de-
cided to move Zuse and his new compu-
ter out of the capital to Gottingen, 160
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miles to the west. There construction
was completed and on April 28, 1945,
demonstration programs were run for
the authorities. “This was the moment
for which | had waited for 10 years
when my work finally brought the suc-
cess | desired.” The irony for Zuse was
that the machine was immediately dis-
mantled. because the American army
was by then just a few miles away

The odyssey continued as they were
ordered to underground works in the

The reconstructed Z3 computer at the Deutsches Museum, Munich. Left, memory

unit; right, control and arithmetic unit; front, keyboard/display with paper tape
reader to the right. In the original were two cabinets for the memory unit, each

measuring about 6 X 3x | feet.
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Harz mountains where the V1 and V2
weapons were being built. Zuse has
described the conditions there as terri-
ble. “We refused to leave the machine
there.” With great difficulty it was
moved to an alpine village just north of
the Austrian border where it was set up
in a barn. There it stayed until 1949
when it was rescued, rebuilt and estab-
lished in the Technical University in
Zirich in 1950. For a time it was the
only functional digital computer on the
continent.” It too is now in the Deuts-
ches Museum.

After the war
Zuse continued to develop his ideas for
computers and planned what was prob-
ably the first algorithmic computer lan-
guage. The game of chess served as a
test subject.

In 1949 he re-established his own firm
which became known as Zuse KG. With
contracts initially from Switzerland and
then Germany the firm prospered and
for many years was second only to IBM
in Germany. One of the first clients was
the camera manufacturer Leitz, and by
the mid-1950s Zuse KG almost had a
monopoly in the area of scientific com-
puters for the optical industry in central
Europe. The Z series continued with
relay computers and then fully electro-
nic machines. The last of the relay
machines was the Z11 which became a
byword for reliability. As competition
grew. and technology changed. so life
got tougher and outside funding was
required. This eventually led to the
company’s being absorbed by Siemens.

Zuse is still a consultant; but even
more he is a painter, whose work has
been described as “a synthesis of ex-
pressionism and surrealism, in brilliant
colours that border on the psychedelic™.
One engineering task that he did take
up in the 1980s. however, was to rebuild
the Z1 tfrom memory — as 4 museum
piece. M
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n principle, it is possible to imple-
ment all the signal processing op-
erations required in a tv receiver
digitally. However, technical
limitations still exist in the high
frequency and power range. At present
therefore. digital signal processing only
begins after the demodulation stage
with the video and audio baseband
signals and ends with the drive signals
for the video and audio output stages.
An outline of ITT's Digit 2000 receiv-
er is shown in the block diagram below.
Three digital processing blocks for
video signals. picture processing and
audiosignals are arranged between A/D
conversion of the input signal and D/A

conversion of the output signal. They
are grouped around the ITT (Interme-
tall) communication bus (IM Bus). over
which the entire video and audio data
traffic takes place. In parallel. synchro-
nization and deflection signal proces-
sing take place directly between the
A/D and D/A converters.

The processing block contains a large
number of expansion stages for every
conceivable type of television receiver,
from the low-cost standard unit to the
full-feature, multi-standard satellite re-

I'TT’s Digit 2000 digital television receiver
scheme.

Digital tv receivers for
the satellite age

ITT Semiconductors’ Digit 2000 system, launched in 1981, is
still the only receiver system to offer all-digital processing of
picture, sound and teletext. Hans G. Keller shows how the
system has been updated to handle digital video recording
and satellite transmission decoding.

ceiver incorporating a host of special
functions.

Signals that are to be processed digi-
tally arrive via the high-frequency sec-
tion of the receiver. According to
whether the input signals are analogue
or already digital, they are fed to the
signal processing sections in Digit 2000
via analogue-to-digital converters or
digital-to-digital converters.

Video processing

In addition to the established PAL,
SECAM and NTSC standards, the new
D2-MAC and Nicam standard signals
are now also processed in the video
signal processing section. With the new

communication bus

Audio
processing

Standard

ignal sources d E
219 . —=1 Deflection ook High quality TV
Audio Video processing flicker free
Cable Cable stili picture
Terrestrial Terrestriat B s - multi picture
Satellite Satellite 1 r';':e'susf'i picture zoom
Microphone Camera P 9
Tape Tape Standard
Disc Disc y SECAM C i =
Computer Computer | Analogue - X Digital/
i P digital Hign quality analogue Economical
Fonversion NTSC conversion standard TV
— Features
Intermetall

