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HIGH TECHNOLOGY DATA ACQUISITION BOARDS

FOR AEROSPACE, ATE, R and D,
MEASUREMENT AND TEST

NEW MODEL PC74
DATA ACQUISITION

BOARD

DT 2811
COMPATIBLE

We market high performance
multifunctior: data acquisition
boards for laboratory test,
measurement and control
applications. The multi-channe!

4

. analog input may be used for signal

analysis, data logging, sensor and
transducer interfacing and voltage
measurement.

~ The Status data acquisition
program which is supplied
with analog input boards
provides data acquisition at
maximum board throughput and

| features a graphic interface,

pulldown menus and context
sensitive help. Staras has
advanced data processing features
such as FFT (Fast Fourier
Transforms) and Chirp Z
transforms, cursor read-out of
vcltage and time, zoom and pan
operations and access to the boards
analog output and digital I/O lines.
All screen displays can be plotted.
Maths co-processors supported.

4 . [ ¢ ¢ h
Speed  |Bits [Single-ended [Differentiat12108 QM | DMA| Digital 1O Puogammble
PC-30 25KHz 12 16 i/ps == 2 2 - NO 24 lines No
PC-30B 30KHz 12 16 i/ps 2 2 YES 24 lines No
PC-30C 100KHz | 12 | 16 i/ps -—- 2 2 - YES 24 lines No
PC-30D 200KHz | 12 16 i/ps 2 2 YES 24 lines No
* PC-30DS 200KHz | 12 16 i/ps o—- 2 2 - YES 247 lines No
**+ PC-30DS/4| 200KHz | 12 16 i/ps & 2 YES 24 lines No
PC-30PGL| 200KHz | 12 16 i/ps 8i/ps 2 2 - YES 24 lines | L. 10, 100, 1000
PC-30PGH| 200KHz | 12 16 i/ps 8 i/ps 2 2 - TES 24 lines 1.2,4,8
PC-26 25KHz 12 16 i/ps e - - - NO No No
PC-74HA 30KHz 12 16 1/ps 8 1/ps 2 NO 16 lines 1.2.4.8
PC-74LA 30KHz 12 16 i/ps 81/ps 2 - - NO 16 lines [T, 10, 100, 500
PC-74HC 80K Hz 12 16 i/ps 8 i/ps 2 YES 16 lines 1.2,4,8
PC-74LC 80KHz 12 16 i/ps 8i/ps 2 - - YES 16 lines I, 10, 100, 500
PC-32/H 25KHz [ 16 16 i/ps i/ps 1 NO No 1.2,4,8
PC-32/L 25KHz | 16 16 i/ps i/ps - - 1 NO No .10, 100, 500
PC-33/H 2,5KHz 16 16 i/ps 8 i/ps NO No 1.2,4.8
PC-33/L 25KHz | 16 16 i/ps 8i/ps - - . NO No 1. 10, 100, 500
PC-34 1 NO No
PC-66 e - —-- - 12 - - NO No -
PC-66A NO No
- >
* Has 16 simultaneously sampled inputs
** Has 4 simultaneously sampled inputs
TEN DEXTER AVENUE
WATERTOWN, MA USA 50 High St cM
02172-4107 syl
TEL: 617-624-1155 HAB 7EP Citadel
FAX: 617-624-1441 England '
Telephone: 081-a51-1848  PTrOducts Ltd
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Researching priorities

he Science and Engineering Research

Council has recently been involved in
the yearly flurry of indignation over
underfunding allegations. In essence,
SERC is faced with effective budget cuts
of up to £30 million which temporarily
placed the Daresbury Nuclear Structure
Facility under threat of closure. The
Daresbury NSF provides a synchrotron
source for UK particle physicists.

Ramifications of the argument include
an alleged overcommitment by SERC to
international big science projects,
principally CERN at Geneva, which have
experienced greater cost inflation than
SERC’s UK commitments. Because
Britain’s percentage contribution is fixed
by international agreement, the effect has
been to reduce differentially the funds
available for UK work.

It seems sensible to bring into question
the entire system of UK science funding.
After all, we would expect other areas of
the economy to be subject to performance
tests. Why not science? The fundamental
question is this: is pure science a luxury or
a necessity?

The Japanese funded their economic
miracle by investment in applied science.
Their electronics industry took over the
world by concentrating on research into
the humdrum. It didn’t question string
theories, it couldn’t care less about the
precision of the statement “e=mc™". It
concentrated on materials research,
artificial intelligence on the production
line, the movement of atoms around a
semiconductor lattice. This resulted

directly in ceramic exhaust valves for
vehicle engines, uniquely efficient
industrial production, hegemony in
advanced semiconductor supplies.

