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TAY]1.OR RF/VIDEO MEASUREMENT INSTRUMENTS

MEASUREMENTS
MADE EASY

UNAOHM EP741FMS
FIELD STRENGTH METER/SPECTRUM ANALYZER

Frequency Ranje: 38.9MHz 10 860MI Iz, continuously adjustable via a geared-down vernier

Frequency Reading TV Bands - 4 digit counter with 100Kz resolution
FM Band - 5 digit counter with 10KHz resolution
Reading Accuracy: reference Xtal +/- | digit

c Function: NORMAL: picture only
4 o TV Menitor ZOOM  to | horizontal magnification of picture
H .'i' , ; _JJ—I—|_ picture + line sync pulse (with chromaburst if TV signal is coded
{ (] for colour
- T : Panorama: Panoramic display of the frequency spectrum within the selected band and of tuning
! .:] [ ” I”H“ marker.
| | |
q 1 1 ‘ Panorama Expansi Adjustable exp of a portion of the spectrum around the tuned frequency.
o oo B i Analogue 2010 40dB. Static measurement of received signal. Scale calibrated in dBuV (at top
Measurement: of picture tube) to rms value of signal level.
DC/AC Voltmeter: S0 50V.
3 A ] Measurement 20 to 130dBuV in ten 10dB attenuation steps for all bands. -60 to 130dBuV in nine
N R ! 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 Qutput: BNC connector. 1Vpp maximum on 75
DC Output: +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 input 7582 (2) 12V input for extemal car battery. (3) Output connector for
Features: stereo earphones.
PRICE: £ 134400 nett, excluding V.A.T. and Camriage

UNAOHM EP742
FIELD STRENGTH METER/SPECTRUM ANALYZER

Specification as EP741 + Synthesized Tuning 99 channels, Programme Storage
(EP815 Satellite Convener can be added as illustrated)

PRICE £ 1498.00 nett, excluding V.A.T. and Camiage

UNAOHM EP815 .
T.V. SATELLITE CONVERTER

Frequency Range of 950MIiz10 1750Mtiz. F q y is ly adjustable through a geared-d
Input Signal: control. l
Frequency Reading: Throughout the freq y meter of the associated field strength meter

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

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

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

Demodalation: FM for PAL and SECAM coding. Swiiching to MAC system is provided together with

room for an optional MAC decoder.
Audio Subcarrier:  5.5MHz to 7.5MHz continuously adjustable. Provision for an automatic frequency control.

PRICE: £536.20 nett, excluding V.A.T. and Carriage

Tvez an 1000 @

| o =]

=
| @) =TT
®
[
L]

UNAOHM EH 1000
TELETEXT AND VIDEO ANALYZER

Function: Eye Patiern: display of RF and video-frequency icletext signals by means of eye
pattern diagrams both in lincar representation and lissajous figures (0 and X). Line
selection: display of video signals and line by line selection. Measurement of
modulation depth.  Teletext: monitoring of teleiext pages.

RF Input: Frequency Range: 45 1o B60MIiz. Frequency synthesis, 99 channel recall facility.
o 50K11z resolution, 30 channel digital memory. “Level: 40 to 120dBuV: atenuator
E t ly ad le. Indication of the mi level for a correct operation of
] z the Imped 75Q. C type: BNC
4 [ O Video Frequency Minimum Voltage: | Vpp. Impedance: 75Q or 10K in case of a through-signal.
: fnput: Connector type: BNC
O J
. ‘ ‘ . 2'; Teletext Input: Voltage: 1Vpp/756Q
e
(0] I z Teletext Clock Voltage: 1Vpp/75Q. Measurement: Apeniure of cyc patern; linear or Lissajous
e e e ) Input: figures, selectable. Indication: directly on the picture tube. A calibrated scale
i —— = shows percentage of eye pattem aperture.  Error: the instrument introduces an error
= of less than or equal 10 5% with video input and 20% with RF input, Jitter on regen'd
x clock: less than or equal t0 25ns.  Line sclector: Selection of any TV line between the,
o 2nd and the 625th scanning cycle by means of a 3 digit thumbwheel switch.
=
E Oscilloscope: VERTICAL CIHANNEL.: Sensitivity: 0.5 10 2Vpp/em Frequency Response: DC to

L ,TAYLOR B ROS (OLDHAM) LTD. Ilr?::(} I];]pclzlecn‘:Lm;s&:sgpgvershool less than or equali 10 2%. Input Coupling: AC.
B]SLEY STREET WORKS, LEE STREET, TIME BASE: Sweep Range: 20 to 10ms (1.1/2 frames); 32: 64/192us (1/2: 1: 3 lines)

] OLDHAM, ENGLAND, OLS 1EE Lincarity: +/-3%. Horizontal Width: 10 divislons; x5 magnification.
TEL: 061-652-3221 TELEX: 669911 FAX: 061 626 1736 PRICE: £1670.20 new, excluding V.AT. and Carriage
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MOTION THROUGH THE
ETHER
437
Does the ether exist and, if so. does it move
at 400km/s?

VALVE MICROCHIPS
443

A mix of high vacuum and microelectronics
promises a new class of device from an old
technology.

SPHERICAL AERIAL
SYSTEMS
456
Spherical RF lenses built up from onion-
like lavers of polystyrene can focus a
number of microwave beams
simultancously.

INSIDE S-VHS
466
The new update to VHS almost promises
off-air picture quality from a traditionally
mediocre video medium.

SHANNON, CODING AND
SPREAD SPECTRUM

475

In the last part of his series L. C Walters
describes soft decision coding for error
correction.

ANALOGUE ACTION
480
We offer a new forum for those ideas,
devices and applications which remain
intractably analogue.

Z80 BASED REAL-TIME
CONTROL

482

Micros don't have to twiddle their thumbs
waiting for slow peripherals: co-routines
mean productive multitasking.
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Boards with both STE and VME ports can
integrate cheap out-boards without
compromise to performance.
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Using the “silicon disk”
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unaffected and outgoing, presented an
unlikely partnership with enduring result.
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INDEPTH

Asic technology, once the preserve of high
velume, big company engineering has
adapted itself to low volume applications.
We examine the new twists to the
technology which have made this possible
in eleven separate articles.

Mixing analogue and digital. The driving
force behind asic technology is increased
system integration. This can't ignore ana-
logue functions. 489
The £8000 asic. Provided that you have
access to a PC, you could be designing your
own chips. 492
Non-volatile digilin. Electrically erasable
proms can now be combined with both
digital and linear functions on the same
chip. 493
The standard cell approach. Libraries of
definitions make life much easier for the
design engineer. 494

Channelled gate arrays. Asic turnaround
time poses a real problem: it can take weeks
to find out if a device works. Actel claims to
have the answer. 494
Working in asics. What personal and pro-
fessional qualities should an asic engineer
possess? 498

DIY PLD. Programmable logic devices
probably present the easiest and cheapest
entry into asic design. In the first part of a
short series Brian Frost provides a lucid
“how to" guide to PLD. 499

Flexible entry into asic. Training is an
essential element in successful design. It
should be tailored to the client’s level of
expertise. 503

Ten steps to asic. Hints and tips in a guide
for potential users. 504

Asic without fear. There is now an asic
process for almost every conceivable
tradeoff between development cost and
delivery volume. 505
Gateway to semi-custom. Before jumping
in with both feet, John McNally of Philips
suggests a few questions that prospective
users should ask themselves. 507

June issue on sale 18th May

Designing low noise audio front ends. The first
stage of an audio amplification system must
always be a compromise between noise perform-
ance and headroom made more difficult by the
low voltage. low impedance characteristics of
modern transducers. We examine the matching
of semiconductor device parameters to this
demanding application.

The PC graphics maze. Recent market research
indicates that I1BM architecture accounts for
some 90 per cent of professional personal compu-
ter usage. Despite being commonplace the
mechanisms for the various types of screen

display are not always well understood. We offer a
technical programmers’ guide for all the major
display modes. A task fit for 1 ercules,

Alpha torque forces. There are still mysteries
contained in the outwardly simple passage of an
electric current. Why should a copper conductor
shatter rather vaporize when subjected to a
massive  pulse current? The mostly un-
documented magnetic force responsible for the
phenomenon has applications in propulsion,
drilling and 1n the manufacture of magnetic guns
claims author Dr Peter Graneau.

433



CONTACTS

AND LEEDS

With over 125 leading Exhibitors Leetronex ‘89 has, once

FOR FU LL DETA”_S AND again, all the elements needed to maintain its position as the

North's leading Electronics Exhibition....so: whether you're

COMPLIMENTARY TICKETS ool g s certanly qming to be the one Extibrtion where

CONTACT you'll be absolutely positive of making the right contacts!
LEETRONEX "89 INFOLINE

0532 332021 & nex
27th - 28th - 29th JUNE 1989

AT THE UNIVERSITY OF LEEDS EXHIBITION CENTRE

ORGANISED BY THE DEPARTMENT OF ELECTRICAL & ELECTRONIC ENGINEERING
UNIVERSITY OF LEEDS - LEEDS -LS2 9T TELEPHONE: 0532 332021 - CONTACT DENNIS BROWN
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Looking through the
technology window

he integration of a million transistors into a single chip microprocessor represents
I atechnological milestone by any definition of the cliche. Yet it was just nine years
ago that a semiconductor designer named Gordon Moore got up before an IEEE
solid state circuits conference in San Francisco and stated quite categorically that he
couldn’t begin to imagine a use for a million transistors on a chip except in the building of
amemory device.

This designer had wider responsibilities. He was at the time chaivman of Intel and still
is to this day. And the company with a million transistor micro? Intel, naturally.

The same company invented the single chip microprocessor concept backin 1971, a
brilliant piece of general purpose eccentricity conne :ted with the development of a digital
alarm clock. Those involved instantly appreciated that the four bit device with its ALU.
control logic. and the most min-mal of register sets could do a lot more than make ¢locks
tick. The 4004 microprocessor, with a few bits of program memory, was a indeed a
microcosm of period mainframe computers. It was only later that the pretentious started
to add expressions such as "Harvard architecture” and “classic von Neumann processors™
to thiswonderful new way of thinking.

Intel rapidly followed up with microprocessors of greater complexity: the 4040 and the
8-bit 8080 series. It does the original microprocessor design teams much credit when one
considers that most, if not all of the original 8-bit designs are still in production
somewhere in the world.

Other manufacturers responded rapidly with effective, if not better micro families: Z80)
from Zilog, 6800 series from Motorola and the 6500 from Rockwell were all very
successful. Enterprising companies took to the micro concept creating a personal
computer market along the way. One should note that the traditional computer industry
regarded microprocessors with interest and personal computers with absolute scorn.

[BM was no exception. Apple. the most successful of the personal computer
entreprencurs, was in business at least four years before Big Blue gave birth toits first
The progeny was powered by an 8-bit 8088 Intel processor of none too spectacular
performance.

The 1BM badge gave respectability to the PC business and an enduring meal ticket to
intel. It is interesting to speculate on what the semicenductor industry would now look
like if IBM had used either the Zilog 16-bit Z8000 or the Motorola 16-bit 68000 as it very
nearly did. The PC business would certainly have taken a different shape. Software would
generally have been written in 16-bit code and double byte data would have been the rule
rather than the exception. Programs would have beer faster and more powerful while the
PC world would have have moved considerably beyond horrible MicroSoft operating
systems and the equally limiting IBM graphics standards.

The real world is an interesting place. The indifferent IBM PC architecture currently
accounts for around 90 per cent of business personal computer sales, the indisputably
better Apple Mac based on the 6800 micro has eight percent while the remaining two
percent are unlikely to become three percent.

IBM has already declared its interest in Intel’s million transistor beast. a processor
aimed at Unix-alike operating systems. Even taking irito account the amazing bells and
whistles which the processor incorporates and the astonishing performance in
comparison to existing Intel products, the device represents an architecture as old as the
computer industry itself. A wonderful piece of technology. most certainly, but the IBM
connection could well impose a straitjacket on the new generation of personal super
computers. The computer industry could benerit by experimenting with distributed
architectures such as super parallel processor, distribated memory, neural networks or
whatever.

It seems short-sighted to endorse an essentially elderly architecture without
considering the options in full.

Electronus & Wireless World is published monthly
USPS687540 By post, current 1ssue £2,25 back 1ssues (if
avallable) £2 50 Order and payments to 301 Electronses
and Wireless World, Quadrant House, The Quadrant, Sut-
ton, Surrey SM2 5A8 Cheques should be pavable to Reed
Busimess  Publishing Ltd. Editorial & Advertising
offices: EWW Quadrant House. The Quadrant. Sutton. Sur-
rey SM2 5AS Telephones: Editorial 01-661 3614 Adver-
tising 01-661 3130 01-661 8469 Telex: 892084 REED BP
G (EEP1 Facsimile: 01-661 3948 (Groups 11 & 111 Beeline:
01-661 8978 or D1-661 KI86 300 baud, 7 data bits. even
parity. ane stop-hit. Send etrl-Q. then EWW o start. NNNN
to s1gn off Newstrade - Quadrant Publishiag Services No
01-661 3240 Subscription rates: | vear (normal rate) £30
UK and £35 outside UK Subscriptions: Quadrant Sub-

seription Services, Qukfield House, Perrymount Road Hay
wards Heath, Sussex RH16 3D Telephone 0444 441212
Please notifv a change of address USA: $116 00 airmanl
Reed Business Pubhishing tUSA) Subseriptions Office 205
E 42nd Street. NY 10117 Overseas advertising agents:
France and Belgium: Pierre Mussard. 18-20 I'lace de la
Madeleine. Panis 75008 United States of America: Jay
Feinman, Reed Business Publishing Ltd. 205 East 42nd
Street, New York, NY 10017, Telephone 1212y 867 2080
Telex 23827 USA mailing agents: Mercurv Airfreight
International Lid. Inc . 10ib1 Englehard Ave. Avenel NJJ
07001 2nd class postage paid at Rahway NJ Postmaster
send adcress to the above

©Reed Business Publishing Ltd 1989 1SSN 0266 3244

435



DEVELOPMENT SUPPORT FOR IBM PC (AND COMPATIBLES) USERS

CROSS ASSEMBLERS

The METAI development system supports over 50 processors

including all the common ones

® A complete range of RELOCATABLE ASSEMBLERS. which have
INCLUDE, MACROs and CONDITIONAL ASSEMBLY facilities.

@ An editing environment with dual-windows and automatic erroneous line
search

@ Universal LINKER, LIBRARY and MAKEFILE features

@ A source level DEBUGGER

@ On-line HELP facili

® A complete range of DISASSEMBLERS with code labeliin

@ An EPROM Emulator which emulates 2716 to 27512 EPR%MS

® Object code in several formats compatible with the Model 18 EPROM
PROGRAMMER

@® Comprehensive User Manual

PRICE LIST (excluding VAT)

METAI-01 Assembler, Linker, Loader, Editor, Manual and Interface Card £395
METAI-01 As METAI-01 but including Disassembler £695

METAI-03 As METAI-02 but including EPROM Emulator £995

Also the followingEupgrades

METAI-11 Extra EPROM Emulator £325

METAI-12 Extra Interface Card for multiple users, includes Manual £245

METAI-13 Disassembler to upgrade METAI-01 to META-02 £395

PROCODE Single Processor Version (please state which processor) ...... €195

XA48 8048/41 Cross assembler £99.50
Compatilgle with Intel assembler.

E512 EPROM EMULATOR 2716 t0 27512 .£149.80
Use in conjunction with the Model 18 Programmer

UV10 EPROM ERASER with Timer £93.50

PS41 PRINTER SWITCH 4 to 1, serial or parallel, all 25 wires £29.80

PAL PROGRAMMER EPLD PROGRAMMER
The PLD-1100 programs all | The PLDSO1 EPLD Development

(E)EPROM PROGRAMMER

I e —
Over 80 (E)EPROM and MICRO-CONTROLLER types...

New devices continually being introduced

.. . ata price to suit any budget!
THE MODEL 18 PROM PROGRAMMER
:c:l 1 ugz: .El_'RQMS. wi A3 . 27C parts and EEPROMS now programmable!
H s Still only
85 £189.95
+ VAT

commonly available 20 and 24 pin
PALS as well as the new EEPROM
based second generation GALs. It
can read, test and program both
bipolar and CMOS PALs, GALs,

system programs Lattic and Altera
GALs - 16V8, 20V8, EP310, EP320
and EP600. Software to run on IBM
PCs and compatibles is included in
the price

#
M
A
A

PRICE LIST (excluding VAT)

PEELs, PLDs and EPLDs.
PLD1100 . .£795+ VAT

miqp

ELECTRONICS

PLDSO1

Write or telephone for further details:

UNIT 2, PARK ROAD CENTRE,

MALMESBURY, WILTSHIRE, ENGLAND SN16 0BX.
TELEPHONE: 0666 825146

£495+ VAT

MQP0023 40 P EPROMS (Adapler 11)
v et

V2 LEAD for BBC £14.95

Please add {5 plus VAT to all orders 1o cover pos! . packing and insurance du di ch within the UK.
Overnight delivery can be arranged at £14 plus VAT (£18 for Northern Ireland and of . £20 for Scottish
Highlands and Islands and Scilly lales). T ACCESS orders welcome.
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EXPORT, EDUCATION AND RETAIL

COMMUNICATIONS

W INTERCOMS m CB RADIO

"SECURITY

{WPANELS mPIRS m SIRENS
; S MSTROBES

B Instruments/Security
Computer
M General Catalogue

Please state Trade/Education or
Retail/mail order Send 12%"x9”

B s

GﬂRV's 404 Edgware Road, London W2 1ED

Tel: 01-724 0323 gl

AT Audio Electronics 301 Edgware Road W2 01-724 3564
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STEREO
STABILIZER 5

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

@ Mono version, box types and 5Hz fixed shift boards also
available.

Stereo Disc Ampilifier 3 and 5 * Moving Coil Preamplifier *
10 Outlet Distribution Amplifier 4 * Stereo Microphone
Amplifier * Peak Programme Meters, Drive Circuits,
lluminated Twin Box and Rack Units * Stereo and
Ambisonics Coder * Stereo Variable Emphasis Limiter 3 *
Advanced Active Aerial 4kHz - 40MHz * Broadcast and
Communications Receiver 2 150kHz — 30MHz

SURREY ELECTRONICS LTD.

The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG

Telephone: 0483 275997
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Motion through the ether

Using a novel interferometer, the author claims to have
demonstrated the existence of the ether and to have disproved the

his article presents an account
of a new electronic device that
has proved conclusively that our
motion at spceds of some 400
km/s or so in space can be
measured in the confines of a
laboratory. The experiment proves that
there 1s an ether and disproves the principle
of Relativity.
it does so because it measures the speed at
which the laboratory is moving in a fixed
direction in space. and that means that
something is flowing through the laboratory
at that speed. That something is the ether.
The famous Michelson-Morley experi
ment failed to detect our translational mo-
tion through the ether. It did not establish
that the speed of light was referred to the
observer moving with the apparatus. What it
did was to prove that the average velocity of
light for a round trip between a beam splitter
and a mirror was independent of motion
through space. The author supposed that the
one-way speed of light. or more specifically
its wavelength, did depend upon that mo-
tion. but ina way that satisfied the exact null
condition of the Michelson-Morley result.
However, the Sagnac experiment, as
embodied in the ring laser gyros now used in

principle of Relativity.

E.W.SILVERTOOTH

navigational applications, showed that if a
light ray travels one way around a circuit,
and its travel time is compared with that of a
light ray going the other way around the
circuit. the rotation of the apparatus is
detectable by optical interferometry. Here
the result is just as if there is an ether and the
speed of light is referred to that ether.

Readers will have great difficulty finding a
hook on Relativity that even discusses the
Sagnac experiment or the later experiment
by Michelson and Gale that detected the
Earth’s rotation.

In the modern version of the Sagnac
experiment a single laser divides its light
rays and sends them around a loop in
opposite directions. but the resulting stand-
ing waves are not locked to the mirror
surfaces as they are in the Michelson-Morley
experiment.

It was my assumption that the different
wavelengths presented by rays moving in
opposite directions along that path would
allow a detector to sense a modulation or
displacement of the standing wave system
along the common ray path. The secret was
to move the detector or the optical system
along a linear path, rather than rotate the
optical apparatus, as in the Sagnac experi-

Laser
Beam splitter BSy = " i
PS
cﬂ\
Photocathode

4 04

1 - — M3
PZMy H
Piezo-electric Detector

actuator My

Fig.1. Beam from a HeNe laser is divided
into two portions which then pass through
D, in opposite directions. By this means a
standing wave is set up in the region of D;.
Piezo actuators PZM; and PZM, are fed
from a common AC source at a frequency
of a few hundred hertz. A part of the beam
impinging upon the beam splitter BS;
passes through and feeds the conventional
Michelson interferometer PZM,, BS; M,
and detector D,. In operation D; and My, on

]
Mg B8S3
L a4 .
PZM, E

a common mount, are moved to get a
maximum signal from D, Then phase-
shifter PS is rotated to get a maximum
signal from D;, and in the same phase as
D,. The assembly D;M, is then moved a
distance A\ such that the signals from D;
and D, are again at a maximum, but now
180" out of phase with respect to each
other. Note that the round trip path BS;M,
is independent of v, the velocity of our
motion through space.
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THE ETHER CHALLENGE

The progress and welfare of our modern
society depends upon scientific advance:
ment on a global scale. In this sense ‘global’
has not only a geographical meaning. There
is a need for global thinking over the whole
scientific spectrum. The developing world
thzt was once colonized has become inde-
peadent. but a new kind of empire domina-
tion has crept into our society. it pervades
the world of science, a world that has
betome progressively larger but less re-
sponsive to change. it is that world which
infuences the governmental funding and
academic research that is expected to cre-
ate new technology.

There are techniques of savage conquest
in this academic life amongst the ivory
towers. These are very effective in dis-
couraging independent scientific initiative,
particularly in the countries that command
high research funding.

*Suppress, ignore and ridicule™ are the
weapons that are used to block the insurgent
scientist seeking a hearing for his own
theories and even his experimental dis-
coveries. The only existence allowed in
scientific society is one which is subservient
to accepted doctrines.

The imperialists dominating the field that
matters to those interested in electronic
cammunication serve under the flag of Ein-

“stein. For many, this service is mere lip
service because Relativity does not affect
what they are doing on a daily basis. Never-
thaless, the hordes involved in the Einstein
army follow that flag blindly, even though
thair quest has no apparent destiny. What-
ever they accomplish is viewed In exactly
th2 same way by all those observing their
efforts. That is in accord with the principle of
Relativity; all physical laws are seen to be the
same in any frame of reference. There is no
room for dissent or anomalous observation.
Pewerful missiles are hurled into space
under the control of navigators that use
charts drawn up in four-dimensional space-
time. They serve for satellite communication
ard position location. Errors do occur that
would not occur in three-dimensional space
independent of time, but a blind eye allows
these to pass without notice, because those
who control these activities cannot chai-
leage that Einstein ‘flag’.

Ten years ago Dr Louis Essen, famous for
his pioneer research on the caesium clock
and the measurement of time and the speed
of light, wrote an article in Wireless World
that spoke of the suppression of the truths
concerning Einstein's theory’, He was not
fallowing any other flag than the fiag of truth.
Scientists should know only that flag and
cenduct their research with an open mind. if
serious argument of a dissident nature
stands in the way, that is a basis for parley
rather than a vanquishing attack.
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Fig.2. In (a) A;=A In (b) A;# A, When the dotted curve is jittered in phase with
respect to the solid curve, it is seen that there is a phase reversal between (a) and
{b) in the vicinity of C and C’. (The intensities add.)

ment. A little analysis showed that such
effects would exhibit a linear first-order
dependence on v/c and that the detector
would need to scan through a distance that
was inversely proportional to v/c in order to
cycle through a sequence of that standing
wave pattern.

This was exactly what | found when the
experiment was performed.

THE STANDING-WAVE SENSOR

The one-beam interferometer or standing
wave sensor consists of a photomultiplier
tube comprising two optically flat windows.
with a semitransparent photocathode of
50nm thickness deposited on the inner
surface of one window. The tube also con-
tains a six-stage annular dynode assembly
such that a collimated laser beam can pass
through the tube.

In the application described in reference |
the heam was reflected back on itself by a
mirror to set up standing waves. The per-
formance of the wave sensor was tested by
incorporating a tiltable phase-shifter be-
tween the sensor and the mirror. This
provided an adjustable displacement of the
standing wave relative to the sensor.

The object of the test was to measure the
effective thickness of the photosensitive
surface, to estimate the precision available
from the sensor for making measurements
on standing waves.

Signal-to-noise ratio for the photocathode
when positioned at an antinode compared
with that at a node was measured as approx-
imately 20 000 to 1. This was shown to
correspond to detection of photoelectrons in
the 50nm thickness of the photocathode,
which assured us that position measure-
ment within a standing wave could be made
towithin 1% of the laser wavelength.

Three such wave sensors were fabricated
at Syracuse, New York, by the General
Electric Company of the USA from standard
parts of image orthicons. For this experi-
ment, the sensor was connected as shown in
the arrangement of Fig. 1.
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If we write the wavelength of light moving
one way as A, and the wavelength of light
moving the opposite way as A, then

(A — AVA=N/A

where A is the nominal wavelength of the
laser output and A is the displacement
distance that was measured as correspond-
ing to a phase reversal in the standing wave
oscillations. In a typical measurement A as
defined in the equation above was 0.025¢cm
at its minimum; and since the nominal laser
wavelength A was 0.63um, and the
wavelengths depending upon the spatial
orientation were A\, AM1+v/c) and
Ay=N(1—v/c), it is clear that the maximum
value of v is given by 2v/c = (0.000063)/
(0.025) = 0.00252.

Since ¢ is 300 000km/s this gives v as
378km/s on the day when this particular test
was performed. The axis of the photo-
detector making the linear scan through the
standing wave was directed towards the
constellation Leo when this maximum value
of v was registered. Six hours before and
after this event the displacement of the
detector revealed ino phase changes. mean-
ing that the photodetector was then being
displaced perpendicular to its motion rela
tivetotheether.

The experiment has been repeated in a
variety of configurations over the past sever-
al years. Values of A measured have all
ranged within +5% of the cited value. The
micrometer is graduated in increments of
0.0025 millimetres. IHowever, a micrometer
drive is too coarse to set the interferometer
on a fringe peak. This is accomplished by
means of a third piezo actuator supplied
from a DC source through a ten-turn poten-
tiometer which provides conveniently the
finesse for setting on a fringe peak.

Since the author first disclosed this
discovery®> there has been a great deal of
effort by a number of individuals in different
countries, including USA, West Germany.
UK, Italy, France and Austria, all aimed at
theorizing as to why the experiment works
or why it should not work”.

The Sagnac Effect

A monochromatic light beam impinges upon
a beam splitter. The transmitted beam pro-
ceeds anticlockwise round the closed path
and returns to the vicinity of the source. The
reflected beam proceeds clockwise and
rejoins the first beam to establish a fringe
pattern. If the assembly rotates atan angular
velocity w the fringe pattern shifts an
amount & as shown in the equation. A is the
area enclosed by the paths, v is the tangen-
tial velocity along the line element L, and vis
the frequency of the source. The fringe shift
is independent of the shape of the area or of
the centre of rotation. Itis further seen that 3,
the difference in the number of wavelengths
in the two paths is independent of r, and
hence the equation holds when L is in pure
transiation. 8 may be written as

sk L_2Ly
A A A e

When this is solved simultaneously with the
equation for one leg of the Micheison-Morley
experiment

L L 2
Ay XE A

we have the values for A, and A, as given in
the text. A\, and A, are, of course, the
wavelengths in the reciprocal directions
along the path L. The Sagnac effect is well
known and proven: nearly all long haul
airliners and modern submarines navigate
with laser gyros based on G. Sagnac’s dis-
covery (1913).

> |o

The author. however. declines in this
article to go into the mathematical argu
ment that underlies the theory involved.
simply because that itself becomes a topic of
debate and it tends to detract from the basic
experimental fact that appears in the
measurement.

Further reading
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All prices advertised are exclusive of carriage and VAT.
Warranty period 12 months on all equipment (except computers

COMPUTERS & PERIPHERALS

IMMEDIATE DELIVERY — ALL EQUIPMENT EX-STOCK.

FORFURTHER [~ LONDON 0753 580000
INFORMATION : MANCHESTER 061-973 6251
TELEPHONE AW ABERDEEN 0224 899522

UNBEATABLE PRICES

/

GREAT OFFERS ON TRIED AND
TESTED USED EQUIPMENT

NETWORK/SCALAR ANALYSERS

Compaq 386 Deskpro, with 40Mb Hard Disc £2,850 Hewlett Packard 8505A, Network Analyser,
Epson LQ1000, Printer £ 625 500kHz-1.5GHz £5,000
Hewlett Packard 75858, AO Plotter £4,500 Hewiett Packard 8748A, S-Parameter Test Set £1,950
Hewlett Packard 9826A. 128 Kb RAM, HPIB £2,250 Hewlett Packard 8754A, Network Analyser,
1BM PC-XT, Twin Floppy, Monitor, Keyboard £ 395 4MHz-1.3GHz £4,950
NEC 7710, Printer, R
EC 7710, Printer, RS232 £ 250 OSCILLOSCOPES
Gould 4020/22, 10MHz, 2-Channel DSO's £ 650
DATA COMMUNICATIONS Hitachi V-1070, 100MHz, 2-Channe £ 950
Atlantic Research Comstate I, Protocol Analyser  £6,500 Philips PM3055, 50MRz, 2-Channel £ 695
Hewilett Packard 4951C, Protocol Analyser £2,800 Tektronix 2465, 300MHz, 4-Channel £2,750
Wandel & Goltermann PFi, Bit Error Rate Tester ~ £2,250 Tektronix 2430, 150MHz, 2-Channel, DSO, IEEE  £3,500
Tektronix 1503, TDR to 50,000 feet £2,950
Hewlett Packard 37708, Telephone Line Analyser  £3,250 PROM PROGRAMMERS
Stag PP16, Universal EPROM Programmer £ 50
FREQUENCY COUNTERS Stag ZL30, Logic Prpgramn:e/ £1,200
Marconi 2438, Counter, DC-520MHz £ 595 Data I/0 29A-16, Universal Programmer £ 100
Marconi 2440, Microwave Counter, ETE,
10Hz-206GHz £2.250 B?mnﬁﬂhmlinf W'san‘n eter £ 375
Philips PM6654, Systems Counter, 1. 5GHz £1,850 Hewlett Packard 4384, 100kHz -’26 58Hz
Racal 9921, Counter, 10Hz-3GHz £ 650
' Dual Channel £1,950
Marconi 6950, 30kHz-26.50Hz £ 650
GENERATORS Marconi 8938, 20Hz-35kHz £ 450
Hewlett Packard 86408, 20Hz-1024MHz,
PLL, Reverse Power Protection £4,950 RADIO COMMUNICATIONS
Hewlett Packard 86738, Synthesised, Marconi 2955 Radio Test Set, 0.4-1000MHz £4,950
10MHz-26 .5GHz, HPIB £21,500 Marconi 2958, As Above with TACS Adaptor £7.500
Marconi 2022, 10kHz-1GHz, Synthesised, £2,250 Solartron 4021, Radio Test Set
Philips PM5193S, Function Generator, 10kHz-512MHz £1,950
50MHz, Synthesised, 1EEE £2,750
Wande! & Goltermann PS30, Level SPECTRUM ANALYSERS
Gene[a[o/. 50Hz-1.62MHz £1,750 Hewilett Packard 3567A, oc 1%”"1, FFTHEWL HPIB
£6,950
Hewiett Packard 3585A, 20Hz-40MHz, HPIB £11,500
LOGIC ANALYSERS Hewlett Packard 85694, 10MH2-22GHz, HPIB  £17,500
Hewiett Packard 16300, 43-Channel, Racal 9702, 100kHz-1GHz £3,950
100MHz, with Disc Drive £2,750 Hewilett Packard 1417, Mainframe and Plug-ins POA
Hewlett Packard 1630G, 65-Chanell 100MHz £ 950
Philips PM3543, 24-Channel, with 35MHz Scope £ 950 TELEVISION TEST
Tektronix 1240, 72-Channel 100MHz £2,200 Marconi 2917, Data Selector £ 950
Philips PM5519 Pattern Generator £ 495
/ Tektronix 1411C-03, Test Signal Generator £1,500
METERS 4 o) 5
AWA A248 Wow & Flutter Meter ¢ 350 Tektronix 1424, XY Display for PAUNTSC £ 350
Bruel & Kjaer 2513, Vibration Meter £ 950 HAR
Filuke 8050A, Bench DMM £ 195 lers‘l:’M 8237T£- ggncr)’gosns £1.150
Hewlett Packard, 8901A, Modulation Meter £2,950 P i ; ¢
Solartron 7150, Bench DMM. GPIB £ 450 Yokogawa 3033-13, A3 Single Channel £ 950
Yokogawa 3061-31, 9-Channel, Roll or Z-+old £2,500
Yokogawa 3088, 30-Channels £1,350

MDS - 3 months).




'RESEARCH NOTES!

All quiet on the superconductor front?

With all the media hype {not of course from
Quadrant House) it’s scarcely surprising
that most of us are thoroughly muddle-
headed on what’s happening in the rather
esoteric world of high temperature super-
conductivity. Gone it seems are the almost
daily claims to have found that holy grail, the
room-temperature superconductor. But si-
lence also seems to reign when it comes to
evervday practical applications of the cera-
mic superconductors we've had around now
for almost two years. Nowhere do we see the
lossless motors, generators and transmis-
sion lines that evervone was suggesting were
just around the corner. Indeed. looking at
the world of practical superconductivity. the
main workhorse materials are still the low-
temperature metallic superconductors such
as niobium-tin that have been around for
decades.

Taking an objective look at the overall
scene. it's perhaps not surprising that things
have gone rather quiet. Two vears after the
splitting of the atom or the invention of the
laser. things were similarly quiet, as if the
froth needed to settle before it was possible
to assess the value of the pint!

In the case of high temperature supercon-
ductivity the dissipating froth has now re-
vealed a number of steadily maturing areas
of research such as the discovery of new
classes of materials, the formulation of a
theoretical framework and progress in
realistic practical applications.

On the applications front. three main
problems have beset the present generation
of high temperature superconductors. Being
ceramic malerials. they can't easily be
formed into flexible conductors of the sort
that might replace copper wire. Tapes and
wires produced by researchers in institutes
like the Argonne National Laboratory in the
USA are very brittle and only mildly flexible.

The other major problems are that the
new generation of materials lose their prop-
erties in the presence of large currents or
large magnetic fields, thus minimizing their
usefulness for the very sorts of applications
that had all the visionaries excited. Thus
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Superconducting wire sample made by Roger Poeppel, seen here, and colleagues at the
Argonne National Laboratory in the US. Left: Superconducting YBa,Cu30;_g ceramic
samples suitable for microwave resonators (Plessey Research Caswell Ltd).

by far the most sensitive devices yet devised
for measuring magnetic fields and electric
currents. A typical Squid can measure 10 '®
amperes (a few electrons per second!) or a
magnetic field 10 times smaller than the
Earth's field. And far trom being useless
laboratory curiosities, they’re now being
used for everything from mineral prospect-

existing materials are limited either to|
around S5kAcm™ “ or 1 tesla or both, putting
them beyond the reach of currently-
envisaged uses such as motors and transmis-
sion lines. So why all the excitement if |
conventional materials such as niobium-tin
can carry 1MAcm ™ and co-exist with fields
of more than 5T? The answer is simply a
matter of temperature: cooling a material to | ing to medical diagnosis in which they can
4K is roughly 2000 times more expensive | detect the faint magnetic signals associated
than cooling it to 77K. { with the electrical activity of the human

1

[

Of the few practical applications that are | heart and brain.

emerging for today’s high temperature su- Other practical applications of high
perconductors, Squids are, if anything, | temperature superconductors that are be-
more fascinating than lossless motors or | ginning to emerge are high-Q microwave
maglev trains. Superconducting quantum | resonator cavities, miniature antennas (see
interference devices, to give them their full | Research Notes last month), radiation detec-
title, consist of Josephson junctions inserted | torsand chip interconnects.

into loops of superconducting wire. They are On the materials front research has also
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Despite the high level of research activity in high-temperature superconductors,
applications in motors and transmission lines remain tantalisingly beyond their reach.

. ‘_?w." 7

Sintered superconducting coil made at the Argonne National Laboratory.

settled down to a less frenetic but nonethe-
less exciting pace. Most of the work still
concentrates on the so-called rare earth
cuprates — materials in which one or more
rare earth elements such as yttrium or
cerium is combined with copper. oxygen and
assorted other elements such as thallium
and barium. The material exhibiting the
highest transition temperature so far (T,
125K) has the approximate chemical com-
position Tl, Cay Bay Cu; O,.

Of more importance to basic research,
however, have been two recent announce-
ments. one of a high temperature material
that appears to superconduct using elec-
trons — rather than holes — and one that
substitutes nickel for copper. The first of
these (Nature Vol. 337 No 6205) describes
Japanese work using a material of the com-
position Ln,_.Ce,Cu0,_, where Ln is one of
the lanthanides (rare earths). Like earlier
materials it can be thought of as an insulator
to which a dopant is added to supply or
remove electrons. It isn’t a record-breaker in

2

| terms of superconductive transition temper-
| ature, but it does create a new basis for the
construction of fundamental theories.

The second piece of progress, the use of
nickel instead of copper, is reported (Science
10 February. 1989) by a Polish team working
at Purdue University in the USA. This cera-

mic, of composition La,_,Sr,NiQy, is the |

first copper-less superconductor to be disco-
vered with a transition temperature above
40K. Again, by extending the range of ele-
ments, this work should help to narrow
down the numerous competing theories of
high temperature superconductivity and
give theorists one more ingredient to work
with. ‘Ingredient’, incidentally, isn't just a I
casual use of language; when asked about |
formulation of some of the new materials,
one researcher observed, “The properties of
puff-pastry are determined not only by the
ratio of flour to butter but by the proper |
formulation of the lavers” - a reference to
the extreme difficulty of producing consis-

tent results.
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Why is the ocean floor
visible from space?

Having visited numerous Soviet research
institutes I'm in no doubt as to the high
quality of much of the work currently being
undertaken in the USSR. Yet, in spite of that,
I'm still often left wondering how clearly the
Russian publicity machine can distinguish
fact from fantasy.

We're still waiting for example to see
concrete evidence of a laser-amplified tele-
vision tube (see E€WW June 1988 page 622).
Ditto element 110, etc. etc. So with a mild
degree of scepticism | present the latest
Soviet answer to a frequently-observed cos-
monautical phenomenon: the fact that the
ocean floor can sometimes be seen from
space when the depth of water would nor-
mally absorb all light.

A team of Moscow physicists, Valerian
Tatarski, Yuri Kravtsov, and Alexander
Vinogradov is reported by the Novosti Press
Agency to have developed a theory that
confounds the normally-observed phe-
nomenon that as waves propagate they are
also scattered. Thus we're all taught that
sound, light, radio and other waves bounce
off the inhomogeneities that exist in all
media. Obstacles are present everywhere,
because the ideal medium does not exist. In
the atmosphere, for example, turbulence
causes poor seeing for astronomers.

Now the Russians claims that quite the
opposite may occur under certain condi-
tions. The average intensity of the wave
reflected back and running into in-
homogeneities again can — they say — be
several times that of waves propagating in a
homogenous medium. To put it differently,
inhomogeneities may sometimes intensify
the signal, instead of weakening it.

Other Soviet researchers, Alexander Gur-
vich and Sergei Kashkarov, now claim to
have proved this theory experimentally and
their effort has, moreover, been rewarded by
inclusion in the USSR State Register of
Discoveries. Gurvich and Kashkarov explain
that “occasional inhomogeneities, inevitably
occurring in any medium, chaotically alter
the wave speed and the wave, going forward
and back, passes through the same in-
homogeneities, which act as lenses, now
dissipating, now focussing it.” They claim to
have proved the universality of such be-
haviour — which goes, they say, for all waves
no matter what their physical nature
electomagnetic, acoustic, seismic, etc.

As for the practical applications of this
discovery, the Russians point out that it will
be possible to eliminate errors arising from
misinterpretation of remote sensing data.
Such as the position of military installations,
perhaps?

Research Notes is written by John Wilson of
the BBC World Service science unit.
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Unsuspected lighting
hazards

Protecting eleclronic equipment against
lightning surges is a long-established art.
especially in situations where the vulnerable
components are connected to aerial systems
or transmission lines. But it seems that
lightning still has a few tricks up its sleeve to

A powerful electrical storm produced this
spectacular discharge atthe Space Shuttle
complex only hours before the launch of
STS-8 (August 30, 1983). Picture by NASA.

defeat even the best engineered system. and
nowhere more so than high in the atmos-
phere.

For those of us brought up on the notion
that the greatest danger arises when vou
poke an earthed structure skywards into a
black cloud. it’s instinctively hard to under-
stand why aircraft and spacecraft are so often
struck. especially when there's no thunder-
storm in progress. Yet the incidence and
severity of strikes on flying objects are much
greater than hitherto suspected. according
to a team of US scientists working on how to
safeguard future space shuttle missions.

Philip Krider and his group from the
University of Arizona in Tucson have heen
firing small rockets into electrified clouds to
trv and understand the conditions under
which discharges are initiated. They have
also been measuring the characteristics of
the discharges with a view to designing
better protective systems for spacecraft that
have to survive them. Already there have
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been cases of space missions whollv or |
partially lost as a result of attracting light-
ning strikes from a henign-looking sky.

Dr Krider's studies have revealed some
alarming statistics. hitherto unsuspected.
First of these is the facl that discharge pulse
rise lime can reach a staggering 400kA/us.
about 20 times greater than is allowed for in
conventional lightning arrestors. Even with
ground-hased installations. Dr Krider be-
lieves that many arrestors work far too
slowly to provide adequate protection
against some of the super-fast pulses he's
encountered in practice.

One further conseyuence of these high-
speed pulses is that the inherent self- |
inductance of lightning conductors prevents |
them from acting like the earthed devices
they’re meant to be. So even if a conductor
can handle a steady current of say 400kA. it

mavy still present a sizeable impedance to the
rising edge of a fast pulse. As a resull, savs
Krider. there's a distinct possibility that the
tip of a lightning rod will simply shower
sparks in all dirvections. (Your columnist has
seen a case where a lightning discharge
Jjumped off a well-earthed conductor
through one melre of air. preferring an
alternative earth route*.)

Back in the air, however. Dr Krider and
his team are still working on why lightning
discharges can be triggered so easily hy
spacecraft. Given a better understanding of
the conditions in which this can occur. it
will be much easier to make safety decisions.
especially when it comes to launching future
space shuttle missions. But the real lesson
from all this is that critical electronic sys-
tems must be protected to a far greater
degree that has ever been done hitherto.

A million degrees of resistance

Any schoolboy (or girl) knows that the
resistance of a conductor varies with
temperature. Thus the variation of a stan-
dard platinum element forms the basis of the
well-known platinum resistance thermo-
meter. Most of us don't, though, have much
experience of what goes on beyond the
3000°C or so of an incandescent tungsten
lamp filament where the resistance is about
an order of magnitude greater than its cold
value.

When, therefore, a team from AT&T Bell
and the Lawrence Livermore National
Laboratories published a paper (Phys. Rev.
Lett. 61 2364) entitled ‘Resistivity of a
Simple Metal from Room Temperature to |
10°K’, even physicists were persuaded that it |
was a typographical error. But no, the team !
had indeed tracked the resistivity of alumi-
nium all the way to a million Kelvin. Not, [
hasten to add with a heat-proof Avo, or even
aflame-resistant Wheatstone bridge.

The actual experiment consisted of firing
extremely short (0.5ps) pulses of laser light
on to aluminium films coated on a glass
substrate. The pulses, with an energy of 7TmJ,
focussed on a target area of only 10 ?cmz. |
created an incident intensity of around
10'5Wem

To calculate the effect on resistance of the
temperature rise caused by this enormous
blast of energy, the physicists used an in-
direct approach based on a well-known
relationship between refractive index and
resistance. \What they were actually looking
for was an upward shift in the spectrum of
the laser light as it was scattered from the
million-degree aluminium plasma. This
modulation due to the changing refractive
index then had to be carefully distinguished
from Doppler shift due to the sudden expan.
sion of the target. Previously this Doppler

factor had always precluded accurate refrac-
tive index measurements at ultra-high
temperatures, but in this latest work it was
effectively eliminated by the use of ultra-
short laser pulses.

After performing the necessarv calcula-
tions and eliminating a variety of other
possible sources of error, the AT&T and
Lawrence Livermore scientists believe they
now have reliable figures for the DC resistiv-
ity of aluminium over a range of tempera-
tures up to 10°K. In practice, it rises steadily
to around 4.6x10°K where its value
(2001.Q¢cm) is around a hundred times the
cold value. Then the value drops by about
20% as the temperature rises further to
10°K.

This latter downturn is, say the team,
consistent with the behavieur of a high
temperature plasma, though the upward
part of the curve is not quite in agreement
with the classical picture of resistivity being
proportional to temperature. This discre-
pancy is explained on the basis of the atomic
lattice temperature being less than that of
the electron gas.

All this is extremely fascinating, but at
first sight of little practical value. Yet the
very parentage of this work gives a useful

| clue to its most probable application in the

search for sustainable nuclear fusion. The
Lawrence Livermore National Laboratory is
one of the world’s foremost institutes work-
ing on the twe essential pre-requisites:
ultra-high temperatures and huge press-
ures. How materials behave under these
extraordinary conditions is therefore of vital
importance.

, See Lightning Strike, John Wilson, Electronics
& Wireless World, October 1984 p.44.
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RETURN OF THE
VACUUM VALVE

Researchers at GEC are leading the way in the creation of whole
families of new microelectronic devices based on a technology

that electronics had almost forgotten.

ntil the 1950s. all active electronic
l | functions were performed by the

vacuum valve. In general, these were
made up of metal electrodes suspended in a
vacuum scaled glass envelope. Their sizes
varied. but even the Nuvistor. one of the
latest valves to be brought out in a metal
ceramic envelope, had a volume of more
than one cubic centimetre. 1t was not sur-
prising therefore that when solid state de-
vices were invented, one of their main
attractions was their small size. As the
technology devetoped. individual elements
hecame smaller and smaller. until complete
circuits could be designed on a single piece
of silicon. This exciting development re-
sulted in the gradual displacement of
vacuum valves in receivers and low-power
electronic systems. In high power transmit-
ters vacuum valves continue to survive: and
thermionic emitters are still used where a
free source of electronics is required as in
cathode-ray tubes. In addition. the high
impedance of valves led to the preduction of
high quality hi-fi and radio systems. and
indeed many audio enthusiasts still insist on
their superior performance.

Semiconductor devices are poorly equip-
ped to survive certain environments and
there is a need for devices which can work at
high temperatures, withstand high voltage
pulses and have the potential to provide high
frequency operation. Vacuum valves offer
such properties. Ironically. it is the semicon-
ductor fabrication technology which has
heen developed over the past few vears which
now offers the opportunity of producing
vacuum valves as small as transistors.

ELECTRON EMISSION

The operation of any vacuum valve depends
on obtaining electrons from the cathode
surface and attracting them to a positively-
hiased clectrode known as the anode. The old
type of valve operated with a thermionic
cathode which was heated to give the elec-
trons sufficient energy to surmount the
surface barrier, escape into the vacuum and
he attracted to the anode by a positive
potential. The cathode was coated with an
oxide layer to reduce the work-function and
thus the energy required for an electron to
escape (and it was heated to over 1000°C).

An alternative means of obtaining an
clectron discharge in vacuum is with field
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emission. This relies on a very high electric
field being applied to a cold cathode which
has the effect of thinning the surface barrier
and making it triangular in shape. Electrons
then have a finite probability of tunnelling
through the barrier and being attracted to
the anode (Fig. 1). Field emission is quite
well characzerized by the Fowler-Nordheim
relation:

J=aF?exp [ —B&/F)
where J = current density, & =
function and
F = surface field.