TVreceiver

v
—

Digital to

High quality

digital

adaptor

Features

il

pseudo stereo
extended stereo
high quality stereol
multi language ~ |
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standards, the digital audio signal s
contained in the baseband. It is sepa
rated and conditioned tor turther pro-
cessing in the audio signal section
Chrominance and luminance compo-
nents of the video signal. transnmitted in
time-division multiplex mode in any ol
[ the MAC standards (C-MAC. D-MAC
| and D2-MAC). are expanded and con
| verted to the standard format of the [T
communication bus. This is achieved by
the new DMA228(0/2285 mulu-standard
MAC decoder chip set devetoped by
ITT 1o titall current European
[ MAC standards. The
DMA2280 decodes
the signaland the
DMA2285 s the
descrambler [C. The set
is automatically switched 1o
the correct standard by its
software. Hence the Digit 2000
television set can receive satelhte
transmissions inany European
country
Digital processing also permits digi
tally generated text and graphics to be
represented on the television screen
The TPU2734. the latest text processing
IC in the Digit 2000 system. automati
cally selects the appropriate character
[set. from the eight ditferent national
setsitis able to recognize
The full Fastext teletext capability is
now possible with just the TPU2734 and
a single 16K or 64K standard dynamic
ram. The display control unit selects
one of eight stored pages tor displa
Eight-bit character words are trans-
formed into a 610 dot matrix with
PAL. or 6x8 with NTSC. by a rom
[ character generator of Y6 characters
Through the use of the picture mem-
ory described later on. the capacity ol
the teletext page memory can be in
creased to more than one hundred
[ pages
' ITT s next generation of teletext [Cs
implements the additional features of
Level 1.5 Teletext. including vertical
text scrolling. user-definable charac
ters. and hardware magazine and page
selection. To enhance the displa
higher resolution character matrix
(10X 12) and an optional [OOHz theker
tfree display mode are provided
The text processing section can also
be used to display information concern-
ing the receiver settings on the screen,
tosimplify the operation of the set
The video signal processing section
also includes picture-in-picture proces-
sing. The PIP2250 processor allows
smaller. moving colour picture to be
superimposced on the normal television
picture. This smaller picture can repro-
duce a programme being broadcast on

This prototvpe board, measuring

8> 10cm. accommaodates the complete
svstem tor all standards: it includes text
processing and other functions.

another channel so that the viewer can
sec what is being broadeast there with-
out having to switch over. The proces-
sor works by converting the Y. R-Y
and B—Y signals into a form which can
be stored in o standard d-ram and
presented at the appropnate time. The
additional RGB inputs of the video
control unit are used to create a bordet
around the smatl picture. the colour of
which can be selected

Fhe signal for the small picture may
also be derived from anexternal source.
for example from a computer. video
recorder, or from a camera monitoring
another room. Additional RGB inputs
tor such external signals are incorpo-
rated into the 1C

Audio progessing
With the new television standards (D2-
MAC. Nicam etc.). satellite radio. new
audio storage media (CD. DAT). and
of course computers. the sound is
already digital to start with. For this
reason. digital audio signal processing 1s
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essential nowadays even on otherwise
analoguce receivers

Audio signal processing in the Digit
2000 svstem s designed tor four chan:
nels as standard - two for the loud-
speaker and two for the headphones
Amplification. tone controt and balance
adjustment are carried out and controt-
ted digitally. Mono. stereo and bilinguad
broadcasts are identified automatically
through the software. Thanks to the
high resotution that is used in A/D and
D/A conversion. the stereo sound guali-
v is on a par with that of compact disc.
There is also provision for artificially
braadening the stereo image width to
achieve full spatial sound without the
need for additional loudspeakers. With
mono broadcasts. the viewer can switch
10 pseudo-stereo

In t1op-of-the-range television sets,
several audio processing sections ma
be used. for instance for processing
multizlanguage stereo broadcasts simul
tancously or even for emulating a
graphic equalizer

Picture display techniques

The Digit 2000 system contains a special
picture processing section which does
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not exist inanalogue reeeivers,

With all television standards that use
a composite video signal, such as PAL.
NTSC and SECAM., the bandwidth of
the chrominance signal is narrower than
that of the luminance signal. This re-
sultsin a visible degree of blurring at the
colour transitions. To minimize this. the
chrominance signal is adaptively mea-
sured. conditioned and matched to the
luminance signal by the video memory
controtler IC, VMC2260.

In N'TSC receivers, with their smaller
number of picture lines. Digit 2000
improves the picture quality dramatical-
ly by displaying each line twice in suc-
cession at halt the normal line spacing.
By doubling the number of lines in this
way. the otherwise conspicuous line
structure of the picture becomes virtual-
ly invisible.

With the conventional television
standards today. especially those with
S0Hz field frequency, large surfaces
represented on screen give rise to
troublesome flicker. This can only be
avoided by increasing the picture scan
frequency. For this purpose. the Digit
2000 system has provision for buffering
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BROADCAST MONITOR
RECEIVER 2

150kHz-30MHz

We have taken the synthesised all mode FRG8800 communications
receiver and made over 30 modifications to provide a receiver for
rebroadcast purposes or checking transmitter performance as well
as being suited to communications use and news gathering from
international short wave stations.

The modifications include four additional circuit boards providing:
*Rechargeable memory and clock back-up *Balanced Audio line
output “Reduced AM distortion * Buffered IF output for monitoring
transmitted modulation envelope on an oscilloscope *Mains safety

a field and then writing it on to the
screen at twice the frequency. twice in
suceession.