One could argue that any of these
achievements is more worthy than the
detecting of a neutrino, the analysis of
radiation from a black hole or the
knowledge that things aren’t quite what
they seem at the speed of light.

Neither can it be taken for granted that
big science generates useful spin-offs with
cost effectiveness. Although the Apollo
programme resulted in non-stick frying
pans, it might be said that a down-to-Earth
related space programme costing the same
amount of money could have resulted in
earth resources technology plus non-stick
frying pans. In short, the sponsoring of
competent research into the tangible
problems of industry seems more likely to
produce useful spin-offs than indulgence
in pure science.

What is the Western preoccupation with
high science really about? While few of
us would disagree that the reciprocity
between the light-years of cosmology and
the femtoseconds of subatomic particle
physics is truly a source of wonder, it
shouldn’t be an aspect of ersatz religion
which, one suspects, big science has
become.

The size of a science research budget
should be commensurate with the
generally perceived value of the aim.
After all, the really useful things in life
don’t require obscure explanations of their
worth. Frank Ogden
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HF-235

A landmark in HF monitoring

The HF-235 is a highly cost effective sltio to ‘ * 30kHz-30MHz
the need for a synthesised HF receiver for the = * USB/LSB/CW/AM/FM/AM sync

professional user. The HF-235 can be usedasa ¥ Al IF filters fitted as standard
j . * Conventional tuning knob or keypad entry
stand-alone general purpose monitor or in

: 1 . : : % 30 memories and 2 VFOs
multiple unit installations where diversity or * 600 ohm line driving

multi-channel monitoring is required. * Optional RS-232 interface for remote control

LOWE ELECTRONICS LTD, Chesterfield Road, Matlock, Derbyshire DE4 S5LE
Telephone: (0629) 580800 Fax: (0629) 580020

CIRCLE NO. 127 ON REPLY CARD

[
T0r0|da| PC WAVEFORM GENERATOR
As manufacturers we are able to offer a range
of quality toroidal and laminated transformers .
at highly competitive prices. *' (i
Toroidal Price List FEATURES -
Quantity prices Exclude VAT & carriage * Powerful complex APPLICATIONS
= - — — —_— * .
n ol Orcer 2Quantlty ‘F;nce Exclzl;dlng VA':O& Cama?& waveform generator ?ilr’:::’:trgrwavefo rm
s T1216 Test 689 517 502 487 * FPUV analogue outputs * Low cost ATE
30 13.37 9.36 7.35 5.68 5.51 5.35 * Five TTL outputs
50 14.86 10.40 8.7 6.32 6.13 5.94 n . * Process control
® uE o om o2 @ o X Externaltrigger input —  pobotics
14. 10.! H .. . 4
100 1758 1239 9.88 7.48 7.24 7.02 * Up to 6MHz clock rate
o e i oaum 520 253 i * Comprehensive FREE DEMO DISK
| 4 10. . . B %
;gg ;EE: :ZEE :ggg :g?g :(‘)gg :(‘)2: software included ON REQUEST
%0 agied e 217 16.36 15.88 15.40 * S_tandard waveform
500 42.07 2045 2 e 758 e library We also supply a full range
750 prrss 3.0 2098 gz:aa g;jgg g;:gg * User definable of DIY parts for PCs and
1200 s71 w0 are 7m0 s avas waveform library clones. Call us for more
00 A 4 ya g P * Full graphical editor information or a free
2500 587 951 7473 STy sBod SN * Time delay, continuous catalogue.
e e e e LT T &single shot Designed and
pads, and a nul and bolt. * Example mICrOCOde f d b R h
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=ulli LIMITED i i
Air Link Transformers — Telephone (0258) 451347
Unit 6, The Maltings, Station Road, Sawbridgeworth, Herts. [T11] Fax (0258) 456046
Tel: 0279 724425 Fax: 0279 726379
CIRCLE NO. 128 ON REPLY CARD CIRCLE NO. 129 ON REPLY CARD
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RESEARCH NOTES

Els lumpy universe theory half-baked ?

The scale of the Universe is so mind-bog-
glingly big that it’s scarcely surprising
when cosmologists have 1o tinker around
with theories to accommodate the vast
wealth of information being beamed down
from the various orbiting observatories.
But 1o judge from a recent paper (Nature
vol. 349, no 6304) by British and
Canadian researchers, some of theories
are so seriously adrift that it’s virtually
back 1o the drawing board.