Current density increases with increasing
electric fieid and a reduction in work func-
tion. Electric fields of the order 10°V/m are
necessary before an observable current may
be obtained; this is equivalent to 1000V
across 1pm (1x107"m). Since most solid
dielectrics can withstand little more than
10%/m, clever lithographic techniques are
used to construct devices which enhance the
electric fie.d around the emitting area only.

work

APPLICATIONS

There are many potential applications of
vacuum microelectronics, but they all cen-
tre on the properties of field emitting de-
vices. For example, raising the temperature
of such a device will result in simply increas-
ing its efficiency — for in addition to tunnell-
ing electrons, the process will be combined
with a proportion of thermionically-excited
electrons escaping from the cathode surface.
Technology can therefore be directed to-
wards producing sensors and controllers in
environments which are subjected to quite
harsh temperature fluctuations such as
those in boreholes, oil wells, nuclear reac-
tors and jet engines.

For many years a great deal of effort has
been directed towards finding a cold electron
source to replace the thermionic cathode in
such devices as cathode ray tubes, travelling
wave tubes and microwave power amplifiers
since this would be beneficial in terms of
operating power and heat dissipation. Most
of these efforts have been disappointing,
through short lifetimes and erratic emis-
sion. Only recently has our fabrication tech-
nology allowed dimensionally accurate re-
production of sub-micron structures. and it
has brought totally new opportunities in the
control of cold emission.

There has been a growing concern over

workfunction
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Fig.la: thermionic emission. At high
temperatures electrons are excited above
the Fermi level and some gain sufficient
energy to surmount the surface barrier
and escape into the vacuum. Emission is
increased by increasing the temperature
or decreasing the work function.

I

Vocuum
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— Metal

Fig.lb: field emission. At high electric
fields the surface barrier is distorted to a
triangular shape. This allows electrons to
tunnel through the barrier. Emission is
increased by increasing the electric field
or decreasing the work function.

the malfunctioning of electronic compo-
nents in space and defence systems when
exposed to both ionizing and electromagne-
tic radiation. Semiconductor devices rely on
the excitation of minority carriers for their
operation. When exposed to ionizing radia-
tion, they are bombarded by both neutral
and charged particles, which cause fluctua-
tions in current leading to failure of the
device. The result may be transient upset or
permanent damage. Vacuum valves are far
mure immune to such environments since
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+100 volts

Fig.2. A typical field-emitting device con-
sists of a metal or silicon substrate, with a
number of small sharp tipped structures
about 1-2um high and 10um apart. These
have tip radii of about 50nm and are
separated from an integral grid by 1-2um
of silicon dioxide. The structure is oper-
ated by applying a positive voltage of
100-200V to the metal grid, which creates

the source of electrons is that of either a
metal or highly-doped silicon cathode.
Vacuum valves work at much higher
voltages than semiconductors which makes
them far less sensitive to the large voltage
pulses experienced, for example, during a
lightning strike. The limitation is the cur-
rent carrying capability of the electrodes
themselves. In addition, the speed of a

Fig.3. Silico

e L R - i o

A partially etched wedge-shaped emitter 10um long.

Array of gold emitters 2um high.
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n, niobium and gold emitters. The

Metal/Si tips

Metal gate film

l ~1 micron

a high electric field around each of the
emitting tips from which electrons are
emitted. These can be collected either on
the grid itself of by an external anode held
in close promixity to the tips. At SRI
International, Menlo Park, structures such
as these have given currents of 100uA/tip
leading to current densities of 100A/cm?
and lifetimes of over 60 000 hours.

semiconductor device is basically limited by
the time taken for an electron to travel from
the source to the drain which in itself is
limited by the number of collisions within
the lattice of the solid. Vacuum valves,
however, operate by electrons passing from
cathode to anode within a vacuum and their
passage is therefore unimpaired by molecu-
lar collisions. With dimensions of lum

se and the other photographs were produced at the GEC Hirst

transit time of less than 1ps can be expected.

In any protection device which operates
by short-circuiting the delicate components,
it is necessary that the initiation takes place
before the transient pulse causes the dam-
age. Current surge arrestors exploit a dis-
charge in an ionized gas which for certain
applications does not operate rapidly
enough. The combined properties of speed
and survivability in hostile environments
lead to the applications of very fast protec-
tion devices in communication systems,
high-integrity logic elements and radiation-
hardintegrated circuits.

Since this same technology can also be
applied to the realization of large area,
full-colour, high brightness flat panel dis-
plays. a separate section of this article will be
dedicated to this subject.

ELECTRON SOURCES

Most research programs in this field are
concentrating on cold cathodes to take
advantage of the small device size, instant
start, low power consumption and high
current densities which in turn will lead to
high operating frequencies and fast
switching.

Until last year, however, there was a major
research programme at Los Alamos which
produced miniature thermionic electronic
components. This technigue used thin-film
deposition and photolithographic techni-

Research Centre.

Niobium emitter 1.7um high.
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ques to produce integrated structures con-
sisting of a grid and an oxide-coated cathode
on one substrate. with an anode on a
separate substrate directly opposite.

A different approach has been reported by
the Philips Research Centre in Eindhoven
which has exploited the strong internal
electric field in a semiconductor with a
reverse-biased p-n junction. A preliminary
investigation was undertaken on various
cathode geometries, but efforts were finally
concentrated on a design which produced
high current densities when the 1pm dia-
meter emitter was about 10nm below the
surface and parallel to it. In 1987 these
cathodes were producing 1500A/cm” with
1.5% efficiency’.

When a p-n junction is reverse-hiased a
very strong field is created in the depletion
region. Electrons coming from the highly
doped p-region are therefore accelerated and
gain energy. Although much of this energy is
lost in collisions with other electrons or
optical phonons, a percentage of electrons
have sufficient energy to surmount the
potential barrier at the surface and escape
into the vacuum. To improve the efficiency
of the device, the work function is reduced
by covering the surface with a monolayer of
caesium. The complete structure consists of
the p-n junction, as described. with an
overlying gate above it separated by silicon
dioxide. Such structures have already been
incorporated into small cathode ray tubes to
give clear, bright and well defined black and
white and colour pictures.

The major area of interest in other groups
is in lithographically defined sharp-tipped
structures, which are incorporated into a
diode configuration, and make use of a grid
about 1pm away to create a very high field
around the tip, which will then emit elec-
trons. The typical structure is shown in Fig.
2. and is made up of small cathodes 1-2pm
in height, with sub-micron (~50nm) emit-
ting tips. These are separated from a metal
grid 0.5um thick by a layer of silicon dioxide.

A number of techniques may be used to
produce such structures and these include
the anisotropic etching of silicon, etching of
a unidirectionally solidified eutectic system
and the use of deposition technigues and UV
or electron beam lithography.

The well-established team at SRI Interna-
tional in Menlo Park, California, USA, has
published details of both fabrication proce-
dures and the electrical characterization of
field emission structures. To construct the
diodes, they deposit on a substrate material
first silicon dioxide and then molybdenum.
Electron beam lithography is used to define
the grid holes and the silicon dioxide re-
moved down to the substrate. The next
process is to evaporate aluminium at an
angle whilst rotating the sample, which has
the effect of reducing the diameter of the
grid hole. This is followed by molybdenum
deposition perpendicular to the substrate,
and a lift-oft procedure to remove the alumi-
nium and excess molybdenum®. This pro-
duces very fine-tipped conical cathodes be-
tween each grid hole. At gate voltages in the
region of 120V, current densities of over
100A/cm? have been obtained and lifetimes
of over 60 000 hours.
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Fig.4: Processing sequence for the fabrica-

tion of silicon field emitting diodes.

DEVELOPMENTSAT GEC

GEC Hirst Research Centre is undertaking a
research programme to investigate electror.
emission from novel structures with the

long-term aim of producing a new range of

micron-sized vacuum electronic devices.
The programme began as a small feasibility
study in July 1986 and has grown rapidly
over the past two years because of the
encouraging results obtained and the in-
creasing need for such devices. GEC's is now
the largest team in Britain.

The programme consists of two projects
running in parallel. The first concentrates
on using lithographic definition of elec-
trodes to create the high fields necessary for
field emission. while the other is a longer-
term programme to examine the fund-
amentals of electron emission in greater
depth, with particular reference to noise.
stability and reproducibility. In addition
methods are being explored whereby elec-
trons are emitted from planar, chemically-
modified surfaces. at electric fields some two
orders of magnitude less than those conven-
tionally associated with field emission. Pre-
liminary results® have already shown that a
cathode covered with a thin layer of organic
film will produce emission sites at 10°V/m.

"Research is being undertaken to clarify the

mechanisms involved in such a process.
Significant progress has been made with-
in Hirst Research Centre in developing a
method of fabricating field emitting diodes
suitable for a manufacturing process. A
variety of wet and dry etch techniques have
heen perfected to form micron-sized
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cathodes in both metals and semiconductors
(Fig. 3). The latter have been incorporated
into a triode configuration consisting of an
interdigitated anode/grid structure, using
the 2um-high miniature cathodes with sub-
micron emitting tips and attaining packing
densities of up to 2.5x10°tips/icm®. The
procedure exploits standard semiconductor
fabrication technology on four-inch silicon
wafers; and one method by which the silicon
structures are produced is depicted in Fig.4.
A thin layer of silicon dioxide is thermally
grown on a wafer of single crystal silicon,
and patterned using standard UV lithogra-
phy and etching technigues to form small
pads of Si0, (1-2pm square). A wet anisotro-
pic etch then attacks the different planes of
silicon at different rates which results in the
formation of pyramidal shaped structures
which may be sharpened in a number of
different ways. Dielectric deposition and
planarization is then followed by metalliza-
tion and the definition of gate electrodes.
The final process step is the cavitating etch
to remove dielectric from around the emit-
ting tips. Each 2mm chip is mounted ina 16
pin dual-in-line ceramic package using a
gold/silver eutectic and tested within a
vacuum system capable of attaining 10 "
torr.

Preliminary results are very encouraging.
with true diode characteristics observed
(Fig. 5) and currents of up to 10pA obtained
at 200-300V grid voltages from 80 n-type
silicon emitters. Work is progressing rapidly
towards the incorporation of metal emitters
with the hope of attaining still higher cur-
rent densities. Results from the SRI Interna-
tional programme show a realistic long-
term aim of 100pMtip or 100A/cm” at
operating voltages of 100-200V.

Considerable electrode damage may be
caused by a switch-on process during the
initiation of electron emission but this can
be much reduced by surface cleanliness. To
study the effects of surface contamination,
an ultra-high vacuum system with surface
science facilities is being used (Fig. 6). It is
important to clean the cathode surface
thoroughly before making electrical
measurements and this is achieved using
fastatom bombardment and sample heating.
Since monolayers of contaminants will form
quite rapidly over the cathode surface the
residual gases are analysed by a mass spec-
trometer and the chemical integrity of the
surface is monitored by Auger analysis. An
electron microscope with 200nm resolution
is used to observe the device during and after
operation, for detecting defects; this acceler-
ates design optimization. The system itself
can be evacuated to 107! torr and filled with
a variety of gases so that operation under
different environments may be examined. It
has already been demonstrated that stable
emission may be obtained at atmospheric
pressure ininert gases.

It is important to remember that these
devices have electrode separation of about
lpm, which is much smaller than the
electron mean free path at 107" torr. This is
of utmost importance when final packaging
of devices is undertaken, since evacuation to
10~"" torr would be impossible in packaged
isolated devices.
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Part of a 10 <8 array of emitters at 10um pitch with an Al/Si integral grid.

FLAT-PANEL DISPLAYS

Cathode-ray tube technology is 86 years old.
It allows inexpensive black and white and
colour display screens of varying sizes; but
for many years there has been a demand for
less bulky and portable flat panel displays
having lower power consumption, improved
contrast, brightness and full-colour defini-
tion. The three main contenders for replac-
ing the CRT are the liquid crystal, gas plasma
and electroluminescent displays. The liquid
crystal displays (LCD) rely on the properties
of aligned molecules which turn in an
electric field. In the simplest form the liquid
is held in a thin cell between two polarizers.
In the off state, light is reflected, but in the
on state an applied voltage realignment
allows light to be absorbed by one of the
polarizers. The LCD fulfils the requirements
for size, weight and low operating power,
and 14-inch diagonal displays have been
successfully made with 960x 1284 pixels.
The main problems associated with LCDs are
those of poor yield and high manufacturing
costs when large screens are considered.
Nevertheless they have already captured
over half the total market for flat panel
displays.

Gas plasma displays (GPD) rely on gas
excitation between two electrodes which
cause light to be emitted. Although there is
no need for backlighting, the required power
is still greater than that of LCDs. Substantial
progress has been made, however, and while
existing displays are confined to 16 levels of
grey. there is a promise of 15-inch full-
colour screens having 256 000 pixels.
However, previous attempts to make full
colour displays have had mixed success.

Electroluminescent displays (EL) use
phosphors which emit light in the presence
of an AC field. These give better contrast and
broader viewing angles than other flat panel
displays. and require less power than both
CRTs and GPDs. These lightweight, compact
displays are stated to be more reliable than
CRTs with predicted lifetimes of 40 000
hours, though this has not yet been con-
firmed. In addition they are reliable in
hostile environments, and are therefore im-
portant in military applications.

At present EL displays are quite expensive,
four times the cost of an equivalent-size CRT
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Fig.5: n-type silicon emitter incorporated
into a diode configuration (above), and its
corresponding electrical characteristics.
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Fig.6. Ultra-high vacuum system for sur-
face and electrical characterization.

Pyramids at2um pitch in a grid channel.

display, but this is expected to drop to 50%
by 1990. Displays of 12x 14 inches have been
made, with 640x 400 pixels. The low level of
brightness and the lack of a full-colour
screen are the main disadvantages; and
while good colours have been achieved with
both red and green phosphors, it is difficult
to produce bright blue emission. Both EL
and GPD have the disadvantage of a lack of
full colour. Furthermore they use expensive
high-voltage devices.

FIELD-EMISSION FLAT PANELS

Field-emission flat panel displays have the
advantages of high brightness, good con-
trast, low power consumption and full col-
our. In addition they are expected to be
reliable in hostile environments. With each
tip giving 10pA, a 10x 10 array provides
sufficient current for one pixel. The large
number of emitters in one pixel tends to-
wards a uniformity in emission and the
fabrication is suitable for large areas of
individually-addressable pixels. Cathodes

COMPONENT

Ultra high vacuum
Auger analysis

Fastatom bombardment

Heating

Heating, cooling (- 150°C to 950°C)

High voltage lead-throughs

Electron microscope (200nm resolution)

Mass spectrometer

Manipulator

Large cold trap

FUNCTION

6x10 ''torr, clean environment
Surface chemical analysis
Sample clean

Atom implantation

Sample clean

Variable temperature characterization
Electrical connections

Sample observation

E-beam irradiation

Residual gas analysis
Outgassing detector

End pointdetector

x.y.z linear displacement

1and 2 rotation

For vacuum integrity
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have been shown Lo operale well in vacuums
of 1077 torr and since the average electron
mean free path is greater than the electrode
separations, the life expectancy is long since
the cathodes will not be plagued by erosion
from ion back-bombardment. The team at
SRI has already produced a full-colour dis
play using this technology on a five-inch
silicon wafer baseplate' with three colour
elements and 114 244 individually
addressed pixels

The screen is coated with indium tin oxide
and patterned with strips of colour phos
phor. each 60p.m wide. The cathodes with
integral grid are separated from the screen
bv small pillars about 75pm high which
allows a voltage of up to 1000V to be applied.
Each 250wm pixel is addressed by contacting
the cathodes from a molybdenum backplate
175um wide in one direction, and the three
40pm gate electrodes orthogonal to this.
The matrix is operated by sequentially
addressing one line at a time in the horizon
tal direction while simultaneously driving
all the gate lines in the vertical direction.
Very high brightness has been achieved with
green phosphors at 200V, but so far the red
and blue phosphors require 500\. Dimen-
sions are therefore quite critical in terms of
voltage for optimum brightness without
precipitating the onset of vacuum break
down. The whole plate is vacuum sealed after
haking at 125°C for 12 hours which achieves
a pressure of 10 torr. [f emissive flat
panels are to take a significant fraction of the
market this relatively late starter looks very
promising. and while many major assembly
and processing problems have been over
come. there are many technical issues to be
addressed before a useful display is placed in
production.

THE FUTURE

Reproducibility. stability and noise level are
amongst the problems associated with field
emitting devices. Solutions must be found
before we shout “eureka” and sail forward
into production. Expectations are high.
however, as we look forward to the under
standing and control of electron emission
emerging from our research programmes.

@ The First International Conference on
Vacuum Microelectronics was held in Wil
liamsburg last year, with over 200 attending
from France. Holland. Japan. Russia, USA
and UK. Britain is hosting the Second
Conference in Bath in July and is already
attracting much interest from both
academic and industrial organisations
world-wide.
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"UPDATE

Research profile — NPL

MARTIN ECCLES

For the National Physical Laboratory, keep-
ing ahead of industry in areas so diverse as
determining references for the country's
ever-advancing measurement needs and
providing new standards for testing in the
information-technology field is an enormous
task. As a result, the way the NPL at Tedding-
ton works has been gradually changing over
the pastfew years.

In the early days, the laboratory was full of
boffins creating mechanical, electrical and
electronic devices that were at the forefront
of technology. Although there are still a
lucky few who get their hands on a soldering
iron at NPL, increasingly the work of scien-
tists there involves creating ideas for tools
and instruments to be implemented by out-
side specialist organizations.

Looked at in cold financial terms, this
situation is sensible. Just to build a tool like
the ultrasound beam caiibrator outlined
here would require at least C and Forth
programmers, 68000-processor hardware
and software engineers, an ECL designer
and ultrasonics expert. And what do you do
with these specialists when the project is
finished?

But don't get the impression that NPL is
just a site of offices full of paper scientists.
Round every corner you'll find superconduc-
tors, lasers, cryogenic installations and com-
puters — an exciting experience for any
engineer.

In order to characterize wide bandwidth
instruments such as sampling oscilloscopes,
transient digitizers and transmission lines,
pulses with fast well-defined rise times are
needed.

Here, an argon-ion laser pumping a dye
laser produces light pulses of around 1ps.
These pulses feed a fast photodiode, result-
ing in an electrical pulse of sound 10ps that
is suitable for calibrating oscilloscopes cap-
able of around 25ps rise time.

Width of the 10ps electrical pulse is
measured to a resolution of lps using a
lithium tantalate crystal with a 50¢) trans-
mission line upon it. As the pulse travels
down the transmission line its electrical field

causes a non-linear effect in the crystal that
allows the pulse width to be measured
optically using birefringence (Pockles
effect).

Growth in the fibre-optical equipment
market is running at about 20-30%. Another
area of high activity in the Division of
Electrical Science is in optical-fibre
measurement. NPL has facilitates for band-
width measurement in multimode fibres to
over 1.5GHz atboth 850nm and 1300nm.

An increasing proportion of resources will
be applied to anticipating new measurement
problems like those in heterodyne and
wavelength-multiplexed systems, and novel
types of fibres and devices.

Accurate measurement ensures the safe and effective use of ultra-
sound in medicine. The NPL ultrasound beam calibrator shown hereis a
multi-element piezoelectric polymer hydrophone connected to a fast
data-acquisition and microcomputer-based presentation system.

Both the ultrasonic beam profile and the captured acoustic pressure
waveform for any selected hydrophone element are presented in real
time, as are peak acoustic pressure and the pulse repetition rate. Other
important paraineters such as pulse, temporal and spatial average
quantities are presented typically within three seconds.

In the UK, there are no regulations regarding power output from
medical ultrasound imagers. Until recently, this was not a problem
since technology did not allow high-power transducers to be produced.

Now though the power of ultrasound imagers has increased to such
an extent that a scanner for Doppler blood-flow measurement can
produce the same output as an ultrasound diathermy unit.

There's little point in having a highly accu-
rate standard resistor of an ohm if its value
cannot be accurately translated into higher
values. Using a superconducting transfor-
mer, this computer-automated apparatus
allows resistors with a ratio of 10:1 to be
compared very accurately.

Supercooled by liquid helium in the vessel
on the left, the 10:1 ratio superconducting
transformer works at DC. Combined with a
squid — a superconducting quantum-inter-
ference device — acting as a null detector,
this lead-based-foil transformer forms a
highly accurate cryogenic current compa-
rator.

In essence, the National Physical Laboratory
functions as the standards laboratory for the
UK, being one of the research establish-
ments of the Department of Trade and
Industry; it operates the base of physical
metrology needed by any industrial eco-
nomy. The NPL is the originator and steward
of the National Measurement System, using
national standards and those of our trading
partners and undertaking the required re-
search and international comparison. The
laboratory provides calibration, laboratory
accreditation and consultancy services
throughoutindustry.
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This electron-spectroscopy equipment de-
signed for material surface analysis is one of
the tools availabl2 to NPL's Soldering Scien-
ce and Technology Club. On the CRT display
you can see a minute grid used for calibrat-
ing the equipment’s electron microscope.

As researcher Colin Lea points out, the
laboratory's services to the UK PCB assem-
bly industry are much more active than
those relating to the country's semiconduc-
tor manufacturing industry. This highlights
the fact that the country's forte is in circuit-
board assembly rather than ic production.

One recent problem researched at NPL is
that of PCB ‘outgassing’ which, during wave
soldering, causes tiny bubbles resulting in
unsoldered areas of PCB. These areas are of
particular concern since they have to be
manually checked and repaired at the end of
the production line.

Since these pits often contain oxides and
other contaminants, the post-production

Iin integrated-circuit manufacture, there is
increasing demand for higher accuracy in
measuring sizes and positions of features on
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soldering temperature has to be high. Added
to that disadvantage is the fact that manual
soldering is expensive and difficult to con-
trol, resulting in decreased circuit reliability.
These bubbles cost money.

Soldering is not the only area of PCB
manufacture that NPL's Division of Materials
Applications gets involved with. Judging by
current Government murmurings. there are
likely to be drastic changes in the way that
circuit boards are cleaned after soldering.

Currenily, chloro-fluorocarbons provide
the best solution; but, being unfriendly to the
ozone layer, they are likely to be replaced.
Trichlorethane is an obvious replacement
since it doesn't yet fall under the category of
an ozone damager — but it could. Provided
that the problems of removing residues can
be solved, high pressure water jets could
provide an answer. When looking into clean-
ers, NPL's Division of Material Applications
has to take into account such eventualities.

|

masks and wafers, film thickness and wafer
flatness. NPL works on standards for all of
these measurements.

Equipment shown here makes use of a
standard mask produced at NPL for micro-
scope calibration. On the standard mask
part of the Alvey project — are calibrated
lines of various thicknesses down to 1um.

At the left-hand side of the monitor display
is a waveform relating to the light-versus-
dark portion of the microscope image to the
right of it This waveform has sloping sides;
the real edge of the microscope image lies
somewhere on thatslope.

Image shearing is commonly used to
determine exactly where the real image
edge occurs. Two identical waveforms rep-
resenting the same light or dark area are slid
alongside each other until any peak or valley
between them disappears; at this point, the
waveform edges cross at 50% intensity.

In combination with an accurately cali-
brated standard, image shearing provides a
sensitive method of edge location with a
repeatability of 0.01pm.

]

There are indications that the ohm standard
used for the past fifty years is decreasing at
about 75n() per year. Left alone, the stan-
dard ohm — actually an average value of five
one-ohm standards — would be a short
circuitin about 13 million years. Periodically
though the ohm standards are corrected
using a calculable capacitor and a series of
complex AC and DC bridges.

Very soon, the standard ohm will probably
be derived from references of 6453.2¢) and
12906.4(). These rather strange values are
those produced by a recently-discovered
effect called quantized Hall resistance.

Hall resistance in certain semiconducting
devices has quantized values thatdepend on
only two fundamental physical constants — |
electron charge and Planck’s constant. Work
is underway to determine whether or not
these values can become the basis of a
quantum standard of resistance similar to
that of the Josephson superconductivity
effect used for the direct-voltage standard
since 1973.
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Intel’s biggest by far

Intel’s designers were given a budget of “a
million transistors” to work with when they
began engineering on the 80860 general
purpose processor. Their efforts have re-
sulted in the world’s most powerful micro-
processor capable of churning over at least
120 million instructions every second. The
device has already received a degree of
endorsement hy IBM, a matter of profound
significance to the computer industry.

Every figure associated with the device is
superlative. It can load four 32-bit registers
simultaneously within a single clock cycle
producing an internal bus bandwidth of
1Gbyte/second. The external bus can receive
and transmit 64-bit words at a 20MHz word
rate while remaining compatible with the
80386-based microchannel bus structure.
The risc based integer core — that’s the part
of the processor which normally handles
standard computing functions such as string
comparison, database operations, etc. will
process 40Mips. This is around eight times
as fast as an 80386 running at 25MHz.

The integer performance is all the more
surprising if one considers the separate
floating point facilities which run in parallel.
These comprise a full 32-bit floating point
unit which runs in conjunction with a full
64-bit adder. Both structures can be made to
run concurrently using a double instruction
fetch/clock. The FPU section can notch up

80 million operations per second in this
mode. For instance, this would allow shad-
ing operations at 50 000 triangles per second
in 3-D graphics applications. The perform-
ance amounts to 86 000 dhrystones/second
compared with around 17 000 dhrystones/
second attainable with a 386/387 combina-
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tion. Intel reckons that the 80860 will
provide double the performance of a Mips
Computers R3000 risc chip set, the most
powerful currently available.

The graphics facilities are augmented by
an integral decoder which will execute an
extra 15 instructions dedicated to 3-D re-
plots directly within the FPU section. And
don’t forget that none of this greatly affects
the integer processor which can be perform-
ing other tasks at the same time.

Unlike any other Intel processor, this one
includes on-chip instruction and data caches
which, although relatively small in compari-
son to standard multi-chip systems, sub-
stantially improve loop execution speeds.
Accounting for some 30 per cent of chip area

the device measures 15mm on a side — the
caches work much faster than the off-chip
variety because the signals don’t have to
leave the chip. Buffering and /O nearly
always involves substantial speed penalties.

A device like this is nothing without
software. The company has declared its
intention of “creating a standard
architecture” which will be based on Unix. It
has announced a jointly with AT&T, Olivetti
and Prime Computer the development of an
operating system based on Unix V release 4.0
for multiuser systems. This will open up a
widevariety of minicomputer applications in
the power workstation market.

The first 80860 applications are likely to
be hung on the back of 386-based systems as
specialized accelerators, for instance 3-D
modelling. The sharing of data types, page
tables and bus structure with the 386 will
make this relatively easy. Intel will eventual-
ly produce specialist hardware to allow mul-
tiple 80860 devices to operate within parallel
processing systems.
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ISSCC report

The International Solid State Circuits Con-
ference, organized by the IEEE, which took
place in New York in February proved quite
conclusively that the semiconductor indus-
try can find uses for a million transistors on a
chip for more than just memory. despite the
predictions made just a few years ago. The
Intel 80860 (dealt with elsewhere in this
issue} with its promise of a single chip
supercomputer stole the show. But there
were plenty of laudable offerings from other
manufacturers presented in a lower profile.

PROCESSORS

The Intel design offers a peak processing
performance of 33 Vax Mips within its risc
processor core handling integer instruc-
tions. An experimental MPU architecture
from the mini-maker DEC can execute an
integer 32-bit instruction every 20ns, notch-
ing up a peak performance of 50Mips from
around 300000 transistors. Like the Intel
part, DEC's architecture relies heavily on
internal cache for both instructions and data
to keep up the processing rate. The internal
data bus bandwidth of the DEC chip can
reach 400Mbyte/s. The equivalent value for
the 80860 is 1Gbyte/s, mainly due to the
on-chip floating point facilities.

The cacheing system recognises the data
snarl-ups which occur when the main pro-
cessor core has to go off-chip to fetch either
instructions or data. On-chip cache provi-
sion will hecome the hallmark of next gen-
eration processors. Intel's successor to the
386, the 486, is said to run DOS applications
at three times the speed of the existing part
largely through the use of on-chip cache and
floating point facilities.

FRANK OGDEN

Specialist processors can be built for
out-and-out speed over the few instructions
which they are required to process. Plessev's
1024 point FFT processor works at a rate of
200Mips allowing a complete 1K transform
in less than 100us. The processing rate takes
on even more astonishing proportions when
devices are connected in parallel. Six devices
connected in this manner will compute the
1024 point transform at 40M1 [z sample rate.
To put this performance into perspective,
Plessey quotes an equivalent process time of
Ims for a high-end general DSP chip and a
figure of 250us as applied to building block
solutions.

The memory architecture within the FFT
processar allows data to be loaded and
dumped coneurrently while a transform is
being executed. Since the memory band-
width requirement for the Radix-4 algor-
ithm used in the device is half that required
by the more usual Radix-2 algo. it becomes
possible to spend more time on memory
transfers than the 40MHz internal clock rate
suggests.

BICMOS

[tis widely acknowledged that silicon bipolar
transistors have higher transconductance,
better tracking and greater output drive
capability than their fet counterparts. Cmos
technology offers lower power consumption
and higher density than bipolar. A combina-
tion of the two would appear to deliver the
best of both worlds. However, mixing the
two technologies forces some undesirable
compromises, particularly in the extra
masks required for the manufacturing pro-
Cesses.

The voltage sensitivity of bipolar ECL has
prevented its integration on to large cmos
chips with their variable and spiky power
rails but the IC manufacturers now appear to
have effected an interesting marriage. By
using a fet strapped as a constant current
source in the collector of a bipolar current
amplifier/switch, most of the advantages of
ECL can be realised without the voltage
sensitivity. This is the essence of the bicmos
process. A Hitachi experimental 32-bit mic-
roprocessor with 521 000 fets and just 8000
bipolar transistors located at strategic nodes
such as 170 and clock lines has shown itself
capable of running at TOMt1z clock rate. The
silicon has been written with Tum design
rules and dissipates just over twowatts at full
speed.

STATIC RAM

Operating speed has always been the princip-
al benchmark for static memory. now he-
coming so important for fast cache applica-
tionsin risc processors. The speed and power
of bicmos readily lends itself to dense mem-
ory designed to operate at the highest
possible speed. Hitachi gave details of a
512Kbit static ram which could address any
of its locations in just 5ns representing an
effective gate propagation delay of just
150ps. This memory was made with a triple-
level polysilicon process on 0.8um geomet-
ry. The bipolar devices used in the driver and
skew-critical placements returned f; values
of 11GHz.

A second paper from the same company
detailed an ECL/cmos 16Kbit memory with a
guoted access time of 3.5ns, the device being
written in 0.5um rules. It makes one wonder
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Above: An experimental GaAsfet operational amplifier
with a unity gain bandwidth of 10GHz. The Electrical
arrangement is shown on the opposite page.

Right: Silicon still has much to offer. This divider chip
from Siemens will acceptan input clock of 15GHz.
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i GaAs technology will ever make it to the
big time when bulk silicon can be pushed to
these limits.

The highest static ram densities demons-
trated at this vear's conference were built
into one megabit parts typically returning an
access time in the 8ns region. Hitachi, Texas
and Toshiba were the sponsoring com-
panies,

DYNAMIC RAM

Dynamic ram technology is generally
accepted as the driving force behind the
semiconductor industry's process develop-
ment. The d-ram sessions are regarded with
great importance and are always well
attended. The dynamic ram session was
dominated by the Anamartic paper which
gave details of the industnv’s first workable
walerscale serial memory (see last month's
issue page 413). Providing 200Mbit, 20us
worst case access to anvwhere on the wafer,
it has an ingenious svstem of redundancy
which will make use of even partially func-
tioning individual 1Mbit ram dice. Papers on
devices at the 16Mbit level concentrated on
the problems of manufacturing test without
adding much of material interest to poten-
tial users. However, power dissipation and
vail voltages have more significance.

Fhe use of dynamic rams in battery-based
cquipment was tackled in & paper from
Hitachi, The company proposed a 16Mbit
device running from a 1.5V power rail.
Naturally such a low operating voltage poses
all sorts of problems in maintaining logic
level thresholds within the chip. 1t also
results in a low amount of stored charge
making the device susceptible to soft errors
caused by alpha particle strikes originating
in the packaging material. Lven so, eight of
these devices arranged as a 16Mbyte memory
bank will operate, Hitachi sayvs, for a total of
S0t hours from eight 2:\h drv batteries.

The 1.5V d-ram may or may not turn out
to be a practical device. Either way, it seems
likely that the standard operating voltage of
16Mbit and bevond memory devices will be
reduced to 3.3V in a bid te keep down
potential gradients in the shrunk device
clements. Mitsubishi published a paper on
such a part which could return an aceess
time of 6ins,

NON-VOLATILE MEMORY

Svstem designers look to semiconductor
non-volatile memory to provide a replace-
ment for mechanical hard drives. The wafer
scale memony outlined earlier seems like a
contender until the power gets removed,
Electrically erasable non-volatile devices
provide readability, re-write and. in the case
of Intel and Seeq’s "flash™ technology, one
shot device erase.

Intel discussed a 1Mbit device with a
access time of Y0ns, an active power con-
sumption of 40mW and just 20p\W in stand-
by. The company reports a durability of 10°
write/erase cveles, The finite limit to the
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Circuit diagram of the Hughes 10GHz operatioral amplifier.

number of times which a memory location
can be re-written results in eventual de-
teriorat on in the storage transistor tunnel
oxide where trapped charge is injected to
decide the cell Togic level. This applies to all
current eprom technologies though.

A similar 1Mbit device from Seeq exhi-
bited a 120ns access time,

GATE ARRAYS
Big gate arrays are certainly the driving edge

of asic technology, There can be few bigger
than the experimental 1.4 million transistor

array from Hitachiwhich offers a potentia of

130 000 gate equivalents together with
38Kbit of static ram. The 0.8pum production
process results in 350ps propagation delay
per gate and an access timw of 4ns for the
static ram section. Programmability of such
a large array is another question. The com-
pany says that several designs have demons-
trated a gate utilisation 40 to 50 percent,

The fastest experimental gate arvavs are
once again those fabricated in GaAs techno-
logy. The individual heterorunction bipolar
transistors which make up the modest array

May 1989 ELECTRONICS & WIRELESS WORLD

designed by an 1BM rescarch team show an'f,
of over 420Gz, Arranging individual cells as
Aip-flop structures has demonstrated a tog-
gle rate of 7.5GHz, But as fast as its devices
are, GaAs technology never seems to result
substantially in commercial LSE and the
same is probably true for gate arravs made
using the material.

B MISCELLANEOUS

The same fate will probably befall a Gas
operational amplifier device presented at the
amplifier sessions, The mesfet technology
provides a unity gain bandwidth of 10GHz
with approximately 40dB of gain available at
500MHz. Produced by a research team from
Hughes, individual transistors are con-
structed with 0.2um gate lengths.

A 15GHz divider chip emphasised the
speed potential of standard silicon proces-
wing. Looking for all the world like a stan-
dard ECL input stage. the Siemens bipolar
device consumed a mere 250mW to imple-
ment the divide-by-16 function. A relatively
cheap component such as this is likely to
make direct synthesised microwave systems
much more accessible.



Picture enhancement
on a chip

C-mos asic chip house LSI Logic has pro-
duced a single chip processor which provides
one of the main ingredients of a picture
enhancement process.

The device is a DSP which puts the
histogram/Hough Transform to work. [t
plots a histogram of grey level occurrences
within a frame of an image. The 164250 will
work on pixel array sizes of up to 4096 X
4096 at data rates of 20MHz. The calculated
histogram can tell a computer where to
expand the contrast range within a low
contrast image.

The Hough transfarm section implements
an algorithm which can determine edge
location. The image is divided into parallel
lines which are projected on to a point
defined by the slope and the Y-axis intercept
of the line. The presence of an edge in the
image coincident with one of these lines will
result in a high value for that point.

Flat TV glass plant

In a statement of confidence about the
optimistic future for flat screen television,
Corning Glass is to invest $40 million in a
substrate glass plant in Shizuoka, Japan.

The ultra-flat product must be able to
accommodate up to one million transistors
formed on a polysilicon-on-glass layer. This
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seriously distanced from civilization.

requires no pointing or set-up.

Portable satellite phone

The satellite phone link shown here mounted on a yacht was developed by British
Telecom to provide the ultimate in cordless telephones for people who want to be

Making use of Inmarsat, the terminal uses a small, omnidirectional aerial which

|

requires a surface smoothness of the glass
substrate comparable to a silicon wafer. The
low alkali baria-borosilicate glass is pro-
duced directly from a melt in large sheet
areas. The company uses both laser and
ultrasound techniques to confirm the
smoothness of (.2 m.

Optical phone line

This is the first part of an optical telephone cable connecting Windermere to Coniston
and all places between. Itis being installed by British Telecom ata cost of £1 million.
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Hot sensor

Philips has designed a capacitive transducer
designed to measure the running clearances
between engine casing and turbine blade tips
in aero engines. The company says that the
device will work at up to 600°C under the
highly stressed conditions found in this type
of application.

Top DOS processor

Although at the time of writing the official
Intel announcement has yet to be made,
more details have emerged about the succes-
sor to the 80386 chip, the 80486. It is
projected to run at least three limes taster
than a 386 and will incorporate hoth instruc
tion and data caches using one million
transistors.

The device will be totally code compatible
with 386 but it won't carrv an on-chip
floating point unit: this will be made avail-
able as a separate chip along the lines of an
80387. The cache facilities on the 486 are
expected to account for at least half the chip
area allowing very fast DOS operations.

@ There are persistent rumours that Sinc
lair Research is working on a high perform-
ance risc processor set which effectively
emulates 80386 instructions. This would
allow the building of IBM compatible
architecture with improved performance
over Intel-based versions. Sir Clive Sinclair
told Electronics & Wireless World “\Ve are
working on all sorts of things which | am not
abletotalk about.
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he concept of the spherical

Luneberg lens has been with us

for decades, but has seen only

limited practical application. In

the late 1950s and early 1960s the
concept received considerable attention be-
cause of its capability of supporting multiple
beams and covering a very large scar region.
The advent of phased arrays — which can
rapidly scan many beams and cover a re-
latively large scan region — quickly dulled
the interest in the spherical lens. However.,
in the light of present-day military com-
munications needs, there is renewed in-
terest in the lens.

Rapid communication of accurate in-
formation between military ground, sea. air,
and satellite stations is essential. Military
communications links involve a large num-
her of frequency bands and targets can be
present in a vast array of geometries. For
these reasons, multinle object tracking and
communication through a shared aperture
over a broad range of frequencies and a
hemisphere of argular coverage are desired.
Phased arrays cannot do this because they
can be made to operate at only one or two
frequencies. However, a spherical Luneberg
lens with several different feeds can accom-
plish the task: such a system concept for
naval application is shownin Fig.1.

LUNEBERG LENS

In principle. the ideal spherical Luneberg
lens is fairly straightforward. The dielectric
constant of the lens varies from a value of 1
at the outside to 2 in the center the exact
variation of dielectric constant with the
radius from lens centre being given by

o (T¥
e )

where ris the radius from the lens centre, r,,
is the outer radius of the lens and ¢, is the
dielectric constant (or relative permittivity)
of the lens. Such a lens will perfectly focus a
plane wave to a point on its surface. the
result heing comparable to the focusing of a
perfect parabolic dish. In fact. an entire
family of the lenses exists inwhich the radius
of the focal point can be chosen arbitrarily to
he inside or outside the lens. As the max-
imum inner dielectric constant decreases.
the focal radius increases. This is illustrated
by the trivial case of a lens of entirely unity
dielectric constant, whose focal radius is
infinite.

The concept of a multiple-beam antenna
based on the Luneberg lens is also fairly
simple. A spherical lens presents the same
focusing aperture for all directions, so that a
plane wave incident on the lens from any
direction will be focused precisely to a point
on the opposite side of the lens. Many
different signals can therefore be received
{or conversely transmitted) through the lens
at once by simply placing numerous feeds
opposite the respective signal sources. In
principle. the ideal lens works equally well at
all frequencies, but of course in practice
there are limitations on the usable frequency
bandwidth.

No method of fabrication which will pro-
duce the continuous permittivity variation
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UNEBERG
LENS REVIVAL

The needs of military communications have brought
renewed interest in the spherical microwave lens

MARKA. MITCHELL and JOHN R. SANDFORD

of the ideal Luneberg lens is known. Instead.
a number of concentric shells of constant
permittivity give a quantized approximation
to the ideal lens. The number of shells
determines the bandwidth of the lens, with a
greater number of shells providing a larger
range of operating frequencies although.
since there is a small reflection loss at cach
dielectric interface. more shells are not
necessarily better. A number of test lenses
have been constructed and analysed, the
largest of which is 120 ¢m in diameter and is
shown under test in Fig.2. It consists of 15
concentric shells of constant permittivity,
each shell being approximately 4 ¢m thick,
and performs adequately over a frequency

range from 2 to 20GHz. A single hemisphere

of the lens is shown in Fig. 3. in which the

individual dielectric shells can be seen.
COMPONENT TECHNOLOGY

\ number of advances in technology since
the early 1960's have made an antenna
system based on a large spherical Luneberg
lens more feasible. The most notable are
improved polystyrene expansion capabili-
ties. the advent of microstrip arrays, de-
velopment of mechanical robotic arms. and
the emergence of sophisticated numerical
computers. The exact role of each compo-
nent technology on the overall system will
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be examined in detail.

\When quantized Luneberg lenses were
initially studied some thirty vears ago. no
method for analysing their performance
theoretically was available. it is now a re
latively simple task to predict the gain and
far-field radiation pattern of quantized
lenses using numerical analvsis. First.
geometric optics (ray tracing) is used to
determine the field in the aperture of the
lens/feed system. Rays ave traced from the
feed through the lens. taking into account
the refraction and reflection at each dielec
tric interface, to an aperture plane opposite
the feed. An example of a ray traced through
a small lens is shown in Fig.4. The far-field
radiation at any angle may be computed
from the resulting aperture field by means of
the Fourier transform. When circular polar-
ization and a circularly symmetric feed are
used. circular symmetry exists for the feed/
lens system. In this case the aperture field
will be circulariy symmetric as well, and the
Hankel transform (see box) may be used to
compute the far-field pattern, saving con
siderable computation. Fig.5 shows a com
parison of measured and computed radiation
patterns for the aforementioned 120 c¢m
diameter test lens.

The dielectric material (or materials) used
to construct a yuantized L.uneberg lens must
have a low loss tangent (typically <0.01) to
avoid excessive ohmic losses in the lens and
variability in dielectric constant to provide
the necessary discrete shells. Polystyrene is
tvpically used because of its low loss tangent
(about 0.0043) and dielectric constant n
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Fig.2. Spherical antenna under
test at Georgia Tech.

Fig.1. The spherical antenna
enables propagation in many
directions simultaneously.

solid form of 2.54. Dielectric constant gener-
ally varies with density. and raw polystyrene
in bead form may be expanded to different
densities to vield dielectric constants from
near unity to two. The exact variation of
dielectric constant with density is not
known. hut it can be approximated by two
empiracal formulae.

Fig3. Half a Luneberg lens, showing the
shells.

Fig.4. Path of a ray through the lens. Layer
construction is practical alternative to
continuously varying density of material.
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The Fourier Transform is very well known by circuit
and communications engineers. it turns up in
transformations from the time domain to the
frequency domain, and vice-versa.

Not quite so well known is the fact that taking the
transform of the spacial distribution of the field
across a dimension in an aperture aerial yields the
angular pattern of the distant radiation field. Two
such FTs relate according to

F(o)- J‘f’(x)e g

e
- L IF(li)e‘"'du
2% .

Aerials are often distributed in two dimensions.
Other similar distributions include optical compo-
nents such as enses, and TV pictures. FTs can be
extended to cover two-dimensional distributions:

. x
Fp.s) I If(x.y)e iex gy dy
e P

x pA
f(x.y) +I IF(p.s)e“‘" “dpds
4“ x s

For the special case when the distribution is
circularly symmetrical, which is true for many
aerials, the variation with angle is constant Trans-
forming the Cartesians to polar coordinates; x

rcosa, y = rsing, and p = qcosfs. s = qsinf. Also
fromthis,? — x? + y’and @? = p? + s% so that f(x.y)
can be written #(r). The element of area dxdy in the
two-dimensional plane transforms to rdrda (see
Figl) and the first of the two-dimensional FT
expressions looks like

% p27
I f(r)e jarcos.
o~ o

Yrdrdx

As t(r) is independent of angle, this equals

x 2%
If(f)[ Ie (SER “)du]rdr
0 0

Now, in a definite integral, the symbol under the
integral sign doesn't matter. it is often termed a
“dummy variable”.

puta- =6
da =dt

because « and {3 are orthogona! (i.e. not functions
of each other). Therefore the integral, written now
asF(q).is,

Fla I(,:(',,[ Igﬂ'“""‘“du]rdr

The standard integral for the zero-order Bessel
functionJ, (qr) appears in the square brackets'

S/

Fla) - [ 0 Jifaride
[+]
with

tir) Iq'F(q)Jo(qr)dq
o

as its “mate”.

These are the zero-order Hankel Transforms,
arising when the circular symmetry is present
Therefore they are likely to appear in the geometry
of symmetrical aerial and optical problems. Final-
ly. corresponding to all the Bessel functions J,,. a
whole series of Hankel transforms exist for the
higher orders.

Reference
1. ‘Joules Watt' Bessel and his Functions £ & WW,
p1101, November 1987.

polystyrene samples agreed well with a
compromise between the two formulae;
namely, aweighted average using 60% of the
linear approximation and 40% of the ex-
ponential approximation.

A set of hemispherical moulds is used to
form the individual shells of the lens.
Expanded-polystyrene beads are packed be-
tween the appropriate male and female
moulds in a steam-heated pressure cham-
ber. After a designated amount of time in the
chamber, the high temperature and press-
ure bond the beads together to form a
hemisphere shell. Pairs of these shells are
fitted together for form a complete spherical
lens.

A number of small feeds supported by
independent robotic arms produces the de-
sired antenna system, interference between
arms being avoided by using thin feeds at
slighly varving radii or by computer control
of the robotic arms. Theoretical and ex-
perimental investigation has shown that a

small four- to twelve-element array can feed
the lens from radii slightly different from the
focal radius with little loss in performance.
In particular, an X-band microstrip patch-
array of twelve elements was used to feed a
small test lens (approximately twelve
wavelengths in diameter), and the gain
varied by less than one decibel over the range
of feed radii from 6.8 to 8.3 wavelengths. The
element phase settings are varied with the
radius in order to optimize gain. A micro-
strip array of this type can be made quite
thin, easily allowing room for three separate
feeds within the range of usable feed radii.
Fig.6 shows how the far-field radiation
pattern of a lens with a feed one wavelength
away from its focal radius is improved by the
use of a defocused array feed.

"REMAINING QUESTIONS

There remain some questions about the
applicability of spherical Luneberg lens
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Fig.6. With the feed one wavelength away from the focus, an array gives an improvement

over asingle feed.
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antennas to a wide range of communication
tasks. the most critical being the mass of the
lens. The outer shells of the lens have about
the same density as a polystyrene cup or ice
chest, and are therefore relatively light.
Towards the centre of the lens, however, the
shells” density increases, as does the weight.
As a point of reference. the 120 cm diameter
prototype lens has a mass of about 230 kg
fairly heavy, but still probably manageable.
Unfortunately. mass varies with the cube of
the diameter, so a large communication lens
of 240 cm diameter would have about ¢ight
times the mass or 1840 kg. It will be
necessary, therefore, to find a lighter
alternative to the polystyrene used to con-
struct the prototype lens. Some possibilities
in this area are already being explored.