The video memory controller also
enables further picture improvements
to be realised through. for example,
distortion correction. noise suppres-
sion, and the prevention of edge flicker.
Furthermore it can be used to advan-
tage for implementing special features.
For example the number of teletext
pages that can be stored can be in-
creased enormously. A detail of the
centre of the picture can be enlarged by
a factor of two (zoom facility) and. in
conjunction with the picture-in-picture
processing section, up to nine freeze
frames from different programmes can
be displayed simultancously.

e Further information: contact ITT
Semiconductors. Rosemount House,
Rosemount Avenue. West Byfleet. Sur-
rey KTT4ONP (0932-336116).

Hans G. Keller is with IT'T Semiconduc-
tors at Freiburg in the Federal Republic
of Gernmany.

The receiver is available in free standing or rack mounting form and
all the original microprocessor features are retained. The new AM
system achieves exceptionally low distortion: THD, 200Hz-6kHz at
90 % modulation —44dB, 0.6% (originally —20dB, 10%).

Stereo Disc Amplifier 3 and 5 *Peak Deviation Meter
*Programme and Deviation Chart Recorders
“Frequency Shift Circuit Boards *10 Outlet Distribution
Amplifier *Peak Programme Meter llluminated Boxes, Circuit
Boards and Movements *PPM5 Dual in-line Hybrid *Stereo
Microphone Amplifier *“Advanced Active Aerial *Stereo Coders
and Boards *PPM8 IEC/DIN - 50/+6dB scale *Stereo Variable
Emphasis Limiter 3.

SURREY ELECTRONICSLTD

The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG. Tel: 0483 275997. Fax: 276477

*Stabilizer
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Advertisements
accepted up to
12 noon 19th May
for July issue.

ﬁDISPLAYED APPOINTMENTS VACANT: £27 per single col. centimetre (min. 3cm)
LINE ADVERTISEMENTS (run on): £6.00 per line, minimum £48 (prepayable)
(Please add on 15% V.A.T. for prepaid advertisements)

BOX NUMBERS: £1500 extra. (Replies should be addressed to the Box Number in the
advertisement, ¢ 0 Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).

PHONE: CHRISTOPHER TERO on 01-661 3033 (Diirect Line).

Cheques and Postal Orders payable to REED BUSINESS PUBLISHING and crossed.

TRAINEE
R AD IO
OFFICERS

king e- job which offers
a rewording coreer in the forefront of modern Tele-
communications t schnoloay 'hnn consicer
oning GLHW as rai io Officer
T;.) Iraining involves a 32 week residentiol
“y course, [plus 6 weeks extra it you cannot
touch type) after which you will be
appointed RADIO OFFICER and underake
variety of speciclist duties covering the whole
of the spectrum from DC to light
We offer you: Job Security - Good
Career prospects - Opportunities
for Overseas Service - Attractive
Salaries - and much more.
To be eligible you must hold or hope
to obtain on MRGC or HNCiin 9
Telecommunications subject with an
ability to reod Morse ot 20 wpm
City ond Guilds 7777 at advonced
level incorporating morse transcription would be advontageous|. Anyone
with a PMG, MPT or 2 years relevant radio operating experience is also eligible
The Civil Service is cn equal apportunity employe
Salaries: Staring poy for trainees is age pointed fo 21 years. For thos= oged 21
or over entry will be ot £7)62. Alter Training on RO wil start of £10,684 rising by 5
annual increments to £15,753 inclusive of shift and weekend working allowance
y Wiite or telephone for an applicafion
fom to:~

THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108
LZHIL] ] priors RoaD, CHELTENHAM, GLOS GLS2 5A)
OR TELEPHONE (0242) 232912/3

Technical Services

TELECOMMUNICATIONS ENGINEERS
£14,475 - £15,537 p.a. indl.

You will undertake the design of telecommunications projects and
the supervision of the technical operation (by computer keyboard
control) of the Council’s telephone network, and electronic
security systems.

To join a progressive group you should have a telecommunications
or electronics qualification, or have acquired equivalent expertise.
Additionally you will need at least three years’ experience
including supervision of staff.

Closing date: 14.6.89. Ref: 278AR

Application forms obtainable from the Director of Personnel,
Ealing Civic Centre, 14-16 Uxbridge Road, London W5 2HL.
Tel: 01-840 1995. Please quote reference.

WORKING FOR QUALITY AND EQUALITY

maxon

mokile - radio

Maxon Europe Ltd is an exciting growth company in the expanding
radio communications market. Represented by a network of
dealers and distributors throughout Europe, the Company has
consistently increased its market share of portable and mobile
radio equipment for the last five years.

To help to continue this planned expansion we require to expand
our existing European development team

RF Development Engineers with experience of circuit design for
mobile and handheld radio transceivers operating at frequencies
up to 1GHz, surface mount technology, frequency synthesis
techniques and CEPT specifications for land mobile radio.