What is in particular trouble is the
notion of cold dark matter (CDM). a con-
cept put forward to explain the lumpy dis-
tribution of matter in the universe. CDM,
or something like it. was introduced
because cosmologists could not otherwise
understand how galaxies managed 10 torm
so quickly from what was originally a

very smooth, homogenous beginning

we know it was smooth because echoes of

Big Bang can still be detected in the form
of an isotropic 3K microwave background
radiation.

CDM, consisting of slow moving
ghostly particles. has never been detected.
but it it were 10 make up about 90% of the
Universe, it could have drawn matter
together into the tumpy structure we
observe today. The presence ot CIDM
would also satisfy other cosmological
problems for which a targe amount of
matter 1s a prerequisite.

Hot or taster moving particles might
supply some of the “missing” mass, but
they don’t stay in one place for long
enough to explain the clustering of the
galaxies.

Supercool scientists take the heat

out of fast chips

Chill a container of water below 0°C and
it will gradually freeze into a block of
ice. But use a very pure liquid — and
take great care — and the temperature
can be lowered below its normal freezing
point without any ice crystals appearing.
Researchers are now wondering if this
phenomenon could be harnessed in cool-
ing superfast and high density chips.

“Supercooled” fluids are highly unsta-
ble and will freeze suddenly if disturbed
by any noise or movement. But Dr David
Awschalom of IBM’s Thomas J Watson
Research Centre, Yorktown Heights NY
has shown that. in a container only a few
tens of molecules wide, many liquids can
be supercooled to well below their nor-
mal freezing points and can spend weeks
in this remarkably stable liquid state.

In one series of experiments Dr
Awschalom and his team found that lig-
uids trapped in tiny containers could be
chilled to 40% below their normal
Kelvin freezing points without solidify-
ing. As the size of rthe container
decreased, the freezing point progres-
sively dropped, an effect Awschalom
calls “*geometric supercooling”.

The containers used in the experiments

are interesting because they are not, as
might be expected, tiny glass test-tubes,
but microscopic pores in blocks of spe-
cial high-porosity glass.

Size of the pores is controlled during
the manufacturing process; they are then
filled with a variety of experimental flu-
ids, including liquid oxygen, liquid nitro-
gen, alcohol, carbon disulphide and
nitrobenzene.

But depressed freezing points are not
the only peculiarities of geometrically
supercooted fluids. Using a glass block
containing tens of thousands of pores,
Awschalom has discovered some unusu-
al acoustic properties.

Ultrasonic techniques to measure the
velocity and attenuation of sound waves
show that although they are physically
liquid, geometric supercooled fluids can
have similar acoustic behaviour to solids;
sound waves travel faster and experience
less damping. This discovery could be of
crucial importance for oil exploration
where prospectors use sound waves o
try to distinguish pockets of oil from
rock. Awschalom thinks that supercooled
oil in porous rock in arctic regions could
well be masquerading as solid rock. If
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Cold dark matter seems to explain so
well virtually every teature of the universe
that it is often taken for granted. Small
wonder, then, that the latest study ques-
noning its validity has caused quite a stir.

Using data from the infra red astronomy
satellize Iras. the cosmologists have
mapped the locations ot 2000 individual
galaxies and showed that, on a scale of
hundreds of millions of light years. the
Universe is just much too lumpy. Clusters
ot galaxies arc lumped together into huge
blobs and filaments with relatively empty
voids in between.

Protessor Michael Rowan-Robinson of
Queen Mary and Westtield Colleges in
London. one of the study’s authors. says
that CDM theory can explain mass distri
bution up 1o the size of the Virgo cluster

that is true then exploration teams could
be missing a lot of good deposits.

Of course that possibility is pure spec-
ulation, but there are several more down-
to-earth applications for geometric super-
cooled fluids. One that is particularly
exciting is the prospect of their use for
cooling high speed chips.

As things stand, the ability to dissipate
heat is probably the biggest barrier to
increasing switching speed and/or pro-
cessing density. As chip structures shrink
and processing capacities rise. there is an
ever-increasing risk ot overheating.

If molecule-sized channels were to be
machined into the structure of a chip,
supercooled fluids could be pumped
through them to remove the surplus heat.
It is a process that should be aided not
only by the lower temperature of the flu-
ids, but by another strange physical prop-
erty that occurs at very low temperatures,
superfluidity. Superfluidity — the loss of
viscosity — is also atfected by the size
of the container in which a fluid is con-
fined, a subject currently under investi-
gation.