If a suitable lightweight dielectric mate-
rial can be found, it is conceivable that the
lens might find its way into many other
communication roles. A single lens antenna
could, for instance. he used to communicate
via many different satellites at once. Thisisa
particularly appealing possibility, since the
many feeds would be stationary — eliminat-
ing interference problems - and could all be
located exactly at the focal radius.
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La-PC LINK 1.0 Tining €5 samples

-

L = Buons Rnset Fizoe

| N Za Thurlby Electronics Ltd
// Thurlby %# New Road. St. Ives, Cambs
designed and built in Bnitamn PE17 4BG Tel: (0430) 63570

low-cost PC based logic analysis - from Thurlby

Now you can use your IBM-PC or compatible computer as the
basis of a sophisticated logic analyser system

LA-PC Link is an interface package which links your computer
with the low-cost Thurlby LA- 160 logic analyser to provide facilities
normally associated with only the most expensive analysers

@ Sophisticated data state listings

Up to 32 words per screen in multiple data formats

Scrolling by line, page or word, plus random page access

Rapid screen compare facility. Full repetitive word search

@ High resolution timing diagrams

Sixteen channels of 64, 256 or 1024 samples per screen
Instantaneous pan and zoom. Moveable channel positions

Dual cursors with automatic time difference measurement

® 16 or 32 channels, cleck rates to 20MHz

Operates with all versions of the LA-160 with or without LE-32

o Comprehensive data annotation

Each data and control input can be allocated a user-defined label
Data files are date/ time stamped and can be fully annotated

e Full disk storage facilities

Data files can be saved to disk and recalled for comparison

Data includes the analyser’s set-up conditions and all annotation
e Versatile printing facilities

State listings and timing diagrams with annotation can be printed
@ Colour or mono display; keyboard or mouse control
Colour, monochrome or text-only modes suit any display adaptor
Parts of the programme can be controlled by a mouse if required
e Terminal mode for uP disassemblers

Acts as a terminal for use with Thurlby uP disassembler ROMs

If you already have an LA-160 logic analyser the LA-PC Link inter
face package costs just £125. If you don't, an LA-160 with LA-PC
Link costs from £520
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ELECTRONIC TUBES/VALVES

R.F. AND MICROWAVE COMPONENTS

PRO'D‘UCT MI :
CRT's R.F. CAPACITORS
CAMERA TUBES R.F. TRANSISTORS
COAXIAL ISOLATORS & RECEIVING TUBES
CIRCULATORS RECTIFIERS :
DIODES SIWCONTROLLED
IGNITRONS RECTIFIERS
IMAGE INTENSIRERS  SPARK GAPTUBES
INTEGRATED CCTS m"‘"’”
KLYSTRONS
MAGNETRONS
MICROWAVE TUBES w_m

| NOISE GENERATORS

OSCILLATORS
PHOTOMULTIPLIER TUBES | “‘E %
PLANAR TRIODES :

~ MAINMANUF |
ACRIAN . LAl
AMPEREX ' NATIONAL
EEV PHILPS
EIMAC RCA
GENERAL ELECTRIC _ SIEMENS
MACHLETT ‘ SYLVANIA
MOTOROLA THOMSON

For more information on any type of Electronic Tubes/

Power Transistors:
@ RAEDEK ELECTRONICS

BANNERLEY ROAD, GARRETTS GREEN, BIRMINGHAM B33 0SL
Tel021-784 8655. Telex: 333500 CROSAL G.
Fax:021-7897128

ENTER 6 ON REPLY CARD
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FORTH INSTRUMENTATION
COMPUTER

e / TDS
e /9090

A powerful control computer based on the new Hitachi
6303Y and high level language Forth. 100mm x 72mm
30K bvtes RAM. 16K dictionary RAM PROM. 256 bvtes
EEPROM. 16K Forth. You can attach 64 kev kevboard.
LCD and I‘C bus peripherals. Built in are interrupts.
multitasking. time of dav clock. watchdog timer. full
screen editor and symholic assembler. 32 parallel and two
scrial ports. Single power supply and low power 3mA
operational mode

1 off £194.95 including manual and non-volatile RAM —

Triangle Digital Services Ltd
100a Wood Street, London E17 3HX

Telephone 01-520 0442 Telex 262284 (quote MO775) Fax 01-509 3263
ENTER 7 ON REPLY CARD
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32bit processor for
peripherals

One application suggested for the new
NS32CG16 32bit peripheral processor is an
instrumentation oscilloscope. According to
the device’s brochure, the CG16 is ideal for
video displays in instruments since it can
function both as a CPU and a graphics
controller, eliminating the need for separate
devices.

In this proposal, the 32801 floating-point
unit provides the support needed by the
CG16 to perform FFTs for spectrum analy-
sis, mathematical functions, digital-cursor
control, extrema and smoothing. Being de-
signed for high-speed intelligent image pro-
cessing in facsimile machines. laser prin-
ters, etc., the CG16 lends itself to the vector
graphics processing that would be required
in an instrumentation oscilloscope. Accord-
ing to National, Dataquest predicts that by
1993 there will be twice as many 32bit
processors used in office-equipment
peripherals as there will be office computers.

A number of applications are outlined in
the brochure. More detailed application
notes, including software, are given in
NS32CG16 Technical Design Handbook.
They include line/circle drawing routines,
an introduction to Bresenham’s line algo-
rithm and image rotation.

National Semiconductor, 301 Harpur Cen
tre. Horne Lane, Bedford MK40 1TR. 0234
270027

APPLICATIONS SUMMARY

—e | DPBLIY
— DRAM \
Address bus controller l
1 |-
L NMC27C256 |
— | 6iKbyte RAS/CAS
eprom
2 ’ ‘
256K byte S J
. DRAM =~
Video output e
NS32(G16 Video HERAS LS e
printer/ 1 control
16
display L
rocessor )
' Data Voltage measurements
bus <
ADC1225
] e B
|
L Sample LS — Flash - [___2 Analogue
S buffer converter — £ inputs
static rams probes
1]
NS 32081 L_§ Trggerand | = J J
p— state —
Floating ra __J logit
point -
processor 5 .
LT il B
e IS —

Ins‘rumenfaﬁon scope

R1
Input  6k19
1lI 6n8

Third octave filter

T Quad op-amps save board space, reduce
inventory and assembly operations, and have
inherent tracking of the four amplifiers.
Even so, in some applications their use is
prohibited because of crosstalk and poor
matching between each amplifier.

. An outline of a new Bifet quad op-amp

Ro JLADTE3 with local crosstalk is given in volume 22 of
- %
1,403 U -

Analog Dialogue from Analog Devices. The
~ Rg < 1k3

AD713, a quad 711, has had its crosstalk
minimized by careful design as the graph
shows. Matching is also good; input offset
voltage, drift and bias current are matched
6n8 to within 0.8mV, 25uV/7°C and 25pA respec-
tively.

R T

1M
o= ok (3-L 6n8
(1= 0:03=04=C I
R1=R2_'L T6R i
Ry1=4 32R [
R3toR1p=R Rg < 1k3

Having a THD figure of 0.0003% and a
slew rate of at least 16V/us, the 713 is ideal
for audio applications. In this circuit a
gyrator is used to produce a Ys-octave
bandpass filter such as is used in audio
spectrum analysers.

Sk62 [
R10< 1k3

A

The filter can handle a 7.07V RMS signal
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APPLICATIONS SUMMARY

HORIZ=2ps/DIV

DC converter with
20kV isolation

Precise floating measurements and trans-
ducer measurements at high common-mode
voltages require very low leakage to ground.

Magnetic transformers normally provide
galvanic isolation in these applications but
acoustic transformers are simpler and can
provide higher isolation, as in this circuit
producing 10V at a few milliamps with 20kV
isolation. According to Linear Technology's
Application Note 29, insulation resistance of
the piezo-electric transformer is 10'2(2 and
its primary-to-secondary capacitance is be-
tween 1 and 2pF.

Primary

470p "L

N
LI ’
LT10M <' Try
n I + A 2N3904
‘ i
100 <
INGILE LA * 19, metal film resistor

piezoceramic transformers
availabte fram Chonnel Industries

_T_ )

Inc. Santa Barbarg Co

» 1 Piezoceramic v 2
. ' transformer - out 1ov
15V e\ A e S nl. °1. !
- 1K 4 L1020 n 2 1M
INLILE n
680 2 FB WVRES Floating
Secondary 10p GND output
| T - < 500k
- ov i

Driving the piezo-electric transformer |
which may be considered as a high-Q resona-
tor — is covered in the circuit's discussion. |
There are around 30 other circuits in note
20, which is entitled “Some thoughts on DC
to DC converters”.

Linear Technology. 111 Windmill Road,
Sunbury, Middlesex TW16 7EF. Tel: 0932
765688,

If you are interested in piezo-electric trans-
formers you should see Research Notes on
page 752 of the August issue. Ed.

|
|

Electromagnetic
scattering
calculations

One of a number of application notes sent to
us recently on the Intel iPSC supercomputer
outlines the calculation of electromagnetic
scattering. Professor Don Wilton and his
team at Houston University has developed a
Fortran program for calculating electro-
magnetic scattering and radar cross section
of objects of arbitrary shape in three dimen-
sions.

The program finds approximate solutions
to Maxwell’s equations using afinite element
applied to the electric-field integral equa-
tion

Intel Scientific Computers, Pipers Way.
Swindon. Wiltshire SN3 1JR. Tel. 0793
696000.

with a THD of less than 0.002% from 20Hz to
20kHz. Performance meets ANSI Class II
specifications for roll-off smoothness, shape
factor and pass-band flatness.

Other items discussed in Analog Dialogue
include an 8bit 200 megasample/s flash
converter, a four-channel video multiplexer
and an 18bit audio d-to-a converter.

Analog Devices, Station Avenue, Walton-on-
Thames, Surrey KT12 1PF. Tel. 0923
232222,

9% 1t 4 -
! 1102 € 4
T — 10 d_g a1
100 (1] 14 1103 =
s el g
. 01 B g = %
L . o
S -110 ] & %
x - 2 -30 =
z ] : 5
= - ? ! [ —
& ., = % -0 3
g 120 7 = % 18 20 22 2
- & FREQUENCY (K Hz}
> -50 R .
o
130
60
140 - 70 -
10 100 1K 10k 100k 0 20 30 4 S0 60 70 80 90 100
FREQUENCY (Hz) FREQUENCY (kHz)
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Carston:

APLAB

CENTRONICS
353 180 CPS Line printer

FLUKE 9000A-Z80 Z80 POD for 9010A

HEWLETT-PACKARD

4951A-001 Protocol analyser

1630G Logic analyser

16500A Logic analyser mainframe
16510A 80 channel card

165154 16 channel, 1 GHz card
16521A 48 channel pattern gen. card
89018/001 Audio analyser

8620C Sweeper mainframe

862908 Sweeper plug-in

5386A 3 GHz counter, HPIB

89708 With option H18, noise figure meter
to 1800 MHz

‘,1

FIRST QUALITY SECOND USER
FQUIPMENT

=1 Carston®.iv Carston: - Carston

Guide Price £
TIS 115/230/500 Converter, 500VA capacity

550

195
250

1500
4500
3900
2650
5750
3300
6900
1500
4000
1450

5500

N

MARCONI

TF893B Power meter

ROHOE AND SCHWARZ

NAP Power meter with Z3 probe
to 1 GHz

SOLARTRON

35300 Data {ogger

353018 Solid state card

250 L
SUN 360 Workstation, 14" colour,
11400 R S

Guide Price €
495

3600 / o

=
——
'
L Ml £
- |

4Mb mem

Is your Carston Stock ,

Guide Up-to-Date? -
If not Phone 01-943 4477

Carston Electronics Limited

2-6 Queens Road. Teddington, Middx TWII OLR Tel: 01-943 4477
Fax: 01-977 9232 Telex: 938120 (Carlec G

]
)

Various configs. available on request

PHI

TEKTRONIC
* 577

Curve tracer
£4500

LIPS PM3295 Scope £2900
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SMALL SELECTION ONLY LISTED
RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

Latest bulk Government release — Cossor Oscilloscope
CDU150(CT531/3) £150 only. Solid state general purpose bandwidth
DC to 35MHZ at 5SMV/Cm — Dual Channel — High brightness display
(8-10cm) full delayed time base with gated mode — risetime 10NS
illuminated graticule — Beam finder — Calibrator 1KHZ squarewave
power 100 — 120V 200V — 250 volts AC — size W 26CM — 14CM deep
WT 12.5 KG - carrying handle, colour blue, protection cover front
containing polarized viewer and camera adaptor plate probe
(1) — mains lead. Tested in fair condition with operating instructions
£150.00.

Few available — No protective cover but mains lead + 1 probe
£125. Tektronix 475 — 200Mc/s Oscilloscopes — tested from £500 less
attachments to £650 ¢/w manual etc. Telequipment D755 — 50Mc/s
Oscilloscopes — Tested c/w manual — £250. Marconi TF2002AS
AM-FM Signal Generator — 10Kc/s to 72Mc/s. £85 tested — probe kit
£15. Marconi TF2002B — AM-FM Signal Generator — 10Kc/s-88Mc/s.
£100 Tested to £150 as new with manual. Marconi TF2008 — AM-FM
Signal Generator — Also Sweeper — 10Kc/s-510Mc/s — from £450 Tested
to £550 as new with manual. Don 10 Telephone Cable > mile canvas
containers or wooden drum new from £20 — Army Whip Aerials screw
type F sections and bases large qty available now P.O.R. — Test
Equipmentwe hold a large stock of modern and old equipment. RF and
AF Signal Generators — Spectrum Analysers — Counters — Power
Supplies — Oscilloscopes — Chart Recorders all speeds single to
multipen — XY Plotters A4 A3 — Racal Modern Encryption
Equipment —Racal Modern Morse Readers and Senders — Clark Air
Operated Heavy Duty Masts P.O.R. Allitems are bought direct from H
M Government being surplus equipment price is ex-works. S.A.E. for
enquiries. Phone for appointment for demonstration of any items, also
availability or price change V.A.T. and carriage extra

EXPORT TRADE AND QUANTITY DISCOUNTS
JOHNS RADIO, WHITEHALL WORKS,
84 WHITEHALL ROAD EAST, BIRKENSHAW,
BRADFORD BD11 2ER. TEL NO. (0274) 684007. FAX: 651160

WANTED: REBUNDANT TEST EQUIPMENT — VALVES — PLUGS — SOCKETS,
SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT

ENTER 23 ON REPLY CARD
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5. LANGREX #s7
SUPPLIESLTD

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.

Over 5 million items in stock covering more
than 6,000 different types, including CRT'’s,
camera tubes, diodes, ignitrons, image
intensifiers, IC’s, klystrons, magnetrons,
microwave devices, opto electronics,
photomultipliers, receiving tubes, rectifiers,
tetrodes, thryatons, transistors, transmitting
tubes, triodes, vidicons.

All from major UK & USA manufacturers.

Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch
within 24 hours on stock items. Accounts to
approved customers. Mail order service
available.

LANGREX SUPPLIESLTD

1 Mayo Road, Croydon, Surrey CRO 2QP.
Tel: 01-684 1166
Telex: 946708
Fax: 01-684 3056

ENTER 16 ON REPLY CARD
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ACTIVE

ASIC

Cmos asic family. CMOS-5V is anew range
of asics which 1s compatible with the CMOS-
5 5Atamily and s suitable for use where low
gate counts and high 170 requirements are
combined. Toggle frequency i1s 1 00MHz
NEC Electronics (UK) Ltd 0908-691133

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

Analogue I/Q port. The AD7669 analogue
170 port combines an eight-bit A-to-D
converter and two eight-bit D-to-A
converters The on-chip A-to-D converter
provides a maximum conversion time of 2us
to +2LSB. Analog Devices 0932-232222

10 bitflash converter. The Comiinear
CLC9201s a 10 bit, high-speed A-to-D
converter with full flash architecture Itisa
bipolar device with a 25Msample/s
throughput, but dissipates only 3.65W
SINAD 1s 58dB for an input of 1MHz at
20Msample/s Integral inearity 1s within
1LSB and dynamic range 1s over 55dB
Anglia Microwaves Ltd 0277-630000

Linear integrated circuits

Eight-bitA-to-D converters. ML2252 and
2259 are additions to the Microlinear range
of SAR A-to-D converters, whichhave a

6 6us conversion rate (including sample and
hold). enabling them to digitize a 50kHz. OV
to 5V sine wave with47dB s nratio No
separate crystal is needed AmbarCascom
Ltd 0296-434141

Quad sample-and-hold amplifier. The
AD684 quad sample-and-hold amplifier
samples at rates near 100ksample/s with
true 12 bit pertormance Eachchannelhas a
maximum acquisition time of 600ns to within
0 1% and Lusto within 0 01%fora 10V step
Analog Devices Ltd 0932-253320

Cmos timer. The Samsung KS555 cmos
timer provides a higher performance than
the standard 555. Improvements are on
80w A supply current; 2-18V supply voltage,
20pA threshold tnigger and reset current:
500kHz operation. and no need for crowbar
protection for the supply Kord Distribution
0276-685741

Switching regulators. The PSR and NSR
famulies provide non-isolated positive and
negative outputsof 5,12, 15, 24 and 36VDC
at currents of 3A to 8A (1 2A for 5V types) An
external voltage or resistor will control
output voltage over the range 0 to 108% ot
nominal. Melcher Ltd 0425-474752

Analogue multiplexers. The DG408 and
DG409 offer an on resistance of 40§}, witha
maximum of 100¢}. They are direct

replacements for DGS08A and 509A
devices, but with reduced leakage currents
and faster switching. Siliconix Ltd 0635-
30905

Microwave devices

Directional coupler. The WR28 10dB
coupler offers better than 50dB directivity
over the waveguide band of 26 3 to 40GHz.
Model 22134-10 s suitable for use in
reflectometer measuring systems. Flann
Microwave Instruments Ltd 0208-77777

Optical devices

High-power optical ICs. Pilkington Guided
Wave Optics introduces a range of high-
power circuits based on hthium niobate.
Single-mode waveguide chips which can
handle over 500mW have beendeveloped.
Configurations include traveling-wave
modulators. low-drive-voltage devices for
500MHz operation, beam splitfers,
polarizers and others Barr anc Stroud Ltd
041-954 9605

IR-emitting diodes. The Philips CQYS0A
high-intenstty IR GaAs diode 1s designed for
remote control. Radiant power 1s 21mW and

| the half angle of intensity 1560 Peak

wavelengthis 940nm at 50mA. Gothic
Crellon 0734.788878

tnfrared emitter. The OD-148W s an
extremely small emission-area IR diode
operating at 880nm The led has a minmum
output power of 8mW at 880nmand a
spectral bandwidth of 80nm. Rise and fall
times are around 500ns Hero Electronics
Ltd 0525-405015

1550nm emitters. Telecom introduces its
1550nm range of surface emitting leds in
T046,ST and SMA packages Fower output1s
20uWinto 62.5/125um Gl fib-e. Rise and
falltimes are 10ns and spectral widthis
100nm. Hero Electronics Ltd 0525-405015

Carbon dioxide lasers. Two *f-excited
waveguide lasers. LGK80OO0 and LGK8100,
provide continuous output power of 5W and
25W respectively Both have a beam purity
of better than 95% and a beam diameter of
less than 2mm at the exit point. Siemens Ltd
0932-752323

Power semiconductors

100A. 100V fet module. Tws high-curent
power mosfets by Ixys are available in
T0O-238.A 100A, 100V, 0 01312 deviceand a
64A, 200V.0 03342 type provide the highest
current ratings now obtainab e says K idos
Thame. Kudos Thame Ltd 0734-351010

Mosfet power booster. The APEX PB30
power bocster can form the cutput stage of a
composite amplifier, the drive amplifier
being selected by the user to ootimize input
performance It can be consijeredas 4
mosfet output stage with gair Output swing
15 180Vpk-pk with + 100V supply
Microelectronics Technology Ltd
0844687861

Uninterruptible power supply. The Vestale
UPS combines 85% efficiency with a clean
sine-wave output and is available in free-
standing or rack-mounted form with ratings
of 300VA to 1 0kVA. Units can be paralleled to
give greater power cutput. Nighthawk
Electromics Ltd 0799-40881

Power mosfet modules. Siemens has
introduced a range of parallel-connected,
multi-chip mosfet power modules for
applications that need low switching times
and simple drive circuits. All devices in the
Simopac range will switch efficiently at
frequencies over 200kHz Siemens Ltd
0932-752323

PASSIVE EQUIPMENT

Programmable logic arrays

Erasable PLD. Aitera Corporation has
introduced the largest erasatve
programmable logic device, the EPM5128,
built with the Altera MAX architecture. Itis
fabricated in 0.8um cmos technology and
has 128 macrocells. replacing over 50 TTL
chips or up to 20 low-density PLDs.
Propagation delay 1s 30ns Ambar Cascom
Ltd 0296-434141

May 1989 ELECTRONICS & WIRELESS WORLD

Passive compcnents

Surface-mount potentiometers. The 3203
1s a stable cermet device in a 3mm package
It has a pawer dissipation of 50mW at 70°C
and withstands element voltages of up to
15V The device survives all kinds of
soldering and washing, including the aual-
wave immersion process BICC-CITEC 0793-
487301

High-currentfilter inductors. IHM-2
inductors cover the 1 wH, current rating 1s
17.8A and resistance i1s 5Sm{} while at

15 000H, the figures are 0 26A and 27 94}
Tolerance is 10% Dale-ACI Components Ltd
0442772391

Electrolytic chip capacitors. With
maximum dimensions of 7 3by 6 6 by
6.3mm, the AL CHIP-MV ser es of alurminium
capacitors 1s available invalues from? 1 to
220uF over the voltage range 4-50V
Tolerance 1s 20% at 20 Cand 120Hz ZEC
Electronics Ltd 0628-810727

Direct-currentshunts. Guialine
Instruments Ltd have a series of current
shunts which have low self-heating, low
temperature coefficient, low thermal EMFs
andbetter than 10 p p m long-term stability
The 923G series comes in the three n-odels
withvalues of 0 1€2.0 01(2 and 0 0012
Lyons Instruments Ltd 0992-467161

Miniature RF inductors. Two ranges of
miniature axial RF inductors tave val ses of
0.1uHto 1000uH The EC-24 and EC-36
devices have current ratings of 60-1 [50mA
Tolerances of plus or minus 5%, 10% and 20%
are produced Magna Frequency
Management Ltd 0223-892015

Chip filters. A range of surface-mount filters
provides a method of supprassing EMI at
source it digital circuits The NFM41X chip
filters are 4 5by 1.6 by 1.0mm, have 3
voltage rating of 100V DC and have valuesin
the range 22 to 22 000pF. Murata

Electron cs{UK) Ltd 0252-522111

Miniature ceramic filters. CFUM and
CFWM aie miniaturized versions of Nurata's
earlier resin-moulded filters for 455kHz
applications. They are four and six-el2ment
units with minimum stop-band atten.ations
from 25dBto 35dB and 35dB to 55dB
Murata Electromics Ltd 0252-523232

Chip resistors. The CRG series of thick-film
resistors by Neohm is available with
resistance tolerance of 1% mn the range 10¢)
to 3 3MQ Element voltage 1s 200V
maximu and temperature coefficient 1s
either 100 or 200 p p.m/°C Surtech
Interconnection Ltd 0256-51221/2 3

Connectors and cabling

Miniature circular connectors. A range of
connectors by Amphenol feature relable
contact at low voltage and zurrent. | aw and
constant resistance and long life The range
includes screw-locking and sphit-shel
versions. Celdis 0734-585171

Circuitprotection

Hybrid mains protection. The TPU3980
senes p-ovides both primary transiant
protection and RF I filtenng in the sa ne
enclosure A maximum pulse input current of

20kA can be sustained. The filters give
100dB performance from 100kHz when
tested in a 50¢) system at full current EEV
0245-493493

Transient protection. TPU1 | i< a fast,
bulkhead-mounted unit for use in 502
coaxial ine Itisintended for EMP
apphcation and 1s fitted with female type N
coaxial connectors at eachend EEV 0245-
493493

Ferrite mains filters. A range of current-
compensated chokes, the CU15/d3 and
CU20/d3 families, are small. igh-
permeability ferrite chokes based on UL5
and U20 cores with currents up to 2 5A.
Philips Components Ltd

Displays

Temperature and process monitor, Rex
AF-4 s anindicator with an analogue output
option for connection to a computer or other
equipment for data acquisition It can also be
used as a thermocouple signal converter
Two alarms may be incorporated TC Ltd
0895-52222

Hardware

Brushless DC fan. The 125DH fan 1s a 48v
unit, whichis 1 20mm square by 38mm deep
and s available in both ball and sleeve
bearingversions it delivers 48 litres of air
per second. Accoustic noise level for the
sleeve-bearing version s 46dBA at full
output Etri Fans0403-814646

Instrumentation

Spectrum analyser. A range of spectrum
analysers combine an overall level accuracy
of 1dBwith a displayed range of 120dB The
R3261/3361 instruments are available for
frequency ranges of 9kHz-2.6GHz and 9kHz-
36GHz. the 3361 versions also
incorporating a tracking generator Centre-
frequency resolution s 1Hz Advantest UK
Ltd 01-336 1606

Microwave sweepers, Two microwave
sweep generators from Boonton are claimed
to have the highest spectral punity in
nstruments of their type Models 20900 and
2100 cover 2 to 20GHz and provide full-
range sweeps. sweeps from entered F1 to F2
and symmetrnical sweeps about a given
frequency. Aspen Electronics Ltd 01-868
1311

Surge and transient probe. For accurate
monitoring of high-voltage transients up to
6kV. the PK 1001D has low EMI sensitivity,
needs no earth at the probe tip and no
compensation adjustment Eaton Ltd 0734-
794717

Digital multimeter. Series 50 multimeters
have a full sealed, separately enclosed
battery and fuse compartment, whichis
accessible only when test leads are
detached Features include resolution up to
5000 counts and an LCD bargraph display
ITT Instruments 0753-8241 31

Digitaltemperature meter. The LABCAL 1s
based ona 16 bit microprocessor and 1s
digrtally configured for Pt 100 sensors and all
major thermocouples Cold-junction
compensation s incorporated Resolutions
0 01°Ctor thermocouples Labfacility Ltd
019435331
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NEW PRODUCTS CLASSIFIED

250MHz probes

Power supplies
Universal-input SMPS. A 50W swit

d Single-output SMPS.

switcners

Power supplies

DC-DC converte

8 213080

Radio communications
products
High-power termination. KDI ' Tr

464

RF switching matrices. Two switching

Switches and relays

Surface-mount switch. Serie< 224 SMD

COMPUTER

Transducers and sensors
Low-profile sounder. The AT-124 sounder

General microprocessors Interfaces

16 bitral Data acquisition front end. AD1362
Mics Memory chips

Z84CO0 CPU. T

2Mbit cmos static ram. The WS-256K8

Microcomputer with LDC driver. The

Task oriented processors
Single chip for DSP.The PDSP16488 15 a

Video compression/expansion
[

Programmable controller. TPC8500

Data communications
products

P of er. A high-speed parallel/

Mass storage devices
SCSl disc controller. The CL-SH250 made

Disc drive sub-system. The Legend data:

Hard card. The 8450 hard card for the

SCSl and floppy controller. FSCl 1sa

Disc dr sters. Tt ematic range
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ARE SOFTWARE REVIEWS BIASED?
WHY NOT FIND OUT FOR YOURSELF

Electronics & Wireless World is looking for people who are prepared to undertake
software and hardware reviews on a freelance basis. We’re not interested word
processors, spreadsheets and database. Our readers can get that sort of information
from a million different places. We want to examine industrial and technical products
aimed at the professional market. For instance PCB CAD, modelling, circuit analysis,
board level products, etc.

Like you, we want to see unbiased reviews in our pages so you will have to show us
your credentials. You will also need access to testbed equipment suitable for the task.
Naturally you must be able to communicate the results of your work in jargon free }!
English. In return, we will give you money. Not a lot but some. The fame and glory
comes free.

If any of this appeals, then | would like to discuss the possibilities with you. Please
contact Frank Ogden, Editor, on 01-661 3128. | shall then be able to give you an
unbiased assessment of your potential as an EXWW reviewer.

ENTER 26 ON REPLY CARD

—= thandar

ELECTRONICS LIMITED

For further details of these and other products in the Thandar range, please send for a catalogue.
Thandar Electronics Limited, 2 Glebe Road, Huntingdon, Cambridgeshire. PE18 7DX. Telephone (0480) 412451 Fax (0480) 411463 Telex 32250 Test G.
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Inside S-VHS

VHS video recorders were introduced to the UK just over a decade ago.
Now the format has been upgraded to provide pictures which

he Video Home System (VHS),
developed by JVC, has become the
leading domestic VCR format. It
provides reasonable performance
and meets the consumer’s con-
flicting requirements of flexibility, afforda-
bility and reliability. During its lifetime it
has been extended and refined, without
compromising compatibility, to include
such features as long play, hi-fi sound and
“HQ" picture enhancement. Machines have
evolved which are more user friendly, em-
ploying wireless remote control, tape index
systems and bar-code timer programming.
In the price-conscious consumer electro-
nics industry, the constraints of affordable
technology and those of tape head manufac-
ture were fundamental in creating the ori-
ginal VHS specification. Now progress in
these key areas has enabled JVC to develop
‘Super-VHS’ (S-VHS), which has the poten-
tial to extend picture display quality well
beyond VHS's limitations.
VHS PRINCIPLES
To make efficient use of the available spec-
trum, the luminance (Y) and chrominance
(C) components of the video signal to be
recorded are separated by band-pass filter-
ing. The Y signal cannot be directly recorded
because its frequency range of 20Hz-
5.5MHz, occupying a span of some 19
octaves, exceeds the maximum of 10 octaves
possible from the magnetic medium
(Fig.1).
Octave compression provides the solu-
tion. The Y signal is frequency-modulated on
to an HF carrier, the deviation limits now
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Fig.1. Tape replay characteristic. In video
recording, the medium can pass a frequen-
cyrange of 10 octaves.

Fig.2. VHS recording spectrum: note the
“colour under” arrangement.
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approach broadcast quality.
PETER H. DOLMAN

LIMITATIONS OF VHS

The main factors limiting VHS picture quality
can be summarized as follows;

@ Horizontal resolution is limited to around
240 lines as a consequence of restricting the
Y bandwidth. A IMHz video signal yields 80
lines horizontal resolution. However, colour
receivers degrade off-air broadcast signals
from a possible 440 lines down to some 350
lines, because of a notch in the receiver's
luminance response centred on 4433MHz.
This is necessary to prevent the appearance
of dot patterning effects (cross luminance)
on coloured areas of the display. Furth-
ermore, the pitch of the shadowmask CRT
limits resolution.

@® The small deviation range of the FM
carrier limits signal-to-noise ratio and im-
pairs the reproduction of subtle graduations
of grey-scale values.

@A marked overlap of luminance and
chrominance signals occurs around the
1MHz region, causing undesirable crosstalk
effects (Fig. 2).

determining the octave range. The VHS
specification is 3.8MHz for sync-tip, 4.8MHz
for peak white. Sidebands of the replayed
luminance signal extend from around
1.4MHz to 5.5MHz, indicating compression
toless than two octaves (Fig.2).

The use of FM ensures the best possible
signal-to-noise ratio, since the tape is driven
toward saturation for all luminance signal
values. In addition, no bias is necessary to
offset the non-linearity of the tape transfer
characteristic. System ruggedness is good
because effects such as poor head-to-tape

contact, tape dropouts and head wear pri-
marily cause amplitude disturbances rather
than frequency variations.

To recover luminance successfully, the
significant sidebands (those greater than
1.5% of unmodulated carrier amplitude)
must be recorded by the system. Figure 2
indicates that the FM carrier is, by necessity,
close to the highest modulating frequency.
The Y signal is, therefore, tailored by a
low-pass filter with a roll-off at 3.5MHz of
— 20dB: this ensures that components pro-
duced in the lower sideband do not. by
‘mirroring” at 0Hz, re-appear as folded side-
bands in the wanted spectrum. This would
give rise to moire patterning on replay.

The penalty for this ‘narrow band’ FM
technique is degradation of noise perform-
ance in comparison to that of wider band
systems. The loss of information in the
upper sideband reduces the signal-to-noise
ratio at HF and must be compensated for by
pre-emphasizing the Y signal prior to driv-
ing the modulator (Fig.3). On replay. de-
emphasis is applied.

The increase in amplitude of the Y signal
HF component following pre-emphasis
must be limited to prevent over-deviation of
the modulator. Dark and white clip circuits
restrict the drive signal excursions to 40%
and 90% respectively (Fig.2).

The chroma component of the composite
video input is extracted by selective filtering
centred on 4.43361875MHz. It is recorded as
a QAM signal, down-converted to 626.9kHz
and occupies *=500kHz bandwidth. This
represents less than four octaves and it can
therefore be recorded directly. However. a

Down converted FM carrier deviated by
tolour subcarrier Y signal
626:953 kHz N Mz
Lower FM sideband Upper FM
sideband
T T 1 i || 1 T
0 1 2 3 A 5 6
FREQUENCY (MHz)
2 Sync hp——»f[
Dark clip level --F;ehaui;e White
clip
Pre processed < level
luminance signal
0% 100 % 90%
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source of AC bias is required to overcome the
tape transfer non-linearity. Bias is conve-
niently provided by the FM luminance sig-
nal. with which the chroma signal is mat-
rixed prior to its application to the recording
heads. Since amplitude modulation is in-
volved, good head-to-lape contact is essen-
tial to achieve a reasonable chroma signal-
to-noise ratio during replay.

S-VIS

Advances in the field of video head and
recording tape manufacture have made
possible significant improvements over the
VHS specification. In domestic television
systems, the emphasis is now verv much on
improved picture and sound quality. Anti-
cipating an increase in consumer keenness
for better technical quality, JVC has de-
veloped Super-VIIS, the PAL version of
which was announced in January 1988.

S-VHS enables a wider luminance signal
bandwith to he recorded through reposition-
ing the FM carrier. As a result, horizontal
resolution is increased to 400 lines (Fig.4).
The revised FM frequencies are 5.4MHz
corresponding to sync-tip, 7.0MHz for peak
white. Extended white and dark clip levels
are 110% and 70% respectively and the
overall pre-emphasis characteristic is
changed to reduce the adverse effect on
noise performance of broadening the record-
ing spectrum.

HEAD AND TAPE DEVELOPMENT

To maintain compatibility with standard
VIS, linear tape speed, writing speed and
track pitch remain unaltered. Thus for S-
VHS an increase in recording density takes
place. Newly developed amorphous metal
video heads are employed to record
wavelengths down to 0.7um. By the use of
laser technology a head gap of 0.15pm is
possible. The laminated construction tech-
nique (Fig.5) has the advantage of improved
efficiency at high frequencies. through a
reduction in eddy current losses. In addi-
tion, noise generated by head-to-tape con-
tact is reduced by 2-3dB over conventional
single-crystal ferrite heads by low-friction
design of both head and lower drum assemb-
lies. Friction noise becomes significant
above 5MHz, and particular care must be
taken to minimize it.

The increased recording density places
stringent demands on the recording tape
specification. Although a move to metal
tapes (like those used in the Sony 8mm
system) may seem logical, JVC decided to
stay with a more familiar cobalt gamma
ferric oxide coating to secure compatibility
hetween the two systems and their tape
families. Accordingly, for S-VHS tapes,
particle size is reduced to decrease modula-
tion noise and achieve the required short
wavelength recording characteristics.
However, the effect of self-demagnetization
(caused by the pole proximity of the indi-
vidual domains) becomes a significant fac-
tor. The solution is to employ closely con-
trolled production techniques which result
in an increased area of the tape B-11 curve
(Fig.6).

The increase in the loop broadness indi-
cates greater coercivity of the order of 30%,
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reducing self-erasure and thus improving
the ability to store short wavelengths in the
medium. Carrier-to noise (¢/n) ratio is im-
proved by increasing the remanent point to
175mT. C/n ratio is of particular concern in
the wider bandwidth S-VHS system: signal
disturbances which would be considered
unimportant for VHS now become signifi-
canl. Spacing loss between the tape and
rotary heads has to be minimized: higher
consistency and smoothness of the magnetic
layer, together with an ultra-flat base film
and improved tape handling within the
cassette are areas where attention to detail
can yield substantial benefits. This applies
not only to luminance but also to the AM
chroma signal, particularly when highly
saturated colours are to be displayed.

The use of anti-static material for the
cassette shell is desirable because dust and
dirt are major causes of drop-outs.

Comparison of the two tapes of Fig.6

Lomination
structure

Fig.4. S-VHS recording spectrum. Horizon-
tal resolution extends to 400 lines.

Fig.3. Pre-emphasis characteristic of the
luminance signal (VHS).

Fig5. Video head construction. Improved
head design has been an important factor
in creating the S-VHS format.

Amor‘phobs
construction

indicates an improvement in RF output and
luminance of 1dB. whilst chroma signal-to-
noise is raised by 1.5dB and output by 2dB.

Auto-selection of VHS/S-VHS recording
mode is made possible by an ident hole in the
hase of the casselte body, which aligns with a
sensing switch on the VCR mechanism.
Manual override of this feature is possible
should the user wish to record on S-VHS
tape in the VHS mode: for example, where
this tape is subsequently to be transferred to
a VHS machine for replay.

At this point it is worth considering the
question of making recordings with a stan-
dard VHS VCR using S-VHS tape. S-VHS
tapes can be used in this situation, although
erasure of previous recordings may not he
entirely satisfactory on some machines be-
cause of the higher coercivity level. And an
SE-180 cassette costs around £13.80, com-
pared to £5.30 for a high grade E180 VHS
tape
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Fig.6. Magnetic properties of VHS and
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Fig.8. Left: static chrominance and luminance clusters in the composite video signal. The two can be separated by comb filtering (right).

SIGNAL PROCESSING

From Fig.4 it can be seen that FM deviation
has been increased to 1.6 times that of VHS.
This produces a significant improvement in
noise performance and will enable the home
movie enthusiast to produce edited record-
ings far superior — at least in technical terms
—to that hitherto possible with any domestic
system. A further important advantage is
that a more gentle graduation of grey-scale
tones is achieved.

The higher frequencies involved in S-VHS
make for improved immunity to adjacent-
track luminance crosstalk. owing to the
frequency-dependent action of the familiar
‘offset azimuth' technique employed in
domestic VCRs.

In addition to the standard pre-and de-
emphasis stages employed in VHS record/
replay, S-VHS features sub-emphasis. de-
signed to minimize the effect of higher noise
levels inherent in a higher-resolution sys-
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Luminance

Lum earth

spectrum of the VHS signal, but it lays the
foundation for a recording system in which
the two signal components merit separate
processing within the VCR, making the
elimination of cross-colour quite achievable.

Fig.9. Four-pin S-socket for portable S-VHS
units.

tem. The technique provides a lift to the
recorded luminance band in the lower fre-
quency region of 2-3MHz (Fig.7). The de-
gree of lift is dependent on signal level, for a
given frequency. The characteristic is ap-
plied prior to the standard VHS pre-
emphasis during record. Complementary
de-emphasis is carried out on replay.

Figure 4 also shows an improvement in
Y/C separation in the region of 1.2MHz. For
S-VHS, the HF luminance sidebands con-
tained in this region should be better than
20dB below chrominance level. Not only
does this overcome the undesirable crosstalk
effects | mentioned in discussing the off-tape

COMPONENT CODING

The broadcast television signal contains Y
and C components which are grouped
together by frequency-division multiplex on
to a common carrier. For VHS purposes.
separation of the two can be achieved by
simple ceramic filters.

With S-VHS and its wider luminance
bandwidth capability, a more comprehen-
sive technique is necessary: comb filtering.
Examination of the composite signal spec-
trum reveals that energy relating to the Y
and C components is distributed in clusters
centred on harmonics of the horizontal
scanning frequency. The choice of chroma
subcarrier frequency is such that the two
elements interleave, thus making efficient
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use of the available bandwidth whilst mini-
mizing mutual interference (Fig.8).

With delay-line matrix and summing
arrangement (Fig.8). the wanted spectral
components can be separated; unwanted
components are cancelled. For PAL, a
quarter-line offset relationship exists be-
tween luminance and chrominance. The
practical comb filter arrangement employs
4H glass delay lines.

Setting up the filter is critical, separation
being dependent on accurate halancing of
the signal paths. A typical S-VHS machine
has six variable resistors and two inductors
in this section.

The wider-bandwidth Y signal places extra
demands on the design of the preceding
tuner and IF/demodulator stages in the
receiver section. In cases where the source of
video is deficient in HF, the comb filter may
not provide an enhanced resolution. but
instead will increase the Y noise level.
Manufacturers therefore provide ‘comb off”
or ‘edit” switches on their S-VHS VCRs.
which insert an early roll-off of the Y
response, to provide an improvement in
noise performance at the expense of resolu-
tion.

The full recording potential of S-VHS can
be achieved only with a source which offers
the individual Y and C signals in their
original, full-bandwidth form. Such a sys-
tem will offer horizontal resolution in excess
of 400 lines, free from cross-colour and
cross-luminance effects. .. a specification
which exceeds that of current UK bhroadcast
transmissions when displayed on conven-
tional domestic receivers.

S-VHS camcorders with their internally-
derived Y and C signals represent the ulti-
mate record/replay system at present. For
external connection, the 'S-socket’ (Fig.9)
is pmvided this is also featured on table
model S-VHS VCRs to permit high grade
dubbing between machines. and to provide a
means of recording from alternative
component-coded sources, e.g. MAC signals.

An alternative means of connecting sepa-
rate Y/C signals has heen made possible by a
modification to the standard Euroconnector
pin assignment. Pin 15, normally red chan-
nel input. may now be designated for sepa-
rate chrominance. Similarly. pins 19 or 20,
currently composite video out/in respective-
Iv. may be used for separate luminance
out/in.

Advantages of this method are that ex-
isting leads may be used and that the
common connector provides not only Y/C
but also audio signals. However, some con-
fusion can he expected by the effect of no
colour when playing Y/C signals via a receiv-
er Euroconnector that conforms to the
original 1984 SCART standard: a cure would
be to select composite output from the
S-VHS VCR.

Rh(,ORD/RhPlAY OPTIMIZATION

L()nSIder an S-VHS machine. set to record in
the S-mode from any composite video
source. After separation of the video into Y
and C. some degree of residual 4.43MHz
chroma can be expected in the Y signal
because of filtering limitations. This would
be recorded on tape and would produce
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Fig.10. A pilot burst is inserted in the record signal to identify the video source. Its
purpose is to reduce Y-C crosstalk by switching in a notch filter when signals of

composite origin are being replayed.

unwanted sidebands in the 1MHz region on
replav. To minimize the crosstalk effects
which would be apparent under these condi-
tions. a trap centred on 1.2MHz is automati-
cally switched into circuit following the head
amplifier to ensure separation of the reco-
vered Y and C components.

Since resolution and HF phase will be
unnecessarily compromised should the trap
operate on signals previously recorded via
the S-socket, or on pre-recorded tapes which
were made from a true Y/C source, a method
of signal source recognition is used to enable
the trap (Fig.10a, left).

The pilot burst, consisting of 10 cycles at
4.43MHz, is gated into the record chroma
signal prior to down-conversion. Its phase
angle relative to that of the chroma U-axis is
arranged to provide the necessary source
ident during suhsequent replay (Fig.10b,
right). The pilot burst is not passed througn
the replay chain, but is gated out of the
replay chroma signal to control the filtering
action. In addition it may be used as a
reference for jitter compensation, as an
alternative to the off-tape swinging chroma
burst signal.

INTE R(lIAN(,hABlLlTY OF FORMATS

|lk€ \HS S-VHS can he nperdted in the
standard play mode (tape speed 23.4mm/s)
or in long play mode (11.7mm/s). Tapes are
availahle in C cassettes as well as the normal
size.

A single European format ;s proposed for
the S-VHS recording svstem. This “Euro-
system” means that S-VHS machines of the
future will convert SECAM-encoded signals
into the same on-tape signals as those for the
PAL system. On replay. a choice of PAL or
SECAM outputs will be available from the
same cassette.

S-VHS tapes can be used -“or record and
replay ir VHS machines. Standard VHS
recordings can be replayed on a S-VHS
machine by automatic detection within,
which muakes the necessary changes in de-
modulation and frequency characteristics.
VHS recerdings can be made on an S-VHIS
machine if required. either by deliberate
sefection of this mode by the user. or by
automatic sensing of the presence of a VHS
cassette; but it is not possible to play back an
S-VHS recording ona VIS machine.

Fresnel antenna

Saellite receiving antennas costing as little
as £5 could become a reality soon through a
development being pioneered by a British
company, Mawzones Ltd. Not only is the
antenna cheap to make, it is flat too: a
veision designed for receiving the Astra
direct broadcast satellite is printed on a
window-blind and can even be rolled up
when not in use.

The Mawzones antenna consists of con-
centric Fresnel rings screen-printed on a
transparent plastics sheet. These can be of
silver for a reflective antenna, or of graphite
for a transmissive antenna; and if the rings
are elliptical rather than circular, they can
focus signals arriving at an angle to the zone
plate and an offset feed may be used.

MAWZONES

-

Mike Wright of Mawzones demonstrates
two reflective antennas: the one on the left
has a painted finish.

Antennas can be flush-mounted on walls,
roofs or windows, and in the latter case the
feed-horn and head amplifier can be sited
indoors. Typical positioning tolerance for
DBS reception is +5° which would mean
that for a given satellite the same zone plate
could be used at locations within 300 miles
of the optimum position. At other sites, or
for other mounting positions. an alternative
pattern could be selected from a range of
masters.
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Plessey and the
Economic League

To many. the Economic League is an un-
savoury organization. Founded in 1919 by
the ex-chief of the Naval Intelligence Depart-
ment. Its job is to supply tit-bits of informa-
tion to employers about potential employees
during the recruitment stage. From the
employer’s viewpoint the object is simple:
the League helps them to spot trouble-
makers.

Since MPs are nature's troublemakers,
the League’s activities have drawn continual
fire. A motion before Parliament, supported
by over 90 MPs, “condemns those secret,
back-stabbing operations of the Economic
League which blacklist innocent people
without their knowledge. deprive them of
the right to reply, and damage their job
prospects; and calls upon the Government to
outlaw all such activities™.

Such political activity seems to have paid
off; Max Madden MP has amended the
motion to refer to a letter from Stephen R.
Wallis, Managing Director of Plessey PLC,
dated January 26. 1989, “announcing that all
Plessey Company sites have been advised to
discontinue using the services of the Econo-
mic League”. One wonders whether other
electronics companies have the courage to
make a similar public statement.

Mum’s the word!

Many readers of Electronics & Wireless
World are trusted to work in the sensitive
areas of defence electronics, and are aware
that a breach of trust could be very damaging
to national security. But suppose an instruc-
tion is given to you by your employer, with
the approval of Government, that results in
secrets being given away? What would you
do?

This was the problem facing one senior
research scientist who was working for
Plessey in January 1977. He discovered that
Lucas Aerospace was to supply a digital fuel
control system for a Soviet jet engine, and
Plessey a variable-geometry jet nozzle.
Although these were ostensibly for the ill-
fated Russian civil aircraft. the “Concord-
ski”, the scientist realised that the same
technology would double the range and
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radius of action of the Soviet backfire bom-
ber so that it could strike at the heart of the
United States.

Consequently, the scientist leaked classi-
fied information to Winston Churchill MP,
whose famous grandfather received many
such leaks in the 1930s. Armed with this
information, Churchill ensured that the £10
million contract was cancelled.

According to Churchill, if that happened
in future, all the thanks the scientist would
receive would be a criminal record. During a
debate on the new Official Secrets Bill, he
complained that the Bill's attempt to restrict
leaks of official papers actually equated
Government interest with the national in-
terest. Thus, any future research scientist
could not claim that the disclosure,
although damaging to the Government of
the day, was vital to the good of the nation.

So now you know, whatever you thought
you would have done, don't!

Reliability of
defence equipment

A stinging report from the National Audit
Office (NAO)' complained that the Ministry
of Defence does not pay sufficient attention
to the reliability and maintainability (R&M)
of defence equipment. Such is the scale of
neglect that, according to the NAO, there
could be savings of some £1000M a year.