Cellular Radio Test Engineer with experience of mobile and
handheld cellular radios

Customer Service Engineers with experience of fault finding and
repairing mobile radio transceivers. These positions will include a
significant amount of customer liaison and travel both in the UK
and Europe

Senior Mechanical Design Engineer with experience of plastic
and metal mouldings for volume production, design of sub-
assemblies, PCB integration and the control of drawings for
production

In return for your efforts the Company offers a competitive salary,
bonus system, non-contributory pension, health and life insurance
scheme and BUPA membership.

As we are an international Company there may be the need for
occasional travel to our facilities in the USA and Korea

Please write with CV and salary expectations (quoting reference
905) to:

Maxon Europe Ltd, Watford Business Park,
Greenhill Crescent, Watford, Herts. WD1 8XJ.

pRBRRERRARRREE]

ELECTRONIC
ENGINEERS

Technical
Recruitment

o

Quatity Assistant rants
Radar Company require experienced
quality assistant. Knowledge of MOD
standards an asset. Good prospects

Up to £10,000
Bench Engineer Wiltshire
Cellular Telephone Company needs
experienced RF person for component
level repair. ONC minimum
Qualification Upto £10,500
installation Service Engineers Berks
Expenenced people for Mobile
Communications Company. Good
prospects with local company

Neg Salary

Bucks

Make your next career
move a milestone not
a millstone.

Irrespective of your career

objectives — financial or

geographical — let Cadmus put
direction into your search.

If you are a Qualified Service,

Sales, Design, Production, Test

or Quality Engineer, send your

C.V. to the address below or

telephone Norwich 761220 for
an informal chat.

. .;‘1

CADMUS

PERSONNEL LIMITED

Production Test Engineer
Leading antennae company. RF
expernenced person with component
level test and repair knowledge. Good
prospects, £11,500
Field Service Engineer Surrey
Well known broadcast company! 3 years
relevant experience. Minimum C&G
qualitied. Good salary package

To £16,000+Car
Field Service Engineers Berks
Modems Multiplexors expenenced
people required to work fcr airline comms
compzny. VOU's. Printers and
Processors knowledge an advantage
Good Package To 13.006+Car

Roger Howard. C.Eng. M.I.E.E.. M.LER.E
CLIVEDEN TECHNICAL RECRUITMENT
92 The Broadway, Bracknell, Berks RGT2 1AR
Tel: 0344 489489 (24 hour)
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r 5 1 B R F |
ELECTRONICS | | Prachoalpeopleforthe
ENGINEER Third World.

Many people want to help the Third World.

But relatively few can offer the kind of help
wanted most: the handing on of skills and

professions which lead to self-reliance.

You could make this priceless contribution

UK Paper (Technical Services) Limited

a small subsidiary of a large papermaking group.
Situated near Gravesend, Kent, operating
internationally as consultants, investigating

problems caused by mechanical vibrations and by working with VSO.

hydraulic pulsations. Current requests include:

We require an Electronics Engineer for g:‘“’"o . ?\e’félge_ratm“/ Radio/

constructionftesting of prototypes, fault Enegcinr:::cs s ngineers

diagnosis and maintenance of existing . .

equipment. The work will include some design . fEle_Ct"tcal tE_“gllneel’s

and investigate work, requiFing a good Hospital forinstruction

understanding of analogue and digital circuitrv. Electronics __ instaliation
Engineers -

A knowledge of micro-computers, micro lEleCtl’o;“CS

processors and associated software (preferably Lecturersin nstructors

FORTH) would be a definite advantage. Power and Maintenance and

Suitable candidates wil probably have an Communication|| repair Technician |

HNCMHND Electronics or equivalent although
applicants without these qualifications but with
good, relevant experience should not be
deterred from applying.

For more details, please complete and return
to: Enquiries Unit, VSO, 317 Putney Bridge
Road, London, SW15 2PN. Tel. 01-780 1331.
Conditions ofwork: ® Paybasedonlocalrates ¢ Posts

are for a minimum of 2 years ® You should be
without dependants ¢ Many employers will grant

An attractive salary package will be
offered to the successful applicant and will

include 5 weeks annual holiday and the leave of absence.
oppoririiglarion an exesllent Rensioniand Life I'm interested. | have the following training/
Assurance Scheme " :
experience:
Applications should be made by sending a - e e e -
PP ons shou y ing R

C.V. or writing for an apphcation form to
Mr. L.B. Cotgrove,

UK Paper (Technical Services) Ltd.,
Bowes Business Estate, Meopham Green, -
Gravesend, Kent DA13 0Q8. =