David Awschalom believes that all
these fascinating properties of super-
cocled liquids could eventually have
widespread applications, not just in com-
puters and oil prospecting, but in cooling
and lubricating tiny gears and motors
smaller than the eye can see.




RESEARCH NOTES

of galaxies. But cold dark matter cannot
be reconciled with the structure of super-
clusters.

He admits that most cosmologists prob-
ably do not now know in which direction
to go in terms of new theories.

Rowan-Robinson himself believes that
it might be possible to create a cosmologi-
cal model involving both cold dark matter
and hot dark matter, the hot material con-
sisting of particles like neutrinos travel-
ling at near to the speed of light.

Another possibility that would save the
CDM theory would be to resurrect a con-

cept invented by Einstein in 1917 and
later disowned. Einstein’s cosmological
constant implies the existence of an extra
force to balance that of gravity, thus pre-
venting the inward collapse of the
Universe.

But if, like me, you get the impression
that this is all a bit hard to accept, you'll
appreciate an editorial in the same edition
of Nature. 1t observes that “if cosmolo-
gists are forced to start throwing around
several Kinds of dark matter along with a
cosmological constant, scepticism is
bound to arise”. Really?

Improved electrodes will
mean better image for CCDs

Solid state image sensors such as the well-
established CCDs have ousted thermionic
and vacuum devices in a wide variety of
applications. But just as vidicons and the
lead oxide camera tubes underwent con-
tinuous development and improvement.
the same is now proving true of solid state
image sensors, particularly in the search
for new clectrode materials.

CCDs can be found everywhere: from
the home camcorder to the biggest astro-
nomical telescopes in the world. In princi-
ple, the chips all consist of a series of nar-
row light-transmitting electrodes applied
to oxidised wafers of silicon.

If light falls on the electrodes, electrons
are released into the underlying silicon.

TR

By applying appropriate voltage pulses
the packages of electrons are sampled and
converted into an output. and the amount
of charge under each electrode is a mea-
sure of the light absorbed.

ITO replaces polysilicon
The present generation of image sensors
uses polycrystalline silicon as the elec-
trode material because it is easy to control
and process. Only disadvantage is that it
absorbs light which in turn reduces the
sensitivity of the sensor. But that may
soon become a thing of the past, thanks to
research by Christ Weijtens at the Philips
Research Laboratories in Eindhoven.

Weijtens’ study. part of a project in the
Esprit programme, has shown that indium
tin oxide (ITO) can be used successfully
as an electrode material to replace polysil-
icon.

ITO, one of the few available alterna-
tives, is both conductive and transparent,
its only problem being that it tends to
cause troublesome crystal defects in the
SiOx oxide layer of the sensor. Defects
result not only in a loss of sensitivity but
also in visible faults.

Weijtens found that one of the causes of
the damage to the crystal lattice is the
charging of the non-conducting SiOx
layer by the very process used to deposit
the ITO.

Production
First step in producing ITO electrodes
consists of a magnetron sputter arrange-
ment in which indium and tin atoms are
forced out of a cathode by ion bombard-
ment at low pressure in an atmosphere of
argon and oxygen.

The indium and tin atoms combine with
the oxygen to form ITQ, deposited on an
oxidised silicon wafer, and thereafter the
electrode structure is etched using a pho-
toresist. By applying a very thin, almost
transparent, conductive layer of polycrys-
talline silicon prior to the ITO, Weijtens
found that the charging of the SiOx layer
is prevented.

Another advantage of this extra layer is
that the SiOx layer is clean and well
defined.

Using a final brief heat treatment at
950°C with subsequent heat treatment at a
lower temperature, any remaining crystal
defects are reduced considerably.This
improves the light absorption and also the
electrical properties of the chip.

Although development is still at the
laboratory stage, it promises the possibili-
ty of a new generation of cheaper and
considerably better image sensors.

sIndium and tin atoms, forced out of a
cathode by ion bombardment, combine
with oxygen to form ITO, deposited on
an oxidised silicon wafer. Electrode
structure is etched using a photoresist. A
thin conductive layer of polycrystalline
silicon prevents charging of the SiOx
layer.

270

ELECTRONICS WORLD + WIRELESSWORLD April 1991




COLOURJET 132

HIGH PERFORMANCE COLOUR INK JET PRINTER
(compatible with IBM pc, BBC micro, Nimibus etc.)