The report does not mince words. It
complains that “R&M has consistently been
sacrificed to performance, and initial purch-
ase cost”, that for the most part there was “a
lack of commitment in this area, ineffective
management. inadequate resources, a need
for better information and a scope for tighter
contracting”™ and that “there must be a will
to delay or halt projects where R&M has not
been fully considered”. There was even a lack
of information as to when or if defects
occurred in equipment, which equipment
had faults, or even how long equipment was
used (important for scheduling routine
maintenance).

This, according to the report, has led to
specific problems. For example, up to 50% of
the RAF's fast jet fleet is not available for
training because of servicing, and reliability
modifications to jets account for an addi-
tional 70% to the basic unit costs. One

reason why the Nimrod airborne early warn-
ing system was cancelled was that R&M
would be a further large expense.

The NAO hints that a major problem is
Whitehall itself. There was “a lack of suffi-
cient top-level commitment by the Depart-
ment and industry to the rigorous imple-
mentation of agreed R&M principles at
project level” and that the MOD “may plan
minimal R&M programmes in order to
reduce costs”. Out of 30 000 staff and an
annual budget of £900M only 30 full time
staff work in areas covered by the report.

The report is very enthusiastic about the
Pentagon’s approach, which calls for R&M
incentives and warranties to be an integral
part of procurement policy. Clearly, the
auditors think that the same should improve
the value for money obtained for the tax-
payer, the next time the MoD signs a major
contract.

Reference

1. National Audit Office, Report by the Comp-
troller and Auditor General: Ministry of Defence:
Reliability and Maintainability of Defence Equip-
ment, £4.90, HC 173.

Marconi and fraud

Dale Campbell-Savours, a Labour MP who
has a formidable reputation for finding the
dirt that surrounds the misuse of public
money, has his teeth into Marconi. It
appears that it was his activity in Parliament
that forced the hand of the Director of Public
Prosecutions (DPP) to prefer charges after
24 months of silent investigation.

Five days before the DPP announced the
prosecution of four senior Marconi em-
ployees, the MP had implied that he would
‘name’ the men under the cloak of Par-
liamentary privilege if nothing happened.
Also accusing the DPP of using the Plessey/
General Electric Company takeover battle as
an excuse for delaying large scale prosecu-
tions, (GEC is the parent company of Marco-
ni), he said that the takeover bid convenient-
ly kicked an embarrassing issue into touch.

Now the DPP has begun the legal process.
a different muzzle applies. Parliamentary
procedure forbids many activities that relate
to matters before the Courts.

Notes on the House are by Chris Pounder.
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Multi-channel data logger

This circuit was designed to provide portable
data-logging in medical research. It has
eight analogue channels each sampled at
100Hz and can capture about a minute’s
worth of data from each channel. When its
memory is full, the logger is connected to a
microcomputer i/o port so that its data can
be processed and stored.

Input limits are OV and 5V. At power up,
the counters are reset and the ram is held in
read mode. On pressing of the start button, a
histable device removes reset from the
address counters and enables the 550Hz
system clock. Al the clock’s falling edge, cs
and rp of the a-to-d converter are pulled low
and dataon channel one is converted.

On completion of the conversion, the
converter's interrupt line goes low causing
one of the monostable ICs to produce a
300ps chip-select puise at the ram; at this
point, data is written into the ram. At theend
of the chip-select pulse, the second mono-
stable 1C outputs a 10ps pulse o increment,
the address counters. Now the svstem waits
for anew clock pulse.

of the address range is reached, the most-
significant line of the counters goes high to
reset the counters via the bistable IC. Both
the clock and the converter continue to
operate, which means that the last byte in
the ram is unusable; in practice this should
not be much of a problem.

Pushing the start button again disables
the clock and the converter. Both mono-
stable muitivibrators can now only be trig-
gered by the application of an external pulse.

At this stage, data can be retrieved from
the ram. Eight data i/o lines and one control
line from a microcomputer connect to the
logger. The control line, for example cs, of a
BBC microcomputer’s 6522 interface adapa-
tor, is pulled low to Lrigger the monostable
IC pulse. Data is now held on the output bus
for the duration of the 300us pulse so that it
can be read by the computer. At the end of
the pulse, the second multivibrator triggers
to increment the address counters.

Since the data is only available for 30Qus,
a machine-code program will probably be
required toread it.

12k

100 Black
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PO. type ‘telephone earpiece

Improved
continuity tester

At supply vollages less than about 3V. fre-
quency of a unijunction transistor oscillator
becomes highly supply-voltage dependent.
This property can be used to make a con
tinuity tester whose audible output clearly
indicates the resistance difference between a
short circuit and a cold-filament lamp.
Oscillator frequency and amplitude de
crease with increasing resistance: there is no
output for probe resistances higher than
about 100£).
P.A. Dowie
Kidderminster
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1Mbyte address
bus for Z80

Traditional methods for extending the
address space of eight-bit processors rely on
latches to switch a memory device into or
out of a particular area of address space.

My approach divides the Z80 address space
into blocks of 4Kbyte and any 16 of these
blocks from aselection of 255 can be selected
for the Z80 address space. This allows areas
of memory to be repositioned so that, for
example, screen images can be switched in
and out of a memory-mapped VDU.

Two ram ICs work as one 16-by-8bit ram
which is used as a page table by the top four
bits of the Z80 address bus. The 8bit page
address is written to this table by simply
loading it into any part of the 4Kbyte block
using L instructions.

To use the paged ram. it must he possible
to disahle the circuit. This is done by setting
a flag bit connected to rvanr. Any bit of an
output port could be used as the flag.

There should be no problems when cros
sing page boundaries since the rams are TTL.
devices with 25ns access limes: if 7489s are
used. their outputs will need pull-up resis-
tors.

S.R. Monk
Sileby, Leicester

CIRCUIT IDEAS
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Alternating input voltages from 90V to more
than 265V can be used with this current and
voltage adjustable DC regulator. As shown,
the circuit produces an output of 48V, but it
can be modified to produce other voltages by

Power controller with wide input range

Isolation between the output voltage sens-
ing circuit and inpul control is provided by
an opto-resistive coupler such as the led-
cadmium-sulphide MCD521 or the led-
bilateral fet H11F1:; | chose the latter on the

Don't attempt to build this unless you are
familiar with the practices and regulations
relating to mains-carrving circuits. Note
that the triac needs to be suitable for
inductive loads. Ed.

adjusting components marked with an groundsof cost.
asterisk. G.N. Amos, Sheffield
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"CIRCUIT IDEAS

. |
Electronic s
Ll L]

switching for E B

. — 1 debounce Flip flop indicator
musical- ch ’
. 3 Q
instrument ] ]

L] [] r
applications

Effect Lr/ 7/ — NNt Direct

There is a vast range of musical- signai input signal input
instrument effect pedals available and 2 Analogue b Analogue
most of them feature discrete circuits to switch switzh I
switch the effect in and out. Although |
some manufacturers include a DPDT foot . > Output
switch, the more popular and reliable Blocc diagram of electromic switching circuit

method is to use a push-to-make switch | |
connected to a trigger circuit.
Such a trigger circuit, the first of those 3 +9volts
shown here, consists of debouncing, a bi- | I
stable element, two analogue switches i ? B y
————— Direct
. signal

A\

and a led indicator. Components are signal
reduced considerably by a circuit based
upon 4016 or 4066 quad analogue /
switches as shown in the second diagram. '
Remote control of up to four effect pedals
is possible using four of the circuits in the
third diagram. One 4001 or 4011 1C could
be used as an inverter and the circuit
could easily be extended.

While all modern rhythm units in-
corporate Midi control, many have no
facility for footswitch operation, which is
an essential feature for live performers. A Circuit for block diagram using a 4016 or 4066 1 C
modification of the second circuit shown
in the fourth circuit has been used to
control the start/stop function of various

rhythm units.
Each time that the foot switch is 1 +Volts

|

t

|

. . |

pressed, a brief pulse turns on alternative 7 r_ox T !
|

|

12

w

analogue switches. With the foot switch
open, both analogue switches present a ffect _,_»,_I_u/ e T AA——

high resistance across the start/stop S ' Direct
switches, enabling manual control. pS _‘L_ > I I
C.Evans 'l’ it '

HESS Flectronic
switching |

C. Evans Electronics
Liverpool

Mulh effects rack l
unit

|
| Footswitch
— Signal out i

Remote footswitch operation of multi effects rack { 1crcuit shown)

| I‘ _tom - |n |
s —-[—ll—> bz othg? <—||—Ii NI
° o . 3 . g 8
Digital delay unit 3 " ‘—d

Two minor ervors appeared in A.G. Birkett's ] ]
digital delay circuit published in the Novem-

her 1988 issue. Resistor R.- is shown con-
nected to OV; it should go to =5V. The
equivalent of the L8124 is the L5624. not the
LS629.

Modificat on of 4016 circuit providing footswitch operation of rhythm unit
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BUY THE BEST — BUY ™

SPC-300D | R p° M

s

SPC-30000 ,, m .

Y

STAY TUNED FOREVER’

SOLID BRITISH ENGINEERING With a
CAPACITORS, ROLLER GOASTERS AT U

BUILD YOUR OWN A T.U. FOR £57.40 BRITISH WORKMANSHIP AT ITS BEST

CAP-25S £15.50
NEW PRODUCT FROM (CRR O
CAP-25T £18.95 AERIAL SWITCHING UNIT

R/COAST £22.95 + £4.50 p&p
BUILD YOUR OWN LOOP WITH NEW P“°°”EJA§”'1'§’3'1§ grYSER LooP

OUR NEW CAPACITOR AND AMAS5/1 £445
MOTOR ASSEMBLY COMPLETE 1Kw loop antennas
FOR ONLY £47.95 + £2.50 p&p

FEATURES OF (JFRCD LOOP ANTENNAS

@ It has a very high Q

@ A radiation resistance from 300 millichms to never
more than 0.8 of an ohm

@ Has a bandwidth from 3KHz to S0KHz

@ It has an SWRot 1.410 1 at the very least. 1 11o 1
on most bands

@ Will operate at virtually ground level

See Press Reviews/Releases for
further details
For more information on any of our
products including high power
A.T.U's, Loop Antennas for
commercial use

® The loop has a vertically polarised radiation pa: send to:
tern containing both very high and very low angle ELECTROMICS LTD
radiation (ideal as a DX anlenna) UNIT 6
@ Does not require an Antenna Tuning Unit
@ Depending on the model used it only occupies PEEL ROAD NDUSTRIAL CENTRE
from 80cm to 4mt of space PEEL ROAD
@ It is ultra compact, light and waterproot
@ Planning permission is not necessary SWKEESJM?, LANCS.
YOU ONLY NEED TWO AERIALS FOR WNS 9PT
CONTINUOUS COVERAGE FROM 3.5 to 30 MHz. TEL: 0635 27948
COST OF THE TWO AERIALS — ONLY £626.00 + £30.00 p&p TELEX: 629575 CONGAS
THIS OFFER INCLUDES CONTROL BOX, CLAMPS AND CABLES. FAX: 0695 29125 )
ENTER 29 ON REPLY CARD
} KESTREL %N/ PINEAPPLE
BBC PCB SOFTWARE
COMPONENTS LTD. : 0 relen i
i ¢ 1
= All items guaranteed to manufacturers spec. i e o respectty con i
* Many Other |tems ava”able' , PCB auto-route is remorkable. No similor software comes near the price.
‘Exclusive of V.A.T. and pOSt and package PCB manual trock routing £85.00 PCB avto-routing £185.00
1 100 1 100 PCB Plofter driver - £35.00 P&P free Acorn User Aug 88
N IBM PCB §
oftware
74L§00 0.15 0.08 | ‘21.:4576(2\/”-‘21 Clirystal gzg 822 EASY PC " : N L e i -
74LS32 015 008 eg Crysta ) g y v p #
74L8125 015 0.11 | 6Meg Crystal 045 0.26 e At i U Ll .
74L8241 030 0.18 | 8Meg 045 0.26 Ut 10 " o 16 ter M WX
7418244 030 018 1488 025 0.16 -; L “95;500 P&‘;h w KR A
7415245 0.30 019 | 1489 025 0.16 s -
7418373 030 018 | 2732A 250 230 ROLAND PLOTTERS
74HCO00 0.14  0.09 | 2764A 220 1.80 N ; a g R I Gt : edfi OF
74HCO02 0.14 0.08 | 27C64-20 280 1.90 o
74HC147 025 0.14 | 27C128-25 340 310 St M 5
24HC153 0.2a 012 | 27128A-25 280 230 OXY 8804 £540 OXY1100 £625.00 DXY1200 £865.00 DXY1300 £1025.00 P&P£15.00
74HC194 025 0.15 | 2725625 330 3.00 MARCONI TRACKERBALLS
74HCTO04 0.16  0.13 | 27C256-25 3.00 250 Wi to link 1 k y 1
74HCT32 0.16 0.08 8259AC-2 1.60 1.20 Bare Trackerboll (No Software) £45.00
74HCT74 0.16 0.12 | 8255-5 1.90 130 BBC Model with software £59.00 P&P on
74HCT123 0.23 0.16 82C55 1.50 1.10 Adapters to drive BBC Mouse software £8.00 Trackerbolls
74HCT138 0.23 0.16 8085 1.60 1.00 Archimedes Adaptor £19.95 £1.75
74HCT373 0.35 0.28 6522P 2.80 1.85 IBM model (serial interface) £199.95
74HCT374 0.35 0.28 | Z8BOACPU 1.00 0.65 e e "
74HCT574 040 032 | Z80AP10 100 065 MITEYSPICE, SPICE.AGE AND ECA -2
74HCT643 0.42 030 | Z8BOACTC 1.00 065 prois t 25 pock ’f’“' w‘ % o " d
. . 3 f 1 f d ly eq t
All memory prices are fluctuating daily, please phone to Miteyspice (r;, 8BC .:..a Arth'imedes) £119.00
i i Spice Age (IBM PC/XT/AT 512k Rom) fram £70.00
confirm prices. P (lgl;M PC XT AT 256k Ram)a g :"
178 Brighton Road, LCA-1 (Logic Anolyser for IBM’s) £350.00 e
Pur'ey, Su rrey CR2 4HA Pineapple Software. Dept WW, 39 Brownlea Gardens,
Tel: 01-668 7522. Fax: 01-668 4190 Seven Kings., ilford, Essex1G3 9NL. Tele'phone: 01-599 1476 @
Add 15% VAT to all prices
ENTER 4 ON REPLY CARD ENTER 5ON REPLY CARD
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SHANNON, CODING
AND SPREAD SPECTRUM

To conclude this short series, the author describes the use
of soft decision coding for error correction and some
methods of countering bursts of noise or signal fading.

ne of the important results of

the work on information

theory carried out by Shannon

and others is what | term the

Bureaucrat's Delight Principle
In simple terms it states that one should
always delay making decisions for as long as
possible. Information theory makes it clear
that every time a decision is made informa-
tion is destroyed. This is a very reasonable
idea. since any signal may convey some
amount of information which may be re-
levant, however remotely. to other informa-
tion separated from it in time. or frequency.
or space.

An obvious example is the effect of disper-
sive channels on binary data streams. where
the actual signal received at any instant is a
sum of the corresponding transmitted signal
(possibly distorted) and delayed versions
(probably also distorted) of earlier transmit-
ted signals. This can give rise to what is
known as inter-symbol interference and is
usually considered a nuisance. However, it is
intuitively apparent that. if sufficient were
known about the dispersive mechanism, one
might use the dispersed energy construc.
tively to improve the qualily of reception.
Indeed many techniques, some of them
adaptive. are described in the literature for
achieving such equalisation as it is often
called.

That information is destroyed by making
decisions is also apparent if we consider a
simple “deciding” equipment receiving bin.
arv signals. At the decision point it typically
interprets positive voltages as 1 and negative
voltages as 0. 1t therefore treats a +1pV
output and a + 1V output as equally indica-
tive of a 1. It is obvious that the former
decision is much more suspect that the
latter. yet once the decision is made this
information has been destroyed.

In the case of error correction/detection
block coding one must in any case wait until
the entire block has been received before
attempting to decode it. A delayed decision is
inevitable so far as output datais concerned.
Why then should we destroy information by
making hard decisions on each “bit” of the
codeword?

Before attempting to answer this question
we first consider the nature of soft decision
decoding and the extent to which it is
superior to hard decision decoding.

May 1989 ELECTRONICS & WIRELESS WORLD

L.C. WALTERS

—— e Frame SYN( ———t——
Integrator
or low pass
filter
Correlator
Codeword
——— generator
ki Integrator
- or low pass ——
fiiter
s L
Correlator 1 Clock largest
- - and
output
data
[) » ) ] ]
A e e~oed A (S A

Fig.9. Outline of a soft decision receiver.
Correlation can be implemented largely in
software if the data rate is low enough.

SOFT DECISION DECODING

The soft decision process consists in attemp-
ting to answer the following question:
‘Given the exact waveform that we have
received, what is the most likely waveform to
have been transmitted?” Clearly. this ques-
tion is unanswerable unless there are con-
straints on the waveforms which are allowed
to be transmitted. Such a constraint could
be that the transmission must comprise one
of a known set of error-correction code

i AT Y e
The bureaucrat’s delight
principle: always delay
making decisions for as
long as possible.

blocks. We then wish to deduce from the
received waveforms which of these is most
likely to have been sent.

Many techniques are described in the
literature for attempting this; but in the case
of a waveform which is undistorted apart
from the addition of white gaussian noise, it
may be shown that the optimum detection
technique is “matched filtering’ or,
equivalently. correlation with each of the
possible transmitted waveforms and the
selection of that one which gives the greatest
correlator output. Most soft decision techni-
ques are, in fact, some sort of approximation
to this, but in those cases where such
correlation is genuinely achieved the receiv-
er is described as a maximum-likelihood
receiver: it is the best receiver which is
theoretically possible in these circum-
stances. Note that such a system is identical
in concept to DSSS receiving systems,
though not normally applicable at such low
signal-to-noise ratios because one rarely
uses error correcting codes having very large
redundancy factors.

Thus. an ideal receiver would comprise a

475



[

limited.

Coding techniques conceptually similar
to (though more complex than) those dis-
cussed in this series of articles have never-
theless permitted such communications to
be maintained at ranges corresponding to
the limits of the solar system, and, it is
expected, beyond.

CODING VERSUS BANDWIDTH
REDUCTION

Error correction encoding can be valuable in
improving performance. But in the absence
of jamming, spread spectrum performance
can do no better in theory than a correspon-
dingly reduced bandwidth system without
such coding.

However, as the data rate gets lower and
lower, it can become increasingly difficult or
expensive to implement the bandwidth re-
duction. Consider, for example, a transmis-
sion at 0.05baud (such systems can be of
interest!). That is to say, a transmission for
which each data bit has a duration of 20
seconds. If this is to be conventionally
implemented and to use an efficient modula-
tion scheme such as phase modulation, then
not only will there be severe problems in
implementing the very narrow bandwidth
filters required (often demanding very good
phase response also!) but there will also be
severe demands on the phase stability re-
quired of the transmitter and receiver oscil-
lators. Both of these problems can be
avoided by using very low rate coding and/or
spread-spectrum to achieve the same per-
formance (or better), using less demanding
precision.

EPILOGUE

In this series of articles | have attempted to
indicate some of the general principles of
communication theory and to outline means
of exploiting them.

The foundations of the subject were laid
many years ago, arguably as early as the 19th
century, with formidable names such as
Lord Rayleigh appearing amongst the cre-
dits. Nyquist and Hartley in the 1920s
certainly made substantial contributions
and Shannon subsequently built on these to
erect a coherent theoretical framework of
great significance.

For many years the concepts of spread-
spectrum systems were subject to national
security constraints because of their poten-
tial performance as anti-jamming and/or low
probability of intercept (LP1) schemes.
However, for about two decades the princi-
ples have been increasingly publicized and
are being applied to civil as well as military
and other governmental applications. Error
correction schemes of enormous diversity
have also been employed or proposed, Ham-
ming playing a pioneering role over thirty
years ago but ably succeeded by an army of
mathematicians and engineers.

Readers who wish to learn more of any of
these topics are referred to the now vast
literature which is expanding (in content as
well as quantity!) at a high rate. For the more
mathematically inclined, the reference be-
low is an early exposition of error correction
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There is an attraction
about a system which
does not merely say “I’m
not very confident” but
which firmly states
“There are errors”

code design and is still considered as a bible
on this topic. The historical developments
and the latest ideas can, for the most part. be
followed in the numerous volumes of the
IEEE Transactions on Information Theory.

1 hope, however, that this series may have
served to fill a gap in the knowledge of some
whose main interests lie elsewhere and to
whet the appetite of others. It may also serve
to reduce the number of attempts to achieve
the impossible!

Reference
Error Correcting Codes, W.
Press, 1961.

Peterson. M.LT.

After graduating from Cambridge University, Len
Walters was directed under wartime regulations
into the Ministry of Supply. He left in 1947 to take
up a short service commission as an instructor
lieutenant in the Royal Navy after which he
became a research engineer with the Plessey
Company at [lford in 1951, In 1954 he joined the
research laboratories of Decca Radar as a micro-
wave engineer, returning to Plessev in 1955 as &
group leader working on radar countermeasures
and counter-countermeasures. At this time he
evolved, together with colleagues. the idea of
direct sequence spread spectrum, only to learn
that others had had the idea earlier and that it was
a highly classified topic.

tHe continued to work in this and many other
areas at the Roke Manor research lahoratories of
the Plessey Company, where, following the suc-
cessful crash development of a prototype main
store for the then state-of-the-art Atlas computer
he became chief engineer in 1961. Fe also worked
on sonar, radar, ECM, ECCM and many aspects of
communications including spread-spectrum and
error correction systems and was a member of the
communications sub-committee of the Electro-
nics Research Council prior to its dissolution in
1982. He was also a major contributing member of
its working party on ECM-resistant communica-
tions.

The author of some 20 patents, he retired as a
senior consultant at Roke Manor in 1985. He has
served on a number of [ERE committees over
many years and is currently a member of the IEE
Professional Group E18 (electromagnetic com-
patibility).

@ An informative 44-page booklet entitled
From idea to market place — an introduction
to UK technology law has been produced by a
London firm of solicitors, Bird & Bird. In
their foreword, the authors point out the
importance of properly-secured technology
rights — the neglect of which can occasional-
ly lead to spectacular consequences, as in
the withdrawal of the Kodak company from
the instant film and camera market as a
result of Polaroid's successful US lawsuit for
patent infringement. This second edition of
the guide follows the passage of the Copy-

FROM IDEA TO
MARKET-PLACE

An Introduction to
UK Technology Law

BIRD & BIRD

right. Designs and Patents Act, 1988. which
overhauled UK copyright and design law.
Among the topics it touches upon are patent
procedures, know-how, design rights (in-
cluding semiconductor product topo-
graphies), computer software; domestic and
EEC competition law, data protection, pro-
duct safety; procedures for financing tech-
nology. including preparing a company for
investment; commercializing technology:;
and intellectual property litigation, with sec-
tions on costs and remedies. Copies are
available free of charge from Bird & Bird at 2
Gray's Inn Square, London WCIR 1AF; con-
tact Karen Bohling on 01-242 6681.

Passport to World Band Radio, edited by
Lawrence Magne and Tony Jones. Catalogue
of HF broadcasts. both domestic and inter-
national, Main feature is a 260-page charts
section, tabulating stations frequency-hy-
frequency and hour-by-hour. and based on
monitoring observations as well as pub-
lished schedules. Codes and notes are used
to distinguish languages, power levels and
the presence of jamming etc. Feature sec-
tion contains 19 articles on international
broadcasting, including a list of best and
worst programmes: how does “The Future of
the Marxist Leninist Movement is Growing
in Scope and Strength”, a five-minute slot
on Radio Tirana, Albania, grab you? Exten-
sive receiver buyer's guide covers 90 sets.
Published by International Broadcasting
Services 1.td (P.O. Box 300, Penn's Park.
Pennsylvania 18943, USA). 416 pages. soft
covers, £14.95 in the UK, ISBN 0-914941-
17-8.
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8051 Project....?

- I}II

For further information contact

Cavendish Automation

From simple minimum chip solutions
through to complex turnkey
multiprocessor systems, Cavendish

Automatior has the hardware and tools to

allow you or us to design rapid and
professional implementations.

DACs, ADCs, bus-drivers and decoders
and many other forms of analogue and
digital /0 cards, together with power
supplies, backplanes, card cages and
equipment cases

8051/2 in either assembler or MCS-52 BASIC

on the card itself When wniting in assembler. both
....
......

way

!!.l‘lll"’,

Qak Park. Barford Road

St Neots Huntingdon, Cambs PE19 2SJ
Telephone 0480-219457

FAX 0480-215300 TELEX 32681 CAVCOMG

ENTER 21 ON REPLY CARD

Off-the-shelf hardware includes numerous

Software development couldn't be easier Our 7034
card s text editor enables software development for the

Programs are simply blown into EPROM or EEPROM

Cavendish Automation Limited

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:
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Analogue Action

Reports and topics from the linear world by John Lidgey of Oxford Polytechnic.

John Lidgey discusses topics from the analogue world.

nalogue electronics is alive and kick-
A ing. It is the purpose of this column to

remind the reader of this fact, to
preview new ideas and techniques and to
review some important aspects of analogue
circuits.

It can be argued that there is no such
thing as a true logic gate: they are really
non-linear analogue circuits with sufficient
gain that the output voltage is high or low.
depending upon the particular function of
the gate and the value of the inputs. But it is
often necessary to consider the true current-
voltage behaviour of these circuits, rather
than a simple Boolean description, to fully
identify the performance features, including
limitations. So the term analogue should be
taken in its broadest sense.

Single-chip VLSI systems are now a reality
due to the shrinking feature size of state-of-
the-art c-mos processing. With the increas-
ing complexity on a single chip there is
growing demand for lower power supply
working voltages; 3.3V is likely to become a
new industry standard. Digital processing
dominates such chips, leaving only signal
conditioning and A-to-D conversion func-
tions to the analogue domain. Process para-
meters are optimized for digital perform
ance. and so it is necessary to look for
alternative analogue techniques that can
operate well when built on a standard digital
process.

‘Current-mode rather than voltage-mode
circuits seem particularly attractive when
voltage headroom is being reduced and this
is confirmed by recent research reports on
current-mode A-to-D converters' and
switched current techniques for analogue
sample-data signal processing’. both techni-
ques making extensive use of current mir-
rors.

CURRENT MIRRORA-TO-D
The single bit cell needed to provide a
one-bit algorithmic conversion is shown in
Fig.1. Input current, I, is first doubled by
the current-mirror Tr, to Trs, then inverted
with a second current-mirror Try and Tr-.
This 21;, current is then compared with a
reference current, 1. appropriately mir-
rored to a current comparator through
another current-mirror Tr,o and Tr. Should
2[;, be less than 1,4, the digital output goes
low and Try is held off and the analogue
output is simply 21;,. But, should 2I;, exceed
l,es then the digital output is high, Trg
conducts and the analogue output becomes
2[:,, - lre[~

To implement an N-bit converter. the
basic cell of Fig.1 is cascaded as in Fig.2. The
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converter is referred to as algorithmic be-
cause of the successive doubling of the
output of the jth cell and comparison of this
current with the reference. The current
comparator, Fig.3, is simply a cascade of two
€-mos inverters.

The particular advantage that this circuit
design has over and above more convention-
al analogue techniques is that there are no
capacitors. op-amps or control logic. It is
physically small and consequently ideal for

VLSI where silicon area is at a premium; and
because of its simplicity and small size it
promises to be fast. This research has been
reported by Nairn and Salama' of the Uni-
versity ol’Toronlo Canada.

SAMPLE- DATA SIGNAL P PROCEbSIN(,

Swntched capacnor techniques are essent |al-
ly a means of providing analogue signal
processing by manipulating sampled vol-
tages. An alternative technique based on

gl aaar s Ry et gt e A - T
| - 0 |
| Trz.g Tre IH Trg é |
| I
liny |
1 ) I
| . 'Digifol
| Comp . : output
: ; L I2 {voltage)
re
:Tn Tra Try Try Trg rnulog:fepuf
l F[ IEl ,__,ﬁ E{l _J i3 {Current)
| X s :
e e TR T ]

Try

Fig.1. Single bit current-mode A-to-D converter developed for VLS| where silicon

areais atpremium.

MSB Next MSB LSB
I _
S0 Bl = —— 1 Nth Pe—Hnentn P—oooo Y g B
“ % .
*Vee
Tref

Fig.2. Cascaded N-bit current-mode algorithmic (successive- -approximation like)

A-to-D converter.
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switched currents has been proposed by
Hughes et al.” In much the same vein as the
current-mode A-to-D) converter. the techni-
que is being developed to enable analogue
signal processing to be achieved simply and
economically on a standard c-mos VLSI
digital process.

The functional blocks that are needed to
provide a similar repertoire to those used in
switched capacitor circuits are summation,
inversion, scaling and memory of analogue
inputs. Based once again on the current-
mirror. the principles have been demons-
trated by the Philips Research team”.

Figure 4 shows a current-mirror capable
of providing inverting summation and scal-
ing. The bias current source, 1, forward
biases Tr,,, which allows bidirectional input
signals to be handled. Scaling is achieved by
appropriate choice of aspect ratio (W/L) of
the transistors.

Analogue sampled-current memory is
achieved using the switched current-mirror
of Fig.5. When the switch S is closed the
parasitic gate-source oxide capacitance of
Tr, charges to V, of Tr, and whilst that
charge is retained the output current is
equal to the sampled current. with phase
inversion. The circuit behaves like a sample-
and-hold but in the current domain. Per-
formance is linear despite non-linearities in
Cy because the capacitor is used only to
store V. of Tr,. A current delay circuit is
shown in Fig.6. where the two switches are
fed with non-overlapping clocks «» and ®.
The output current i, at the Nth clock period
is the analogue sampled input current at the
(N=th clock period.

Using these building blocks, with some
added sophistication to improve inaccur-
acies, practical current-mirror matching of
0.1% has been achieved with current mem-
ory distortion of —80dB. Also the feasibility
of the technique has been further explored
by simulation of a switched-mode sixth
order Chebyshev low-pass filter.
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Digital
output

(voltoge)

Fig.3. Double inverter c-mos current-input
comparator for use in the current-mode
A-to-D converter.

+Vee

Tro [E"L

= &

Fig.4. C-mos weighted current-mirror sum-
ming for current-mode analogue sampled-
data VLSI.

These two related techniques may well
herald a new approach to analogue design
for VLSI chips, since the current-domain
appears to offer some significant advan-
tages — particularly at the reduced voltages
expected for future sub-micron processes.
The research reported here is very current,
in both senses; and the two research teams
will be reporting their latest results at ISCAS
89*. This column will bring news of develop-
ments in these exciting areas just as soon as
itkreaks.

* IEEE International Symposium in Circuits
and Systems (ISCAS 89) Portland, Oregon,
May 9-11,1989.
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current-memory cell uses gate-source
capacitance to memorize the value of Vgs
and so retain input current memory.
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subroutine level, since there are three sets of
return addresses and register data stored on
this stack. Additionally, sitting at the top of
stack_B are data reflecting the state of
Coroutine_B just prior to when c.p.u. opera-
tion switched over to Coroutine A. This
state data includes the working register
contents together with the address of the
next instruction that was to have been
executed within Coroutine_B. Accordingly,
when operation within Coroutine_A stops
and c.p.u. execution is required to switch
back to Coroutine_B, continuation can be
simply invoked by ropping the state data back
into the respective registers. Note, though,
that the data is in stack_s and the SP is
addressing stack_a prior to switching. There-
fore, before switching, it is first necessary to
save the current srack_a SP value and replace
it with the last stack_s SP value. To this end.
memory storage locations are required to
hold the inactive coroutine SP values when
execution is within another coroutine.

Listing 1 is an example, written in Z80/
280 mnemonics, of possible software path
ways linking Coroutines A and B. In general,
entry to a pathway would be made via an
interrupt request or caLl instruction; howev-
er, when a cau. is used. as is assumed with
Listing 1, it is necessary to start the pathway
with a b (Disable Interrupt) instruction.
This avoids any possible system interrupt
complications during coroutine switching.

Listing 1 is an example. written in Z80/
Z280 mnemonics, of possible software path-
ways linking Coroutines A and B. In general,
entry to a pathway would be made via an
interrupt request or caL. instruction; howev-
er. when a cauL is used, as its assumed with
Listing 1, it is necessary to start the pathway
with a o1 (Disable Interrupt) instruction.
This avoids any possible system interrupt
complications during coroutine switching.

In each resume routine, following the oi
instruction, the current register contents
are first saved on the stack; after which, the
SP value itself is saved for use later. Thus
with the coroutine state saved, the c.p.u.
registers are reloaded with the parameter
and stack-pointer values associated with the
new working coroutine. Then with inter
rupts enabled and a return instruction.
c.p.u. execution is able to continue within
the new coroutine.

Note that in the pathway example of
Listing 1 it is assumed that storage locations
are reserved at memory addresses aspsto and
sspsto for the A and B coroutine SP values
respectively.

Unfortunately pusii and pop instructions
are a significant switching time overhead:;
however, when using a Z80/Z280 micro-
processor this time can be reduced if one of
the coroutines has exclusive use to the
alternate register set. Under these circum-
stances, the very short instructions exx and
EX AF, AF' can be invoked to achieve fast
register switching — see later example List-
ing2.

EXAMPLE OF COROUTINE

STRUCTURING

To appreciate coroutine structuring, consiE
er the system example illustrated in Fig. 4.
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PAUSE
Wl b
Ag-15 Ao
2807280 102
AM9511
RO
45V
10RQ
: e
Lk7 e
iNT M1
IE] 2l
Nt 1 n 1ED
3 3
— Ag
T
(S 280 CTC i
(Ko 2Cp €Ky 204 /4% CK (50}
- 3 ICs LS08 {S50Hz clock)
CK{IM) = VR
{1MHz clock) 2iREd
o 43 M 0000
SELCTC (Select CTC@ i/0
address 20) Rom
AS N SELAP
1C1 b {Select AP @ i/0 address 2C) ‘900
D R 2K
LS 138 H o] I
P Memory map,_ | i

Fig.4. A system to illustrate the use of coroutines.

CNTO
CNTY
CNT2
CNT3

APDATY
APCON

SVREQ
susy

FapD
FMUL
oIV
SQRT

FIxs
FLTS
PYOF
APEND

A0M
RAM
RLTH
SPAIC
SP81C

Listing 2a AP coroutine example — Preamble

201
214
224
234

204
20H

SV+10H
SV+12H
SV+13M
SV+01H4
CoH
SV+1FH
SV+10H
174
OFFH
et

0

4000H
2048
RAMeRL iH
SPAIC-256

:Define
:Assume

:Define
:Define

Define system 1/0 addresses

:280-CTC Counter 80
:280-CTC Counter
:280-CTC Counter
:280-CTC Counter

LA
2
3

:AP Data
:AP Control

:Define AP constants -

:Service request bit in AP command word
:Service request command

Busy-bit in AP Control word

Define a limited samole of 951t Arithmetic Processor

commands

:A11 commands with a long execution time have the
:service reauest (SV) bit set high (i.e. bit 7 of
:the command byte) .
:high at the end of the AP calculation and so allow
:resumotion of the AP coroutine via the interrupt
:request generated by 280-CTC channel 82

This will assert SVREQ discret

ROM/RAM a)location

start of ROM at O Mex

start of RAM at 1000 Hex

a2 RAM Yength of 2k bytes
Stack A initial SP valye
Stack B initial SP value i.e
assumed to be 256 bvtes long

Assume
Assume

Stack_a s
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ASPSTO
BSPSTO

XVAL
YVAL
AYMAG

RESEY

INTAB

CORTNA

APCORO

Define storage for -

Eou RAM~Q :Coroutine A stack pointer value
EQU RAM~ 2 Coroutine 8 stack oointer value
E0u AMe 4 ‘X va'ue in AP ca'culation examole
cou RAM+6 Y value in AP calculation examole
€Qu M-8 :Store for SORT{XVAL**2 - wvaL*"2]
aneasensaaveasnasannnannen
MG aom 280 reset point
2i Disable inter-ucts and jump to star® of
JP CORTNA Coroutine A {.e. Ganeral Comouting Moayle
ORG N ] :Start of Inter-uot Table
:Note that CTC interruat addresses must starg on
_an even address and be a multiole of 8
OEEW 0 Countar 80 - not used here
DEFw 0 :Counter $1 - not used here
OECW RE SCOB ‘Counter $2 - Resumes AP calcs after SVRED is asserted
DEFW APCORO Counter 83 - Initiates AP calculations every 20 ms
etc
Listing 2b AP coroutine example — Coroutines A and B
ORG 100H :Start of Coroutine A - General Comouting Module
.General initialisation -
L0 SP .SPAIC :Load SP with Coroutine A initial stack oointer value
™ 2 Set up CPU for interrupt mode 2 operation
:280-CTC initialisation
L0 4,110101018 :Channe) #2 programmed for counter mode, interrunts
oY (CNT2) . A :enabled. *ve edge triggering with time constant
LD a1 cvalue of “1° following. Counter 82 resumes operation
out {CNT2) . & :of AP coroutine every time SVREQ is asserted
LD A, 11010018 :Channel #3 programmed for counter mode, interrupts
T {CNT3) A enabled. -ve edge triggering with time constant
Lo a1 :value of "1° fo'lowing. Counter #3 reauests
T (CNT3) . A -start of AP coroutine every 20 ms. {50 M2)
Is HL . INTAB :Load CTC with interruot table base-address
Lo AL
ot (CNTO) A
LD A M :Load 1 register with interrupt-table page-address
Lo T.A = Do oo e e =2
IN A, (APCON) .Perform dummy status read from AMIS11 in order
‘to Reset SVREQ bit
(El ;Enable CPU interruots
At any point within coroutine-A the 280-CTC channels 82 and 83 can request
an interrupt: whereuoon, execution will switch %o coroutine-8
:Coroutine~A other ‘nstructions etc.
P ESET ;At snd looo back to sta~t of coroutine-A and repeat
SANORANSAR SRR NS RAETRRCTARNSTAAR
:Coroutine 3 (AP Coroutine) entry point - inittated
9v 280-C7C Chanrel 33 interruot every 20 ms.
£XX Exchange registers. It is assumed that this coroutine
£x AF aF ‘has exclusive uyse to the alternate register set.
and that IX and 1Y are ~0t used.
Lo 14SPSTO) . SP Save CPU's oresent SP value
-0 SP_SPSIC ‘Load SP with AP-caroutine stack initial value
= H Snable “igher ‘eve’ ‘nmterruots and begin AP dalculations
CaLl vAG Deteraine “Magniiude
Other AP routines stgc . —-—=---=r--=-wes=--e =T
0i At end of AP coroutine disable interruots ‘m order
to avoid sotential hazards during SP switch-gver
EXX Recover original parameter and stack pointer values
Ex AF AF!
uy SPl. (ASPSTO), 3 —b e e mo=S
Gil €aable inter-upts and return to soint in orogram
RETI orior to Channel #3 interrupt reguest
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where a AM9511 arithmetic processor AP
IC,, at 1/O address 00101100B. and a Z80
counter-timer-circuit (c.t.c) IC;, at /O
address 0010000B. are assumed to be operat-
ing within a Z80/2280 microcomputer sys-
tem. For the system. two programming
tasks A and B have beenwritten. with A being
a general computing module, and B a mod-
ule that performs arithmetic processing
calculations, aided by 1C,. Module A is
assumed to loop continuously. whilst Mod-
ule B is initiated by an interrupt request
every 20 ms, using the 50 Hz clock ci1.k (50) at
the input to channel_#3 of the Z80 c.t.c.

Software modules A and B could be made
to run sequentially: however. the total ex-
ecution time would then be quite long, since
many of the AM9511 AP function calcula-
tions can take over 2000 clock cycles to
implement. Therefore, to improve operating
efficiency. the two modules are designed to
run concurrently with each other under
interrupt control. That is. the program is
organized to execute instructions within
Coroutine_A whilst the AP is busy and only
return to Coroutine_B when the calculation
is complete. In Fig. 4. this return mechan-
ism is realised by connecting the AP service-
request line svreqQ to the Z80-c.t.c. channel_
2 clock input and arranging for the channel
interrupt to be enabled. Thus. as the AM9511
arithmetic processor i.c. asserts the discrete
svaeq at the end of a calculation, an interrupt
will be requested. allowing a resumption of
Coroutine_B. Note that svreq is only asserted
if the sv bit (i.e. bit 7) of the AP op-code
commanding the calculation has been set
high.

Regarding software for the system. listing
2 provides a possible skeletal solution writ-
ten in Z80 mnemonics. Coroutine_A uses
the standard c.p.u. register set: however to
expedite coroutine switching, it is assumed
in the example that Coroutine_B has exclu-
sive use of the alternative c.p.u. register set.

Within Coroutine_B. AP calculations are
performed by entering routine arcaic with
the c.p.u. register ve pointing to the
appropriate AP command string address.
arcaLc then fetches the commands in turn
from the string, determines their type and
outputs them. if appropriate, to the arithme-
tic processor i.c. for subsequent execution.
arcare distinguishes between three types of
AP commands as characterized below

APEND thisis a string terminator
command and invokes an
immediate return from sub-
routine APCALC.

SV-bit reset These commands have a short
execution time >30 clocks.
Whence. when detected. the
c.p.u.simply idles and tests the
susy bit of the AP status byte
until the calculation is com-
plete.

SV-bitset These commands have a long
execution time, therefore
when detected a call is made to
the pathway entry point at
address rescoa in order to
allow ¢.p.u. operation within
Coroutine_A.
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MAG L0
CaLL

L0
CaLL

CaLl

LD
CALL

CALL

Lo
CALL

RET

APWAIT

RESCOA

RESCOB

486

Listing 2c AP coroutine example — Coroutine-B entry and exit

Arithmetic Processing Tasks -

where TOS = AP Top-of-Stack

SQUaR  DEFB

and NOS = AP Next-on-Stack
Determine Magnitude
HL . XVAL Load 16 bit data at XVAL onto AP T0S
LAPSM On comoletion of LAPSM HL po'nts to YVAL it ki)
DE SOUAR Point DE to command string and evaluate 105*"2
e LMSAP  PUSH  BC
LAPSM Load 16 byt data at YVAL onto AP 10% t Cpaco
___________________ IND
DE . SOUAR Point DE to command string and evaluate T0S$""2 IND
CETgE o0p 8c
RE™
APCALC After orevious command DE points to ADDSRT wnence
evaluate XYMAG = SORT({XVAL""*2 « YVvAl**2)
"""""""""""""" LAPSM  PUSH  BC
HL XYMAG*1 Store resulting TOS value In memory at XYMAG Lo C APDAT
LMSAP ouT!
outl
"""""""""""""" POP BC
AP command strings - L
Convert T0S from 16 bit ¢ixed ooint to ‘loating
so'nt ‘ormat then square T0S
P . .
Listing 2d AP coroutine example — AP computation
:Implement srithmetic calculation. On entry DE

Lo A, (DE)

INC  DE

cp APEND

RET 2

BIT  SVREQ,A

» 7. APWAIT
CALL  RESCOA

oP APCALP

OUT  (APCON).A
N A, (APCON)
BIT  BUSY.A

N NZ, APWAIT
P APCALP

o1

ouT (APCON) A
EX AF AF

EXx

LD (85PSTO) 5P
Lo SP. (ASPSTO)
El

RET

XX

Ex AF AF'

L0 (ASPSTO) 5P
Lo s (BSPSTO)
N A. (APCON)
3

RET1

;points to start of AP operand string in memory

:Resd AP operand

:Increment AP operand pointer

;Check whether ocoerand is a command string end - APEND
:1f true exit, otherwise

;Test service request bit
:1f not set loop vie APWAIT until 9511 busy bit
;i cleared

:When here SV-bit is set. hence resume operation
:in Coroutine A

(When calculation is complete SVREQ bit will be asserted
.and CTC channel #2 will then request an interrupt. Whence
;operation will revert back here via RESCOB pathway.

:Thus loop via APCALC anc read next command.

:Perform AP calculation
:Read 9511 status.

;Check activity of AP by testing status BUSY bit
(1f busy, loop via APWAIT until calculation complete

:Read next AP operation code

iCoroutine_A Pathway - ertered with a CALL command
;Perform AP calculation

:Exchange registers and stack pointer

.Resume operation in Corcutine A i.e. General Computation

:Coroutine B Pathway - entered via an interrupt

:Exchange registers and stack pointers

.Dummy read to reset AP Service Request [SV) bit

:Resume operation in Coroutine B i.e. AP calculations

ELECTRONICS & WIRELESS WORLD

FLTS PTOF FMUL APEND

Add TOS to NOS take SORT of T0S then convert to
¢1xed poynt 16 b1t number

FADD SOR™ FIXS APEND

Ananassensncssssanannmanea

Load memorv with 16 bits of data from aP
On entry HL points to memcry ‘ocat'on MS byte

“ransfer two bvtes of oata ‘rom AP to memory

On -eturn ML = HL(entry) - 2

anasnsennnwnn

Load AP with 6 bits of data ‘~om memory
On entry HL points to memory ‘ocation LS byte

Transfer two bvtes of data ‘rom memory to 9511 AP

On return YL = HLientry) « 2

After an AP command of the latter type has
been issued and operation is within
Coroutine_A, the interrupt routine rescos,
associated with Z80-c.t.c. channel_2 will
eventually be requested when the calcula-
tion is complete. As this is a pathway entry
point, c.p.u. control will transfer back to
Coroutine_B and so allow further AP cal-
culations to be performed. In Fig. 4, the
280-c.t.c. channel_2 acts essentially as a
positive edge-triggered interrupt mode with
acount value of '1". Thus, whenever the svree
line of the 9511 goes high the counter
decrements to zero and generates an inter-
rupt.

Note that in a larger system, with addi-
tional higher priority interrupts. the rising
edge of svreq might be missed. Therefore. to
guard against this possibility, svkeq is used to
enable a repeated 1Mz edge until the
interrupt is accepted. In Fig. 4, this is
realised by using 1Cs, and gating svreq with
the IMHz clock cix (1M).

Note also, within pathway rescos, that the
AP status register is read after exchanging
the coroutine parameters and stack pointer
values. This is simply a dummy /O read
statement to the AP and made to clear the
svkeq control line by asserting control input
SVAck low. In Figure 4 SWack is gener-
ated during the v A wrcon) instruction by
using IC4c¢ and gating iorq with SECp
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Field Electric Ltd. rei:01.953 6009.
3 Shenley Road, Borehamwood, Herts WD6 1AA.
Fax:01-207 6375, 0836 640328

TEST EQUIPMENT SALE — 1 MONTH ONLY

g £50.00 £50.00
:r £200:00 £195.00
1 £150.00 :
( £200.00
§ N

cillator 4/8GHz £
£175.00 £750.00
unt £115.00 Tek: f N £225.00
€115.00
v £80.00
£375.00
1z £200.00
1 £200.0
£6000
4D New £85.00

£40.00 y
£750.00 £120.00

GENERAL TEST AND MEASUREMENT

EQUIPMENT

£200.00 £200.00
ttenuator £1%0.00 £100.00
//meter £100.00 r £50.0
£200.00 1 £50.00
ter £125.00
Hz £175.00 £160.00

£220.00 £140.00
£50.00
£100.00 r £50.00
v Nev Y £50.00
£1.000.00 £70.00
€ £40.00 £175.00
tatest Cal Unit 1£120.00

COMPUTER EQUIPMENT SALE

ter Syste IMASB W£120.00 1 Micro £150.00
JA £120.00
1 £200.00

ENTER 17 ON REPLY CARD

May 1989 ELECTRONICS & WIRELESS WORLD

We would like the oppo-tunity to tender for surplus equipment

A
e

ENTER 13ON REPLY CARD

487




— =

In depth - ASIC

Reterence Reference
— - Anti- Digital
waveform -l Phase Waveform Phese ahasing ond- |
| Comparator 1 Comparator — Low-pass i ADC ~=  order
- (Exclusive OR} { a{ (Excluswe OR) Futer Low-pass
Y Module Filter
r
Analogue
Low-pass l I
Filter
Module
| 8 A
| Digital o [ Sampla‘j i
Qutput i | Output 1 Programmable - Hold L3
— = = = —— ounter! Vi - Low-pass | DAC
Wavetorm Waveform Cont-oller Filter
Module Module
|

A typical example of the benefits of
analogue/digital integration is in the imple-
mentation of a phase-locked loop (above).
An all-analogue first-order loop can easily
be implemented using ES2 analogue ele:
ments (above). For more advanced func-
tionality, such as a greatly increased cap-
ture range, or the time division of outputs,
an intelligent PLL, incorporating mixed
analogue/digital elements, can be formed
on a single asic (below). This chip replaces
12 discrete MSI components — including a
microprocessor — resulting in significant
performance benefits: high gain, no V/I
drift, wide tracking/acquisition bandwidth
and potential reduction to zero phase
error.