Bl Ay
PAPER

Address e S B

@
O

- n Helping the Third World help itself.
32p S.A.E. appreciated. Charity no. 313757.
L I S I O N S
ANGEL RECORDING
GARIBALDI ) STUDIOS
MicROwAVE MY TEST N requires a

with exp of oompcn;rnl and su{:ozy';lem lmn.- sE"lun Mnl"n“n“u

ing of microstrio based assemblies
Interested? Call me r ow! E"El“iin
lATl INOMISGS o - o1k ) s )
ATE "o this Buxly feepeied Serrer Experience in the recording
E:E:"f:: SEE&'E‘%‘TM ot avionic: industry essential. The
You wll be g LNRA & PA wm: pOSItI(?I'! g:arrles
. #ystems 10 1GHz for cellular & mobile radio responsibility for the
aj ications + 5 .
. _ﬁ:(.:lh?:‘;\nb 6’:‘:‘“ e o maintenance department
panding sull fartne + If you have NG + 2 and the S_UCC(?_SSfm
A g L T S o
in the forward planning of
c H R I s I E R 0 0 N cowrmact. — future installations at the
Saftwars (C68000 west London studios. Leadership and
RF tant 5o Yo0Hs Weat London self-motivation are major
For a full technical discussion on theee & feCIUlfementSk
- many other permaneant & ocomtract po- .
ations contact Slmon Lattrell MSe 'on Salary negotiable.
““mloravnuto ) Pl a t )
TECHNICAL RECRUTTMENT e Se. con aCt'
180 w;wm John Timperley
Bu amshire HPS 8HP

Angel Recording Studios,

311 Upper Street, Islington,
GARIBALDY | London N1'2TU ~ .,
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What makes

vou tick?

1. Canyou fault find
electronic circuits to
component level?

2. Do you know how to use
an Oscilloscope?

3. Are youabletoread
circuit diagrams?

4. Can youuse aSpectrum
Analyser?

5. Do you know what Logic
‘1’ means?

6. Does V.S.W.R. mean
anything to you?

7. Do you know how many
“ohms” in a village?

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

-l % sy v TR ————L

= st B I T IR T BTl S S I g Y L L L s -

T e el ST o g TS

Marconi

Defence Systems
Airborne Radar Group

An equal opportunities employer

1ce M

July 1989
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ARTICLES FOR SALE

; @ COOKE INTERMATIONAL SERMICES

UNIT 4, FORDINGBRIDGE SITE, MAIN ROAD.
TIITOVRINES BARHAM, BOGNOR REGIS,
MEASEREVEN NS WIS WEST SUSSEX PO22 0EB, UK
{550
£400
Qs
£3,000
£2500 wso
NEW EQUIPMENT
20MHz B/W DUAL TRACE OSCILLOSCOPES IN STOCK NOW £250
LOTS MORE AVAILABLE. SEND FOR LISTS. GOOD EQUIPMENT WANTED TO PURCHASE,
VAT and Carriage EXTRA, Tel: (44) 0243 545111, Fax: (44) 0243 542457

VAT

HAVING DIFFICULTY OBTAINING AN
OBSOLETE VALVE/TRANSISTOR/IC?

(or magnetron, Klystron, CRT, trav wave tube etc)

« SPECIAL OFFER EEC83 93p + VAT (discount for S0pcs or more)
» RARE & OBSOLETE TYPES & SPECIALITY!
» ALL POPULAR TYPES STOCKED AT COMPETITIVE PRICES
« SPECIAL PRICES FOR WHOLESALE QUANTITIES
 OFFICIAL ORDERS FROM GVT DEPTS, MILITARY, PLCs, OVERSEAS ETC. WELCOME
+ PHONE/FA/TELEX FOR UP TO DATE PRICES ON YOUR REQUIREMENTS
Visa - Barclaycard phone orders accepted

BILLINGTON VALVES

Good quality - Low price - Rarities a speciality

39 Highlands Road, Horsham, Sussex RH13 5LS, UK
Phone: 0403 210729 Fax: 0403 40214 Telex: 87271
Office hours Mon-Fri 9am-5.30pm Callers welcome but by appointment only

TO MANUFACTURERS, WHOLESALERS,
BULK BUYERS, ETC.

LARGE QUANTITIES OF RADIO, TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, DIODES.,
RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. CAPACITORS,
SILVER MICA, POLYSTYRENE, C280, C296, DISC CERAMICS, PLATE CERAMICS, et
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES, SCREENED
WIRE. SCREWS, NUTS, CHOKES, TRANSFORMERS, etc. ALL AT KNOCKOUT PRICES
Come and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713
R. HENSON LTD
21 Lodge Lfr_le.mN:):th ﬁpchley. London N12.

UNIQUE HIGH SPEED COMPUTER CONTROL SYSTEM

Are You Efficient? Do You Progress Jobs?
Do You Carry Stock? Do You Have Answers
for your Customers at your Fingertips?

We can offer you a totally tailored computer package
which will revolutionise your business.