* PRINTS ALL 64 SCREEN COLOURS FROM CGA AND EGA USING
OPTIONAL INTEGREX SOFTWARE

* EMULATES OTHER PRINTERS (IBM3852, PJ1080A and QUADJET)

* OVERHEAD TRANSPARENCY PRINTING

* 80 + 132 COLUMN OPERATION, A4 WIDTH Tk

* UP TO 1280 DCTS/LINE ADDRESSABLE et

* FULL VIDEOTEX CAPABILITY Sobise < o0 il

* OPTIONAL BUFFERED RS232 (INTERNAL) NOW AVAILABLE

* HIGHLY VERSATILE

ULTRA LIST PRICE

£636 + VAT

EDUCATIONAL DISCOUNTS AVAILABLE

INTEGREX LTD CHURCH GRES.EY, BURTON ON TRENT
STAFFS DE11 9PT
Tel (0283) 551551
Fax (0283) 550325 i
Telex 341727 INTEGX CIRCLE NO. 130 ON REPLY CARD



SECOND USER INSTRUMENTS

PRODUCT

AVO FT6/12 AC/DC Breakdown,

Leakage and lonisation

Tester suitable for flash

testing and non-destructive

testing.

ADVANCE—BRYANS 60020 X-Y/t

Recorder.

BBC GOERZ Servogor 120

2 Channel Chart Recorder.

BRUEL & KJAER 2221 Sound

Level Meter.

CEL 213 Random Noise

Generator (suitable for

White Noise Generation).

CIL PCI 6380 I/0 Units for
HP-IB.

CiL Multi—monitor, 10 Channet

Voltage Acquisition Unit. For

millivolt, thermocouple and

strain inputs. Includes HP-IB

interface.

CHESSELL 306 6 Channel

Recorder.

CHESSELL 4001 Multi-function

Data Lo%ger/Chan Recorder.

(Up to 30 inputs).

CHESSELL RTD Board with SIMM

Module for 4001

CHESSELL DC INPUT Board with
SIMM Module for 4001

CLARE A203C/J Flash Tester.

COMARK 6600 Autoscan Thermo-
meter providing automatic
scanning of up to 10

thermocouple inputs.

COMARK 4600 Printer for Comark
6600 Autoscan Thermometer.

DATA 1/0Model 1010 Chip Dupli-
cator mainframe.

DIGILOG 300 Protocol Analyser
for data communications testing
up to 19.2kbps.

DIGILOG 420 Protocol Analyser
for data communications testing
up to 72kbps.

DIGILOG 620 Protocol Analyser
for data communications testing
up to 128kbps.

DOWTY TRIO Multi—standard 1200,
1200/75, and 300bps full duplex
modem; conforms to CCITT V.22,
V.23, V.21 with Bell 212A, 202

and 103 options.

DRANETZ 808 Power Demand
Analyser for monitoring, display
and print out of V, |, PF

kW, kVA, kVAR demand.

DRUCK DP1{ 600 1.5.2 Portable
Pressure Calibrator. 2 bar
Calibrator.

DRUCK DPI 600 1.S.7 Portable
Pressure Calibrator. 7 bar
Calibrator.

DUX DICE 8085 Microprocessor
In-Circuit Emulator.

ELAN 5000 Editing Programmer
for EPROMS/EEPROMS from 2716
to megabyte devices.

ELAN Universe 1000 Universal
Programmer

ELAN Stack Modules for Elan
Unlverse 1000.

ERO Memocal 81B Process
Calibrator and Transducer
Simulator.

FARNELL AP60/50 Autoranging
Bench Power Supply

provides DC up to IKW. Output
60V, 50A maximum

FEEDBACK SFG606 Sweep Function
Generator, frequency range
0.01Hz to 1MHz

FEEDBACK VP0602 Variable Phase
Oscillator.

FIREBERD 1500A Data Error
Analyser for evaluating commu-
nications links and hardware
performance

PRICES FROM
£950

£650
£450
£1700

£310

£1750

£225
£225

£325
£480

£180
£2800

£1800

£4700

£7200

£250

£2500

£350

£350

£850

£1725

£850
£300

£525

£950

£250

£520

£1500

F

r

Computers and Peripherals also available.

Prices quoted exclude carriage charges and
V.A.T and are subject to availability.

PRODUCT

FIREBERD 6000 Data Error
Analyser designed to analyse,
evaluate and troubleshoot

digital communications systems

and equipment.

FIREBERD 40392 RS232/V.24/MIL-
188 Asynchronous interface.
FIREBERD 40236 RS232 Synchronous
interface.