This pioneering example (below left}) of

patterning a 5in wafer with designs used
depends on the number of each specific device
needed. When manufacturing prototypes and
[ small quantities of an asic design the ability to
place several different designs on one wafer is
essential. For higher quantities normal optical
methods are used.
| Since ES2 supplies quantities as low as ten,
flexibility provided by electron-beam direct
writing techniques to mix designs on wafers is
I essential. The technologies used are 2um and
1.5um n-well, double-metal c-mos with a
1.2um service being introduced in late 1989.
| A separate database for each design is
maintained in the e-beam system — in our case
an Aeble 150. The e-beam writer exposes areas
‘ of optical resist, both positive and negative,
|
1

‘ In wafer manufacture at ES2, the method of

using a vector scan technique. Lithographic
quality of each written layer is checked auto-
matically by an in-process optical wafer in-
spection system which digitizes the layer

e

—— ] —

mixed analogue-/digital functionality is a
chip design for a fighter aircraft oil-level
indicator required to withstand high vibra-
tion levels and severe temperature
changes. Itis supplied by BAe for use in the
Tornado fighter aircraft. Product repre-
sented the first venture of the designer into
asics, and was prototyped in a very short
time. It replaced a design using discrete
components, offering enhanced capabili-
ties beyond the original specification while
fitting the same confined space.

As another example, New German safety
regulations required Dahedi Electronics to
redesign its portable continuous infusion
pump for automatic injection of measured
quantities of a drug at periodic intervals.
The need to duplicate the control electro-

nics to ensure fault-tolerant operation
made an asic solution imperative within
the constraints of size and power supply. In
addition, there was a self-test requirement.
The solution uses two crystal cells for the
clock time standard. The die is mounted
directly onto a hybrid substrate to mini-
mise unit size. By integration in a single
analogue/digital asic, a performance im-
provement factor of around 50 is achieved
over a discrete logic Implementation.

Solo 1200 design with two generated ram
blocks and three columns of random logic.
Layout is optimised to match the height of
the columns with the size of the ram
blocks.

A R

MULTI-PROJECT WAFER

image for comparison with the design layout
database.

Design layer information can be put on to
the wafer as strips or blocks of designs. Thus a
design requiring more than the normal num-
ber of prototypes will find itself beside diffe-
rent designs on a number of wafers.

Most designs are supplied by ES2 packaged

and tested. However, if need be, probed or
un-probed dice or parts of wafers an be
provided. Electron-beam techniques also lend
themselves to fabrication of continuous or
repeating structures; several “wafer scale”
devices for customers are currently being
evaluated.
This wafer, with five different designs, repre-
sents an average example of the four to six
designs/wafer normally run. Three strips,
along two sides and the middle, are process-
control monitors, i.e. standard designs like a
duart. used to test conformance to ES2
specifications for that wafer.
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rication and test procedures, and is applic-

able to all products which ollow this

design and manufacturing flow:
eclectron-beam fabrication process is

geared to low volumes at competitive cost.
The ES2 approach to analogue integration
placing standard ¢-mos analegue cells
around the periphery of the asic —is a simple,
low-cost solution which gives ease of access
to analogue cells via pads, and ensures
isolation of analogue and digital elements
and their separate power supplies. The ana-
logue cett library, currently implemented in
double-metal, two-micron geometry, in-
cludes ADC. DAC, op-amps. comparators,
oscillators, voltage reference. multiplexer
and analogue /0 pads. Like their digital
counterparts, analogue cells are an all-laver
implementation they are placed and
aligned precisely where required on the asic,
and are not restricted to afixed cell position.

All analogue cells operate on a 5V supply.
with an operational range within ( to 5V,
There are two guard rings on the core side to
minimise digital noise, and input and output
protection as required.

The ES2 integrated switch-level simulator
and waveform  display utility cover both
digital and analogue elements. Analogue
cells are simulated functionally to an 8-bit
resolution, giving a 20m\" step. Analogue
channels are represented as 8-bit buses for
simulation and schematic entry, This com-
bined approach brings significant benefits,
providing corsplete system simulation in a
single operation. Benefits include the cli-
mination of the problems when using sepa-
rate. and often incompatible, digital and
analogue simulators, and a great reduction
in simulation time compared with such
simulators as Spice.

Placement and routeing is simplified by
the inclusion of analogue cells in the pad
ring. Analogue cells are placed in an adjacent
sequence between  dedicated power and
ground pads. These break the digital power
and ground rings, ensuring isolation of the
analogue elements from the digital ele
ments. The designer has complete control of
the positioning of the pad ring cells:
routeing is automatic and guaranteed - the
ES2 routeing utility iteratively widens rout-
ing channels until all connections are estab-
lished.

DESIGNING ANALOGUE DIGITAL

The sequence of steps when designing an

analogue/digital component is a simple

variation on the all-digital sequence. Taking
advantage of ES2's hierarchical schematics
package:

o the digital processing elements are speci-
fied as a hievarchy of parts;

et the top level of digital tunctionality. a
single hierarchical element is formed,
represented as a symbol;

e this digital element. together with the
analogue cells and the digital and analogue
power supply pads. is instanced in the
top-level schematic of the asic hierarchy.

In depth - ASIC
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At the top level of ES2's hierarchical
schematics package, a single digital ele-
ment is represented as a symbol, together
with analogue cells and power supply
pads.

As part of the schematic entny routine. pad
placement is specified. This gives the desig-
ner complete control of the positioning of
analogue cells and digital pads.
When schematic entry is completed and the
design compiled, the circuit is simulated,
The resulting waveforms can be analvsed.
with analogue waveforms represented as
8-bit digital signals. The physical placement
of the design is not different from the
all-digital case. Using the automatic place-
ment and routeing facilities, analogue parts
are placed according to the pad placement
specifications entered with the schematic.
The final stages of package selection,
loaded simulation, validation and design
sign-off are no more complex than with a
digital-onlv design.

TESTINGANALOGUE PARTS

Because analogue cells are in the pad ring,
they casily satisfy the two prime conditions
for testability: observability anc controllabil-
itv. Most connections to the analogue cells
are pads in themselves: those leading into
the chip core can be connected to test pins if
required. The main requirement for testing

is that all analogue-enable signals are probed
during simulation, and, if possible. con-
nected to a dedicated test pad. This pad can
he common to all analogue cells in a circuit.,
reducing the test pin count.

Simulation test vectors should exercise all
analogue cells through their operational
range. The test vectors used to validate
fabricated div need to have a fixed time
period of 10us between input changes, for all
circuits to have settled completely before
sampling of outputs by the Sentry test
equ pment.

 FUTURE DEVELOPMENT

The current implementation is ECDM20
two micron geometry, which is being super
seded by the ECPDI5 1.5 micron process.
This will bring significant speed and power
consumption henefits, and a reduction in
area of all digital elements in g circuit. A
longer-term plan is to improve the resolu-
tion of analogue signal representation to
10-bit. allowing finer-grain simulation and
higher operational accuracy.

Further details of ES2's process are con-
tained in “The 1990 approach to custom
silicon’, by Chris Gare FIEE, in Industry
Insight on semiconductors, Electronics &
Wireless World, June 1988, pages 388-91.
European Silicon Structures UK business
centre is at Mount Lane. Bracknell. Berk-
shire RG1Z 3DY . tel 0344 525252, [ ]
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Asics have traditionally been regarded as
an expensive option for the manufactur-
er who has the time and money to invest in
dedicated CAE workstation. However, the
humble PC has gained a lot of computing
power over the last few yvears and a con-
figuration which would not have shamed a
multi-user svstem in the late 1970s (resident
hard disk, 640K ram. high resolution colour
graphics). is now commonplace. This is
more than adequate for the design of small-
to medium-sized asics, from design capture
to logic simulation. Although it is not
possible to produce a 50 000-gate array on a
standard PC, the volume market for asics is
currently in the sub-1500 gate region. and
this size of 1C is readily accommaodated. The
400- to 800-gate sector has been particularly
busy of late as PAL users convert their n-mos
arvays into low-power c-mos asics.
Naturally, there are a few limitations on
the complexity of a design which can be
developed inits entivety using 640K of user
ram; and the upper limit, depending on
manufacturer and the software package. is
around 2000 equivalent gates. Larger de-
signs can be produced by partitioning. but

Fig.1. Asic design process.
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The £8000 asic

If you have a PC you could design your own asic, according
to Colin Doré of Matra-Harris UK.

MORE COMPLEX ASIC DESIGNS USING A PC

On a standard PC the user is restricted
to approximately 2000 gates if he
wishes to carry out design capture,
netlist generation and simulation for
the whole design. The reasons for this
are twofold: 640K is insufficient ram to
run the simulation, and even a 386-
based machine is really too slow for the
complex “number crunching” involved.
The obvious option is to transfer to a
more powerful computer, such as a
VAX or Apollo, with the associated high
acquisition cost (around £10 000 per
Mips for a MicroVAX). There is a large
middie ground between this and the
£1500 PC; and so MHS developed, in
association with French software house
Aptor, a boosted version of the PC
which is capable of running designs of

the user will not be able to run a simulation
on his design. However, netlists for arrays of
up to 10000 gates can be produced on a
normal PC.

HARDWARE

The author’s company has two principal
¢-mos channelled gate array asic processes
which are supported by PC design packages.
The MA series is a well-established (and
hence high vield) process with a cell size of
3um: cells are interconnected by a single
metallization laver. Four die sizes cover the
range from 228 to 1139 gates. Larger designs
can be produced using the MB process, a
2um double metal array with nine dies
ranging from 810 gates to 7260; the max-
imum size which can be designed on a PC s
1920 gates. MA asics can be driven at up to
25MHz and draw from the 5V supply some
SuA/gate/MEz: MB types can be toggled at
up to 400MHz and SpeVgate/Mz.

Both processes have a high utilization
ratio, up to 95" for an average design,
because each gate cell incorporates one or
two dedicated feedthrough channels. This
makes interconnection through the cells in
a “vertical” direction almost as simple as
using the metal interconnects which run
between rows of cells in a “horizontal”
manner.

The design capture stage of an MA ar MB
array uses Gateaid Plus, a low-cost package
based on the familiar OrCAD software.
OrCAD was chosen because it is hierarchical
in nature and user friendly: typically, only
one day is necessary to gain familiarity with
the package. Also included in this €200

up to 40 000 gates. Hardware changes
involve fitting a dedicated board de-
signed around three Inmos T414 trans-
puters, which adds up to 20Mbyte of
ram to the machine and accelerates the
processing speed up to 20Mips (as fast
as the VAX 8600 using in-house test). A
simpler version of the accelerator, us-
ing a single transputer, will process asic
designs of up to 10 000 gates and costs
about £18 000 (subject to availability)
including the software. The user is tied
to the Aptor software on this system, but
design capture uses the well-known
Silvar-Lisco front end. Because of the
higher hardware costs compared with a
basic PC, smaller users will normally
rent this package rather than acquire it
permanently.

package is a netlisting routine, design rule
checker and simulation driver. Boolean ex-
pressions may be converted directly to a
netlist, a facility aimed primarily at users
who are converting from pals to asics.

DESIGN PROCESS

Following the initial feasibility study
(Fig. 1), the designer carries out  design
capture on the PC. A netlist is then gener-
ated and a basic simulation run to verify the
design. H the design is large, itwilt have been
partioned and simulation can be carried out
on the individual partitions. There then
follows a logic review with the ASIC supplier,
toverify that the design capture and simula-
tion has been done correctly and the design
is feasible on that manufacturer’s particular
process. After any modifications have been
made, the netlist is transferved to a more
powerful machine tin MES's case o VAX
8600) and the layout generated for the asic
itselt.

Mull-scale simulation follows, identifving
any problems which have not so far surfaced:
and, after afinal design review with the user,
the tapes are sent to the fabrication plant
where masks are prepared for the metatliza-
tion lavers. Some asic suppliers use
clectron-beam direct etching rather than a
photographic mask-and-ctch process. Final-
Iy, samples are supplied for final test and, if
these ave satisfactory, production com-
mences. With masked chips, changes at this
stage will mean a new mask or masks, and so
it is advisuble to use a single metal process if
at all feasible. since this involves only one
mask.
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COSTS

Apart from the PC itself and the software
package. there are non-recurring expenses,
i.e. set-up charges. Lo be considered. For the
Matra M\ process, these amount to around
£5000 for a 250-gate array. risirg to £7500
or so tor i 1200-gate design. If no changes
are made to the masks after pre-production
testing. there are no further set-up costs and
the user will pay for cach asic at a unit cost
depending on size. quantity. yuality approv
al level (e.g. commercial, military or satel
litey and package style. ftis certainly possible
to design and place into production a 250

N

—

eate device for around €8000 it the user
already has asuitable PC.

EXPERIMENTALASICS

oncve the design package has been acquired.
one-off experimental designs may be pro-
duced at relatively low cost. Many fabrica-
tion plants run a multi-project water Ime in
which a number of diffevent one-offs are
mcorporated on the same water. The MIS
version costs around €000 per design, and
is currently being used by M.Sc. students at
Nottingham University. The only drawback
of this approach to development is that if the
design is tound to he successiul and is to he

 mdepn-Asc | : :

placed into production, re-engineering

charges must be paid. [ ]
@ For further information, contact Rod
Oldfield or Colin Dore at Mabra Harris

Semiconductor Ltd. Easthampstead Road.
Bracknell. Berks RGIZ2 O TLN. Fel: 0344
185757,

Non-volatile digilin asic

Electrically-erasable proms have uses not only in digital
circuits but in mixed analogue/digital designs too, as
Gordon Lindsay of Sierra Semiconductor shows here.

hat analogue circuitry plays a major part

in circuit design is demonstrated by the
increasing number of vendors offering ana-
logue integration. Many gate array vendors
offer an A-to-D or 741 equivalent op-amps as
integral devices in their gate arrays. How-
ever, these offerings cover only a limited
numbre of functions with limited perform-
ance. Sierra’s analogue cell library has over
70 functions including a variety of op-amps
and comparators, and also complex devices
like a 70MHz PLL or a 12-bit A-to-D conver-
ter or switched capacitor filters.

In developing its process technology,
Sierra included a third component. the
eeprom. There are 30 E* functions currently
available. They range from single-bit D-types
to n-bit registers up to 4K-bit arrays.

The ability to include E* elements with
analogue and digital functions in one single
c-mos chip will allow the non-volatile stor-
age of digital variable data for all kinds of
applications. But the availability of E* also
offers many opportunities to control ana-
logue circuits too.

The availability of E° adds an interesting
dimension. A high percentage of boards
contain potentiometers to make tolerance
trimming adjustments and many boards will
contain jumpers, links, or options on certain
components for different models. With E* in
the asic it becomes possible to customize the
chip on an individual basis.

As well as allowing changes of component,
E? offers the 1C designer the ability to
compensate for some of the problems inhe-
rent in 1C design. In most ordinary c-mos
processes the material polysilicon is used to
implement resistors. However. processing
tolerances mean that the value of a single
resistor may only be accurate to * 15 per
cent. This can now be controlled to a greater
degree of accuracy by chaining several indi-

values in the chain according to the desired
accuracy.

One major difference between ¢-mos and
bipolar circuitry is that the offset voltage of
an op-amp is higher for a ¢c-mos design than
for the bipolar equivalent. A “potentiometer”
on chip can nullify this offset and store the
compensating value in EZ. This allows the
periodic calibration or compensation of the
circuit in fluctuating environmental condi-

vidual resistors and switching different tions. [ |
Inputs
A-to-d
Multiplexer Amp Filter T
PN
T
it
Offset Gain Fitter
control control control
| (
Micro
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The standard cell approach

Once, designing an asic meant juggling with individual
components. Alan Cartwright of VLSI Technelogy outlines
how libraries of standard definitions make life much

A silicon compiler is a design tool which
produces function blocks on silicon with
a minimum of definition by the user. For
example, compiling ram, rom, PLA, multi-
plier, etc. means to assign parameters for a
ram (i.e. word width and word depth

8Xx 1024 etc.) and produce automatically the
following: a symbol with electrical connec-
tions such as address, data busses, control
signals. which is the connection to other
function blocks by using a schematic editor;
a model, which describes the function and
timing behaviour, referenced during logic
simulation when the circuit is simulated;
and a physical layout block which is pro-
duced according to the selected technology

easier for the design engineer.

(standard cell, gate array or c-mos process).
This physical layout is correct according to
process design rules and corresponds to the
parameters, the symbol and the model as
described above. The compiled layout is put
togetherwith the remaining function blocks
to complete a circuit.

Asic design is closely associated with
silicon compiling. In the past it was neces-
sary to go down to single transistors when
doing 1C designing. Today. high-level sys-
tem definition works with chip complexity of
1 000 gates (one gate corresponds to four
transistors) and more,

A library of elements is necessary for
effective IC design. These can be added to the

compiled blocks. The librarv, which con-
tains elements of small complexity such as
gates, flip-flops, latches, ete. can be put
together to form high-complexity circuits.
The megacell library offers building blocks
of high complexity: for example microp-
rocessor and peripheral components. The
megacells are generally industry standard
component equivalents used for designing a
digital system on a single chip. Examples
include CRT controllers. DM\ controllers,
Z8Omicroprocessor, etc.

VLSI Technology's software tools not only
offer high-level silicon compiling but also
make it possible to work at transistor
level. [ |

Channelled gate arrays

One of the problems with asic is turnaround time — you
often have to wait weeks even before you know whether or
not your design works. But now you can turn out a
working device within hours on a PC, says Andy White

his asic approach has been likened to
“desk top publishing” in gate array form.

These field-programmable gate arravs can
be designed. programmed and tested from a
386-based PC in a matter of hours. Conven-
tional gate arrays can take up to eight weeks
for protolype manufacture, with costs of up
to £15 000. The increased speed of develop-
ment and lowered cost of implementation is
thought-provoking. Virtually all electronics
engineers should be able to design appropri-
ate gate arrays on their desk top.,

At the heart of the product is what its
makers. Actel, call the Plice antifuse. An
antifuse makes an interconnection when
subjected to a programming voltage. Since
an antifuse has the same width as the
interconnection circuitry of a standard Actel
device. they are placed wherever intercon-
nections cross. Up to 168 000 of fuses on a
part gives the user freedom in applications
and permits completely automated place-
ment and routeing.

On the standard device the basic building
block is a configurable logic module, equiva-
lent in complexity to a conventional gate
array micro. Logic modules are arranged in
rows, alternating with routeing channels.
Vertical wiring connects the logic modules
with the routeing channels, which contain
further horizontal and vertical wiring seg-
ments. Antifuses can be activated to join
wiring segments wherever they intersect
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Example of schematic entry. This particular one — called ALS — integrates

into a CAE system.
providing flexibility in layout.

The software design program incorpo-
rates Viewlogic Systems’ Viewdraw and
Viewsim schematic capture and simulation
software, A librany of over 200 standard logic
functions includes gates, flip-flops and
latches and TR functions. Once a design has
heen captured, Actel’s proprietary place-
and-route software automatically imple-
ments the design at 85% to Y5% gate
utilisation.

The Action Logic software system also

checks devices before it programs them.
Before removing a device from the program-
mer. the user can run ebug simulation
software. Once a device is incorporated in a
system., Actionprobe diagnostics can be used
to obsenve any two nodes on the chip. in real
time.

Using channelled gate arrays with the
antifuse programming elements means that
gate array prototypes can be created in a
matter of hours. It also means that an asic
solution can be considered without fear of
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diffusion

PLICE antifuses in user programmable
asics are 50 times smaller than a static
ramcell.

incurring costly. time-consuming mistakes
This tvpe of logic array is currently avail
able in 1200 and 2000 gate form with larg
arrays tor release at the end of the vear. The
c-mos process allows toggle rates of up to
70Mz. Device pricing has initially been
pitched at £30in 100-up guantiti
UK distributor Gothic-Crellon says that
Actel designs can be ported to other higher
volume asic technologies using the design
netlist. The reverse also applies. allowin
prototyping of other technology gate arrays
in the Actel form [ ]

In depth - ASIC

For small runs, it can pay to design and make your own asics using a PC compatible and
programming/testfixtures.
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Exploding
custom

LTHEY'RE EXPENSIVE

“Custom Silicon is certainly too important to be ignored
by any company now contemplating or already involved in the
manufacture of products incorporating electronics’

These arent the words of some high-tech guru, but
a recent quote from the DTI.

So its practical advice. Vital for Great Britain.
Vital for you.

MCE are the pioneers of
“Falcon’, a route into Micro-
Circuitry which is cheaper than
anything else on the market, simply

because its better organised. The \
design programme incorporates easy |

cut-offpointssoyouareneverfinancially
committed beyond the work actually in
hand. It's so efficient, that you can get
delivery of prototype devices for aslittle as £600.
Yes, £600.

2. THEY'RE NEVER ON TIME

“Falcon’, stands for 'Fast and Low Cost, and it won't have escaped your notice
what the very first word of that title is.

Fast

From design through to delivery of production parts its a very speedy operation.

Your design is marked “Urgent” right from the moment it is received by MCE.
We supply you with a highly optimised suite of software which, running on a PC,
enables you to debug and validate your logic on your own premises. So there’s no
costly time wasted sending designs and amendments to and fro,

Then, once you provide us with design data, we'll put it on our regular ‘Silicon
Shuttle; and deliver prototype devices to you within 30 days.

Yes, 30 days.




some myths about
MICro-Circuits.

}

3.THEY'RE DIFFICULT TO CONTROL

Because weve produced so many gate array
designs, weve been able to perfect the Falcon programme so as to give you a double benefit
We control costs by leaving you, the customer, in control of your own development.
It starts at the design stage, when you can use our assistance as much or as little as
you require. Once you pass it over to us for prototyping, each successive stage is fixed in
advance. So you can plan around it with complete confidence.
Its the same with production. We'll give you a predetermined flow of circuits,
whether you want prototypes, pre-production or series production quantities. And with
our production capability for 2/, 5/u gate array or 3/u standard cell we will make sure
that whatever volume you want is produced in the most cost-effective way.
Yes, youre in complete control.

MCE

Micro Circuit Engineering Limited. Alexandra Way, Ashchurch, Tewkesbury. Gloucestershire GL20 8TB
Phone Mike Goodwin on (0684) 297277
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in depth - ASIC

Working in asics

What personal qualities should an asic designer possess? Degree
level engineering certainly, but a basic appreciation of board layout
and board level chip systems are equally important says Dom
Pancucci of our sister publication, Electronics Weekly

Cummcrciul knowledge, presentation
skills and an ability to deal with all kinds
of customers are gualities needed to be a
successful asic engineer in the UK. Technic-
al expertise is taken for granted by com-
panies looking for engineers able to provide
clients with the best possible custom design
every time,

The market for asics involves small-
volume, crucial orders for chips made to doa
complex job. An asic engineer needs to meet
the customer's timetable for a product
which can bear little similarity to previous
work. And knowing the precise demands of
the technology depends upon getting the
information out of the user in the first place.
A taciturn, shy or over-technical engineer
will not find asics easy to work with because
they bring vou face-to-face with people as
often as a workstation,

Libraries exist in a company’s database to
make asic work a little casier. but an applica-
tions engineer must have varied qualities,
according to Alistair Greenhill, UK applica-
tions manager with NEC Electronics in
Milton Keynes. “A definition of an applica-
tions engineer is a design consultant with
specialist product knowledge™, he said.

NEC runs a design centre for asics at
Milton Keynes, with all its designs realised in
Japan. The six consultants at NEC spend a lot
of time with the customer. “You have to
structure time on the road and assign vour-
self specific goals™, Greenhill explained. “But
the customer appreciates that the same
person will support a design. Much of the
selling is in support of technical issues.”

Like other chip suppliers. NEC does not
claim that it is simple to find all the right
ingredients in an engineer for this task.
“Many engineers know a great deal of detail,
butit’s difficult to get someone to take astep
back and explain something clearly”, said
Greenhill,

Naturally the asic engineer must have a
strong technical aptitude. Most
applications-specific methodologies are
digital — although analogue devices may be
on the horizon - and so an engineer must be
versed in this type of technology. Under-
standing how on-board chip svstems work
together. a good yualification in electronics
engineering (usually to degree level) and
software skills make up the profile of an asic
designer.

Chip giant Toshiba operates a design
centre in Camberley, and the company’s
marketing manager for asics. Michael Fd-
wards. believes that the trick is having the
broads skills to prepare a specification. “You
could get a raw graduate to do an asic design

with the right specification.” Edwards said.
“But people come out of university having
done a gate design and talking about
nanoseconds, vet not consider other factors
like PCB tracking.”

Getting the design right first time is the
kev goal at Toshiba. The ideal recruit going
into the company will have experience of at
least two or three asic designs to be able to
meet quality and turnover standards. People
from a systems engineering or partitioning
background are also employed by Toshiba.

Strong commercial awareness is also re-
guired of the Toshiba asic consultant. who
has to be conscious of the overall cost and
performance of a project. Most of the en-
gineers emploved in the company’s LK
operation work on asics and Edwards reports
the familiar problem that there are relatively
few good people available, Toshiba makes
¢-mos gate arvays and standard cells. with a
one micron progess using 70 000 gates at the
top end of its technology. Typical products
fall inthe 10 000 to 15 000 gate range.

Pushing the gate count up for larger
arrays is heginning to reinstate older skills
into the asic engineer’s portfolio, according
to Brian Knight, ¢-mos semi-custom
marketing manager with Plessey Semicon-
ductors in Swindon. “As complexity in-
creases, typically into the 50 000 to 60 000
gate territory, you have to bring back the
integrated circuit skills™, Knight said.
Computer-based libraries can only offer half
the solution as there is no substitute for a
working knowledge of issues such as clock
line and where to place buffers.

To help keep the libraries up to date.
Plessey has several software specialists based
in the design team. These engineers also
improve the software interfaces between the
design workstations, such as Daisy and
Mentor machines.

Unlike most asic suppliers with UK opera-
tions, Plessey makes its devices in this
country. In addition to the design centre at
Swindon, the company employs asic special-
ists at its Roborough fabrication plant.

“The Roborough asic people tend to he
materials experts. working on die and wafer
manufacturing processes”, Knight said. Asic
processors can need replacing every two
vears or so and another facet of this work s
developing processes for the next generation
of products. Shrinking the geometries is one
of the main goals.

EXPERIENCE OR FRESHNESS?

Where most companies. such as Toshiba and
NEC, seek experienced engineers for ther

design business. Plessevwill also take on raw
graduates with materials science qualifica-
tions. Around 10 percent of the engineers
are graduate level. Plessey emplovs up to 100
people in total on the asic side. including
engineers in the cad group, Some work is
also carried on at the Oldham site. formerly
Ferranti's semiconductor business.

One company to go for a blend of experi-
ence among its asic engineers is National
Semiconductor in Scotland. "We take people
at all levels from graduates through to
experienced asic engineers”, said Llew Aviss,
personnel and finance director with Nation-
al. “You have to take on graduates to get the
right stock of trainees. Every organization
has to take on this responsibility.”

National employs 60 designers at its Euro-
pean centre in Greenock, working on de-
signs for the world markelt in asics. Taking
on engineers from industry has the advan-
tage of adding experience to the company's
collective ability, though these older ¢n-
gineers know nothing ahout how the orga-
nization works. With new graduates, what is
lacking on the experience front can be made
up for through easy adaptation to National's
way of doing things, according to Aviss.

Most of National's engineers come from
the North, usually because they did not want
to go to the high-tech areas in the South.
This factor gives the National workforce a
great degree of stahility, Aviss said. There is
also the opportunity to move between divi-
sions at the company, so that an engineer is
able to get a vast range of experience.

Because of the acknowledged shortiall of
voung people over the next few years and a
shrinking reserve of good technologists any-
way, the companies are now addressing the
issue of bringing graduates into asics more
quickly.

“We are not vet taking on raw graduates,
but we recognize we should be doing our bit
to train them up”, said NEC's Greenhill. It is
nonetheless difficult to compensate for the
obvious lack of experience in a fresh gradu-
ate. And asics represent one of the most
demanding sectors in the industry.

Plessev’s Knight calls the current labour
scene for applications engineers a “seller’s
market”™ and admits it is not always casy to
find the people. Plessev's staff tend to come
from the South, and this regional recruit-
ment emphasis compares to National's pool
coming from the North where that company
is based. One exception to this trend is NEC,
which relocated to Milton Kevnes from
Scotland to be near its customers’ base.
Many of the engineers emploved in Silicon
Glen came down South. [}
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DIY PLD

Brian J. Frost introduces PLDs that replace blocks of
conventional TTL-type devices. To enable objective
comparisons, it deals with their evolution, their differing
technologies and their relative capabilities.

Onc of the first problems facing an
engineer new to the subject of prog-
rammable logic is to identify what the term
means. A “hingo card” ticked in the trade
press advertising a PLD will bring a data
sheet from one of 20 different manufacturers
cach supplying up to 50 different parts. In
addition, the term is often used in connec-
tion with the vast subject of fuil-custom and
semi-custom devices for which manufactur-
ers offer complete design and lavout services
toyour specification.

“Programmable logic device™ is a generic
term covering any device that can be pro-
grammed by the end user. There are a
number of implementations of such devices
in various technologies: for example, the
abbreviation pal tends to apply to devices of a
certain fayout which use a metal fuse tech-
nology.

The attraction of PLDs is that your logic
design can be written on silicon rather than
shaped only by the numbering and pin
connections of TTL devices — a capability
that has always been within the reach of
those who were prepared to pay for a
semiconductor manufacturer to lay out a
custom chip for a specific application.
However, more recent is the concept of the
end user programming a general-purpose
device to achieve a specific logic function in
a similar manner to the well-established
techniyue of installing software inan eprom.

Users have been sluggish in taking to
programmable fogic, and for several
reasons, Available devices have been slower
than conventional logic, have required sig-
nificant supply current, and have called for
an investment not only in programming
tools but in a changed way of thinking. But
all aspects save the last have now been
improved to the extent that they no longer
constitute serious objections,

However. the changed thinking process is
still required. This problem s akin to the
revolution that swept electronics during the
1970s when microprocessors showed how
sequential software instructions could re-
place dedicated hardware at the expense of
speed. Logic designers had to realise that
there was no absolute conversion from, say,
a TTL D-type to a piece of software code.
Following this sometimes painful learning
process through, most engineers went on to
discover vastly increased creative and equip-
ment capabilities whilst appreciating those
areas where hardware still remains indis-
pensable,

Fortunately the new thinking process

required for PLDs is not quite so radical. and
is softened by the availability now of mature
tools and examples. During my own on-the-
job learning about PLDs | found that the
only real hurdle was that of getting a feel for
these new devices in terms of just how much
TTL circuitry they can contain and how they
actually do it. Once these mental tent-pegs
have been hammered in, the rest. as they
say. is casy.

First, it is necessary to realise that, at
present, the popular pals rarely replace an
entire TTL design, let alone with just one
device unless it is very simple - like my logic
probe {Electronics & Wireless World,
September 1988, page 867). As | shall show
later, the creative part of the design process
is to replace only those parts of your design
which lend themselves to it, and often to
partition your design to suit it to the limita-
tions of the PLDs that youwish to use,

PLD TECHNOLOGIES

Through sharing their development with
memory technology, PLDs show many simi-
larities. The first PLDs were based on carly
bipolar proms and used the same fuse tech-
nology., where the internal connections were
defined by rupturing a very small fuse during
programming. Devices based on this tech-
nology — such as the bipolar 1618 pal
considered in detail later - are still the most
common in general use,

Reliability problems marred some of the
very early products. Blown fuses were liable
to grow back by metal migration under the
influence of the intense electric field set up
across the blown-fuse gap, but this has been
cured by improved manufacturing methods
and quality assurance techn-ques.

Mare recently. with the development of
eprom technology. PLDs have emerged
which can be erased by exposure to UV light

and thus offer repeated erasure. program-
ming and evaluation., As with eproms, this is
ideal for the development cycle where a
finalized design can be implemented with a
non-erasable device after all changes have
been made.

Erasable PLDs have been slow to emerge,
however, since eprom technology has not
been fast enough to produce logic devices
that could compete with the established TTL
families. With present IC technology this
propagation delay limit has now been over
come. and present UV-erasable PLDs offer
delays below 30ns.

Once these mental
tent-pegs have
been hammered
in, the rest, as
they say, is easy.

The most recent PLD technology to
emerge is the eeprom technology where the
device s electrically erasable as well as
programmable. This has the advantage that
reprogramming can be carried out within
seconds and no labels need to be changed.
Packaging the device costs less since there is
no need for a quartz window,

Much data is now available on the electri-
cally erasable “floating-gate” process that
generates eeprom memories: it appears to
hold the greatest promise for the wide
acceptance of programmable logic in the
future.

Many devices are also appearing in low
power ¢-mos form, with very low quiescent
current and a power consumption pro

Getting to grips with PLDs

Programmable logic assumes a greater im-
portance in digital logic design as every day
passes and is now being taughtin colleges as
a matter of routine. Often it is accompanied
by the formal logic design that some of us
may remember as textbook exercises but
have had little cause to use since: rather, we
have built up a practical experience of logic
design using the elements of the TTL or
c-mos families and we naturally think in
these shapes.

This article aims to take such a reader on

a walk through the subject of programmable
logic with the intention of conveying a good
engineering feel for its capabilities and
limitations and building a bridge between
existing TTL experience and new concepts
without going deeply into logic design princi-
ples.

| shall also try to give some ideas of the
trade-offs of the various applications, tech-
nologies and manufacturers involved, and
‘ow-cost means,of getting started with your
awn designs.
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portional to toggle frequency. By compari-
son, the bipolar devices are often quite
power-hungry, with a S0mA requirement at
5V not unusual; but fortunately they are
often used where a large enough supply
current is available.

Asa founder of the architecture of many of
these newer devices the pal is a good starting
place for a more detailed look at thow PLDs
work.

PAL DEVICES

PLDs have been around for many vears in the
guise of the simple bipolar prom represented
in Fig.1. Input address lines (top left) are
available as both true and complement
forms. Using fixed links, they activate one
unigue And gate for each of the 16 possible
input address codes. The activated gate
places the contents of the user’s program-
med data fuse links on the output data lines
via the Or gates and so to the outputs (top
right).

A prom is generally regarded as only a
memory device: but if its address lines are
used as general logic inputs and its data lines
as general logic outputs, obviously any de-
pendence of the output states on an indi-
vidual input code word can be programmed
as adata entry into that prom location.

This coding is already partly done in the
prom by the fixed addressed decoding that
activates a unique And gate to produce a
unique data word for each input address.
leaving the user to program the data content
of that word by “blowing™ its fusible links.
However, this fixed-address organization
limits its use as a geneval-purpose logic
element to only those applications with few
inputs, since increasing the input quantity
causes the device to grow physically large
and slow,

In the mid 1970s, Monolithic Memories
Inc. developed this architecture into that of
the present-day pal (Fig.2). Here there are
more inputs (top left), cach made available
in true and complement forms to a pro-
grammable And fuse array. but with a fixed
output Or array. Here there is no intention
to relate the inputs to the output in any
“hinary™ manner and so this organization
permits a large number of input lines on a
physically small and fast device.

It may not vet be clear how the repeated
array lavout of Fig.2 leads to a tlexible logic
device. and so it is worth working backwards
to this organization from a typical applica-
tion. A very common requirement for TTL
“glue” logic is that of address decoding for
processor memory mapping.

ASIMPLE EXAMPLE

Figure 3 shows the memory map of three
chips that are required to be mapped within
a processor’s memory space and to appear at
the addresses shown. The example chips are
an 8253 timer which has four registers, all to
be “read”™ or "write”, and two other octal
parts, one output latch and one input buffer.

To keep the TTL solution simple, we shall
assume that only eight low address lines

In depth - ASIC

Fig.1. Prom architecture: one type of programmable logic device.

Fig.2. Pal architecture. Inputs (top left) are available in true and complement forms to
a programmable And fuse array. There is a fixed output Or array.

(v, — ;- inclusive) need decoding. One such
"TL solution is shown in Fig.4 and uses one

S138 three-to-eight line decoder, and a
S 139 dual two-to-four line decoder.

This design would function correctly. but
has the peculiarity that the octal chips can be
read and written at higher addresses as well
as those intended. although this redundancy
from 1C;, to 1F, usually does not matter.
Possibly more of a problem is that the
TALS138 can only select one of eight possible
input combinations and so there are many
addresses for which this TTL design cannot
be used: it is clearly not a general solution.
Of course a truly general solution could be
bought at the expense of octal comparators
and/or greater circuit complexity.

Let us examine how this same require-
ment would be met with apal.

At this point clear your mind of the TTL
implementation. since the problem can now
be examined in a fresh way without the

1
AL
w4l

constraints of available TTL functions and
pinouts. To start with, some simple rules are
created that define the control signals of our
three chips in terms of their dependence on
the address lines.

Firstly the 8253 timer. We know that
address lines v, and v godirectly toit and are
not decoded for its address selection. In-
specting the memory map. we can see that it
is required only at addresses 18 to 1B, and
writing these addresses out in bit form
shows a fixed pattern of

(AT R T R TR Y]

00011 0XNX

where v, and \, are shown as “don't care”
because they control the chip directly. To
select the 8253 over these four addresses
then. it is only necessary to provide a line
that goes low when the pattern above
appears on the six lines v, — ;.
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Fig.3. This address decoder memory map
can be implemented in a pal without the
pecularities such as address redundancy
shown by the TTL implementation of Fig.4.

Figure 5 shows the organization of a pal
taken from Fig.2 but with our address and
readAvrite lines connected to the inputs and
the device chip selects connected to three
outputs, For the 8253, the top And line is
programmed to he joined to the inputs in
such a manner that all the junctions are true

and the And-gate activated — when the
address inputs are the required select pat-
tern 000110 (v — 1,0, This output then be-
comes the 8253 chip select.

For the input huffer and output latch the
situation is very similar, except that in these
cases the full eight hits of the address, plus
the read or the write line, are used to define
the device chip select. The output Tateh clock
is requiredwhen the input pattern;

o

TOW ATRTRTR
AR

o g Y
RTIT)]

exists, This is shown coded as array links in
the centre of Fig.s.

The input bufter is very nearly identical to
this. with its enable signal active for the
pattern

TOR -3, A5 AFRCRYIRY]
0O 000l 1t10 0

and occurring ona read operation, instead of
awrite. This pattern is shown at the bottom
of Fig.5.

With these patterns programmed into the
one pal device, usually by selective blowing
of tiny fuse links, the device will function as
an address decoder with exactly the charac-
teristics required by the map in Fig.3 and
with no peculiarities such as the address
redundancy I mentioned for the TT1L design.
In fact the pal provides other advantages too.
Not only can it casily be altered to generate a
completely new address for any of the three
chip selects, but it has a propagation delay
for the input and output ports that is about
half that of the TTL solution shown.

DESIGNING WITH PALS

This address decoder example is straight-
forward because address decoding fits quite
nicely into the architecture ot pal devices.
Since the correspondence is so close. it has
heen possible here to generate the required
fuse descriptions simply by inspection. This

745244
READ Om
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Fig.4. TTL implementation of the address
decoder has about twice the propagation

delay of the pal version.

Fig.5. Address decoder using a pal.

simply-to-generate fuse map would at one
time hav e been followed by an equally simple
programming method where the device was
programmed by manual toggle switches and
a zap” button, but now there are new
software tools to provide both design ard
programming support.

The designing and the programming of a
logic device remain quite separate tasks in
much the same way that an eprom s
programmed after software has been written
and cempiled, with tools available for cach
task. The logic design tool, or logic compil-
er, 05 used like a software assembler and
allows the designer to specify equations m
the manner outlined above and using real
names for signals. For example the 8253
chip select line might be ertered for com-
phiation as:

8253 select = 'ATEABL I ASEALEATL!AZ;

This notation is taken from the CUPL PLD
logic compiler where! means active-low and
& means And. The line can be read aloud by
the interpretation

8253 _serectistruewhen A7 is low,
and A, is low,
and A- s low,
and Ay is high,
and A\, is high,
and A.is low,

Again as with software assemblers, a feature
of logic compilers is that they permit device
pin numbers to be given names such as

pin 19 = 18253 select;

which means that pin 19, an output pin, is
defined as 8253 select”™ and will go low
when true. This is a very convenient feature
when pin numbers are re-assigned later to
sudt a PCB layout.

hevice logic equations typed in this man-
ner. together with information about the
device type, provide the togic compiler with
erough information for it to check that vour
design fits within the device. and that vour
pint number requirements are legitimate, I
net, some compilers can suggest alternative
PLD devices — but more about the compilers
and their features tater.

Assuming 4 successiul compilation of
vour design, the compiler provides vou with
a specially formatted “JEDECT file, which is
simply a defined method of specifying to PLD
programming  equipment  exactly which
fuses must be blown in the device. This file
looks very similar to the crosses on the pal
fuse map in Fig.2. This JEDEC file is loaded
into the programming equipment and the
dovice is hlown, checked and is ready for use.

continued over b
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SIMULATION

Many of us have heen involved with eprom-
hased software and few have not had that
sinking feeling when the new software
eproms are plugged into the PCB and no-
thing works - and yes. they are in the correct
way round. The same problem can affect
PLDs. For example, you program the device,
the programming equipment verifies that
the device has programmed correctly and it
agrees with the JEDEC fuse map file. Yet
when you use it, the PLD does not operate
correctly. Worse, design faults can be rather
more difficult to diagnose within a PLD
when it is in circuit than with software in an
eprom,

To avoid this problem, tools have evolved
which enable the PLD design to be simulated
before the device is actually programmed.
This allows even very complex designs to be
exercised at an early stage, it avoids the need
to diagnose design faults at the hardware
level and it provides an even higher level of
confidence during device programming.

It is not essential to perform a simulation
on a PLD device. Nobody will stop you from
simply typing the previous address decode
equations into a logic compiler and pro-
gramming a device — it will quite likely work!
However, experience teaches us that fast and

accurate “worked first time” designs are
more often those designs that have heen
simulated as a matter of course - the method
used by the processor and gate-array desig-
ners — and let’s face it, if the design is a
doddle. the simulation is going to be pretty
easy too,

SILLY MISTAKES

To simulate a design, you construct another
“simulation file” alongside the file that
contains your actual device design equa
tions. It contains 1s and 0s to represent your
inputs, and blanks to represent yvour out-
puts. You run this file though the logic
compiler together with vour design file and
it produces a “simulation output file” of the
output pin states for you to inspect. In this
way it acts as though yvou had actually
connected up your programmed device us-
ing toggle switches and leds and had moni-
tored each output whilst running through
the required input patterns. However, from
these simulation results, silly mistakes
(such as getting a pin definition inverted) are
easily spotted,

More complex mistakes such as incorrect
device logic operation (possibly because an
equation has been typed incorrectly) are also
evident by inspection. Most logic compilers

also allow you to specify what you expect the
output states to be. Should this not agree
with the simulation result, an error message
highlights the error.

Not only does simulation greatly raise the
confidence level surrounding a new design,
but it adds confidence to the programming
process too. If such a simulation has been
performed. the JEDEC fuse file that will be
sent to the programming equipment con
tains additional data termed “test vectors™.
These are one-for-one copies of the s and Os
that vou specified during your simulation
togther with the expected PLD output states,
and they are loaded into the programming
equipment together with the fuse informa-
tion. After the device has heen programmed.
the programming equipment compares the
device fuses with the JEDEC fuse informa-
tion to verify correct programming
{although of course this does not check for
correct functioning of the logic).

Successful completion of the test vector
check gives a very high degree of confidence
that the programmed device will perform in
the final circuit as intended. These tests are
so comprehensive that any subsequent PLD
fault must either be related to speed or he
evident simply by re-inspection of the design
or simulation listings.

Part 2 next month

Designing on screen

Without the right software, even the best asic process is useless

'I'he key to providing support for engineers
who need to develop a complex asicisa cad
environment with training and good ap-
plication backup. This enables the engineer
with little previous experience to undertake
simulation, layout, testing and even package
choice of a highly specialized device.

In LSI Logic's case, most of the design
tools are part of a software system called
1.DS. This software runs on most work
stations including Sun 4. Vax and Apollo.
and is available at design centres throughout
Europe. Some large asic users run the
software at their own location.

These photographs take vou through the
stages of designing an asic using LDS.
Normally. devices like the successive-
approximation register shown here would
normally be called up as a module but it is
here broken down to gate level to give you an
idea of what is possihle.
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Flexible entry-level for mixed
analogue/digital functions

The best asic processes should be able to accept many
types of input data but the appropriate customer training
should be given says John Umney of Mietec.

In assessing the capability of
an asic manufacturer, it is
important to judge companies
against a number of criteria
available technologies, cell lib-
raries. simulation tools, pro-
duction facilities, and turn-
around times. Training is also
an important element. In each
of these areas Mietec say they
can demonstrate leadership.

TECHNOLOGY

Committed to mixed-mode
analogue /digital design and
production, Mictec’s tech-
nology capabilities are concen-
trated on ¢-mos for low-power
and high-density applications in
2 and 1.5 micron bimos, which
combines the best features oi
¢-mos and bipolar technologies
on the same die, optimised for high voltage
applications, and standard-cell himos. a
multi-purpose technology, Each is sup-
ported by an extensive cell library of ana-
logue and digital cells, macroblocks and
software-generated cells such as ram, rom
and switched-capacitor filters. Each pre-
developed cell is optimised for area, speed
and clectrical characteristics resulting in a
reduction in unit costs over gate arrvays
whilst maintaining comparatively low de-
velopment costs and a relatively shortt de-
velopment schedule.

The Made* cad svstem which includes a
proprietary. true mixed-mode simulator,
provides a highly-structured design
approach which eliminates errors in trans.
lating a design into silicon. Once the
schematic has been captured or the network
listing entered, the system will ensure that
the circuit that is simulated is the circuit
that will be fabricated. through on-line
checking and by passing data from one
module to another using a central database.

¢ Mictee Analogue and Ingital design Engincering sott
ware,
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ENTRY LEVELS
Mietec ofters a flexible entry-level structure
into mixed-mode asic. If you already have
integrated circuit design capability, Mietec
can supply libraries and simulation svstems
free of charge for use on Daisy, Vax and Unix
machines. Alternatively, simulation can be
accessed by an X25 link to the Brussels-
based design centre. If. on the other hand,
vou have a requirement for integrated
analogue/digital functions in on asic, but
require Mietec’s design expertise, the com-
pany works from vour initial design speci-
fication.

TRAINING

Training courses, ranging in duration from
three days to four weeks, are available at the
Brussels Design Centre. The three-day intro-
ductory course presents the Made system
and covers topics from semi-custom librar
ies. mixed-mode simulation, lavout tools
and compilers. with work on practical exam-
ples. The complete four-week course, work-

8%

CMOS P oga

ing alongside experienced cir-
cuit designers. allows the design
engineer to complete the first
part of a design as part of the
training.

" COST CONSIDERATIONS
FROM DESIGN TO
PROTOTYPES

The cost of producing silicon
normally depends on the com-
plexity and functionality of the
final device. but balanced fav
ourably against the potential
benefits of savings on usable
board space. system security,
functional integration, product
reliability and so on. At the same
time. however, Mietec offers a
low-cost prototyping service to
eliminate commercial risk
considerations. Through an
agreement with Invomec, a division of
IMEC, recognised as one of the leading
research centres in microelectronics, cus-
tomers will receive 20 packaged prototypes
for a total cost of about £2.000. From
customers’ tapes and using Mietec's fabrica-
tion facilities, IMEC schedules a multi-
praject chip every two months, ensuring
delivery of prototypes within about 12
weeks.