For information and prices, contact Martin at:

Dardsoft

25 The Auto Centre, Erica Road, Milton Keynes.
Tel: (0908) 310226

PCB ASSEMBLY & OPTO
TERMINATION

Small batch production.
fast turnround.
Orwell Electronics,
Lynton House, Flowton,
Ipswich, Suffolk IP8 4LG.
& 0473 33595

TURN YOUR SURPLUS

ICs transistors etc into cash.
Immediate settlement. We also
welcome the opportunity to quote
for complete factory clearance
Contact.

COLES, HARDING & Co
103 South Brink, Wisbech, Cambs.
Tel: 0945 584188 Fax: 0945 588844

* ESTABLISHED OVER 15 YEARS » 692 745

Micro-controlled frequency sweep generator with
response plotting, all from one compact umit
plugged into your BBC B. B+ or Master

B-Sweep

* 50 Hz to 20KHz
*Up to 1v rms output MELFORD DESIGNS LTD
* AC to DC converter 5 Bucknalls Drive,Bricket Wood.

“Full listing details for your
own easy modifications
£115 includes: 40/80 5% disc
VAT&P&P

St. Albans, Herts. AL2 3XJ
Telephone
Garston (0923) 672008
Fax: 0923 679184

OSCILLOSCOPES

GENERAL TEST EQUIPMENT

Tektronix 475 200MHz dual time base
Telequipment D755 (Nato version of D75)
Philips PM 3218 35MHz dual T/base

Marconi TF2914 insertion signal analyser

£599
£275
£325
£750

SPECIAL OFFER
MARCONI TF2603 RF MILLIVOLTMETER
TO 1.5GHz 1MV-3V FSD (C/W PROBE)
£99 EACH

Tektronix 1481 waveform monitor, multi display 15 line VTR £1,499
Marconi TF2002AS Gig Gen AM/FM 10MHz-72MHz
Marconi TF2008 Gig Gen AM/FM 10MHz-520MHz
Spectra Physics laser model 125 (inc 261 exciter)
Scientifica + Cook Laser (Argon) handheld unit!
Racal Dana 9915M UHF frequency meter

£125
£575
£2,850
£175
£225

latest stock list.

Large stocks of Audio & Video Test Equipment, Cameras,
Recorders, Monitors also, Optical Equipment — Lenses, Prisms,
Mirrors etc. Many other scopes, Sig Gens etc. Phone or fax for

ANCHOR SURPLUS LTD

CATTLE MARKET ROAD
NOTTINGHAM

Contact: Rob Taylor

Telephone: 0602 864041
Fax: 0602 864667

ALL PRICES + CARRIAGE AND VAT @ 15%
MENTION ELECTRONICS AND WIRELESS WORLD WHEN ORDERING A

FREE PROBE SET (ONE X1 AND X10 TO 100MHz)

STEWART OF READING
110 WYKEHAM ROAD,
READING FG6 1PL.

TEL: 0734 68041.
FAX:0734 351696

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER

EQUIPMENT, COMPONENTS
etc. ANY QUANTITY.

SATELLITE TV BOOKS

WORLD SATELLITE ALMANAC

Price: £15.00 - cor
THE WORLD OF SATELLITE TV

Price £9.95 - corr

HARRISON ELECTRONICS

[- GOLLEDGE = ]
——ELECTRONICS|—

¥UARTZ CRYSTALS OSCILLA-
ORS AND FILTERS of all types
Large stocks of standard items. Spe-
cials supplied to order. Personal and
export orgers welcomed - SAE for lists
please. OEM support thru: design
advice, prototype quantities, produc-
tion schedules. Golledge Electronics.
Merriott, Somerset TA16 5NS. Tel:
0460 73718,

(waANTED [

COMPLETE LOUDSPEAKER
TEST SYSTEM

RF & VIDEO

Telephone: 0223-870164

REQUIRED

Sealed |.F. module for
Dynatron Radiogram.
Model LS 250 date
about 1969.

Telephone lan:
01-659 1664 -

WANTED: VALVES TRANSIS-
TORS 1.Cs (especially types KT66,
KT88 PX4, PX25). Also plugs, sockets
and complete factory clearance. If
possible, send written list for offer by
return. Billington Valves, phone: 0403
210729. Fax: 0403 40214. See adjoining
advert

COMPUTER, TELEPHONE,
RADIO COMPONENTS WANTED.
Realistic prices offered for redundant/
surplus electronic components. Send
lists or contact: J.B. Patrick, 14 Hill
Road, Brentwood, Essex CM14 4QY
Tel: 0277 211410.