FIREBERD 40200 RS449/V.1l/

X.21 DTE/DCE Interface.

FIREBERD 40202 V.35 DTE/DCE
interface.

FIREBERD 30608 64kbps G.703
Co/contra directional interface.
FIREBERD 40380 2.048Mbps G.703
Unstructured interface.

FIREBERD 30609 2.048 Mbps G.704
Structured interface for Framing/
CRC-4 testing.

FIREBERD 30447 T2 interface.
FIREBERD 6000 Jitter Option 6007/8.
FLUKE Type 37 Digital Multimeter.

FLUKE 8010A 3.5 Digit LCD Bench/
Portable Multimeter.

FLUKE 8012A 3.5 Digit True r.m.s.
LCD Bench/Portable Multimeter.
FLUKE 9010A Microsystem Trouble
Shooter. Suitable for locating

faults on microprocessor based
circuit boards.

GOULD 1421 20MHz Digital Storage
Oscilloscope.

GOULD 1425 20MHz Digital Storage
Oscilloscope.

GOULD Type 135 Waveform Processor

Keypad.
GOULD 400 100Ms/sec Dual Channel
Digital Storage Oscilloscope.

HEWLETT PACKARD 8112A Pulse
Generator.

HEWLETT PACKARD 5385A Frequency

Counter.

HEWLETT PACKARD 54100A 1GHz
Digitising Oscilloscope.

HEWLETT PACKARD 54001A 1GHz
Miniature Active Probe.

HEWLETT PACKARD 102698 Probe
Interface Assembly for 1630G

Logic Analyser.

HEWLETT PACKARD 10300B 280
Microprocessor interface.
HEWLETT PACKARD 10305B 8086
Microprocessor interface.
HEWLETT PACKARD 103118 68000
Microprocessor interface.
HEWLETT PACKARD 4951B/001/106
Data Communications

Protocol Analyser.

HEWLETT PACKARD 4953A/001
Protocol Analyser, to include
expansion memory.

HEWLETT PACKARD 4953A RS232
Pod.

HEWLETT PACKARD 4953A RS449
Pod.

HEWLETT PACKARD 54501A 100 MHz

4 Channel Digitising Oscillo-
scope.

HEWLETT PACKARD 3780A Pattern
Generator/Error Detector.

A comprehensive error measuring

set in one portable package.

MARCONI{ 2019A RF Signal
Generator with AM, FM and
OM for testing in the frequency
range 80kHz to 1040MHz.

MARCONI 2022A RF Signal
Generator offering frequency,
amplitude and phase modulation
over frequency range 10kHz to
1000MHz

MARCONI 2955 Radio Communications

Test Set

MARCONI 2955A Radio Communi-
cations Test Set.