Mietec's own prototyping facility will re-
duce timescales to about eight weeks. Pro-
totypes are normally supplied in ceramic
dual in-line packages whilst production de-
vices are available in JEDEC-standard pack-
ages. surface mount, plastics and ceramic
chip carrier packages in a wide range of pin
counts.

APPLICATION-SPECIFIC
STANDARD PRODUCTS
In addition to custom-built integrated-

circuit services. the company can also offera
number of devices for off-the-shelf delivery.
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Mietec offers its highly flexible entry-level
for application in the world of mixed
analogue/digital asics, as depicted in the
diagram. If you are a company with inter-
nal IC design capability (entry Levels B to
E), or a company with a requirement for
integrated analogue/digital functions in
one asic, but require Mietec's design ex-
perience {(entry Level A), Mietec can
accommodate your needs.

These standard products are devices which
address specialised applications in a varietv
of fields such as telecommunications and
light industrial control. Such devices con-
siderably reduce design cycle times and are
available in any quantitv with short delivery
times. Examples of standard products in-
clude interface circuits for ISDN. a thermal
printhead driver. and stepper motor driver/
controllers.

Mietec’s focus is on those application
areas which most strongly benefit from the
technologies and design tools available - the
automotive. general industrial and telecom
munications sectors. This activity is sup-
ported in the field with sales offices in Paris.
L.ondon. Munich and Brussels where expert
commercial and technical advice is availahle
to customers.

Mietec was set up in 1983 bv Bell Telephone,
Alcatel and Flanders Investment Company. Its UK
sales oftice is at Easthampstead Road. Bracknell.
Berkshire RG12 INF. tel. 0344 53974.
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TENSTEPSTO ASIC

Tips and a ten-step guide for potential asic users from Mike Inglis

Expense. particularly the initial cost. is a major
concern for newcomers to asics. So is the efficacy
and user-friendliness of design tools: the amount
of extra knowledge needed to gain maximum
henefit; and the degree of control over design-to-
production flow. But the first questions designers
can ask may be even more fundamental: “lHow do |
decide which asic route is best?”: and “What do |
need to get started?”

The answer to the ‘best asic route’ question
hinges on volume and complexity. Even smalt
volume devices can take cost-effective advantage
of asics if they are complex. Similarly. asics may
still be the best technology at very high volumes if
the gate-count is low, and especially if fast
turn-around is required.

Gate arrays are generallv appropriate for cir-
cuits with hundreds to thousands of gates. in
volumes up to 50 000. Above this, a standard cell
mav be the solution. or at very high volumes
(200 000-plus) the full custom route may be
attractive.

FIRST STEPS

Naturally, the definition of these edges is some-
what blurred. Asic vendors will give advice, but to
do so thev need the best information about the
circuit under consideration. The first question
they will ask is: “Why are you doing the design in
the first place?” This is an important, if obvious,
question, because it affects how the circuit should
be optimized. and which technology should be
used. A cost-saving design needs to minimize
silicon. a performance improvement to reduce

of Texas Instruments.

gate delays, whilst a space reduction may be
needed to keep packaging options open.

The second question is: how suitable is the
design for asics? Whilst any primarily digital
circuit with more than 100 gates is suitable to be
implemented in asic. elements such as advanced
logic devices on-chip will require early attention.

Similarly. it is important to identify critical
paths. so that conformance with the intended
specification can be ensured.

All these can be discussed most sensibly if a
clear circuit diagram is available. This will help
also in the initial estimate of circuit size. There are

@ Why do the design?

@ How suitable is it for asics?

@ What are the critical paths?

@ How clear is the circuit schematic?

@ How complexis the circuit?

@ How many /O does it have?

@ What is the system speed required?

@ What kind of packaging is best?

@ What are the commercial constraints?

@ What production volumes do vou expect?

two aspects to this: gate count and 1/0 require-
ments.

it is fairly simple to do a rough gate count,
either direct from data sheets of the various
components, or from figures of transistor equiva-
lents. A two-input Nand gate corresponds to
around four transistors. Don't forget to add 10%
to the final figure — extra gates are often needed
during the course of a design.

In estimating the number of inputs and out-
puts, it is important to remember physicai consid-
erations such as V. and ground.

It is also helpful to have some feel for whether
the design is likely to be core-bound. with logic
area dominating. or /O bound with many inputs
and outputs. Another important factor is what
par'ts of the core the /O need to communicate
with.

System speed is of course a consideration, for
upon it hinges the choice of technology. geometry
and so on. Current asics are unlikely to be helpful
for very fast circuits, above 200MHz.

Packaging is a key issue because not all asic dice
will fit every leadframe or package. Early identi-
fication of the package can avoid later problems.

It is equally important to provide information
on commercial requirements — target price and
projected volumes. Asic vendors are well-used to
receiving guarded answers to this guestion, but
they will always respect commercial confidences
and write them into joint development contracts.
For this reason, it can be helpful for designers to
enlist the support of senior management. and
involve them in discussions with the asic vendor.
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Asic without fear

The semiconductor industry now has an asic process for almost
every conceivable tradeoff between development cost and
delivery volume. The advent of friendly software tools has made
nearly all of them easier to use says Adrian Hudd of Austria

ver since the first commercially available

transistors, engineers have wanted to
include greater and greater functionality
into their products. The availability of more
complex standard parts and techniques has
gone a long way to advance this.

With recent developments in technology
it is possible to include not just simple logic
but microprocessor. memory, complex
functions and even analogue functions onto
a single silicon chip. The techniyues re-
quired to extract and reproduce the function
of a custom integrated circuit are out of
reach of all but the most tenacious competi-
tor, to the extent that such an exercise is
rarely economic. Nothing is perfect; even
asics have a few disadvantages. Initially,
their use requires a high level of commit
ment both financially and technically. Also,
the customer often gets the impression that
when the design reaches the manufacturer,
he loses contact over costs and time scales.
Panic not! Savings are usually evident when
the project reaches the production stage.
Just as important, engineers, particularly
those who have only limited electronic
svstems design experience. often feel that to
use an asic will require a level of design
expertise they do not possess.

Hardware and software tools are so well
designed that the vast majority of the design
tasks are hardly different from designing a
system for implementation on a PCB.

AMS feels that it has contributed particu
larly to this area. Super SCEPTRE is a
complete low-cost system that can take a
design from schematic capture through to
logic simulation and place and route for
standard cells. It can also go to the validated
netlist stage for gate arrays.

Spice SCEPTRE is essentially the same
package but with the inclusion of P-SPICE
from Microsim, This means that analogue as
well as digital circuitry can be designed at
the transistor level and simulated prior to
the start of any lavout work.

Another area of concern among potential
users of asics is the risk involved should the
chips not work or be seriously delayed. This
stems to a large extent from the early days of
asic technology when the guality of both the
design software and the manufacturing pro-
cess was often found to be wanting. The fact
that thousands of designs are completed
every vear with no problems at all stands as
testament to the maturity of this techno-
logy. This puts the probability and delavs at
the level of those experienced when using
standard products. with the added advantage
of the design carried out by the end-user
himself.

The term asic can be applied to a wide

Mikro Systeme.

range of device technologies ranging from
simple programmable devices like the prom
or PLA to highly sophisticated and special-
ised chips designed for use in calculators.
digital watches or electronic ignition sys-
tems. The most common asic architectures
are explained in the following paragraphs.
Gate arrays, standard cell and custom ICs
comprise the three major types of asic. All
can deliver real benefits but each has trade-
offs in design flexibility, development span.

development cost and production prices.

Gate arravs have a fixed architecture
which typically consists of pre-designed
rows of uncommitted logic gates separated
by interconnection routeing channels. For a
given array size, these base layers are iden-
tical for all applications. The only difference
from one application to the next is the metal
interconnections between gates.

Biggest advantage of gate arrays is the
short development time compared to stan-

Inthe old days,
logic design

software required
data entriesin the

form of Boolean

equations so (
design engineers
used to dealing

with logic symbols
were frightened
off. Now,
schematic capture
is almost
universal.

u1s) I

ASIC simulation results are displayed as waveferms.
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dard cell circuits and cell-based custom
circuits. Through using common base
lavers, gate array wafers can be partiallv
fabricated prior to customization for a given
use. Once the logic is defined, metallization
is all that need be carried out.

Standard cells are really circuit building
blocks which have been previously designed.
characterised and subsequently stored in a
computer data-base. Cells can range from
simple digital circuit elements such as logic
gates 1o more complex digital sub-systems
such as ALU. uart. CPU. PLA. ram and rom
memory cells. The cells can also include
basic analogue circuit elements such as
operational amplifiers and comparators. as
well as the even more complicated analogue
suh-systems, such as ADCs and switched
capacitor filters.

Because each standard-cell integrated cir-
cuit reguires a unigue fabrication mask set
the development cost and time spans are
higher than gate arrays. However, standard
cell circuits offer significant advantages in
unit pricing. design flexibility. circuit per-
formance and analogue and digital function-
al capabilities.

Compared with optimized full custom
circuits. standard-cell circuits offer lower
development costs. reduced development
time and a greater prohability of first-time IC
success.

In exchange for these henefits, the pro-
duction unit prices of a standard-cell circuit
are slightly higher than those of a compara-
hle optimized custom circuit.

Within custom design. cell-based custom
design has largelv replaced full-custom de-
sign. which requires that each transistor he
individually designed and manually con-
nected to the rest of the circuit. In a
cell-based approach, only critical parts of the
circuit are designed in a full custom mode
for particular applications, while a major
part of the design consists of previously
available standard cells.

Advantage of cell-based custom is that
optimum performance and minimal die
sizes can be achieved while minimizing
design risks, development costs and develop-
ment time compared to atull custom circuit.

By deciding on a cell-based asic. a system
design engineer needs to pay for high per-
formance only where it is required. In other
portions of the circuit, pre-designed stan-
dard cells are used to obtain the desired
reductions in cost and development times.

The technologies described so far involve
the function of the asic being defined in the
factory hy the supplier; by contrast. pro-
grammable devices are all manufactured to
the same specification and have their func-
tion defined on a designer's bench.

Recent developments in the architecture
of electrically programmable devices have
broadened the range of the applications for
which this technology can be used. The
earliest form of EPLD was the prom (pro-
gammable read-only memorv) but a much
higher degree of logical functionalitv can
now he obtained hy the adoption of more

In depth - ASIC

The availability of high powered software
tools such as the SuperSceptre package
shown here has brought down the cost of
entry into asic design.

advanced architectures. These are similar in
many ways to the gate array but with the
interconnections made by electrically fusi-
ble links.

Such devices are now capable of replacing
sizeable amounts of standard logic in a form
that can be programmahle via a personal
computer ina matter of seconds. This means
that the design can be evaluated and
changed many times very quickly.

BEGINNING A PROJECT

A number of design consultancies around
the country have links to one or more asic
suppliers and are experienced and equipped
to evaluate your design. They will be able to
carry out all the necessary work for you,
starting from either a basic functional de-
scription of the required part or a more
complete specification, including schema-
tics and a test program. Beware! Make sure
the design house fully understands the
application area inwhich you are working.

An alternative approach is to do the design
work vourself. This will require both train-
ing and access to a design system. Both of
these can be provided hy the asic supplier
you have chosen (possibly with the help of a
consultant in the early stages) and this has
the advantage of giving total control over the
design cvcle.

Many suppliers of asics or their distribu-
tors provide on their premises design facili-
ties which can be hired bv the week. Most
will he more than willing to talk about ways
of spreading the cost of vour project to suit
your budget.

Attending a training course is a great idea.
As some training schedules give vou the

chance to make a start on a design during
the course, it may well be worthwhile having
your design evaluated before the training
starts. In this way vou can ensure that the
general concept. partitioning and imple-
mentation are suitable. This allows time for
you to make changes before vou start in
earnest.

Using asics in project prototypes requires
a slightly ditferent approach to project man-
agement from conventional techniques and
allowance should be made in the project plan
for the time required to complete the design,
plus a possible over-shoot and then the
manufacturing time of between four and
twelve weeks before the prototype chips are
delivered. This may be followed by a further,
similar time period for the manufacture of
the first production units. Some suppliers
offer fast delivery times for a higher price
and it is worth knowing whether such an
alternative is available, particularly if you
have tight deadlines to meet.

Multi-project wafers provide one method
of reducing time scales and costs. AMS calls
its version “shared silicon technologyv”. The
company’s multi-product wafers (MPW)
allows the parallel processing of several
devices on one wafer.

MPW development charges are reduced by
about 50 percent through reduced mask and
fabrication costs. Furthermore, MPWs
allow. for very little extra cost. the parallel
study of design options which lowers the risk
of redesign.

Until recently asic technology has been
out of reach of many smaller companies
because of cost and the required levels of
expertise. This has now changed, and with
the latest generation of CAE tools and
modern low-cost workstations, the use of
asics can be justified for even relatively
simple projects. Never before has such
powerful technology been so accessible to
the small business. [ |
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here are three major reasons why

designers are discouraged ivom semi-
custom. One is the perceived cost, the
second is a fear that the devices, when
delivered, will notwork in the circuit and the
third is that a company mav not consider
that it will want enough devices to make the
choice of semi-custom cost-eftective,

The first two reasons are closely linked.
Devices which don't work in the civeuit may
incur more cost to the user as a second
attempt is tried. Tlowever, the chances of
devices not matching the simulation is very
small. As for the third, as silicon geometyies
become smaller and silicon wafers become
bigger then the number of good dice in a
production batch become, lTarger and mini-
mum order quantities will, therefore, in
crease.

The cost reason seems uppermost in
smaller companies: device problems dis
suade the larger companies. Programmable
logic allows a move into semi-custom fairly
casily and without a great deal of cost.,

Programmable devices can be split into
two main categories. The term “programm-
able logic device” is used mainly to cover
smaller devices with complexities of up to
about 1000 gates: the term ‘programmable
gate array’ includes devices with gate
equivalents from about 0O gates to cur
rently over 10 000, One gate-equivalent
corresponds to one two-input nand gate.
Two input gate-equivalents are used with
accuracy in gate and cell arravs but should
be treated with caution when associated with
programmable devices.

Programmable devices normally  have
multiple-input gates. which could be

r

should ask themselves

counted as N inputs divided by two equiva-
lent gates, but if one multiple-input gate is
used as an inverter then all the other inputs
are lost to the user. Similarly, a D-tyvpe
flip-flop in a gate array can be counted as
between six and twelve gates and could be
used as individual gates if a D-tvpe is not
wanted, but in a programmable logic device
it must be used as a D-type. Since there is no
other casy wav of telling relative sizes of
programmable devices the safest way is to
ask the programmable gate array manufac-
turer what size and types of circuits can fit
into his devices.

A company considering a programmable
gate array as a prototvping device should
ensure than an easy migration path exists
from programmable gate array to masked
gate or cell array. This may be difficult
because most programmable  gate array

High volume gate arrays relyononaoneor
two layer metalisation to effect the custo-
misation. These photos, taken at LSI
Logic’s Sidcup facility, show some of the
manufacturing steps

. TSNS O
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Gateway to semi-custom

Before jumping into asic with both feet John McNally of
Philips suggests a few questions that all prospective users

manutacturers do not make masked gate
arravs. Therefore, after designing and proto-
tvping with the programmable gate arvay the
designer will then have to transfer his design
to the design tools of the masked gate array
vendor. These tools may involve different
hardware and most certainly different soft-
ware to that of the programmable gate array
manufacturer. Also the circuit being trans-
ferred may have to be redefined to suit the
architectural differences of both types of
device with the added possibility of errors
creeping in.

If migration from programmable to
masked gate array is considered it makes
sense to choose a vendor who makes both
sorts of device.

Production testing of TTL does not usual
Iy enter the designer's mind. However, gate
arravs and higher complexity PLDs such as
sequencers, which have buried registers and
multiple feedback paths. do require special-
ised testing.

Fault grading provides an effective test
basis. Each node is stuck at zero and then
one in turn, and the simulation run to
ensure that the effect of the stuck node can
be seen on an output. After all nodes have
heen stuck at both levels the fault grader will
then show the degree of testability as a
percentage of the total number of indicated
faults. 1t will also show which nodes are
testable and which are not. The designer can
then modify the design. test logic or stimu-
lus innuts to increase the test coverage of the
circuit. A gate array vendor who has a fault
grader in his software should be considered
for complex circuits,

Potential users of programmable gate
arravs should know the limits on toggle
rates. The rate specified is a measure of how
fast a D-tyvpe flip flop will toggle when its o
output is fed back toits D-input. However,
since most circuits comprise more than just
toggle flip-flops and have logic gates be-
tween the flip-flops. the maximum svstem
speed is usually very much slower than the
specified toggle rate. It becomes more com-
plicated when the routeing between gates is
not fixed and has to be generated by the
software. The lengths of the interconnec-
tions can greatly affect the propagation delay
throush a circuit.

As with masked gate arravs, programm
able gate arravs, where the interconnection
is not fixed. have a finite number of routeing
chanrels. This leads to the problem where
not ail the gates in a device can be used
because insufficient routeing channels are
availanle. Other types of programmable gate
arrays have fixed interconnections where
every date is connected to every other gate in
the virgin device. In this type of device every
gate can be used. »
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Multi-standard MAC decoder

Philips, Plessey and Nordic VLSI are now well advanced with
their multi-standard MAC decoder. The first silicon from this
co-operation has been producing pictures and sound in Philips
Components’ applications laboratories at Mitcham.

urrent work on the design centres on
Cchecking the second round of silicon,

which is generally operating fully
satisfactorily and will form the basis of
large-scale production of integrated circuits
in the second half of this vear.

This decoder is aimed at maximum flex-
ibility. It is compatible with the two adopted
European MAC systems (D and D2) aswell as
with C-MAC. and also with both Eurocrypt
and Euroeypher encryption techniques.

Processing of the vision, sound., and
teletext/data parts of the transmitted signal
is assigned to physically separate 1Cs; this
architecture means that capability can be
extended as necessary. For instance, one
MVI7T30 sound chip permits two sound
services to be obtained (where each could be
either & mono or stereo transmission). A
second device may be clipped on to the end of
the packet bus to obtain a further two sound
services if transmitted.

The decoder uses the output from the
receiver’s F.M. demodulator as its input. The
time-multiplexed MAC signal is applied to
the video and data inputs of the THA87T34
“MACAN™ [C via low-pass filters (8.4Mlz,
excepl for D2-MAC data, which is 5MHz).

MIKE BRETT

From this point on, the signals follow sepa-
rate paths.

The video signal is greyv-level clamped and
AGC adjusted in MACAN. The AGC action is
based on measurements of the data signal
amplitude, and a further fixed gain trim is
possible to match the absolute value of the
video signals to the a-to-d conversion which
follows.

Clock timing information as well as clean
sliced data are extracted from the data part of
the multiplex within the same MACAN IC.
This process is rather more complicated
than it might at first seem. because both
binary and duo-binary modulation may be
encountered depending on the standard
being received. A 40.5MHz master oscillator
on the IC is eventually locked to the incom-
ing sliced data, and its output is divided and
buffered to provide outputs at 10,125 and
20.25MHzwhich are used as clocks through-
out the rest of the decoder.

VIDEO PROCESSING
Video information (a chrominance signal
followed by a luminance signal, occupving
together nearly 54 wms of each television
line) is next converted into the digital do-

Half-Eurocard laboratory evaluation layout of a multi-standard MAC decoder.

main by sampling at 20.25MHz in the
TDASTO3 a-to-d convertor. The eight-bit
data is received into the MAC video 1C
MVI710 as 349 and 697 samples for chroma
and luma respectively. They are stored in
ram in different sequences. depending on
whether the transmission is scrambled or
unscrambled.

The cut-and-rotate method of scrambling
defined by the EBU MAC specification makes
descrambling straightfonvard matter. You
merely write to this ram from a diiferent
starting point in each line: straightfonvard,
provided you know these different points!
The re-recorded luma and chroma data can
now be time-expanded by the simple ploy of
clocking the data out towards the display
device at a stower rate than it was clocked in.

Video expansion can be arranged in the
device to suit either the existing 4:3 aspect
ratio display devices or the 16:9 options for
the future. To enable feature films to be
broadcast from the start of services in the
wide-screen format, it is possible for this
decoder to respond to panning vectors sent
within the data signal which determine
which part of the 16:9 picture vou see on
vour 4:3 present-day tv. The process can be
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compared to that done when optical prints of
wide-screen films are created for tv today.

Some interpolation of the chrominance
information is required before it may be
used, because each line of chroma contains
only one half of the necessary information
(i.e. U on odd-numbered lines, V' on even)
This interpolation is done within the
MVIT710 before the three streams of Y.U\
data are fed out to the D/A convertors. After
some simple filtering and buffering, ana
logue Y.U.V signals may be taken away to a
conventional video control combination as
already used in coiour receivers. Alternative
Iv. depending on the nature of the complete
equipment. it may make more sense to
convert to kus before feeding the signal away.,
perhaps via a SCART connector.

DATA CONDITIONING

Next in the decoder comes the MAC Control
1C, MV1720. This device performs the major
ity of the data-conditioning functions within
the hardware of the decoder. Data arriving
from MACAN is not vet in intelligible form,
and several processes are necessary before it
is possible to make use of the packet data.
Firstly the data has been spectrum
scrambled by moditving it with a pseudo-
random bit stream before transmission, and
this process must be undone.

In the case of a D-MAC transmission, the
packet data will have been structured into
two subframes by the broadcaster: in prac
tical terms this results in each tv line
carrying data from two different packets.
These subframes must be “de-interleaved” so
that the individual packets may be reconst
tuted as separate entities. This being done.
the next task is to remove the error
protection data from the packet header,
which constitutes the first 23 bits of cach
751 bit data packet.

In the header is vital information on the
identity of the data within the packet. This is
used by the decoder to determine which IC
needs to use it. and thus needs a high
measure of security. A system called Golay
protection has been adopted which adds 11
protection bits toa 10-bit packet address and
two bits for a ‘continuity index”. This techni-
gue permits up to three errors to be cor
rected. This decoder design is also capable of
handling certain packets where Golay pro-
tection is used on the whole of the packet.

Before the now clean and tidy data is
routed out of the device, a few packets which
are of special significance are copied into
buffers which have been programmed to
watch out for their particular addresses. The
arrival of these packets is signalled to the
svstem control microprocessor. and the data
is copied into the controller for further use.
These special packets contain either house-
keeping data needed to ensure the correct
operation of the decoder (they tell the
decoder about the nature of the services
being broadcast at that instant and in the
immediate future), or may contain informa-
tion involved in conditional access opera-
tions. Another essential source of knowledge
for the decoder is tv line 625, which is totally
devoted to data in a specific non-packet
format. Amongst the data carried in this
form is the TV frame number. This too is
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This is a complete multistandard MAC decoder evaluation board providing an optional
second channel of stereo sound. The board accepts the output from the receiver FM

demodulator.

automatically collected for use by the de
coder.

ENCRYPTION

Access Lo encrypted services 1s arranged by
providing the appropriate vision. sound or
teletext 1C with periodic updates ot digital
data. This data is used to seed pseudo
random number generators having ex
ceedingly long cycles whose outputs are
used in various ways to ‘unscramble’ the
wanted service provided the user is autho
rised. The necessary seed words are provided
by a conditional access control module (or
modules if more than one encryption system
is used). These conditional access control
modules sit outside the Philips/Plessey/
Nordic decoder. and appropriate data is
passed out and accepted back as necessary.

SOUND AND DATA

A two-wire serial bus known as the con
fisuration chain is the way that the MAC
Video. MAC Sound and teletext devices are
advised by the control system of what ser
vice(s) they may look out for the packets
with a particular address. The device sees the
whole packet stream going by and ignores alt
those packets which it has not been told
about.

The MV1730 sound IC is capable of inter
preting the nature of the sound data for
which it has been programmed. 1t examines
certain special packets carrying its program
med address which are called EI packets.
This means that the sound is autoamtically
configured for any of the possible alternative
transmission modes (e.g. 15KHz or TKHz
handwidth, tinearly coded or Nicam coded.
first or second level error protection). The
output from this IC is in the form of 128

drgital data which is fed into an oversam
ping digital filter and finally through the
THA1343 stereod d-to-a converter. The 128
feed can of course be routed away to other
d-to-g options if required.

I'wo alternative devices are planned tor
teletext: these will both give access either via
rertical blanking interval broadcasts t(much
as in existing terrestrial services), or via the
preferred packet teletext method. The VBEis
intended to be kept clear for future use as a
carrier of enhancement data to improve the
MAC picture even further to high definition
tv

More than one teletext service may be
inctuded in a MAC transmission {data space
permitting): each service would be assigned
adifferent packet address, thus allowing the
t C todistinguish between them. Two
levels of protection for teletext data are
specified: one in which the equivalent of one
terrestrial text line or packet is sent per MAC
racket, the second having two terrestrial
equivalents per MAC packet.

It is expected that while MAC services find
their feet. text services will be limited to
World System Test Level 1. Further expan:
ston is possible in the future, both to teletext
services and non-teletext data services, for
vehich MAC with its wide fTexibility in packet
allocation is admirably suited. [ ]

Mike Brett is with Philips Components.
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Mosfet audio
output

Ivor Brown'’s thought-provoking
piece on mosfet power amplifiers
in the February 1989 issue jarred
slightly. It may be “generally
accepted” in the introverted
world of the hi-fi magazines that
a lot of feedback is inherently
bad, but nowhere else. The only
“undesirable effect” that comes.
to mind is poor slew-rate capabil-
ity stemming from heavy
dominant-pole compensation,
made necessary by over-
generous provision of open-loop
gain. However, since no one ever
seems to be able to point the
finger at any commercial design
that suffers from slew-limiting in
use, it would seem that this is
rather a non-problem, though
no doubt constant repetition will
keep the concept alive.

To be more positive, 1 agree
with him completely on the
many drawbacks of power mos-
fets — initial exposure to mosfet
power-amp design tends to make

EEDBACK

you thoroughly grateful that
bipolar power devices exist. The
worst snags with the convention-
"al type of output stage, as shown
at Fig. 1, are certainly the poor
gm, giving a gain of significantly
less than 1 (about 0.8 in Fig. 1)
and the high gate capacitances.
The usual mosfet comple-
mentary pairs —and these are few
and far between - yield poor
output swing capability for a
given rail voltage.

Figure 1, with %= 32V rails,
yields 40W RMS into 8(), as
against the 64W theoretically
possible. The high quiescent cur-
rent required (around 100mA
here, but as high as 500mA in
some designs) makes the overall'
efficiency worse. Bipolar output
stages typically require much

| less, say 20mA, and their setting

is a more precise business, as the
point between where crossover
spikes disappear into the THD
residual, and g, doubling starts,
is better defined (though
whether you can keep it there is a
matter between you and your
thermal compensation arrange-

ments).

1 can also confirm that mosfet
quiescent current stability is de-
finitely an issue. Figure 1 is a
conventional output stage,
driven by emitter-follower Tr,.
With generous heat-sinks but no
thermal compensation, this in-
creased its quiescent current
from 70mA to 90mA after 15
minutes at full drive. Part of the
problem here is that optimistic
engineers (surely a contradictionl
in terms) have been beguiled
into using a simple variable re-
sistance to set the bias voltage.!
This is unwise, if only because:
current source Tr; runs warm|
and drifts in value.

Another problem which is!
even worse than it looks is thel
driving of the mosfet input
capacitances; these are not only|
large but also vary wildly with!
Vys, often over a 2:1 range.)
Although point A in Fig. 1 is at a!
low impedance (a condition un-
likely to exist in a real closed-;
loop ampilifier) the distortion
measured there rises rapidly
above 5kHz, though not enoughi
to affect the output THD, which:

remains absolutely flat 20Hz-'

20kHz at 0.7 percent for 12VRMS
out.

At this point people may be
wondering why anybody would
wish to use these truculent de-
vices at all. There is, despite the
above, a powerful attraction in
the great electrical and thermal
robustness, and the absence of
the high-frequency switching
artefacts that plague power bipo-
lars.

Like Ivor Brown, | considered
that wrapping negative feedback
around the output devices
looked promising, and in 1979 |
evolved the hybrid circuit in Fig.
2, in an attempt to combine the
good qualities of bipolars and
mosfets. Stage gain increases to
0.94, half of this loss being due to
the 0.22Q) source resistors, and
quiescent stability is excellent
since Tr3 and Tr, remain almost
cold; note that Vy,.-multiplier Tr;
is not thermally coupled to any-
thing. Also, the optimal quies-
cent current is reduced to about
45mA., Open-loop THD falls to
0.04 percent at 12VRMS, and
remains flat with frequency as
the bipolar drivers are fast TO-5
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devices. This seems an excellent
basis for a complete closed-loop
amplifier, and the stage com-
bines very happily with the usual
differential-pair and common-
emitter-gain-stage topology.
THD drops to 0.004 percent at
12VRMS and 1kHz, though it
rather disappointingly fails to
disappear altogether. At present |
am not sure whether this is
because negative feedback has
trouble coping with the transfer-
of-control in Class AB, or if it is
due to loading the vulnerable
high-impedance collector of the
voltage-gain transistor that re-
places Tr.

One of the most intriguing
points in Mr Brown's article was
the possibility of improving out-
put swing by operating the out-
put stage at a gain of more than
one, allowing elbow-room for
large V. swings. The bipolar/
mosfet configuration works well
at a gain of 1.8, which should be
ample for a large Vy, to be de-
veloped on the driver collectors,
though THD worsens to 0.1 per-
cent open-loop. Unfortunately
no output increase at all was
visible since, as with the devices
shown, V,, never exceeded 3V
peak and all the output limita-
tion appeared to be due the high
on-resistance. It may be signifi-
cant that R, does not appear on
the device data sheet. . . .
Douglas Self.

LondonE15

Bouncing gyro
check

It is amazing what colourful
ideas a little gravity in the region
of a precessing gyro can engen-
der. Dr Aspden’s anti-gravity
(January 1989) or Mr Jones’
vanishing mass (January 1987)
which fortunately failed to vapo-
rise Professor Laithwaite and
quite a bit of the local country-
side. may be rather more pro-
saically described as accelera-
tion.

The clue lies in Dr Aspden’s

diagram (b), combined with a
little imagination. Turn it onto
its side, and the forces F' dis-
appear. For the same rale of
precession the forces F are much
greater since there is no gravity
to help them, for which reason
fixed links are needed to transmit
them, and so P is larger. Reverse
the direction of precession and
you reverse the direction of P.
Demonstrations such as Profes-
sor Laithwaite’s never show this
second aspect for severely prac-
tical reasons! But if we do not
oppose P, the assembly would
accelerate away along the axis of
precession, and this could be
easily demonstrated by mount-
ing the whole thing on a light
trolley. Of course a suitable
source of torque would have to
accompany it, and in this case
the torque would be transferred
to the ground and reacted out by
altering the load on the wheels
on either side, giving us another
problem to get confused about.
We could eliminate this if we
wished by mounting a second
pair of gyros on the same shatt,
rotating in the opposite sense to
the first pair and balance out the
torques against each other, thus
producing an independent sys-
tem which will “disobey” the
Third Law of Motion. Something
of this sort will produce a “lift
force” if stood on its end, and
even levitate.

From what has been said here
and adding the appropriate con-
clusion from the absence of cen-
trifugal torce that Mr Jones re-
fers to, we can see that the action
of a precessing gyro can be quite
simply described as generating
two accelerations, one along the
axis of precession and one at
right-angles toand towards it.

The great problem seems to be
how to “explain” al! this in terms
of Newtonian theorv. | suggest
that we are wrong to try. Newton
himself would be the first to
point out that he limited his
theory strictly to Galilean iner-
tial reference systems. These
neither rotate nor accelerate.
The reference system of the
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pressing gyro does both. What
would give Newton a lot more
sleepless nights, | think, was the
19th century discovery that mass
varied with motion. The com-
plete invariance of mass is
axiomatic to Newton's theory.
Whatever any of those “classical”
theories that satisfactorily ex-
plained that variability are, the
one thing they cannot be is
Newtonian.

Alan Watson

Mallorca

Spain

Bradley, not
Einstein

Long before Relativity was in-
vented - even before it was
generally accepted that light had
a finite velocity — James Bradley
(preceding Albert Einstein by
200 years) invented Stellar
Aberration.

The fact that the idea came to
him through sailing his dinghy
(up-wind) on the River Thames is
a measure of his tenacity as a
scientific observer. The fact that
he was able to confirm his idea by
measuring the displacement of
stars as the Earth moved round
its orbit (and to deduce a new
value for the velocity of light) is a
measure of his stature as a scien-
tist.

Yet how could he have since
been so completely forgotten? In
spite of the (now) commonplace
observation of the displacement
of the ‘acoustical’ position of a
high-speed aircraft, few present-
day ‘experts’ on relativity experi-
ments appreciate the corollary
that dawned on Bradley 250
years ago.

Were it not for the high veloc-
ity of light, coupled with the low
acuity of the human eye and
brain, the average new-born
habe could not help but notice
that, as it lunged towards its
mother’s breast, its destination
appeared to jump momentarily
away from it. causing the bright-
er infant to exclaim not “Mum-

my’ nor “Einstein” but
“Bradley™

Robert V. Harvey

Grasmere

Computers are
too slow

| must rise to the support of the
wind tunnel as a solver of the
fluid flow equations (The Kernel
Logic Machine, EWW. March
1989). As pointed out elsewhere
(Letters, New Scientist, 10 De-
cember 1988), calculating the
flow even at a million points
around a car provides extremely
poor resolution; something like
64 billion would be needed to
model the flow in correct detail.
A real wind tunnel will model the
flow at the equivalent of perhaps
two billion points, and all in
parallel, a considerable improve-
ment on even the most optimis-
tic forecasts of computer de-
velopment.

Most wind-tunnel testing is
not hampered by the lack of a
moving-ground floor; aircraft
performance, wind loads on
structures, pollutant dispersion,
for instance. do not require it.
Those that do, such as high-
performance cars, and especially
racing cars, often use one of the
five tunnels in the UK.

Longer-term weather fore-
casting is not amenable to mod-
elling. Many meteorologists and
mathematicians believe that
supercomputers are
approaching the limit of ‘look-
ahead’. in the sense that after
about seven days, further predic-
tion becomes so sensitive to the
starting conditions that the
problem requires an impossibly
high-resolution grid of mea-
sured atmosperic parameters to
work on. In the classic phrase,
‘the flap of a butterfly’s wing' is
enough to trigger a hurricane.
Computers will continue to do
well on average quantities such
as predicting climatic changes
due to man's alterations of his
environment. but don't hope for
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| too much in predicting whether
fit will rain in Brighton next
] August Bank Holiday!

John Willis

British Maritime Technology,
| Teddington.

Circuit symbols

Symbols used in electronic cir-
cuits are intelligently chosen.
For example, a switch is shown
by drawing its essential parts.
But less obvious examples also
carry a meaning. Thus the first
transistors were made by taking
a good, thick base and infusing
two small electrodes.

But what about the BSI im-
position of the rectangle symbol
for the resistor, to replace the
traditional ‘wiggly line'? The
rectangle has achieved recogni-
tion in the rather conformist
educational world, but design
engineers (and their journals)
appear to have rejected it.

BSI should be a little more
cautious. Circuit symbols are a
truly international language,
whose domain greatly exceeds
that of the English language
itself. Further, this language of
symbols is the basis for interna-
tional exchange of information.
BSI is not competent to decide
on these symbols. Its authority is
too local.

Michael McLoughlin
Haberdashers' Aske’s School

Switch-off

Following recent articles in the
press regarding the shortage of
engineering graduates and the
‘oily rag’ image that engineers
command. | feel I should write to
bring to your attention a further
reason why engineering isn't a
more popular career for gradu-
ates.

I am currently in the penulti-
mate year of a four-year sand-
wich electronic engineering de-
gree and am about to embark on
the second of two six-month
periods in industry.

The major problem my col-
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leagues on the course and myself
have found is in finding a suit-
able industrial placement. Far
from welcoming undergraduates
with open arms, as you might
expect of an industry so short of
manpower, many companies
have been far from helptul. Let-
ters written to companies en-
quiring about a possible place-
ment regularly meet with no
reply or an abrupt letter saying
that they do not operate under-
graduate placements of any kind.
Those more fortunate to receive
an encouraging reply normally
attend an interview only to find
that the company has little idea
of what work the undergraduate
will be required to do.

A further problem which is
common to almost all such
placements are the wages
offered. They can rarely be de-
scribed as little more than
appalling For example, one
undergraduate last year was em-
ployed by a verv large interna-
tional company in Watford. This
company paid him the equiva-
lent of £125 a week before deduc-
tions. After paying £50 a week for
accommodation, the food, trans-
port and clothing coming out of
the remainder, he could rarely
afford to visit his home in Birm-
ingham, let alone save any
money.

Many of the jobs themselves
have been equally poor, with
undergraduates finding them-
selves doing odd jobs and being
left to tie up loose ends of pro-
jects rather than being set a
project of their own or being
included as part of a team work-
ing on such a project.

With employers showing so
little interest in their future
work force, is it really such a
surprise that nearly 50% of en-
gineering and science under-
graduates opt for a different
career on completion of their
degrees? Until industry provides
more encouragement to under-
graduates and those about to
select their degree courses, the
future for British industry must
surely look a little shaky.
Malcolm Holmes
Barton le Clay
Bedford.

Anti-gravity

By 1970, | had predicted and
observed the vertical behaviour
of the gvroscopic top described
by Harold Aspden. During 1971,
[ built machines of two types,
both well documented as having
worked,

So there are two types of iner-
tial drive and we are faced with a
dilemma: which path to follow?
My scant knowledge of the work
of other workers indicates that
the tendency of researchers is to
follow, yet again. the wrong
path; the one deemed acceptable
by the establishment. That this is
so is evidenced by the description
of the machine in Aspden's
article.

Class 1 machines are entirely
non-Newtonian and the spin axes
of the gyros maintain a constant
attitude with respect to the main
drive axis. There are no gyro-
couple loads on the rotor bear-
ings. If these machines are tested

There are also machines
which appear to be Class 1, but
which are. in fact, Class 2; these
devices would seem to involve
nutation, together with a slight
flexibility in construction.

A top may be set into preces-
sion without nutation and ex-
periment confirms certain
things: it accelerates into preces-
sion without an impressed force
in the horizontal plane; it pur-
sues an orbital path without
horizontal centripetal restraint;
and there is no angular momen-
tum about the tower. These are
clear violations of the three ax-
ioms of motion and present the
“experts” with the problem of
explaining how classical mecha- |
nics can claim to account for a
phenomenon which violates its
own axioms. If the contradiction
appears, we mayv be sure that
there has been faulty logic or
false assumption inserted into
the system at some stage.

Alex Jones
Alderney
Channel Islands

Flywheel Disturbing
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v Counter
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in a Newtonian fashion, that is to
say, by trying to measure a drive
force F against the local frame,
then they conform to Newton
and appear not to work; also,
gyro couple forces appear in the
bearings. This behaviour is a
direct consequence of the nature
of precession.

Class 2 machines are partly
Newtonian with a constantly
varying spin-drive axis rela-
tionship. The gyro-couple forces
on the rotor bearings can be
considerable, as is the vibration.

High-resolution
frequency counter

The author points out some cor-
rections to the January article:
Pins 4 and 6 of gate F should be
transposed; Capacitor C, is 15pF;
Resistor Rs is 100£2 not 100k(};
and +5Va appears on the wrong
sideof L,. And in Fig 4. for pin 17
of ICsand IC; read pin 7.
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Dual buses for
industrial /O

Anthony Winter of Arcom Control Systems outlines some of the
cost-saving options provided by the use of VME/STE mixed-bus

plementary bus developments over the

past few years have been aimed at in
creasing or opdmizing overall system
throughput. Typical examples are buses to
provide fast local memory accessing or
message passing between semi-independent
intelligent subsvstems. This is good news for
the designer of, say. CAE workstations
whose foremost concern is handling as many
microinstructions per second as possible,
but what about the more down-to-earth
engineer developing a medium-complexity
industrial control system? This type of pro-
ject needs a reasonable amount of comput
ing power and. perhaps because of this, the
engineer initially opts for a bus like VME.
Bul when it comes to implementing the 1/0
scheme, which might run into hundreds of
channels, cost reduction becomes the major
driving force. Unfortunately, this need is
generally incompatible with the interfacing
requirements of the VMEbus scheme and
also. it has to be said. with the apparent
high-profit business objectives of the major-
ity of 'MEbus board manufacturers.

This makes industrial /O an area ripe for
exploitation hy multiple-bus architectures.
which allow significant reductions in costs.
1t is now possible to achieve this result using

It seems that the vast majority of com
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a standard bus*. The bus in guestion is
IEEE-1000 STEbus: a single-Eurocard
scheme which is closely matched to the
needs of the industrial control designer. Its
‘limitation” of an &-bit data path is, in fact, a
benefit for industrial 1/0 applications, be-
cause it makes interfacing both simple and
cheap and there is little or no performance
penalty for the majority of tasks, because
most 10 chips are designed for 8-bit buses,
With morc than 50 suppliers now in the
STEbus market, there are hundreds of mod-
ules to choose from and, moreover, the
members of the STEbus industry have co-
operated to adopt a further informal ‘signal-
conditioning’ standard which has resulted in
a veny wide range of complementary, single-
Eurocard, real-world interface functions
with screw terminals for easy connection o
plant.

The concept of integrating the VME and
STE buses was designed into STE from the
start. It can e achieved by either adding an
interface to a VME processor board and
porting the processor’s memory to both the
VME and STE buses. or by building VME 1/0
boards with dual-bus interfaces and some

S \ TE bus as [ [
F Electro & Wireleas Id. Februan

latching circuitry to allow very low-cost
(STEbus) processors to be used for adding
intelligence to an I/0 subsystem. Both these
approaches are embodied in Arcom’s VME
bus hoard line. The easiest way to under
stand the concept is to consider a CPU board
which has dual-bus interfaces.

ONE BOARD, TWO BUSES

The VSC0200 CPU board illustrated is a
conventional double-height \"MEbus 68020
processor module with an expansion con
nector to accept a single Eurocard contain-
ing the STEbus interface: the 68020°s mem-
ory is linked to the VMEbus, STEbus and
68020. The interface to STEbus memory and
1/0 space appear as windows in the CPU’s
memaon map. All the system designer needs
to do to access the STEbus is write into this
portion of the memory map - in the same
manner as if defining the width of VMEbus
memon: access, for instance - and the
command is transferred. The memory map
oppos te illustrates this,

With two bus interfaces available, the
designer is free to partition the svstem for
opltimum cost-effectiveness, choosing VME
modules for computation and memory, but
selecting STEbus modules for the industrial



The VSC020 board with dual VME and
STEbus interfaces. The STEbus interface is
a daughter board, connected to the outer
rows of the P2 connector. The board
contains a 68020, a socket for a 68881
floating-point unit, 1Mbyte of ram, four
32-pin eprom sockets and two serial /0
channels. It costs £1250 in its 12MHz form

1/0. This approach to system design changes
the economics drastically. For example, a
typical VMEbus I/O board, say a digital /0
function, costs around £500. Implementing
the equivalent function via STEbus - which
requires a simpler bus interface - works out
at around £250. The larger the system. the
greater the savings. VSC020 also provides a
powerful upgrade path for STEbus users:
some simple software changes allow an
existing STEbus system’s processing power
to be multiplied around tenfold (this figure
is taken from benchmarks of an 8MHz 68008
STEbus CPU against the 16MHz version of
this 68020 board), whilst retaining all the
basic programs and 0S-9 operating system
environment.

This facility to migrate the design either
up or down in processing power is an
additional and powerful capability. When a
design cycle starts, unless you possess some
similar detailed experience or have under-
taken extensive feasibility studies, it is usual-
ly not clear how much processing power you
need. The result can be a 32-bit VMEbus
system performing a control task that is well
within reach of a Z80 running on STEbus (at
say one-quarter of the cost), or an STEbus
system designer resorting to techniques
such as rewriting sections of code in assemb-
ler or adding another CPU, offloading a
computing task to get the system functional.
An STEbus system configured in this man
ner has nothing left in reserve to cope with
any future system expansions. The VMEbus
designer has to pay a very high price for the
system, whilst the STEbus designer’s costs
and development time have mounted out of
proportion — and with the possibility of a
redesign.

The dual VME/STEbus concept changes
this situation. Provided that you choose a
68K-family processor running under the
08-9 operating system, you can start with an
STEbus CPU and upgrade the computer
power at a later date, or start on VME with
STEbus /O and downgrade to, say, a 68008
for the target-system versions. This flexibil-
ity also extends to the field, and consequent-
ly offers a considerable henefit to people who
have started to outgrow their original STE
bus systems as the /0 workload increases.
This is a particular issue with STEbus
systems running 0S-9, the industry-
standard operating system for real-time
multi-tasking systems based on Motorola
processors. 0S-9 has a complicated and
rigidly-defined 170 structure and imposes a
considerable computing penalty on /0 op-
erations. If the processor is only 8- or
8/16-bits wide, as is almost invariably the
case with STEbus, then an expansion of /0
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STEBUS BASICS

STEbus is now approved as a full world
standard by the American IEEE. The 1987
standard, IEEE 1000, brings major benefits
to the systems-building community, offering
designers a powerful, fast and above all
cost-effective means of implementing sys-
tems for applications such as control and
instrumentation systems.

The bus was designed by a group of
engineers independently of commercial in-
terest, and now has a major following, with
dozens of suppliers and hundreds of users.
STEbus’ main features are

® an 8-bit bus embracing the Eurocard stan-
dard and designed for low cost

® independence of processor manufactur-
ers, giving the widest choice of processor
on any 8-bit bus

® provision for future requirements through
asynchronous, non-multiplexed data
transfers at over 5SMbyte/s

® afull IMbyte addressing range

® up to 4Kbyte I/0 space

® a position-independent, non-daisy-
chained bus

e multiprocessor capability

For many designers, one of the key design
choices influencing bus selection is proces-
sor type. STEbus gives virtually unlimited
freedom in this respect. Arcom alone offers
no less than 12 choices of CPU embracing
nine different processor families: Z80A,
64180, 7280, 80188, 8052, 6809, 68008,
8088 and 68020.

Information on STEbus is available freely
via an independent manufacturers’ and us-
ers’ group — STEMUG. This organisation
provides a number of helpful services in-
cluding a document which describes the bus
in considerable detail for prospective users.
Free copies may be obtained from Arcom on
request (Units 8-10, Clifton Road, Cambridge
CB14WH).

In the UK, the bus has over the last 3-4
years, literally changed the face of the UK's
board-level computer market, sweeping
aside STD and dozens of proprietary single-
Eurocard bus standards to become the
dominant 8-bit board-level standard. Its
main application area is in small-to-medium

® high-speed burst transfer mode size data acquisition and control systems,
® eight attention-request lines and its standardisation as IEEE-1000 has
® vectored or non-vectored interrupts resulted in widespread user acceptance and
® interrupt-acknowledge cycle a fast-growing following of manufacturers.
© read-modify-write cycle The result is a UK STEbus market currently
o fully buffered signals and terminated running at some £/M pa and growing at
backplane for data integrity around 50% pa.
&4 Gigabytes Expansion showing -
FEERFTER the STE bus
interface
Arcom VME
A16/D16  |slave address
Repeat A16/D32
of lower Control iy
2G byte '——W
— TEAD
: TE80
TEFF FFFF — TELD
Not used
e, spdl ' é Serial 1/
TE 2800 XX
Reserved
A32/D16 3 7E 20XXXX
space — 7E00
B A2,/Di6
7000
A32/D32
space
A2,/D32
000F FFFF4—gp rs 7C00
Hex oddress | onboard dram High character hex oddress

VSC020 memory map, showing how the madule’s memory is ported to VMEbus, STEbus

and the 68020 microprocessor.