FREQUENCY INTERMODULA-
TION SOFTWARE, Calculates inter-
modulaton products for frequencies be-
tween 1Hz and 999GHz, intermodula-
tion order between 2 and 99, IBM PC or
compatible. Necessary to predict in-
terference in multiple radio transmit-
ter installations. Price 430.00 dollars
Canadian. Write for free demonstra-
tion diskette. B.Chomycz, 2023 Donald
Street, Thunder Bay, Ontario, Canada.
P7E 5W9 756

FOR MORE
DETAILS CALL:
CHRIS TERO
ON
661-3033
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Believe These Are Some '

Of the Very Best Opportunities Q

For You to Achieve Early Success

lma ine writing your own specification You could find all of these and more. Our

for your next job. Would it have:- client can offer you the chance of participating in

@® Proper recognition for individual some of the most exciting developments of
contribution/talents electronic warfare systems putting Britain in the

® Good prospects for career development forefront well into the next century

® Real improvement in earnings standards

@ A chance to get involved with the latest signal To find out more telephone our engineer
processing, RF/Microwave and micro consultants on 0727 41101 or use our evening/
processor techniques. weekend number 0727 30602. Alternatively

® A friendly and comfortable high-tech send your CV in complete confidence to:-

working environ ment

%‘W‘ - :—f/’ 'y
¥ ae 4 Specialists in Electronics, Computing & Defence

iamintaes I R, S
p ' 95 Victoria Street St. Albans AL1 3TJ

i

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW
To “Electronics & Wireless World" Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

@ Rate £6 PER LINE. Average six words per A e
line. Minimum £48 (prepayable) Fab i AL R B - Bt e Bpsres B8  Brererrer ey 98 2N Y A8 2200
@ Name and address to be included in charge if ADDRESS

used in advertisement.

@ Box No. Allow two words plus £15.

@ Cheques, etc., payable to “Reed Business
Publishing” and cross “& Co.” 15% VAT to
be added. ........................................................................................

REMITTANCE VALUE ENCLOSED

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION. ... . NUMBER OF INSERTIONS ................. "

July 1989 ELECTRONICS & WIRELESS WORLD 743



34" 720K DISK DRIVE

AT £49.50 + VAT

reliability, modern, low
component chassis drives.
Surface mount design. These
drives are ex-equipment in

{money-back-if-not-satisfied)
guarantee.

Box of ten 342" disks, £9.75

15 £20).

(few left only)

left.

VAT must be added to all prices.

Visa & Access
accepted 24 hour
phone service

immaculate ‘as new’ condition,
boxed, and carry a full 6 months

Japanese-made (Y-E data) high

£49.50 each (carriage £3.00), £44.50 for ten or more, 25 or more p.o.a.

Racal V22 1200 Baud Modem

Micro controlled, BT approved modem very high

quality. Auto answer 1200, 600, 300 Baud. Cased, - IS}
uncased card or 15 cards in rack. Cased £55

Uncased £24.95. 15in rack £375 (carriage: 1 £3.50;

Epson 12" TTL Mono Monitors (Green)

High resolution, IBM, Hercules compatible, TTL £48.50 (carriage £5.50)

Triumph-Adler Royal Daisy Wheel Printers

20 cps, 132 column, variable pitch, all the features you would expect
from a quality printer. Six month guarantee, ribbon and typewheel!
included, £99.50 each (carriage £6.50) + VAT. NB: RS 232 printers only

HURRY!STOCKS COMING TO AN END!

lpotm

(carriage £6.50).

Modems (all BT approved)

Transdata 307 Acoustic Couplers. 300 baud, fits all

phones
Power Supplies

Farnell N300 R113U cased, 300 watt PSU, +5V at 40A,
+12Vat5A, —12V at5A, +24V at5A, —5V at 1A,
current model (list price £244)

Keyboards

STC Wordprocessor keyboard. Top quality German

,  manufacture.

All goods new and guaranteed three months unless stated.

Sound and Lighting Equipment

EDC radio mics., complete broadcast quality kit including
microphone, receiver and case £295 (accessories and
spares available). 1K watt PA speaker rig £995. Pair Altec
15" dual concentrics £325. BBC studio monitor speakers
(LS5/1 or LS5/2) pair £110. Mini PA speakers pair £30.
Foldback wedges £39 each. Revox A77 Mk4 £275. Revox
A77 Mk4 varispeed £325. 300+ 300 watt amplifier £225.
H+H TPA100 (170 watt) £95 each. Digital echo unit £85.
Spring reverb £25.6 into 2 mixer £95. Berkey/Colortran
system 2 professional lighting controller, 150 channel, disc
drive, green screen, full documentation. Complete with
separate 100 channel de-multiplex unit ready to connect to
standard dimmer racks £1,495. Selection of lanterns etc,
please call. All equipment is second user. Delivery POA.

Visa & Access accepted 24 hour phone service

Matmos Ltd, Unit 11, Lindfield Enterprise Park, Lewes Road,
Lindfield RH16 2LX. Tel: 0444 454377, 04447 2091/3830.