PRICES FROM PRODUCT PRICES FROM
£3750 MARCONI 2955/2960 Multi- £3000
standard Radio Test System.
(Various software options
available i.e. TACS, NMT
Band lIl and AMPS).
£550 MEGGER PAT2 Portable Appliance £195
Tester.
£290 PHILIPS 5193 50MHz Programmable £1550
Synthesised Function Generator.
£475 POWERSENSE Single Phase Mains £850
Analyser, with built-in printer.
£475 PRISM 5042 Power Supply Unit. £1200
Voltage range 0-30V, current
£795 limit 10-2200mA.
RACAL 1991 Universal Counter £490
£475 suitable for direct measurement
up to 160MHz.
£750 RACAL 1992 Universal Counter £995
As 1991 but with Input C with
frequency range 40MHz to 1.3GHz.
SCHAFFNER NSG200E Systemn Main- £950
£895 frame.
£2300 | SCHAFFNER NSG203A Plug-in. £1650
£240 | SCHAFFNER NSG204A Plug-in. £1295
£125 SCHAFFNER NSG222A Plug-in. £1350
£175 SCHAFFNER NSG223A Plug-in. £1695
SCHAFFNER NSG224A Plug-in. £1800
£1295 SCHAFFNER NSG225 Plug-in. £1650
SIEMENS C1732 Multireg fast Multi- £1875
channel Recorder, with facllity of
up to 32 channels.
£375 SIEMENS DC Current Module. £75
£650 SIEMENS DC Voltage Module. £75
SIEMENS DC Universal Module. £85
£125 SIEMENS C1013 Recorder £1750
STAG SE15 Eraser. £50
£1210 STAG PP39 Universal MOS EPROM £375
Programmer (Includes RS232 Inter-
£2500 face)
STAG PP40 Ganged EPROM/EEPROM £325
£985 Copier.
STAG PP41 Ganged EPROM/EEPROM £650
£3000 Copier (Includes RS232 Interface).
STAG PP42 Gang/set Copier (Includes £950
£325 RS232 Interface).
STAG ZL30 PAL Programmer. £975
£200 STAG ZL30A PAL Programmer. £1295
STAG PPZ Universal Programmer £1800
mainframe.
£250 .
STAG ZM2000 Universal PROM £950
£600 Module for Stag PPZ.
STAG ZM2200 Logic Module for £1195
£750 Stag PPZ.
TEKTRONIX 2225A Dual Channel £350
£1765 50MHz Oscilloscope.
TEKTRONIX 24458 Four Channel £1500
150MHz Oscilloscope.
£3500 THANDAR TG503 5MHz Puise/ £195
Function Generator.
THANDAR T0315 15MHz Battery £175
£500 Portable Oscilloscope.
THANDAR TS3022 Bench Power £350
£500 Supply. 30 volts, 2 Amps.
TIME ELECTRONICS 2003 Voitage Calib- £225
£1485 rator.
TIME 9000 Series Various. P.OA.
TREND DT100 RS232/V.24 Data Communi- £325
£6100 cations Test Set.
TREND DT105 RS232/V.24 Data Communi- £395
cations Test Set.
£2750 TR10 LAIS10 GPIB Bus Analyser. £795
Analyser for IEEE -488 Bus.
WAVETEK 191 20MHz Pulse/Function £850
Generator.
£2550 WAYNE KERR 4210 LCR Component Meter. £495
For measurement of L, C, R, D, Q,
deviation.
WAYNE KERR 4250 LCR Component Meter. £650
For measurement of L. C,R, D, Q, ¥
£3990 deviation
WAYNE KERR Capacitor Tweezers for £35
£4650 4250
WEIR 4000T Stabilised Twinpack Power £175
Supply Unit. Dual single output of
0-30V at 2A

Ring (0763) 247251

First Rental Limited

PO. Box 19, Newark Close, York Way,

Royston, Herts, SG8 SHH
Fax: (0763) 242106

CIRCLENO. 131 ON REPLY CARD
Prices quoted are for one-off quantity and exclude warranty.

All products sold are fully tested and callibrated to manufacturers specification,
and wil be eligible for manufacturers maintenance contract where appropriate.



RESEARCH NOTES

Atomic power drives megamega memories

Last year IBM scientists Don Eigler and
Erhard Schweizer achieved something of
a publicity scoop by printing the company
logo with individual xenon atoms on a
nickel substrate. Now Hitachi scientists
have now taken the technology another
stage forward by detaching individual
atoms from what was previously a uni-
form flat surface. For the electronics
industry the eventual result could be
memories a million times denser than cur-
rent devices.

It was perhaps appropriate for IBM to
be making the running in the original
work, since its scientists had previously
won a Nobel prize for inventing the
enabling technology. Moving individual
atoms around and. even more surprising-
ly, being able to produce an image of the
result is an incredible feat considering that
the smallest speck of visible dust may
contain around 10" atoms.

The secret lies in a device called the
scanning tunnelling microscope (STM)
which has revolutionised our ability to
study matter down to atomic dimensions.

This tunnelling effect (also exploited in

the tunnel diode) is critically dependent
on the gap between a pair of charged con-
ductors: increase the gap and fewer elec-
trons can traverse it. If one of the conduc-
tors is placed in a feedback loop so that
the electron flow remains constant, then it
will hover at a specified distance from the
other conductor.

Microscopic tracking

In the case of a practical STM the mov-
able conductor is made in the form of a
very fine needle that floats over the fixed
specimen. And because it is forced to
maintain a precise spacing, the needle,
when moved sideways, will track the
microscopic hills and valleys of the speci-
men in a manner analogous to the stylus
of a record player. The only cifference is
that the STM needle can track hills and
valleys on the atomic scale without ever
touching them.

“Peace ‘91 HCRL” written in molybde-
num disulphide by removing sulphur
atoms.

ELECTRONICS WORLD + WIRELESS WORLD April 1991

Last year’s spectacular result came
about when Eigler and Erhard developed
the STM beyond that of a mere passive,
diagnostic tool. Using higher voltages on
the probe and cooling their samples to
near absolute zero they managed to nudge
35 xenon atoms into specified locations in
the nickel lattice.