Example application demonstrates costs savings by using STEbus boards

Board function

Typical VMEbus
implementation costs (£)

Typical VMEbus/STEbus
implementation costs (£)

A-to-D conversion (x3) 1000 [2x 1/2-height] 567 (3 boards)
High-speed A-to-D 535(1/2-height] 372
Graphics controller 525[1/2-height] 485
Parallel I/0 295 [1/2-height] 125
SCSI/FDDC 595 341 (2 boards)
Backplane (J1/STE) 165 a8
Total £3095 £1988
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VME Py/ly

{ I Transition backplane

VME P27 §

Physical connection of dual-bus systems. A full 32-bit double-height VMEbus system

needs a simple transition backplane to connect STEbus to the two outer rows of P2, A

16-bitsystem can use an STEbus backplane directly as VME J2

Implementation

16 channel
(" |high-speed o0-to-d

16 chgnnel a-to-d

f—LL

Groph t
— rophics control
N
— 32lines PIO
« |
1 SCSI/SEDC
\—— cru

170 requirements

Accelerometer | —
conditroner

O

Thermocouple
conditioner

Graphics display

Status indicators

Mass memory

Printer and
keyboard control

An example application, illustrating the system's input/cutput requirements

can outgrow the system's processing capabi-
lities. The dual-bus concept allows an up
grade to be implemented while retaining all
the installed YO and wiring. The final com
puter, as well as costing less can look
identical to a pure VMEbus system. since
both buses are based on Eurocards and can
casily be integrated in standard 19-inch
racks.

Physically, the STEbus interface appears
on the two outer rows of the lower P2/)2
connector — the two rows unused in standard
VMEbus pin assignment. This allows STE-
bus 1/0 boards — with CPUs if required - to be
connected very easily: a small transition
backplane takes the signals from VME to
STEbus. allowing the use of two backplane
svstems in one cabinet. I only one 32-bit
VMEbus CPU is required in the system, as it
might be if the system designer started out
on STEbus and is now purely upgrading the
CPU power, then the position is even easier:
vou simply use a standard STEbus backplane
on the bottom and a standard. half-height
16-bit VMEbus backplane on the top row if
the VMEbus needs expanding. It is worth
pointing out that not all single-Eurocard
buses can work with V'MEbus in this way.
The G64 scheme, for example, is 1m-
plemented on the wb rows of the DIN
connector, and therefore cannot work with o
full 32-bit specification VMEbus svstem.
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Adopting this approach to industrial con-
trol design does not restrict the use of either
bus in any way. The VME 'side” of the VSC020
has an arbiter and mailbox circuitry. allow-
ing it to function with other VMEbus CPUs,
so that the full multiple-processor capability
of VME can be exploited. Similarly. the
STEbus side can also incorporate intelli-
gence and this bus allows you to run systems
with up to three processors communicating
over the bus (see the box for hackground on
STEbus).

EXAMPLE SYSTEM -

The most obvious way to understand the
benefits of this approach to systems design is
to look at an example application. The
hypothetical system shown in the diagram
performs high-speed data acquisition, moni-
toring real-time vibration and temperature
data from an engine test-bed. Even in this
relatively simple system. multiple sensor
in-puts demand a reasonable amount of /0.

Accelerometers acquire the vibration
data. their outputs being taken to a high-
speed A-to-) converter. Less than 16 chan-
nels are needed. but rapid conversion and
analvsis are needed to provide a real-time
graphic display of the resultant data, with
signal processing using fast fourier Trans-
forms to analvse the harmonic levels of the

sigral. This requires a substantial amount of
computing power, so a 68020 processor
hoard. with the built-in option of adding a
floating-point processor device. is chosen.

Forty thermocouples measure tempera-
ture, the signals being digitised via three
16-channel 12-hit A-to-D converter boards.
Low-cost hoards are suitable for this part of
the system because high-speed conversion is
unnecessary.

A colour monitor presents the tempera-
ture information, some led bargraphs show
the vibration levels and lamps indicate the
test bed status. The hardware requirement is
a high-resolution graphics board. plus 32
lines of parallel digital 1/0), SCSI and floppy-
disk drive.

In this example, we have not ignored the
use of low-cost ‘half-height” VME boards.
where they are relevant. However, in gener-
al, this approach suffers from two key prob-
lems. Firstly, although the half-height VME-
bus interface circuitry is simpler than for a
32-nit system, it still imposes a significant
relative cost and size penalty: in svstems for
pracess control, which require low cost per
channel there is still an appreciable differ
ence compared to STEbus.

Secondly, and more fundamentally. a
totally half-height VME system only allows
vou to upgrade to 16-hit processors — a
relatively small advance in processing pow-
er, particularly when you consider some of
the combined 8/16-bit chips that are readily
available on STEbus. The feeling is that most
designers would like to make a large jump in
processing power all the way to 32 bhits.
Half-height VMEbus seems to be coming to
an end; it fulfilled a temporary market niche
whilst VMEbus was on its early curve, lower-
ing the cost of target systems for 16-hit
users, and will now begin to fade away.

The example system — despite its relatively
modest 1/0 needs. clearly demonstrates the
costs savings that can be achieved by using
Jlower-cost STEbus boards for 1/0. In this
case. as can be seen from the cost breakdown
shown in the table. there is around £1000
saving in /O cost on a £3000 system. The
CPU boards were not included in the figures

Arcom’s VSC020 complete with dual bus
interfaces, 12.5Mtz 680200 and 1Mbyte ram
costs £1250.
OTHERARCHITECTURES
The dual-bus concept in this article has been
introduced by looking at it on a processor
hoard. but the system is just as easily applied
to a VMEbus /0 board. Taking a "dumb’
board called VSP&0 — an 80-channel parallel
1/0 module — as an example, the STEbus
interface again appears on the two outer
rows of the P2 connector. and is linked to the
VMEbus via two 16-bit wide data latches,
which can cause interrupts when written to.
This somewhat simpler kind of inter-bus
allows VMEbus users to implement their 1/0
svatems with the benefit of low-cost STEbus
CPUs as intelligent controllers. The latches
provide a mechanism for controlling the use
of the board between the host VMEbus CPU
and the slave STEbus I/0 controller.

In a turther article. Jeremy Bentham will outline
the sottware considerations ot dual bus systems.



Data storage by silicon file

Traditional data-storage media have their limitations. The
silicon “disk” provides a solution to most of them.

ossibly the most versatile — certainly
Pthe most ubiquitous - storage

medium is the floppy disc. Faster than
audio compact cassettes, the floppy disc
provides the added advantage of random data
retrieval. During operation, the read/iwrite
head is brought into intimate contact with
the surface of the disc. To minimize wear on
both the head and the disc, the drive motor is
switched off between accesses, causing de-
lays while the drive achieves the correct
operating speed for the next access.

In the hard-disc drive, the disc rotates
continuously, reducing delays to the time
necessary for the head to be indexed to the
appropriate track or cylinder. Delays are
further reduced by the use of multiple head
designs; the head ‘flies’ just a few microns
above the surface of the disc. minimizing
disc and head wear. A hard-disc drive can
store tens or hundreds of megabytes, which
can he changed at will or retained indefinite-
ly. In large systems, multiple-disc drives can
provide almost limitless storage capacity.

Both floppy-disc and hard-disc drives are
susceptible to vibration and shock. and a
‘head crash’ in which the read/write head is
brought into contact with the surface of a
hard disc can render megabytes of data
unreadable. Current technology makes such
occurrences extremely rare.

Optical discs. similar to the now-familiar
‘compact disc’, are scanned by a laser beam

Internal block diagram of silicon file disk,
which provides an access time of 0.1ms.
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which also eliminates any mechanical con-
tact with the disc. These provide even higher
storage densities than the hard-disc drive
but, once the data has been written to the
disc. it cannot be changed. This ‘write once,
read many’ (WORM) technique is particular-
ly suitable for archival storage: a typical
WORM disc can store in excess of two
gigabytes of data on asingle removable disc.

New optical-disc systems with multiple
read/write capability are just becoming
available. As yet, their operational reliability
is unproven, but this technology seems
promising. Access times and data-transfer
rates indicate that improvements can be
expected but, at present, speeds are current-
Iy well below those of hard-disc standards.

Mechanical equipment. however sophisti-
cated, is prone to wear and head misalign-
ment during normal everyday use and there-
fore requires regular servicing if it is to
maintain peak performance and reliability.
Power failures, ‘brown-outs’. micro-
disconnection and over-voltage transients
on the mains supply can wreak havoc during
disc operation unless special precautions
such as uninterruptible power supplies and
mains filters are installed.

A new solution to most of these limita-
tions is provided by the solid-state “disc¢” - a
revolutionary concept with no moving parts
and hundreds of times faster to access than
conventional hard discs.

A solid-state unit, no larger than a 5%-in
disc drive, can provide a 40 Mbyte capacity
with an access time of only (.1 ms and a
data-transfer rate of up to 20 Mbytes per
second with a 32-bit data word.

SILICON DISCS

In addition to the faster access times, higher
data-transfer rates and improved reliability.
silicon discs must also offer reasonably high
data capacity and the ability to retain data in
the event of the power being interrupted.

Until recently, dynamic ram (dram) was
the only high-capacity semiconductor mem-
ory available for use in auxiliary storage
sytems. These devices, however, would re-
quire inordinately large batteries to main-
tain the high refresh currents necessary to
retain data.

To overcome this problem NEC has de-
veloped the wPD42061 silicon-file chip,
which combines high storage capacity and
exceptionally low power consumption. The

new device employs the latest trench capaci-
tor, 1.0 pm c-mos technology and some
advanced design techniques to achieve a 1
Mbit capacity with a standby current of only
30 A over the temperature range 0°-50°C.
The pPD42061 differs from standard
dram in the amount of power necessary to
maintain data in power-down mode. This is
achieved by holding the refresh input pin
low and clocking the rasinput at a frequency
determined hy the ambient temperature.

COMPARISON OF HARD AND
SILICON-DISC DRIVES

The most important factor in the perform-
ance of a disc drive is the access or ‘seek’
time. In conventional mechanical disc drives
this is made up of two components: the time
it takes to access the current track and the
time to find the correct sector. This second
component is dependent upon the rotational
delay of the disc drive — the time it takes to
rotate to the correct sector once the correct
track has heen found. For the fastest hard
discs. these access and delay times are 15ms
and 8ms respectively, where 8ms is an
average time bhased on these drives taking
16ms for one full rotation. (Tablel).

For a silicon file the seek time is greatly
reduced and the rotational delay is com-
pletely eliminated, since there is no mecha-
nical movement.

Table 1. Silicon “disk” operation compared with that of
hard discs.

access average

time rotational total
delay
ESDI
H/disc drive St Ll CELL)
silicon
disc 0.1ms [+] 0.1ms
drive

The solid-state disc concept has opened
the way to more efficient long-term updat-
able storage. Short term usage can also
achieve substantial benefits by exploiting the
much faster access times available. High-
volume ‘virtual disc’ use, in which hard-disc
based data is dumped to solid-state disc for
instant access and returned to hard disc at
the end of the session, is no longer limited by
available memory size. ]
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Gauss (left) and Weber. Picture by courtesy of the Institution of Electrical Engineers.

PIONEERS

29. Gauss and Weber: an unlikely partnership.
W.A.ATHERTON

auss has been described as “a queer
Gsort of fellow”, ambitious and "glacial-

ly cold™. Weber is said to have been
friendly, modest and unsophisticated. One
twice the age of the other, they seem to be an
unlikely pair to have established a scientific
partnership — one which, even today.a
century-and-a-half later, is still recalled as
epoch making: Carl Friedrich Causs, the
father figure, one of the great mathematical
geniuses of all time: and Wilhelm Eduard
Weber, a young and brilliant experimental
physicist. Together they introduced absolute
units to magnetic science, discovered Kir-
choff's laws fifteen years before Kirchhoff.
organized measurements of the Earth's
magnetism which set a precedent for inter-
national scientific collaboration, and pro-
duced the first operational electromagnetic
telegraph. Their exceptional scientific part-
nership of six years was broken only by
politics.

GAUSS

C. F. Gauss has been hailed as one of the
greatest scientific virtuosos of all time. At
mathematics he was supreme and is com-
pared with Archimedes and Newton. [t was
he who originated the statistical technique
known as “least squares”. which he then
used to established his reputation as an
astronomer by calculating the orbit of Ceres
as if by magic.

Gauss was a giant amongst mathemati-
cians and had been established in his uni-
versity post at Gottingen since 1807, In 1828
he was persuaded to attend a scientific
convention in Berlin. It was the only one he
ever went to and he hated it. However, it was
to be a turning point in his life for it was
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there that he was introduced to Weber.
Gauss was already interested in geomagnet-
ism and saw Weber as a suitable collabor-
ator,

Though financial speculations were even-
tually to make him wealthy, Gauss was born
into a poor family on April 30, 1777 at
Brunswick in Germany. His father. whom he
described as “domineering, uncouth. and
unrefined”, held various labouring jobs. His
mother is said to have been intelligent but
semi-literate.

It is ciaimed that Gauss learned to calcu
late before he could talk! Certainly he was a
arithmetical prodigy who astonished his
school-teacher. His father was persuaded to
allow him to study instead of working to
support the family. and at the age of 15 he
became financially independent thanks to a
stipend from the Duke Ferdinand. He en-
tered the Brunswick Collegium. In 1795 he
entered the University of Gottingen, having
already made some independent mathema-
tical discoveries previously made by others.
Three vears later he was back in Brunswick.
living alone, and working intensely on
mathematical ideas which came thick and
fast.

Cold and uncommunicative, hating con-
troversy. he was ambitious yet deeply con-
servative and staunchly nationalistic. When
the duke raised his grant in 1801 Gauss
remarked, "But [ have not earned it. |
haven't yet done anything for the nation.”
Perhaps in order to do something for the
nation he set his mind to astronomy and
became the director of the Gottingen
observatoryin 1807.

Ten years later he turned to geodesy and
in 1820 began a triangulation survey of the

state of Hanover which he completed 27
years later. For the first few years he did
most of the field work himself, tolerating
poor transport and inadequate facilities.
Early in the work he invented a new sur-
veving instrument. the heliotrope. a device
which coupled mirrors to reflect the Sun's
rays with a telescope. At 15 miles, the image
in the telescope was as bright as a first
magnitude star'. There was now. he said. a
method which could communicate with the
Moon.

Causs married twice and fathered six
children. His first wife died in 1809 shortly
after giving birth to their third child. Gauss
“closed the angel eyes in which for five years
I have found a heaven”. The baby died soon
afterwards. Gauss married again in less than
a year. choosing his wife’s best friend for his
second wife. He quarrelled with his sons and
his second wife later suffered from tubercu-
losis. She died on September 13, 1831. Two
days later. Weber arrived in Gottingen to
joir him. Gauss was 54, Weber almost 27.

WEBER

Wilnelm Eduard Weber was born in Witten-
berg on October 24, 1804, one of twelve
children of the professor of theology at the
local university. His childhood home was
therefore quite different from that of Gauss.
Of his three brothers and a sister who
survived to adulthood, one brother hecame a
minister and the other two became profes-
sors at Leipzig. For six years from 1837
Weber was also a professor at Leipzig. Three
brothers being professors at the same uni-
versity must be close to being unigue.

Weber entered the University of Halle in
1822 and completed his doctoral thesis on
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the theory of reed organ pipes in 1826 under
J. S. C. Schweigger. Schweigger was the
inventor of the “multiplier”, the coil used in
magnetic needle current detectors and the
forerunner of the ammeter. Up to that time
Weber's work had concentrated on wave
oscillations in water and air. Two years later
he gave a talk at the Berlin convention about
his work on oscillations in organ pipes, and
met Gauss. In April 1831 he was offered the
professorship of physics at Gottingen.

In the six years of the partnership at
Gottingen, from September 1831 to Novem-
ber 1837, the two worked on absolute
magnetic units (i.e units based on mass,
length and time and not involving any
specific instrument or standard) and were
interested in terrestrial magnetism and in
establishing international co-operation in
geomagnetic measurements.

Weber's partnership with Gauss, however,
was severed by politics. In 1837 a new king
came to the throne of Hanover and at once
revoked the previous liberal constitution.
Weber was one of seven Gottingen professors
who bravely signed a protest and, like the
other six, was sacked on order of the king.
Attempts to have him reinstated failed. He
continued to work on the magnetic
measurements and the international col-
laboration and visited London and Paris, but
in 1843 he left Gottingen to join his brothers
in Leipzig. When the political scene in
Gottingen changed in 1848 Weber was able
to return and resume his career but it was
then 1848, Gauss was 71 years old, and their
collaboration was never renewed.

In 1840 Weber defined the absolute elec-
tromagnetic unit of current and determined
the amount of water dissociated by the flow
of a unit of charge. For a time a commonly-
used unit of electric current was named after
him until displaced by an international
congress held in Paris in 1881 which adopted
the ampere. (The weber became the name of
a unit of magnetic flux in 1935.) In 1852 he
defined an absolute unit for electrical resist-
ance. Three years later, with his close friend
Rudolph Kohlrausch he established the ratio
between the electrodynamic and electro-
static units of charge as part of their test of
Weber's ten-year-old law of electrical force.
The result, published two years later and the
only one available, was used by Maxwell in
support of his electromagnetic theory of
light. If converted to a ratio of electromagne-
tic to electrostatic units their result gave the
figure of 3.1074x 10" metres per second.
very close to the measured velocity of light.

THE GOTTINGENTELEGRAPH

By the early 1830s there had been many
suggestions for electric telegraphy though
no fully operational system had yet been
built. In Russia. Baron P. L. Schilling had
developed instruments from about 1825 and
received government approval to build a line
in 1836. The Cooke and Wheatstone part-
nership in Britain began in 1837; and not
until 1844, after frustrating delays, did
Morse open his first line. But it was in 1833
that Weber constructed an electric tele-
graph. It remained in use until 1838.
Originally Weber's line was for scientific
use, but Gauss soon realised the military and
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Fig.1. Gauss and Weber's telegraph
transmitter? showing the two-bar magnet
{A), the coil on a bobbin (B) and the lever
for moving the bobbin up and down.

commercial value. Not having time to de-
velop it commercially themselves they in-
vited Steinheil of Munich to do so. In the
long run the Gauss and Weber telegraph did
not contribute significantly to the rise of
electrical telegraphy in the nineteenth cen-
tury. Its importance lies in its rightful claim
to being the first to be operated on a regular
basis.

Early in 1833 Weber strung two uninsu-
lated copper wires on posts over houses and
two towers from the university physics
department to the astronomical observa-
tory. The wires broke “uncountable” times.
The next year they were extended to the
geomagnetic observatory, a total distance of
about two kilometres. The line was improved
over the years but was eventually destroyed
by lightning in 1845, by which time it was no
longer in use.

At first the telegraph was operated from a
battery but in the second or third year this
was replaced by an “inductor” — an ingenious
electromagnetic generator (Fig. 1) designed
by Gauss”. This was simply a heavy (34kg)
compound two-bar magnet around which

Fig2. The Gauss and Weber telegraph
code. Messages were coded as pulses
which moved a reflected scale to the left or
to theright.

r

|

rr

rl

Ir

I

rrr

rrl

rlr

Ire

1]

lir

Iel

il

rree

rerl
relr
rirer
lerr
rell
rirl
rlir
lerl
v Irlr
ler
tie
Il
Irll
il
L]

-—Tm~apoTEo oo
>

WCONOTOBWRN=ONSE ~ 0 "

© 33

was a 3500-turn insulated copper-wire coil
on a bobbin. Later the number of turns was
doubled. For signalling the bobbin could be
moved up and down the magnet by a lever.
This movement produced a short pulse of
current in the coil, the direction of which
depended on whether the bobbin was going
up or down. The coil was connected to the
line by a commutator which could reverse
the connections to the line. By moving the
bobbin up or down, and controlling the
position of the commutator, positive or
negative pulses could be sent at will.

The receiver was equally ingenious,
though few instrument makers would want
to copy the size and weight of its moving
parts. On a large copper frame was wound a
coil of 3000 feet of insulated copper wire.
Inside this a heavy permanent magnet, 18
inches long, was suspended by silk threads
so that it was free to move’. The small
currents effected only a tiny movement of
this hefty magnet. A small mirror was fixed
to the supporting threads. A telescope with a
scale placed above it was positioned a few feet
away. Viewed in the telescope, the reflection
of the scale in the mirror provided detection
of the movement of the magnet.

Messages were coded as to whether the
pulses caused the reflected scale to move to
the right or to the left, and a coded alphabet
was designed (Fig. 2). An alarm was added to
summon the operator at the receiver when a
message was about to be sent. A larger
movement of the magnet set off the alarm
either by striking a bell or by tripping a
leaver which operated a clockwork alarm.
Though their telegraph system was used for
several years it was never adopted commer-
cially. Steinheil had some success with a
redesigned version which printed dots on to
amoving roll of paper.

Both Gauss and Weber received appropri-
ate honours. not least the naming after them
of magnetic units. Gauss had always treated
himself for any ilinesses, with success: but in
the end, with increasing heart disease, he
came under a doctor’s care. By autumn of
1854 he was very ill and became increasingly
bedridden. He died in his sleep, in Gotting-
en, on February 23, 1855, aged 77, after 24
years as awidower.

Weber never married. He also died in
Gottingen, peacefully in his garden on Octo-
ber 24, 1891, at the age of 86. Though
perhaps an unlikely partnership, between
the glacially cold and ambitious Gauss and
the friendly and modest Weber. the fruits of
that partnership live on today, 150 years
later.

References

1. Dictionary of Scientific Biography.

2.).). Fahie, A history of electric telegraphy to the
year 1837, E. & F. N. Spon, London 1884.

Next in this series of pioneers of electrical
communication will be the British mathe-
matician Alan Turing.

Tony Atherton is a principal lecturer at the
IBA Harman Engineering Training College.
Seaton. Devon.
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THE ‘ALADDINS’ CAVE OF ELECTRONIC & COMPUTER EQUIPMENT
[ POWER SUPPLIES |

el supplies operate from 220-240 v AC Many other types from
3v to 10Kv in stock .Contact sales office for more details.
PLESSEY PL12/2 Fullg

[ COLOUR MONITORS |

16' Decca, 80 series budget range. colour monttors, features n-
clude: PIL tube. attractive teak style case. guaranteed 80 column
resolution, only seen on monitors Cf*sling‘S times our price, ready
to connect to a host of computer or video outputs. Manufacturers
lully tested sumius, sold inlittle or hardly used condition with 90 day
full RTB guarantee 1000's Soid to date.

DECCA™80 RGB - TTL + SYNC input for BBC type intertace etc
DECCA 80 COMP 75 {) composite video input with Integral audio
amp & speaker ideal for use with video recorder or TELEBOX ST or

any other audio visual use Only £99.00 (E)
| HIGH DEFINITION COLOUR |

BRAND NEW CENTRONIC 14" monitors in attractive style mouided

case featuring hi res Mitsubushi 0.42 dot pitch tube with 669 x 507
ixels. 28Mhz bandwidth. Full 90 da quaramee
rder as1004-N2 for TTL + sync RGYB or BBC etc £159.00 (E)
1003-N1 for I1BM PC etc futy CGA equiv £189.00 (E)
1005-N2 RGB intertace for QL 85 columns.  £169.00 (E)

20" & 22" AV Specials

Superbly made, UK manufacture, PIL tube, all solid state colour
monttors, complete with comﬁosile video and sound inputs. attrac-
tive teak style case. Ideal tor a host of applications including Schools,
Shops. Disco's, Clubs etc. Supplied in EXCELLENT iittle used con-

dition with 90 day guarantee.
20" Monitor £165.00 (F) 22" Monitor £185.00 (F)

[ MONOCHROME |

MOTOROLA M1000-100 §' CRT black & white compact chassls
monitor measuring only cm 11.6h 12w, 22d. ideat for CCTV or com-
E{uler applications” Accepts standard Compostte video or individuat
& V syncs. Operates from 12v DC at apprx 0.8a.Some units may
have minor screen marks, but still in very usable condttlon Fulk
tested with 30 day guarantee & full data Only £29.00 (CY
Fully cased as above, with attractive moulded, desk standing swivel
and 1ilt case Dim. cm 12h,14.5w.26d £39.00 (C)
JVC type 751-7 §" ultra compact black & white chassis monttor for
12v 0 7a DC operation Dim ¢cm 11h.14w,18d. Simpie DIY circult data
included to convert data and separate sync input to composite video
Input. Ideal portable equipment etc SLHDD"G(’ with full data.
rand New £65.00 (B)
KGM 324 9" Green Screen, Litle used fully cased, mains powered
high res monitors with standard composte video input. Ful gv tested
and in excedlent condition £49.00 (E
20" Black & White monitors by AZTEK, COTRON & NATIONA|
All solid state, fully cased monitors, ideal for all types of AV of CCTV
applications  Units have standard composite video inputs wih in-
tegral audio amp and speaker. Sold in good. used condition- tull
tested with 90 day guarantee. Only £85.00 {

FLOPPY DRIVE SCOOP
Drives from Only £39.95

A MASSIVE purchase of standard 5.25" disk drives enables us to
offer you prime product at all time sg&er fow prices. All units unless
slateg are removed from often BRAND NEW equipment. fully
tested and stnpged to you with a full 120 day guarantee. All units
offered operate from + 5and + 12 volts DC, are of standard size and
accept the common standard 34 way interface connector
TANDON TM100-2A IBM compatible 40 track FH double sided

) Only £39.95 (B|
TANDON TM101-4 FH 80 track double sided Only £49.95 (B
JAPANESE Halt Helght double sided drives by Canon, Tec
Toshiba etc. Specify 40 or 80 track Only £75.00 (8)
TEAC FD55-F 40-80 track double sided Hatf Height

Brand New £115.00 (B8)

DISK DRIVE ACCESSORIES

34 Way interface cable and connector single £5.50, Duat £8.50 (A)
5.25° DC er cable £1.75. Fully cased PSU for 2 x 5.25" Drives
£19.50 (A?Oévr\assns PSU for 2 x 8" drives £39.95 (B)

8" DISK DRIVES

SUGART 800/801 single sided refurbished £175.00 (E
SUGART 851 double Sided refurbished £260. si%‘
MITSUBISHI M2894-63 Double sided switchable Hard or Sol

tor BRAND NEW £275.00 (Eg
SPECIAL OFFER Dual 8' drives with 2mb

capacity in smart cas
with fitegral PSU ONLY £499.00 (F)

| COMPUTER SYSTEMS |

TATUNG PC2000. Blg brother of the famous EINSTEIN. the
TPC2000 professional 3 piece system comprises: Quality high res
GREEN 12’ monitor, Sculptured 92 key keyboard and plinth unit con
(almrg the ZBOA CPU and all cortrol electronics PLUS 2 integral
TEAC 5.25' 80 track doubie sided disk drives. Many other features
include Duat 8" IBM format disk drive suppont, Serial and parallel
outputs, full expansion &on 64k ram and read'yclo run software. SuB-
plied corggglﬁ B'"r? CPM, WORDSTAR, BASIC and accounts pack-

age. EW S

Full 30 day guarantee.

Original price DVER £ 1400 [ Only £299(E) |
EQUINOX (IMS) $100 system capable of running ether TURBO or
standard CPM . Unit features heavy duty box cortaining a ertul
PSU, 12 siot $100 backpiane, & duat 8 double sided disk drives
Two individual Z80 cpu rds with 192k of RAM allow the use of
muttl user software with upto 4 R$232 serial interfaces Many other
features indude battery backed real time clock. all IC's socketed etc
Units in condition and tested ag)ggr (éespalch. no documentation

at present. hence price of only £2 )
e ESS.OOOAB(H)MS AQ30 FOC

$100 PCE’s IMS A486 64K dynamic RAﬁA
controtler £85.00 (B). IMS A862 CPU & /o £65.

SAE for full list of other S100 boards and accessones.

Ttulk purrh: nu incredil
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RS232 and CENTRONICS interfaces. Ful
and 6 user selecable type fonts. Up to 9.5

Eagaer handlin Brand New Only £199.00 (E)
NTRONICS 150 series. A real workhorse for continuous use with
r. efther In the office, home or factory, desk standin.
150 cps 4 type fonts and choice of intertaces. Supplied BRAND NE

tractor feed papel

Order as:
150-SN up 10 2.5 paper handlin:
150-SW up to 14.5" paper handling
150-GR up to 14 5" paper plus full graphics

When ordering please specify RS232 or CENTRONICS interface.

| PRINTERS |
rgeinis can b scen  rf South ;

HAZELTINE ESPRINT Small desktop 100 cps print speed
pn addressable
single sheet ar

Al

ait Wl applic

with both
[ Jraphlcs protected. Dimcm 13
d tractor

lated and short proof

system
£185.00 (E
£225.00 (E
£245.00 (E 1.5a, +1
GREEN

Only £449 1

Ultra Fast 240 cps NEWBURY DATA
NDR 8840 High Speed Printers

A speclal purchase from a now defunct Goverment Dept enables us

1a -12via «~15v 1a.D. 11 x20x55

CQNVER AC130-3001 High grade VDE spec
switch mode PSU. Outputs
x 27 x 12.5 Current list price
FARNELL G6/40A Compact 5v 40 amp switch mode fully enclo:

enclosed 12v DC 2 amp PSU. Regulated and
x11x 11 New £16.95 (B)

AC-DC Linear PSU outputs of +5v5.5a, -5v0.6a, +24v 5a. Fully r

uy
imcm28x125x7 New 5:49.53?0)

POWER ONE PHC 24v DC 2 amps Linear PSU fuly rﬁgdaled

BOSHERT 13088 swihch mode sup;?
6a +1225a,-120 5a.-5v

BOSHERT 13090 same as above spec but outputs ol +5v 6a. + 24v
2v05a,-12v0.5a
DALE 19ABOE 60 Watt switch mode ,%:" uts

ew £19.95(B)

ideal disk drives or complete
0.5a. Dimcm56 x 21 x 10.8
New £29.95 (B)

New £39.95 (B)
+5v6a, +12v
Tested £24.95 (B
compact 130 wa
%Ne Sv 15a, -5v 1a, + & 12v6a. Dim 6.5
190 Our price New £59.95.00 (C

New £140.00 (C

FARNELL G24 55 Compact 24v 5 amp switch mode fully enclo:

to offer you this amazing British Made, quality pnnter at dearance New £95.00 (C
prices SAVING YOU OVER £1500 1t Tre NDH8840 featuras nigh — — ul )
ts:peegizdo cps [”&'gn wihrlglall'al. :Ully ad| Ius'ab:e paper tq_art; | Special Offer ONLY

of, ng excepli ast paper ng for muiti part forms etc.The
untt eatgres 10 selectable type fonts giv’mg up 0 226 prntable | EXPERIMENTORS PSU £1 695 (C)
g‘har‘acters %‘f‘ a| e ne. a'r a?Jy cge‘e'v 'ea'g‘;’"’s 'qdweén{j’"}a‘ Made to the highest spec for BT this unt gives several full

t
S8 Daper 15 mi o b o e an arg protected DC outputs most suited to the Elecfronics Hobbyisf.

15.Sagapen 15 milion character ribbon cartridge life and stal
RS232 seriat interface. Sold in SUPERB tested cmglxon with 90 da

+5v 2a. + &-12v 1a
£448.00 {

+24v 1a and +5v fully floating at 50ma

Ideal tor school labs etc. Quantity discount avaiable

it
l;’:as%'heﬁ-,odﬂ 512 40 column 3.5 wide paper roll f high s Fully tested with data RFE = Removed From Equipment
matrix (3 lines per second) printer mechanism for Inc ration in
point of sale terminals. ticket printers. datatoggers etc. Unit features bi The AMAZING TELEBOX
glrecﬂonab%nmc;\leadn%rg In&egral rglnl e%er eﬁmecr wki:ng:tear bgr Convertz&o r monitor U‘tg 8
lequires DC volts al imple par; ema e .Complete
withdata. RFE and tested Only £49.95 (C) QUALITY LOUR TELEVISION

EPSON model 542 Same spec as above modl, but designed to b Brand new high quality
ic

used as a slip or flatbed printer. Ideal as label, card or t
Suppiied fully cased in attractive, small, desk top metal hous-ng_

ete with data. RFE and tested
HIUPS P2000 Heavy dut
Q&Y DIABLO, QUME, W&RDS AR c
e
single sheet paper handling, sy,
wﬂguser manual & 90 da';gglarg?nee B|AUS
wheel B

D

25 cps bi directional daisy wheel pdn’er)
tible. Many teatures In
full width platten - up to 15" paper, host of available daisy wheels,
quallty é)dnl Suy|
REE dust cover &

ND NEW Only £225.00

O

Oniy £55.00

driving a speaker
ied com)

ete

alsy Camage code (B)

at our

Most of the tems in this Advert. plus a whole range of other
electronic components and goodies can be seen or purchased

[** South London Shop **|

Located at 215 Whitehorse Lane, London SE25. The shop is
on the maln 68 bus route and only a few miles from the main
A23 and South Circular roads. Open Monday to Saturday from
9 10 5.30. parking is unlimited and browsers are most wel
come. Shop callers also save the cost of carriage.

| MODEMS |

Modems to sut all applications and budgets.
Please contact our technical sales staff  you
requre more information or assistance

SPECIAL PURCHASE
V22 1200 baud MODEMS
ONLY £149 11

MASTER SYSTEMS t 2/12 microproges-
sor controlled V22 tull duplex 1200 baud. This
tully BT approved modem employs all the latest
features for efror free data comms at the stag-
gering speed of 120 characters per sec:

ond
3aving you 75% of your BT phone bilis and &

data connect time [l Add these facts to our
afve away price and you have a superb buy !l
ltra slim unit measures only 45 mm high with
man{émegrai features such as Auto answer
Full LED status indication, RS232 intertace,
Remote error diagnostics. SYNC or ASYN
use, SPEECH or DATA swilchlng? integral
mains PSU, 2 wire connection to BT tine etc
Supplied fully tested, EXCELLENT slightly used
condition data and full 120 day guarantee.

Only £149

CONCORD V22 1200 baud as new £330.00(EE)
CONCORD V22 1200-2400 BIS  £399.00 (E)
RIXON Ex BT Modem 27 V22 1200 £225.00 (E)
DATEL 4800 / RACAL MPS 4800 EX BT

modem for 4800 baud sync use.  £295.00 (E)
DATEL 2412 2780/3780 4 wire modem unit
EX BT fulty tested £199.00 (E)

MODEM 20-1 75-1200 BAUD for use with
PRESTEL etc EX BT fully tested. £49.00 (E)
TRANSDATA 307A 300 baud acoustic m‘t)g)iev

wth R$232 110 Brand New £49.00 (E)
RS232 DATA CABLES 16 ft long 25w l,):ggsg 1o
25 way D socket. Brand New  Only £9.95 (A
As above but 2 metres long £4.99 (A
BT plug & cable for new type socket  £2.95 (A

et pgnler tem. Unit smply connects to your

tully cased, 7 channel UHF PAL TV tuner sys
aerial socket and video m

turning same into a fabuous cofour TV. Dont womry i your monitor
doesn't have sound, the TELEBOX even has an integral audio amp for
us an auxilia
tem elc. Many other features

case, Mains powered, Buit to BS
sound or wdeo etc. Supplied

output for Headphones or Hi Fi sys-

D Status indicator, Smart mouded
B sale:;sE%cs Many other uses for TV
BRAND NEW with full 1 year guarantee

TV SOUND
& VIDEO
TUNER

ONLY

£29.95

TELEBOX ST for_monitors with composite video input £29.95
TELEBOX STL as ST- but fitted with int £34.95

ral speaker

TELEBOX RGB for use with analogue RGB montors £59.95
(e wsosr momom. 1A TA shect on reoess PAI. reress serdont CALL
RECHARGEABLE| [ COOLING FANS
T Keep your hot parts COOL and R aith o
BATTERIES aC FANS " "Soeciy 240 or 130 v

Maintenance free. sealed longfe LEAD ACID 3" Fan dim 80 x aB"f a8 £8.50 (B
A300 12v 3 Ah £€13.95 (A) 3.5 ETRisimiine9®2x92x 25  £9.95 (B
A300 6v 3 Ah £9.95 iA! 4" FanDim 120 x 120 x 38 £9.95 (B!
A300 6-0-6 v 1.8 Ah RFE £5.99 (A) As above - TESTED RFE Only £€4.95 (C
NICKEL CADMIUM £10.95 (8

Quaitty 12 v 4 Ah cel pack Originally made
for the TECHNICOLOUR video company,
this unit contains 10 high quality GE nicad,

type cells. configured in a smart robust
moulded case with DC output connector. Dim
cm19.5x4.5x 125, Ideal ble equipment
BRAND NEW £24.95 (B)
ged. all weather, virtually
Indestructable retillable NICAD stack by
ALCAD. U features 10 x individual ‘Vﬁg
XL1.5 cells in wocden crate. Supplied 1o

MOD and made to deliver exceptionally high

C
12v 17 Ah Ultra r

C output currents & withstand long periods of

storage in discharged state. Dim ¢m 61 x 14 x
22 Cost over £250 Supplied unused & tested
complete with instructions £85.00 &E
EX EQUIPMENT NICAD cells by
Removed from equi nt_and believed In
80001 but used condition. 'F* size 7Ah 6 for
8 (B) Also D' size 4Ah 4 for £5 (B)

BRAND NEW 85 Mb
Disk Drives ONLY £399

End of line purchase enables this brand new
unit to be offered at an all time super low price
The NEC D2246 8' 80 Mb disk drive features
full CPU control and industry standard SMD
intertace, Ultra high speed data transfer and
access times ieave the good oid ST506 nter

face standing Supplied BRAND NEW with
full manual Only 2399.00AE

Dual drive, plug n 135 Mb sub system for §

AT unitIncase with PSU etc.  £1499.00 &F‘P
etc available Brand new at £395.00

interface cards for upto 4 dives on IBM

10’ round x 3.5 Rotron 10v
DC FANS
Papst Miniature DC fans 62x62x25 mm

Order 812 6-12v or 814 24v £15.95 (A
4 12vDC 12w 120 X 120 x 38 £12.50
4'24vDC 8w 120X 120 X 25 £14.50 (B
BUHLER 12v DC 62 mm £12.95 (A
1000's o a I slock CAL
L fu fis

[SPECIAL INTEREST]

Please call for availability or further info

RACAL-REDAC real time, colour draftin

PCB layout system £3950
DEC VAX11/750 inc 2 Mb Ram DZ. and fuil
doc etc Brand New £8500
HP7580A 8 pen digital A1 drum piotter with
|EEE interface As New £4750
CHEETAH Telex machine £995
1.5 kw 115v 60 Hz er source 950
500 watt INVERTER 24v DC to 240v AC sine
wave 50 Hz out %n £275
SOLDER SYSTEMS tin lead raller tinning
machine for PCB manutacture £350
CALLAN DATA SYSTEMS mutti user INTEL
based UNIX system complete with software
and 40 Mb winchester disk drive £2750
WAYNE KERR RA200 Audio, real time fre-

uency response analyzer £3000
EKT%ONX 1411'RY€’AL TV test signal
standard £6900
TEKTRONIX R140 NTSC TV test slgnal

£875

standal

HP 3271A Correlator system
PLESSEY portable Microwave speech
link 12v 70 mie rangeThe pair £275.00
19" Rack cabinets 100's in stock from £15.00

£350
/ data

All pnices for UK Mainland. UK Customers must ADD 15% VAT to total order value. Minlmum order, cash £5, Credit Card £10. Otticial account orders fromi

DI=FLAY
-ELECTRONICS-

LONDON SHOP

Open Mon-Sat 9-5.30
215 Whitehorse Lane
outh Norwood, London SE2:

1000's of Bargalns for callers

TER 33 ON REPLY CARD

DISTEL © The ORIGINAL
FREE of charge dial up data base
1000 s of items + info ON LINE NOW11
300 baud 01 879 1888, 1200/75 01679
6183. 1200 FDX 01 679 8769

Govemment Depts, Universities. Schoois & Local Authonties weicome — minimum account order value £25. Carnage charges (A) £1.50, (B) £3.50, (C)
£6.50. (D) £8.50, (E) £10.00. (F) €15, (G) Call. All goods are supphed subject lo our standard conditions of sale. All guarantees gtven on a relumto base basis.
We reserve the nght to change prices & specifications without prior notice. Bulk trade & export enquines mos! welcome.

MAIL ORDER & OFFICES
Open Mon-Fr 9.30-5.30
32 Biggin Way.
Upper Norwood,
London SE19 3XF

ALL ENQUIRIES

01679 4414

FAX 016791927
TELEX 894502




Twin-rail, dual-output,
stabilised power supply

A 0V to 35V variable supply giving 50mA and 4A outputs

intended specifically for use with the

Class A/AB mosfet power amplifier
circuit described in Electronics and Wireless
World, March 1989, it could equally well be
used as a general-purpose, variable-output
bench power supply unit, covering the range
0-35Vat up to 4A output.

In this case, those features such as the
speaker-output direct-voltage-sensing trip
circuit, included to protect the speakers in
the event of an amplifier component failure,
couldbe deleted. The design itself, with a few
modifications, is based on an earlier circuit
which 1 decribed in Wireless World in Janu-
ary 1975, and which has been in daily use in
my own laboratory since 1974.

A particular feature of this 1975 design
which | have retained in the current circuit
is the ability to wind up the voltage on both
positive and negative rails slowly and sym-
metrically. This is a most welcome facility
when one is initially testing a newly built
unit, since it allows one to check that all is
well before applying full power. For this
reason, | have retained a dual-gang potentio-
meter as R34/R 34, whereas a couple of preset
pots would otherwise have been used.

1 have shown the basic circuit of this PSU
in simplified form in Fig.1. For the sake of
clarity, only one half of the design is illus-
trated. The other half is a mirror image of
this.

q LTHOUGH this power supply design is

METHOD OF OPERATION

‘pass’ transistor, (Tr;), used in the common-
emitter mode, with the output taken from its
collector circuit. This gives a higher output
impedance than if it had been used in the
rather more conventional common-
collector mode, shown in Fig.2, when the
output would be taken from the emitter
circuit, but it offers several compensating
advantages.

These are that the base current of Tr; is
drawn from the OV rail rather than from its
own collector circuit as in Fig. 2, which
allows the minimum voltage drop across Tr
to be a good bit less, which is helpful in
minimising mains transformer cost. It also
lessens the dissipation in Tr,, since this is
now only required to turn on as much
current as Try demands, rather than having
to pass more, in the quiescent state, than the
maximum base current likely to be required
by Tr; at full power output.

The method of operation of the circuit of
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Fig. 1. Basic circuit of one stabiliser. Four circuits of this general type are used

Fig.1 is straightforward. The negative end of
Ry is taken to a reference voltage supply of
some convenient value, such as —12V, and
the positive end of R, is taken to the power
supply positive output rail. The operational
amplifier IC; then acts to sense the potential
at the junction of Ry, and R,. and adjust the
voltage fed to the base of Tr. in such a way as
to cause Try to increase or reduce its output
current to bring the inverting input of IC,
back towards the required 0V level.

In the circuit layout of Fig.1, over-current
protection is given by Try since, if the voltage
drop across R; exceeds the base-emitter
turn-on voltage of Try, this will conduct and
effectively short-circuit Ry, causing the

— 10V min—
DCout

DCin

i Ry 21k

Trz

Fig. 2. Conventional “pass” transistor stabi-
liser connection, which gives less output
current than the arrangement of Fig. 1

output voltage to collapse to a level at which
the current demand falls to the level set by
R;.

Because of the verv high gain of IC,, the
output impedance of the power supply sys-
tem is very low at DC and very low audio
frequencies. The output impedance rises at
higher frequencies due to the action of the
stabilising capacitor (C3) across IC,, but at
these frequencies the impedance of the
supply line decoupling capacitors C,/C, is
adequately low anyway.

SPEAKER DC-OFFSET TRIP
CIRCUIT

A major problem with “direct coupled” audio
amplifiers is that, in the event of a compo-
nent failure, it is possible for the DC poten-
tial at the speaker output terminals to swing
to the full value of the positive or negative
supply lines, which can be destructive of
expensive speaker units.

The conventional answers to this problem
are either to include a suitable "slow-blow’
fuse in each of the speaker output channels,
or to include a pair of relay contacts in the
speaker circuit which will be opened by the
relay mechanism if a DC offset is detected by
the relay control circuitry.

The second of these alternatives is prefer-
able, provided that the relay contacts are
plated with some noble metal, or otherwise
protected against tarnishing. Fuse holders
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are seldom of an adequate quality toensure a
reliably low contact resistance. and oxidised
contacts may introduce asymmetrical resist-
ance paths in the speaker leads which could
have a much worse effect on THD than
errors in component values or quiescent
current settings.

A much better alternative i1s to monitor
the speaker DC-offset potential electronical
ly, and switch off hoth power supply lines if
any excess offset voltage is detected. The
circuit used for this purpose is shown in
Fig.3. and is based on the simple two-
transistor ‘thyristor’ layout of Fig.4.

In this. a pair of p-n-p/n-p-n small-signal
transistors is interconnected so that the
collector current of each feeds the base of the
other. In the normal (quiescent) state,
neither of these is conducting, but if some
DC input signal is applied, say to the hase of
Try, then both Tr, and Try, will be forced into
conduction, and the DC potential at point "x’
will fall from V_ toaround 0.7V.

If a pair of these ‘thyristors’ is set up,
operating from positive and negaltive rails, as
shown in Fig.3, then capacitatively cross
coupling the outputs to inputs, by C; and C,
will cause the collapse of the potential across
either one to trip the other half of the circuit
as well. Additional capacitors C; and Cs are
essential in this case to reduce the sensitivity
of this trip action. or it would be nearly
impossible to have hoth pairs of transistors
non-conducting simultaneously.

The speaker DC-offset sensing is provided
by the two input emitter followers Tr, and
Tr,, which allow a sensible value of input AC
bypass capacitor (C;) to be employed. Since
the likely DC oifset could be either positive
or negative, a non-polar capacitor is indi
cated; the time constant of R,C, must be
large enough to bypass the audio signal
present at the amplifier output terminals.
and prevent spurious triggering of the trip
circuitry by large. though legitimate, audio
signals.

in practice. Tr, and Tr, are duplicated to
allow simultaneous sensing of both speaker
output channels. and, obviously, this re-
plication of Tr/Try with D/, could be
extended, if perhaps the same PSU were to be
used for a four-channel system

The high-current power-supply shut-
down action of the trip circuit is achieved by
coupling the points ‘A" and ‘B’, of Fig.3, to
the reference voltage supply to the op-amp
IC,. so that ii the "thyristors’ are tripped. the
effective reference voltage is reduced from
+/-12V to +/-1.2V, which lowers the power
supply voltage output by a factor of 10. A
supply line voltage of some +/-3.5to 4V is
too low to cause damage to either speaker
units or other components.

COMPLETE PSUCIRCUIT

Because the maximum output current of 4A
and the total supply voltage would, if they
appeared simultaneously across the devices,
exceed the safe operating area specification
for the chosen output transistors, a re-
entrant overload current characteristic is
provide by modifying the circuit layout of
Fig.1 in the manner shown in Fig.5. In this
arrangement a larger value of current limit
resistor (R;) is employed and the emitter of
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Fig. 3. Loudspeaker DC-offset protection
circuit. An offset sensed at the speaker
terminal colapses the voltages atAand B

Fig. 4. P-n-p and n-p-n transistor pairs used
in the circuit of Fig. 3 simulate thyristors to
switch off the power supply lines

Tr, is taken to a less positive potential to
compensate tor this. This leads to the final
PSU layout shown in Fig.6.

If the direct output voltage collapses. as
would happen on an output short-circuit or
low-impedance load, then the limit current
setting is also reduced. With the component

Fig. 5. Modification of Fig. 1 circuit to
provide re-entrant current overload pro-
tection
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Fig. 6. Complete circuit of twin-rail power
supply

values specified, this short-circuit current
level is set at approximately 1.5A, which
keeps the ‘pass’ transistor within its rating.
However, the heat sinking for (Try/Trygs).
must be adequate to allow for a static
worst-case device dissipation of 63W,
though the more normal dissipation under
maximum amplifier output conditions
would only be 32 watts.