Hitachi Colour Monitors

20" 64KHz Ultra High Res CAD £595 (carriage £30),

20" 48-51KHz Ultra High Res CAD £495 (carriage £30),

14" 30.4KHz PGA £149 (carriage £10), 12" CGA will convert
to EGA £119.50 (carriage £6.50) 12" CGA £119.50

£9.95 (carriage £3)

£49 (carriage £4)

£5.95 (carriage £3)

ENTER 30 ON REPLY CARD
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TAYL OR R.F. EQUIPMENT MANUFACTURERS

PERFORMANCE
& QUALITY

19" RACK MOUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATOR

PRICES FROM £214.13 (excluding VAT & carriage)
Prices CCIRI3 £21413
= CCIR/31 £273.67

i

19" RACK MOUNT VHF/UHF

TELEVISION DEMODULATOR
PRICE AT ONLY £198.45 (excluding VAT & carriage)

o

T7sq

CCIR/3 SPECIFICATION

Power requirement 240V 8 Watt (available other voltages|
Video Input IV Pk-Pk 75 Ohm

Audio Input 8V 600 Ohm

FM Sound Sub-Carrier 6MHz (available 5.5MHz

Modulation Negative

IF Vision 38.9MHz

IF Sound 32.9MHz (available 33.4MHz)

Sound Pre-Emphasis S0us

Ripple on IF Saw Filter 6dB
Qutput (any chanrel 47-860MEz) +6dBmV (2mV) 75 Ohm
Vision to Sound Power Ratio 10to1

Intermodulation Equal or less than 60dB
e Spurious Harmomnc Qutput 40dB (80dB if fitted with TCFLI filter or
combined via TCFL4 Combiner/Leveller

CCIR/3-1 Specification as above but output level
60dBmV 1000mV Intermodulation 54dB

WALLMOUNT DOUBLE SIDEBAND

Other Options Available LF. Loop/Stereo Sound/Higher Power Output

TELEVISION MODULATOR

PRICES FROM ONLY £109.76 (excluding VAT & carriage) Alternative Applications CCTV Surveillance up to 100 TV channels

down one coax, telemetry camera control
signals, transmitted in the same coax in the
reverse direction.

802 DEMODULATOR SPECIFICATION

Frequency Range 45-290MHz, 470-860MHz
A.FC. Ccmirol + 1.8 MHz

Video Output 1V 75 Ohm

Audio Output 75V 600 Ohm unbalanced
Audio Monitor Output 4 Ohms

Tunable by internal preset
Available for PAL System I or BG

Options Channel selection via remote switching
Crystal Controlled Tuner
Stereo Sound

CCIR/5 MODULATOR SPECIFICATION

Power Requirement 240V

Video Irput 1V Pk-Pk 75 Ohms

Audio Input 1V rms 30K Ohms Adjustable 4 to 12
Vision to Sound Power Ratio 10to ]

Output 6dBmV (2mV) 470-860MHz

Modulation Negative

Audio Sub-Carrier 6MHz or 5.5MHz

Frequency Stabilay 25 Deg temperature change 150KHz
Intermodulation less than 60dB

Sound Pre-Emphasis 50us

Double Sideband Modulstor{(unwanted sideband can be suppressed using TCFL4
Combiner/Leveller,

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulators

TCFL2 2 Channe] Filter/Combiner/Leveller. Insertion loss 3.5dB
TCFL4 4 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB
Prices TSKO Enables up to 4 x TCFL4 or TCFL2 to be combined
CCIR/5-1 1 Modulator £109.76
CCIR/5-2 2 Modulators £167.99 TAYLOR BROS (OLDHAM) LTD.
CCIR/5-3 3 Modulators £237.59 BISLEY STREET WORKS, LEE STREET,
CCIR/5-4 4 Modulators £307.19 OLDHAM, ENGLAND.

CCIR/5-5 5 Modulators £376.79 ENTER2 ON REPLY CARD TEL: 061-652 3221  TELEX: 669911  FAX: 061-626 1736




AN UNBEATABLE COMBINATION

.LR. GROUP AND TEKTRONIX

Tektronix 24678
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I.R. Group and Tektronix have teamed up to offer
you the best possible combination — the quality of
Tektronix oscilloscopes, plus the unique one-stop

shop benefits and quality service of the 1. R. Group.

I.R. Group offers

® New equipment sales of a wide range of
Tektronix portable oscilloscopes. No other
distributor has such a quality range, all available
from stock for next day delivery if needed. .

® Rental of all these Tektronix [
oscilloscopes for your short-

term needs or for one-off projects. \

® [ easing, through our unique
Lease Purchase Plan.

® Qutstanding customer service.
One telephone call puts you in

touch with one person who can |
offer you all these services.

IR Group offers these Tektronix products

® 2400B Series. The cream of oscilloscopes with
real time scopes from the 150MHz 24458 up to the
400MHz 2465B and 2467B. Digital storage models
up to the 300MHz, 500MS/s 2440.

® 2300 Series. A range of high quality 100MHz
field service oscilloscopes

® 2200 Series. The best quality general purpose
oscilloscopes available with real time
and digital storage models ranging
from 20MHz up to 100MHz.

Tektronix from |.R. Group

—it’s an unbeatable combination
designed to offer you,

our customers,

an unbeatable service.

ENTERZ ONREPLY CARD

LONDON: 0753 580000 MANCHESTER: 061 973 6251 ABERDEEN: 0224 899522