The pass transistors (Try/Try.3), can be
replaced with DMOS or TMOS devices such
as the Hitachi 2SK and 28J series mosfets,
which are much more resistant to secondary
breakdown than bipolar devices, provided
that Ry is increased in value to 10kilohms,
and bypassed by a 4V7 gate-protection zener
diode. The resistor Ry, is there simply as a
safety precaution to limit the maximum
current which could flow in this line under
fault conditions.

TRIP WARNING AND RESET
With the circuit shown, the only way to reset
the power supplies if they are tripped by an
excessive DC offset at the speaker terminals
(and it is probably prudent, after construc-

tion of the PSU, to test this action by
deliberately applying a direct voltage to the

PERFORMANCE SPECIFICATION

Output voltages

0~ 38V for toth main and low-current supplies.

Output cur-ents

50mA and £4 respectively

Load regulation

Better than 2mV, zero to full load

Output hum, noise and ripple

Approximatzly 150wV, not significantly affected by load
(These fgu-es were obtained with a bipolar ‘pass
transisto”. Those for the circuit modified to use mosfets
are similar |

speaker ends of Ri/Rj; to make sure that it
does trip) is by switching off the input AC
mains supply to the power transformer.

It is possible to reset the trip circuit by the
simuitaneous connection of the bases of
Try/Trs (of Fig. 3, or Try/Tryy; of Fig. 6). to
the OV line. but if a genuine fault condition
existed, damage could occur during the
resetting operation. Also, if the action of the
switch released one of these bases from the
OV line sooner than the other, it is possible
that only one supply line would return to the
required operating potential, which would
again produce a fault condition.

1 have unly provided simple current limit
ing action on the ‘low-current’ part of this
supply since, at the current levels required
for the class-A driver stages of the audio
amplifier, for which this part of the PSU is
intended, no great harm is likely to follow a
fault condition.

The low current part of the supply should
be set to a slightly lower output voltage than
the main (output) supply since, if the ampli-
fier is driven into clipping, it is preferable
that this should occur in the low-current
class-A driver stages. where the clipping
actionis cleaner than in the output devices.

As 1 said at the beginning, although this
PSU is intended for use with the mosfet
amplifier described earlier, it could also be
used to upgrade the performance of other
audio amplifiers. in which a simple
transformer/rectifier/reservoir-capacitor
system is used. or in which the output stages
and the earlier class-A stages are operated
from common supply lines.

Because of the very low output impedance
of the two systems, there will be no signifi-
cant inter-channel breakthrough if the two
low power class-A parts and the two output
stages (L and R channels) are parallel con-
nected to their respective supplies, so the
extra cost of the components needed for a
fully stabilised PSU system can be offset
against the provision of two completely
independent transformer/rectifier/
reservoir-capacitor layouts of the kind now
advocated by the purists.

COMPONENTS

While most of the components required
should be readily available from normal
stockists, Hart Electronic Kits Ltd, of Oswes
try. often seem able to supply unusual or
hard to come by items.

—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

line. Minimum £48 (prepayable).

@ Name and address to be included in charge if

used in advertisement.

@ Box No. Allow two words plus £15.

1@ Cheques, elc., 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 .

- N
™
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Countering mobile
fading

A basic problem affecting VHF and UHF
mobile communications —and FM broadcast
reception on car radios — is fast and deep
fading due to the constantly changing
summation of multiple multipath signals
brought about by local scattering. Since in
an urban environment the mobile antenna
will usually be lower than the surrounding
structures, the direct signai from a base
station will be bounced off nearby buildings
and many reflected signals generated (Fig.
1). The sum of these signals will constantly
change as the vehicle moves along the
streets.

This can result in frequent signal drop-
outs (during which speech and particularly
data can be lost), distortion and noise bursts
when the signal drops below the threshold
level. As Steven E. Turner (Universal Data
Systems) writes in Multipath interference in
FM data transmission (RF Design, December
1988): “The effects of multipath interference
can be crippling to FM data radio transmis-
sion, especially if the desire is to establish a
network of mobile radios in a sprawling
urban environment. . . Numerous solutions
have been proposed. The most promising
techniques that have appeared to date in-
clude diversity transmission and several
forms of received signal equalization.”

Steven Turner suggests that an answer for
mobile FM-FSK systems may be found in
adaptive channel equalization, preferably in
the form of decision feedback adaptive
equalization which gives good protection
against the serious inter-symbol interfer-
ence found in slow multipath interference.

Diversity reception can materially reduce
the depth of fading. A technique that has
been field-tested in Copenhagen is based on
the use of a compact circular array of
outward-sloping monopoles mounted on the
vehicle roof which forms an “infinite”
ground plane. Such a system is described by
R.G. Vaughan (DSIR, New Zealand), ).B.
Anderson (Institute of Electronic Systems,
Denmark) and M.H. Langhorn (ESTEC. Hol-
land) in IEEE Trans. on Ant. & Prop.,

528
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Fig. 1. Fast fading to below the FM
threshold level in mobile VHF/UHF opera-
tion results from the constantly changing
summation of many signals reflected from
buildings, ground etc. The changing path
loss due to hills and other major obstruc-
tions results in pronounced, but slower
long-term fading. Ideally the receiver
needs to cope with fast fading superim-
posed on a slower fading signal.

October 1988, pages 1365-1374. It is shown
that an advantage of such an array over
conventional space diversity is that the
feedpoint spacing can be made almost arbit-
rarily small even for a large number of
elements. The trials included the use of a
three-element array with element lengths of
0.6 A and feedpoint spacing 0.1A used at 463
MHz (Fig. 2). Whereas received signal-to-
noise ratio (dB) on the individual elements.
compared to minimum value s:n (dB), was
39.88/15.18; 40.45/14.48; and 34.88/20.00.,
the combined maximal ratio signal power
was 43.78/32.40.,

There is the possibility of using arrays
comprising many elements: “Some con-
figurations which gave low correlations be-
tween adjacent elements are four-, six- and
eight-element circular arrays with feedpoint
spacing (LOSA, element length 0.6A and
element elevation angle 30° to 40°; 12- and
24-element arrays require elements larger
than 0.6A or feedpoint spacing greater than

Fig. 2. Qutward-sloping monopoles provide
the advantages of space diversity even
though the feedpoint spacing can be made
almostarbitrarily small.

0.15A to achieve low signal correlations
between adjacent elements.” The IEEE pap-
er indicates that the trial results are in good
agreement with the theoretical analysis.

The combination of fast and slow fading
inherent in mobile operation also has se-
rious effects on SSB systems and has led to
investigation of improved AGC. Dr Joseph
McGechan has been prominent in the UK in
advocating feed-forward signal regeneration
(FFSR) in conjunction with an optimized
form of SSB called phase-locked transparent
tone in-band. In a paper published in 1985
(IEEE Trans. on Vehicular Technology,
February 1985) these systems were com-
pared to 25kHz FM and it was suggested that
the improved speech quality and lower error
rates for data “clearly demonstrate that pilot
tone companded SSB should be considered
as a suitable modulation form for mobile

radio over all operational frequency bands
upto 1GHz".

Mobile stereo with
FMX

European hroadcasters have devoted much
time and resources to the introduction of the
Radio Data System (RDS) even though its
appeal is likely, for a considerable time, to be
largely restricted to the top-end of the car
radio market. Much less interest seems to
have been shown in investigating the poten-
tially much more significant FMX system.
first announced in 1985 as a joint project by
CBS Technology Center and the National
Association of Broadcasters. FMX was de-
scribed in detail by Emil Torrick (CBS) and
Thomas Keller (NAB) in the Journal of the
Audio Engineering Society, December 1985.

By then. early field tests had suggested
that FMX could largely overcome the prob-
lem with conventional pilot-tone FM that
noise-free reception of stereo requires a very
much stronger signal than is needed for
satisfactory monophonic reproduction. This
means that any pilot-tone FM transmitter
has a much larger coverage area in mono
than in stereo.

It is usual to specify the limit of stereo as a
signal strength of 60dB (relative to 1pV)
whereas for mono this is 48dB. Even this is
rather misleading since listeners are advised
to use an outside antenna array for stereo
and the real difference is roughly 20dB.
Torrick and Keller claim that FMX can
suppress stereo hiss by some 20dB and
would result in a stereo service area roughly
equal to that for mono, and thus represents
the first major improvement to stereo radio
reception since the standardization of the
pilot-tone system in 1961.

CBS made attempts to interest European
as well as American broadcasters and BBC
Research offered to evaluate the system if

ELECTRONICS & WIRELESS WORLD  May 1989
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Fig. 3. Compression characteristic of the
FMX system for extended stereo coverage.
The compressed signal s’ is transmitted in
quadrature with the normal stereo differ-
ence signal s on the 38kHz subcarrier.
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provided with an FMX encoder. but there
was something of an hiatus when CBS closed
down the CBS Technology Center a few years
ago.

Emil Torrick has continued work on FMX,
which is now a registered trademark of
Broadcast Technology Partners of Green-
wich, Connecticut. There already exist FMX
IC decoders (Sanyo LA3440 and Sprague
ULN3800).

FMX reduces noise in stereo reception by
compressing the stereo-difference signal be-
fore transmission in quadrature to the regu-
lar stereo-difference signal on the 38kliz
suppressed carrier. Compression provides
linear operation with 14dB gain over much
of the dvnamic range of the broadcast mate-
rial; at high modulation levels the com-
panded s’ signal is attenuated to avoid
reducing the modulation power of the regu-
lar compatible broadcast service (Fig. 3). To
receive FMX. the compressed s' signal is
expanded using the regular stereo-difference
signal envelope as a control model (Fig. 4).

FMX was demonstrated at the 1988 NAB,
at which time CBS announced that the
system would be used on the CBS radio
network. The BBC is still interested In
evaluating the system but has so far not
received the promised encoder and remains
concerned at the possible effect of the extra
companded signal on normal stereo recep-
tion under multipath conditions. There is
also a belief that the system has been
modified to some extent since it was origi-
nally announced in 1985.

A recent paper by Thomas E. Rucktenwald
and Emil Torrick of Broadcast Technology
Partners (in which CBS and NAB retain an
interest), FMX mobile reception (/EEE
Trans. on Consumer Electronics, November
1988. pages 921 to 928). discusses the
performance of FMX under the fast fade
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Fig. 4. Outline of FMX receiver/expander. Decoder ICs are already available.
multipath conditions encountered in mov-
ing vehicles. They point out that while
normal FM broadcast reception provides Decode
good quality audio free from the degrada-
tions of static, sky-wave fading and overlap-
ping coverage by other stations, it suffers b
degradation where there are multipath con-
ditions. At fixed sites this can be alleviated by Muttipath No Normal
W ) s detected? operation
the use of directional antennas, a palliative

not available in moving vehicles. VHF/FM
stereo car radios often incorporate a “blend”
function that reduces multipath noise bursts
at the expense of reducing stereo separation.

In contrast, it is now claimed that, with
FMX. receivers can reduce background and
multipath noise without a loss of stereo
separation. It is admitted that during multi-
path disturbances the regular stereo-
difference signal cannot provide normal
adaptive control of the FMX expander. It is
necessary to arrange when multipath is
detected to hold the last known correct
control voltage and preferably to apply a
small supplemental control factor derived
from the multipath detector, proportional to
the severity of the multipath (Fig. 5). This
increases the attentuation of the s’ signal,
resulting in further reduction of multipath
noise.

The authors reveal that two new techni-
ques for the detection of multipath have
been investigated and successfully incorpo-
rated into experimental FMX car radios. The
first detects low frequency (under 500Hz)
amplitude modulation on the 19k!iz pilot.
The second compares the audio polarity of s
with s'. since during multipath events the
usual phase relationships are disrupted.
Both techniques can be applied with a
minimum of additional circuitry to the
existing FMX 1C decoders.

The paper does not discuss the question
that worries European broadcasters; the
degree. if any. to which the presence of the
extra s’ quadruture signal would, in some
circumstances, affect quality on existing
stereo sets not incorporating an FMX Je-
coder.
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Fig. 5. Flow chart for FMX multipath noise
attenuation for car radios.

Video standards
challenged

The difficulties that continue to face the
introduction and interconnection of new
video techniques and waveforms — digital
and component-video - have led to some
dissatisfaction with the way in which broad-
cast technical standards and codes of prac-
tice are established. In Europe this is pri
marily done by national broadcasters or
internationally through the slow-moving
EBU committees with their drafts later
submitted to the CCIR. For many years EBU
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committees have been drawn from en-
gineers of the member organizations,
although more recently there has been some
participation by the broadcast equipment
industry, making the process a little more
like the North American SMPTE standar-
dization procedures. But with independent
production and facilities houses now aiming
to play an increasingly important role in
Europe. voices are being raised against the
present system, which excludes them,
advancing the view, apparently shared by the
British Government, that technical stan-
dards and codes of practice are hamstringing
the industry and that technical quality
should be left primarily to the market place.

An outspoken critic of the present state of
affairs is Andrew Vere of SVC Television. In a
keynote address to a joint IEE/RTS collo-
qium (“Video standards and their intercon-
nection — the studio standards challenge™)
he expressed the view that the broadcast
engineers have got it all wrong: “Too much
attention has been given in television to the
technical side at the expense of the financial
and creative side. . .for far too long, technic-
al standards have been dictated by engineers
— worst — by broadcasting engineers. For
years programme makers have been frus-
trated by such people whose only function
seems to be to tell producers and directors
what they cannot do.”

He sees the present era of change as “an
opportunity to break with established stan-
dards; opportunity to provide a better ser-
vice; opportunity to provide a better, cheap-
er product. .. technology only exists to
make the impossible possible, not to satisfy
engineering purism, or any other dogma.”

Andrew Vere strongly attacked the ex-
isting broadcasting duopoly of BBC/ITV: It
is as a direct result of standards and manu-
facturers supplying that duopoly, whose
only interest was their own (technical) stan-
dards, which is in part responsible for the
pathetic position we have today. . . it’s an
absolute tragedy that we now produce not a
single British camera or a single British VTR
- adirect result of standards and of manufac-
turers supplying that duopoly, whose only
interest was their own standards and requir-
ing equipment which in the main had no
international market.”

He believes that multi-channel television
will bring new opportunities, ending an era
of high audiences for bad programmes. “No
longer will programme makers need to own
their own studies — independent facilities
companies could do it all cheaper and faster,
with their talent in specialized areas and
providing equipment to cope with every
conceivable recording format and technical
goody — disc and tape recorders, DI, D2,
components, composite, MII: there are no
problems, no challenges, there are only
opportunities.”
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The largely engineering audience seemed
uncertain how to respond to this forthright,
highly political denouncement of their cher-
ished belief in the vital importance of inter-
national technical standards. Ken Barratt
(Sony Broadcast), as chairman, commented
that Andrew Vere's remarks “were fighting
talk™, although he readily admitted that, “A
standard designed to meet all future even-
tualities will be over-designed and will not
meet all eventualities”. His colleague John
Ive spoke convincingly in favour of stan-
dards, insisting that manufacturers as well
as broadcasters needed the commitment and
protection they provided. But he questioned
whether, in an era of fast moving technolo-
gy. committees meeting only once or twice a
year could respond quickly enough to
changes. Digital television made it far more
difficult to modify the basic parameters of a
standard and greatly increased the “need to
getitright first time.”

Even the much-acclaimed “universal”
4:2:2 digital standard (CCIR Rec 601/656) is
not without its problems. It is now recog-
nized that, for front-end processing, 10-hit
rather than 8-bit encoding is desirable; only
adegree of imprecision in the wording of the
standards permits 10-bit operation without
breaching them. Mike Cox (Cox Associates)
commented that the International Associa-
tion of Broadcast Manufacturers has recent-
ly set up a technical sub-committee looking
at standardization procedures: "EBU takes
forever — we want to speed things up for the
benefit of the market ™.

Most of the colloquium speakers avoided
the controversy, concentrating on the tech-
nical aspects of interconnecting television
studio equipment in a mixed composite and
component, analogue and digital environ-
ment. Mike Croll (BBC Research) concluded
that “The technical challenge is to maintain
control of the way facilities and their in-
tegration develops. The price for getting it
wrong could be expensive both in cash terms
and in being stuck with limited technical
quality at a time when viewers’ perceptions
of picture quality may be increasing.” With-
out safeguards. he suggested, as many arte-
facts could be introduced into analogue-
component systems as are found in PAL.

David Bradshaw (BBC) described various
options in routeing digital signals. For short
distances a bit-parallel mode is common but
for longer inter-studio connections a serial
format can reduce costs. As the costs of
parallel/serial conversion fall, serial formats
may become attractive even within studios
or technical areas.

Paul Dubery and Lionel Durant (Tektro-
nix) described the new techniques developed
for measuring analogue-component and
digital-composite (D2) formats including
the use of “howtie™ test signals and “light-
ning” displays.

Here and there

Keith Roberts, acting manager of BBC
Essex, points out that it is his station and not
Essex Radio (ILR) that is taking part in the
BBC's experimental RDS traffic information
service (E&WW, March 1989, page 316). My
mistake, but after all Essex Radio (born
September 1981) was using the county name
long before latecomer BBC Essex, not even
to be found in my 1986 BBC Handbook!

e Radio Communications (E€WW, March
1989, page 314) quoted accurately from a
DTURIS open letter on the EC EMC Direc-
tive that could be read as implying that
amateur self-built transmitters might have
to be submitted for the expensive process of
type acceptance. Inquiries show that this
was due to an unfortunate ambiguity in the
drafting of the RIS letter and that fortunately
there is no intention to impose type accept-
ance on amateur home-built equipment.
The component parts of commercially-
marketed kits and commercially marketed
equipment will need to comply with the
Directive. It is also possible that a technical
specification for amateur transmitters/
transceivers may be drawn up.

e According to the New Scientist Japan is
now the world’s leading scientific nation in
effort if not always in achievement. More
than a quarter of all scientists in the de-
veloped world are now Japanese. They out-
number the combined scientific establish-
ments of the UK, France, West Germany and
Italy.

o The IBA has begun test transmissions in
Nicam digital stereo in the London area.
They are being transmitted from Crystal
Palace and its dependent television relays on
both 1TV and Channel 4. Full Nicam test
transmissions have just started also from
Emley Moor and the dependent relays in the
Yorkshire region. A preliminary service is
due to start in September. Until then,
transmissions may include material that is
not related to the normal television sound.
Many Nicam television sets and VCRs auto-
matically select the Nicam output; and until
September. if test tones are received, it will
be necessary for viewers to de-select the
Nicam signal.

Nicam’s originator, the BBC. is now to
start its long-delayed stereo tv sound service
in the autumn of 1991. The initial service on
both the BBC-1 and BBC-2 networks, will be
from seven principal transmitters on the UK
mainland, plus many of their dependent
relays. and will be available to 60-70% of the
population. In the meantime, test transmis-
sions in the London area will continue with
programme sound, mono or stereo, in the
digital channel.
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Direction-finding
update

Some of us still tend to associate direction-
finding with the pioneering days of “wire-
less™: simple rotating loops. Bellini-Tosi
loops. HF Adcock systems with the receivers
underground in large tanks etc. The prog-
ress made with enormous circular Wul
lenweber arrays. Doppler interferometers
and the like has tended to come under
military or sigint security umbrellas. It is
noticeable that since the “ABC” trial at
which Duncan Campbell was able to point
out that much of his information came from
published conference papers, few papers (on
any subjects) have been launched into the
public domain from such establishments as
GCHQ.

Looking in at an IEE colloguium on
“passive direction-finding” recently, the in-
terest appeared to be almost exclusively in
the military field. | soon discovered that D/F
has become a technology dependent on
sophisticated computer algorithms used
with adaptive multi-element arrays; even
familiar terms such as Adcock systems seem
now to be dominated by mathematical
analysis.

STL in association with RSRE have shown
by means of a systolic array demonstrator
that it is possible to use an adaptive array
designed to null out several jamming
sources to provide also bearing information
on the jammers.

Graham Stott (Racal-Decca) noted that
electronic support measures (ESM) face an
increasing requirement o achieve greater
elevation coverage with the capability of
measuring a signal direction vector (i.e.
azimuth and elevation simultaneously).
High performance military aircraft require
complete spherical coverage and vector D/F
information for countermeasures.

Dr Richard Haemmerie (Rohde &
Schwartz) gave a mathematical analysis of
the factors limiting the accuracy of Doppler
and Adcock systems, concluding that hoth
introduce system-inherent and statistical
errors so that the choice of which system to
use depends on the particular application.

A comparison of algorithms for multi-
element D/F technigues, given by D.S. Hill
(Plessey). was based on five representative
algorithms: Adcock (digital implementa-
tion); scanned fixed beam (SFB); scanned
adaptive beam (SAB); MUSIC (eigenanalysis
of the covariance matrix estimate); and noise
space projection (NSP).

A paper on a “precision multitarget track-
ing system” due to be presented hy S.
Rehnmark (Anaren Microwave) had to be
withdrawn as it had not received US clear-
ance — a further demonstration of the sensi-
tivity that now surrounds the art of )/F.
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Fig. 7. Outline of the Polish “sound cleaner”. VCA is a Polish WRN-03 temperature-
compensated device providing up to 90dB attenuation with very low distortion.

Analogue “sound
cleaner”

Miroslaw Krolewski of the Polish Radio
Laboratory for Recordings Reconstruction,
Warsaw, is convinced that despite the grow-
ing acceptance of new digital audio techni-
ques, there will remain for many years a
need both for broadcasters and listeners to
play out analogue recordings. This is not
only because of the large libraries of record-
ings built up over many years but also
because the great majority of recorded mate-
rial is, and is likely to remain, available only
in analogue form.

He believes thal the major disadvantage of
analogue recordings is that the quality de-
teriorates with age and is susceptible to
mechanical damage. For professional play-
out theve exist systems which can consider-
ably reduce the noise level of old recordings
(e.g. the EMT 258 noise filter). Dynamic
range expanders and several techniques for
reducing clicks and pops have also been
devised

In OIRT's Radio & Television (1988/6.
pages 40-45) Krolewski describes an electro-
nic system he calls a “sound cleaner” which,

he claims. reduces clicks and pops to a useful
degree although capable of being further
developed in a form where it could be
attached to any record-player as a standard
facility. His prototype unit achieves a time
delay by the use of two recorders; but these
could be replaced by. for example, a
SAD1024 chip.

His sound cleaner is, in effect, a form of
neise-blanker that operates only on the
higher audio frequencies, leaving frequen-
cies helow about 500Hz unaffected. It com-
prises an electronic scratch detector (Fig. 6)
and a “deleter” (Fig. 7). When a scratch is
detected, the device blocks only the high-
pass branch and the continuity of the low-
frequency components is maintained. Since
lower frequencies tend to predominate in
music, this approach eliminates fluctuations
in the output signal even in the presence of a
large number of scratches. The envelope
detector-follower has its time-constants ad-
justed so that it follows the envelope of the
musical programme with reasonable accura-
cv without reacting to short impulses, per-
mitting the comparator and associated cir-
culitry to work properly over a large range of
input voltages.

RF Commentary is written by Pat Hawker.

531



APPOINTMENTS

. DISPLAYED APPOINTMENTS VACANT: £27 per single col. centimetre (min. 3cm
Advertlsements LINE ADVERTISEMENTS (run on): £6.00 per line, minimum £48 (prepayable).
(Please add on 15% V.AT. for prepaid advertisements)
1 ;cceptggtlﬁpAto il BOX NUMBERS: £15.00 extra. (Replies should be addressed to the Box Number in the
noon g pn advertisement. ¢ o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).
for June issue. PHONE: CHRISTOPHER TERO on 01-661 3033 (Direct Line).
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING and crossed.

gou}he(rin T 1
nglan “o“‘c ec hh z.md Benefits
()

Believe These Are Some

@\QOf the Very Best Opportunitiesqo
$

For You to Achieve Early Success
Imagine 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 environment

22

Specialists in Electronics, Computing & Defence
95 Victoria Street St. Albans AL1 3TJ

_____________________________ - | MAINTENANCE ENGINEER

MOBILE RADIO

ENGINEERS/INSTALLERS
£12K + car ++ +
01-573 7337

When replying to classified PROFESSIONAL VIDEO

advertisements readers are
recommended to take steps to protect

|

| - South Wales —

! required with experience of Umatic, VH

| and preferably component video. Training
| available. Excellent salary and conditions
|

|

|

i

VW - ’ JOIN THE FUTURE!
FONE communicaTions

Please contact

e 8910 A Este their interest before sending money. Richord Morgon,Prolavsion,
Telephone 01:573 1177 Fax 01-5616334 74, e b o e _ _ . S. Glom:'rgon‘.' = (;;;23 5‘;1!’37 749
nrotovision

L A ¥ CE e ==,

ALWAYS AH .

Xy %
IN DESIGN, TEST & SERVICE SuplTe |

£10,000-£30,000

With the most successful companies and consultancies - both large and small - throughout the UK: Offering first class salary/benefit packages - several include %
company car - plus excellent career advancement opportunitles.

Interest and experience in any of these fields: i
DIGITAL SIGNAL PROCESSING; ADVANCED PROCESSOR ARCHITECTURES; IMAGE ANALYSIS; GRAPHICS / SPEECH PROCESSING; LASER / |
FIBRE OPTICS; PARALLFL PROCESSORS; REAL-TIME CONTROL / C*1 SYSTEMS; RADAR; SONAR; COMMUNICATIONS; OS|/ X400 NETWORKS;

Al & IKB SYSTEMS; ANALOGUE & DIGITAL VLS| / ASIC DESIGN; SIMULATION; MILLIMETRIC SYSTEMS; SOFTWARE - C, PASCAL, ADA, OCCAM,
68000 ASM, MODULA, UNIX / VMS; CAD TOOLS.

ECM offers confidential and professional guidance: we will listen to your requirements and identify opportunities to suit your plans.

Phone now for your FREE CASSETTE “Jobsearch Technology” and hear how ECM can help you to develop your career.

CallECMon 0638 742244 - until 8.00 p.m. most evenings - or send your cv by FAX (0638 743066) or mail to

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
THE MALTINGS, BURWELL. CAMBRIDGE, CB5 OHB.




CLIVEDEN

Technical

Recruitment [W'
Network Installation/Service

Engineers Surrey/Berks

To install and provide custom support for
PC's and mini's. Experience in IBM
compatibles or mini-computers and one or
more of the foliowing: Novell. Ethernet

X25. Modems. Multiplex T
Megastreams. c£12,000

TV Engineer Berkshire
Servicing a wide range of TV, video and
audio equipment. City and Guilds TV
servicing plus 2-3 years experience
(including colour TVs) required

to £10K + car

Test Engineer Middx
Testing. fault finding and repair to
component level on broadcast systems
Leading company wilh good prospects

to £10.000
RF Design Engineers Varlous locations
Detailed design and development of
telephony, telecomms and radar
systems £13,000-£18.000

Calibration Technician Hants
Calibrating and repairing a range of
products including AF and RF test
engineers, Spectrum analysers, CRO /
frequency counters and other instruments
Previous calibration experience and City
and Guilds qualification £10to £12K
Hundreds of other Electronic vacancies
Roger Howard, C.Eng. M.1.E.E.. M.I.E.R.E.
LIVEDEN TECHNICAL RECRUITMENT

92 The Broadway, Bracknell, Berks RG12 1AR
Tel: 0344 489489 (24 hour) l

Please mention
Electronics
& Wireless World
when replying to

Systems Engineer

Digital Mobile Communications are a major network operator. The Systems
Engineer will be invalved in the design, development and implementation of data
communications systems between various different types of computers.

Using a high level language preferably, but not necessarily, Pascal, in a multi tasking
micro environment, the work will involve the processing of information received via
asynchronous communications channels and converting this into a format suitable
for transmission , using different protocols. A familiarity with simple disk storage
techniques and file handling will be necessary

Experience with modems and multiplexors, and a basic knowledge of RS 232 type

interfaces will be necessary, in order for the candidate to couple the systems which

they have developed , to other devices, often located in different buildings. An

appreciation of wide area networks would also be desirable. /

A basic knowledge of electronic circuits, perhaps gained through a hobby will be /
necessary to implement any simple circuitry.

Although a member of a small, professional team, you will often be working on your /
own. There is scope for individual creativity and a need to work with minimal /
direction.

The right candidate will Be an easy communicator: they will brief service engineers /
and be in constant liaison with technical staff of other organisations

/
This opportunity will suit a practically minded graduate or HNC qualified college |
leaver, or a person seeking further development in overall systems design and /
implementation, having gained a couple of years of experience probably as a
software engineer.

CV’s to Michael Jackson, Senior Systems Engineer:-
Digital Mobile Communications
Station House, Harrow Road, Wembley, Middlesex, HA9 6DE

Telephone No. 01-784 9610
DIGITAL
L

adverts

MOBIE COMMUNICATIONS

To qualify you need to hold or hope to aftain

City and Guilds 7777 at advanced level,

b be advantageous

will also be considered
Age - preferably under 45 years
We offer you:
Comprehensive Training; Good Career
Prospects; Opportunities for transfers
within UK and Overseas; Generous
Leave Allowances and a Non-
contributory Pension Scheme; Jeb
Security; Attractive Salaries - and
much more

Radio Officer after training
£11,568risingto£17,057 pain 5

CIVIL SERVICE IS AN EQUAL
OPPORTUNITY EMPLOYER

form write or telephone

[ A WORLD OF OPPORTUNITY FOR |
RADIO OFFICER

We offer a secure and rewarding shore-based career in the forefont of modern Inte re St e d in Te Stin g

telecommunications technology. Thity weeks special fraining (plus 6 weeks for

non-typists) will prepare you to undertake a wide range of specialist duties as
a RADIO OFFICER covering the complete communication spectrum from
DCto light.

an MRGC or BTEC HNC in a Telecommunications
subject with the ability fo read morse at 20 wpm.

incorporating morse franscription skills, would

Anyone without the above qualiticat ons
who has 2 years radio operating experience

Salary (Reviewed Annually} - Asa

annualincrements. {includes shift
and weekend working allowonce)

Consumer Products
for Which?

The Consumers’ Association are looking for an experienced
Technologist to join their testing staff in the Audio/Video
Laboratory which carries out comparative testing on a
variety of TV and audio products for Which? magazines and
overseas clients

The successful candidate will be bright and enthusiastic,
qualified to HNC standard with a minimum of five years
related experience in some or all of the following areas,
video, RF, audic or acoustics. Good communication skills and
the ability to work within time constraints and produce
concise, accurate reports is essential.

Starting salary will be around £14,500 depending on
experience. (Pay review pending).
Apart from a stimulating environment and job satisfaction

we can offer 28 days holiday, 35 hour week, free life %
assurance and contributory pension scheme.

Please apply to the Assistant Personnel Officer,
Consumer Research Laboratory, Harpenden Rise, by
Harpenden, Herts ALS 3B). ‘&

e o P
For more information and application &f:m;&g?,rl "\VI’," .I'.' d’%m M"’;

THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108

PRIORS ROAD, CHELTENHAM, GLOS GL52 5A)

OR TELEPHONE (0242) 232912/3




ARTICLES FOR SALE

* SOLAR PANELS
Solarex USA 28 Volts at 37.5
Watts. Size 22x24.x3 inches, ex-

Navy £230 each
* MICROWAVE HEAD UNITS

2/11Gz with 3x TWT's followed by

3 crystal video receivers, part of

ARAX-10 equipment £95.00 each
# X-RAY SOURCE TESTING PORTABLE

200/250 volts variable. 140kv
5ma POA

A. H. SUPPLIES ELECTRONIC, OPTICAL & CHEMICAL
Unit 12, B‘anks;de Works, Darnall Road TECHNIQI [ES GROUP,

Sheffield 9. Tel: 444278
Ministry of Defence, Fort Halstead, Sevenoaks, Kent

TEST EQUIPMENT

FOR SALE Fort Halstead is seeking experienced electronic engineers and physicists to work
contact: at the forefront of technology on research programmes of high nationalimportance.
Sg&"ﬁ(')’;‘;ﬁ:grﬂ;ggﬁ; You will work in high calibre teams of mixed disciplines and will have considerable
Main Road, Barnham, technical resources at your disposal. Responsibility levels will be high, the work is
Bognor Regis, challenging and demands an innovative scientific approach to achieve results for a
WesTteSI« ygzs:; g 4052121258' varied range of research projects in short timescales. You must be energetic, enjoy
Fax: 0243 54 2457 problem solving and will be expected to see the rewards of your research through to

Wide range of items available completion and successful application.

Send for lists 505A

We have many opportunities for engineers and scientists with an appropriate
degree, eg. Electronics or physics, plus relevant training/experience. Incorporated

GOLLEDGE

] | Engineers or those with HND/HNC qualifications and several years' experience
ELECTRONICS] will also be considered. For senior posts you should have Chartered status with
QUARTZ CRYSTALS OSCILLA. substantial relevant experience.
TORS AND FILTERS of all types. . A . . . .
Large stocks of standard items. §p. According to your qualifications and experience your starting salary (including
cials supplied to order. Personal and Outer London Weighting) will be in the range £12,200 to £19,880 with further
export orders welcomed — SAE for lists 3 i ’
please. OEM support thru: design Increments, depending on performance, up to £22,300. Relocation expenses up
l:'\‘il?.‘?;i,&'l‘.é‘gs‘.’&,.?&gé'Efia?é‘.‘f’iTzﬁ. 10 £5000 may be available.
iott, t TA16 5NS. Tel: . - :
04%r0n7°3718. a— s ) For further details and an application form (to be returned by 30 June 1989) write
G.W.M. RADIOLTD tol Cl':ll Serwcg Con:(mlss;on, 4Alent;on Link, E_.asmgstgke, Hants RG21. 1JB{f' or
40/42 Portland Road telephone Basingstoke (0256) 468551 (answering service operates outside office
Worthing, Essex hours). Please quote ref: T(N)85.

Tel: 0903 34897 . . . 7
Receivers, Test Equipment, Later applications will be considered as further posts become available

Components available — also during 1989.
purchased.

The Civil Service is an equal opportunity employer
Many bargains for callers. ,,,

When replying to
classified advertisement
readers are recommended
to take steps to protect
their interest before
sending money.
| J

)
|

pu MOD

MINISTRY OF DEFENCE

S c OT‘" S H 0 FFl c E Following continued growth, HHB — Europe s leading pro-audio centre

DIRECTORATE OF TELECOMMUNICATIONS é(érVIdé'élEnglneer

T E l E co M M u N I c ATI o N s {ojoin it's busy service department. This position would suit someone

with some experience in digital audio principles and a sound working

N knowledge of rotary head video technology.
N N Anattractive package of benefits will be offered to the right individual

up TO £“ 557 Applications are invited, in wrlting, to Mike Bradley,
’ Technical Manager. at the address below:
Applications are invited for one post of Telecommunications Engineering EHBdCW'Jw;S'gS%MS Ltd, 73-75 Scrubs Lane,
Technician in the Central Services Department of the Scottish Office. The post is m ngngpm-geo 2144. Telex: 923393
based at Montreathmont, near Forfar Fax:01-960 1160 ’ ’ 708

Candidotes must have a sound theoretical and practical knowledge of Radio
Communications Systems both fixed and mobile, in the frequency range HF and
2GHz. They must also be able to use test equipment and simple machine tools. A
sound basic knowledge of digital techniques would be an advantage They should .
have a minimum of 3 years’ appropriate experience and should hold an Ordinary -

National Certificate in Electronic or Electrical Engineering or a C ty and Guilds of l[“nN HUUSE ‘ma I’C h “AGING IEAM

London Institute Certificate in an appropriate subject or a qualification or higher Have a vacancy for a

or equivalent standard
A valid UK driving licence is essential G RA D U ATE E N G I N E E R
For full details and an application form (to be returned by 7 April 1989} write

to Scottish Office Personnel Division, Room 110, 16 Waterloo Place, Edinburgh with software and microprocessor design experience.

EH1 3DN (or telephone 031-244 3854/3857). Please quote ref PM(PTS)}1/2/89 Excellent salary and conditions.

The Civil Service is an equal opportunities employer. It is government policy to Join a dynamic team dedicated to winning the World Formula 1
provide equal opportunity for employment, career development and promotion in World Championship.

the Civil Service to all who are eligible, on the basis of ability, qualifications and Please send CV to:

fitness for the work. Applications are welcome from afl qualified individuals of Mr Simon Moss, March Racing, Unit CS, Telford Road,

race, sex or marital status 35 Bicester, Oxon.




AF!TICLES FOR SALE

<OSCILLOSCOPE SPECIAL
TEKTRONIX 475

* Dual beam 'scope.
* 200MHz + delay
* Fully reconditioned

eacH-£599 . var

ARTICLES WANTED

STEWART OF READING
110 WYKEHAM ROAD,
READING RG6 1PL
TEL: 0734 68041
FAX:0734 351696

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS
etc. ANY QUANTITY.

WANTEI: VALVES TRANSIS-
TORS LCs tespecially 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.

WANTED |

Test equipment, receivers, valves,
transmitters, components, cable
and electronic scrap and quantity

COMPUTER, TELEPHONE, Prompt service and cash

RADIO COMPONENTS WANTED. M & B RADIO

Realistic prices offered for redundant Bish te Street, B )
surplus fﬁectromc components. Send BGLeI:dgll)-gsa1t:Bé?e Many other items of Test and Radio

e L Tel: 0532 435649 Equipment available — phone or fax for a list.

Road, Brentwood, Essex CM14 1QY

Tel: 0277 211410.

Fax: 0532426881 ..

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.
2 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

+ ESTABLISHEOOVER 15 YEARS « 692

FOR
MORE
DETAILS
CALL:
CHRIS
TERO
ON
661-3033

 courses
X25 PROTOCOL

Digital communications.
A 2-day course.
May, June, September

VIDEOQ
DISTORTION
MEASUREMENTS

A 1 or 12 day course
June, July, October,
November.

Courses in either
LONDON or DEVON.

Aiso other courses in
TV ENGINEERING

Harman Engineering
Training College,
(WW1), Fore Street,
Seaton, Devon.
Phone Stuart Webber
on 0297 22051 for
details

I BA | TRAINING

ANCHOR SURPLUSLTD

Cattle Market Depot, off London Road,
Nottingham, England NG2 3GY.
Telephone: 0602 864041. Fax: 0602 864667

CARRIAGE:  Add £12 peritem (UK mainland)

VAT: Add 15% VAT to cost of items ordered

GUARANTEE: Ailitems guaranteed 30 days

MANUALS: Thousands of test equipment manuals
for sale

OPTIONS: Full calibration service available on all

items (any specification level)

[

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/FAX/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
Oftfice hours Mon-Fri 8am-5.30pm Callers welcome but by appointment only

TO MANUFACTURERS, WHOLESALERS,
BULK BUYERS, ETC.

LARGE QUANTITIES OF RADIO, TV AND
ELECTRONIC CCMPONENTS FOR DISPOSAL
S| ST 5

EALECTROLYTIC CONDENSERS, SPEAKERS. CONNECTING WIRE, CABLES, SCREENEL
WIRE. SCREWS. NUTS, THOKES. TRANSFORMERS, etc ALL AT KNOCKOUT PRICES

e

TELEPHOI"{E>:H§45 [\?74[9/445 2713
R. HENSON LTD
21 Lodge Lane, North Finchley, London N12.

o-controlled frequency sweep generator with
re,ponse plotting, all from one compact unit
plugged into your BBC B, B+ or Master

MELFORD DESIGNS LTD
5 Bucknalls Drive,Bricket Wood,
St. Albans, Herts. AL2 3XJ
Telephone:

Garston (0923) 672008
Fax:0923 679184

B-Sweep

50 Hz to 20KHz

*Up to 1v rms output

* AC to DC converter

“Full listing details for your
own easy modifications
£115 includes: 40/80 5Ya disc
VAT&P&P

IVI“J




TRIUMPH ADLER ROYAL

Daisy Wheel Printers

Our purchase of nearly 2000
T/A Royal Office Master
Printers direct from West
Germany enables us to offer
them at enormous savings'
Features include

% 20 cps operation

% Full DIABLO 630 and IBM
compatibility

% CENTRONICS compatible

parallel interface

underline etc.

Germany by Europe's largest
typewriter manufacturer

dnve

VAT must be added to all prices.

Visa & Access
accepted 24 hour
phone service

* Manufactured to highest standards
(rigid steel chassis etc) in West

P—

% 6 month fuil guarantee

% 132 column with variable pitch capability + Ribbon & typewheel included
including micro proportional spacing

% Subscripts, superscripts, bold type,

NEW LOW PRICES!

PLLN) £99.50

Power Supplies
Floppy Disc Drives

Keyboards

FOR 1 FOR ONE
£6.50 carriage
AL:» m¥:ES keyboard
Computers

Hitachi CD Rom Drive 550 MB

Very high spec drives that read software/data from standard
and pre-programmed compact discs. Many discs are available
including the whole IBM PC user group library on one disc!
Also many medical and technical applications. Price includes
IBM PC controller card, cable, MS Dos extension and 5%4”
£199 + VAT (carriage £6.50)

Epson MX80 Dot Matrix Printers

Genuine Epson printer at very low cost. Full feature 80 column. £59.50 (carriage £6.50)

lwatmo

Small quantity famous name 286 + 386 compatibles
Above items all new unless stated

Lighting and Sound Equipment
Strand M24 Lighting Control Desk Channels
Studio Loudspeakers (ex-BBC), LS5/1, 15"+2xHF. £110 pair
(carriage POA), LS3/1, 15"+ 2xHF. £85 pair {carriage POA)

Altec Lansing Studio Loudspeakers, 15" dual concentric, 400 watt,

secondhand

8541, 200}

Dunlop-Clarke Stereo Power Amplifier 500W, r.m.s. per ch

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 £795 (carriage £30). 12" EGA £240
(carriage £6.50), 20" 48-51KHz Ultra High Res CAD £649 (carriage £30).
12" CGA £119.50 (carriage £6.50), 14" 30.4KHz PGA £195 (carnage £10
12" Hercules Amber TTL £59 (carriage £6.50)

Winchester Drives (ex-equipment)

40MB 'z height £149, 40MB full height £110, 10MB full height £39.50,
26MB 8 inch £25 (carriage £5 all models)

Modems (all BT approved)

Plessey T24 V22/V22 Bis, 2400, 1200 baud, auto dial, auto answer

Racal Milgo V22 1200, 600, 300 baud, auto answer
£55 each, £45 for 5 or more (carriage £5)
Transdata 307 Acoustic Coupler 300 baud fits all phones

Farnell N300 R113U cased, 300 watt PSU, +5V at 40A, +12V at 5A
12V at 5A, +24V at 5A, -5V at 1A, current model (list price £244)

Double sided 8 inch £29.95 (carriage £4), Single sided 3 inch £24.95
(carriage £3), Single sided 8 inch £14.95 (carriage £4)

STC Wordprocessor keyboard top quality German manufacture.
Scribe Workstations (sold for parts only)

Quality terminal including: 2 CPU's (280H + 9995), coms adaptor, 128K
ram board, SW mode, PSU, Hitachi green high res monitor and above

Quad 500 Power Amp, 50 Watt, multi output, 5.8}, 12,5(2, 23(}, 501},

£99.50 (carriage £5)

£9.95 (carriage £3)

£59 (carriage £4)

£5.95 (carriage £3)

£24.95 (carriage £5)

POA

£1450 (carriage £10)

£300 pair (carriage POA)

£55 (carriage £5)
£275 (carriage £6.50)

ENTER 11 ON REPLY CARD
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TAYL OR R.F. EQUIPMENT MANUFACTURERS

PERFORMANCE
& QUALITY

19" RACK MCUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATOR
PRICES FROM £214.13 (excluding VAT & carriage)
Prices CCIRI3 £21413

- CCIR/31 £273.67

o

L)

19" RACK MOUNT VHF/UHF

TELEVISION DEMODULATOR
PRICE AT ONLY £198.45 (excluding VAT & carriage)

-

2

+
&

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 6MH2 (available 55MHz)

Modulation Negative

IF Vision 38.9MHz

IF Sound 32.9MHz (available 33.4MHz)

Sound Pre-Emphasis 50us

Ripple on IF Saw Filter 6dB

Output (any channel 47-860MHz) +6dBmV (2mV) 75 Ohm

Vision to Sound Power Ratio 10 to 1

Intermodulation Equal or less than 60dB

Spurious Harmonie Output 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

TELEV'SION MODULATOR [ Other Options Available LF. Loop/Stereo Sound/Higher Power Oulpul_]
PRICES FROM ONLY £109.76 (eXCIuding VAT & corrioge) Altenative Application: CCTV Surveillance up 1o 100 TV channels

down one coax, telemetry camera contiol
signals, transmitted In the same coax in the
reverse direction

802 DEMODULATOR SPECIFICATION

Frequency Range 45-290MHz, 470-860MHz
AFC. Centrol + 1.8 MHz

Video Output 1V 75 Ohm

Audio Output 75V 600 Ohm unbalanced
Audio Monitor Ontput — 4 Ohms

Tunable by internal preset
Available for PAL System 1 or BG

Options Channel selection via remote switching
Crystal Controlled Tuner
Stereo Sound.

CCIR/5 MODULATOR SPECIFICATION

Power Requirement 240V

Video Input 1V Pk-Pk 75 Ohms

Audio Input IV rms 30K Ohms Adjustable 4 to 1.2
Vision to Sound Power Ratio 10to1

Output 6dBmV (2mV) 470-860MHz

Modulation Negative

Audio Sub-Carnier 6MHz or 5.5MHz

Frequency Stability 25 Deg temperature change 150KHz
Intermodulation less than 60dB

Sound Pre-Emphasis 50u

s
Double Sideband Modu'atorfunwanted sideband can be suppressed using TCFL4
Combiner/Leveller)

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulators

TCFL2 2 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB
TCFL4 4 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB
Prices TSKO Enables up 10 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 OLDEAM ENGLAND

CCIR/5-5 5 Modulators £376.79 ENTER2 ON REPLY CARD TEL: 061-652 3221  TELEX: 669911  FAX: 061-626 1736



TOGETHER WE STAND THE TEST

TR

2442 26.5GHz Microwave Counter 2019A AM/FM Signal Generator 2022A 1GHz Signal Generator
Buy £4481 Rent£108p.w Buy £5025 Rent£136p.w Buy £3100 Rent£81p.w
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2960 Total Capability Radio Test System 2382 400MHz Spectrum Analyser 696A Digital RF Power Meter, 26.5GHz
Buy £9751 Rent £231 p.w. Buy £15950 Rent £485p.w. Buy £1490 Rent£136 p.w

IR Group and Marconi Instruments have joined Marconi Products from IR Group

forces to provide you with an outstanding supply of The following Marconi products are now available:-

communications test equipment. e Radio communications test sets such as 2955 and

Sales: the new total system capability 2960 for testing

IR Group are a leading sales distributor of Band Ill, TACS, AMPS, RS2000 radio systems.

Marconi radio test sets, RF signal generators, e RF Signal Generators including the 2022A 1GHz

meters. They re all available from stock, and (13dBm) 2022C.

for next day delivery, if required. [

o 400MHz and 4.2GHz spectrum analysers,

with built-in tracking generator.

e Microwave counters — 20GHz
(2440) and 26.5GHz (2442).

e Microwave power meters, up to
26.5GH:z, with a full range of power
heads.

When you need the best Marconi

test equipment put IR Group to the

test. Ring us today for a very
positive response.

ENTER3 ONREPLY CARD

LONDON OFFICE 0753 580000 MANCHESTER 061 973 6251 ABERDEEN 0224 899 522

Rental rates are based on terms of 4 weeks. Prices exclude VAT and delivery. Prices are correct at time of going to press.

Rental: ]|
We also stock an in-depth range of | recnram
Marconi products for short, [ e
medium or long-term rental — all at
competitive prices and guaranteed
delivery times.

Leasing:

We offer our own lease purchase
scheme which provides a highly
cost-effective and long-term method
of acquiring equipment.