Hitachi scientists have now taken STM
technology another stage forward by
doing almost the reverse, detaching indi-
vidual atoms from the uniform flat sur-
face.

What's more, they’ve proved they can
do it at room temperature, a significant
achievement.

As with the IBM work the method
involved scanning the surface of the sub-
strate using a voltage and spacing to give
a clear picture of that surface, but without
changing it. The STM needle was then
moved even closer a mere 3
Angstroms — and given a pulse of a high-
er voltage. A tungsten probe floating over
a surface of molybdenum disulphide was
used in the experiment and when the sur-
face was subsequently checked using the
STM in its diagnostic, or picture-taking
mode, it was found that each pulse had
removed a single sulphur atom from the
molybdenum disulphide.

Although further studies will be neces-
sary to understand the atom detachment
mechanism, Hitachi researchers believe
that the atoms are removed by field evap-
oration, a phenomenon in which atoms fly
into the surrounding space when the inter-
atomic binding energy is overcome by a
strong electric field.

Excising individual atoms with high
precision has the same practical goal as all
research on atomic manipulation: higher
density memories and atom-scale active
devices. In memory terms alone a Hitachi
spokesman suggests that STM technolog
might improve storage capacity by a fac-
tor of 10¢ compared to today’s 4Mbit
drams.

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

Editorial survey: use the infomation|
card to evaluate this article. Item A.
L S —



UNBEATABLE
RIC

FIRST FOR QUALITY AND SERVICE

SWEEP GENERATORS

FUNCTION GENERATORS

HP 8620C Sweeper Mainframe £ 1395 HP3200B 500MHz Oscillator £ 641
N HP 86242D 9 GHz Plug in £ 750 HP3325B Synthesizer/Level Meter £ 3250
WAV 1081 1MHz-1GHz £ 2500  PHIPM5190 LF Synthesizer £ 1,500
LOGIC ANALYSERS PHIPM5193 Programmable Synthesizer £ 2350
HP 1630G 65 Channel Logic Analyser £ 1450 RFGENERATORS
; | | HP1631D Logic Analyser/Digitising Scope £ 3250 HPB8657A 1GHz Synthesizer Signal Generator £ 5250
o F F E R s 1| HP16504 Logic Analyser £ 2500 MAR2019A Signal Generator £ 3,250
HP 165004 Logic Analyser Mainframe £ 2500 MAR 20224 Signal Generator £ 1,950
HP 16510A 80 Channel Card £ 1250 MAR2022C Signal Generator £ 2500
HP 1651A Logic Analyser £ 1950 DIGITAL MULTIMETERS
TEK 1240 Logic Analyser £ 895  FLUJF73 Digital Multimeter (handheld) £ 60
SPECTRUM ANALYSERS FLU8026B Digital Multimeter (handheld) £ 150
ANRMS610A 2GHz Spectrum Analyser £ 2750 PROMPROGRAMMERS
ADV TR4131 3.5 GHz Spectrum Analyser £ 4650 STGPP39-1 Prom Programmer £ 400
HP 356604 Dual Channel Dynamic Signal Analyser £ 7,000  STG PP41-2 Gang Programmer £ 950
HP 3585A Spectrum Analyser 20Hz —40MHz £ 8750  STGPPZ Prom Programmer £ 650
HP 35858 Spectrum Analyser £13,500  STG Zm2000 Module £ 35
HP 8590A 10KHz -1.5GHz £ 4850  STGStratos PC EPROM Programmer £ 190
HP 3562A Dynamic Signal Analyser £10,950  EX-DEMO EQUIPMENT (AS NEW)
MAR 2382 Spectrum Analyser 100Hz —400MHz £11,500  GURFG7 Colour Generator £ 600
RAC 9702 1GHz Spectrum Analyser £ 1000  HAM 1005 100MHz Oscilloscope £ 600
TEK 2710 Spectrum Analyser £ 5500  PHIPM3305-40 35MHz 4 Channel DSO £ 1,700
PROTOCOL ANALYSERS PHIPM5518TX Pattern Generator £ 1,650
HP 49518 Protocol Analyser £ 1,250  RAC 1995 200MHz Universal Counter £ 1850
HP 49534 Protocol Analyser £ 2,750 TEK 2221 100MHz DSO £ 1950
WE B U Y TO P HP 4954A Protocol Analyser £ 8000 TEK2246A 100MHz, 4 Channel +DVYM £ 1,750
HP 4951C Protocol Analyser £ 2500 THATA2500 72 Channel Logic Analyser £ 1,500
OSCILLOSCOPES MISCELLANEOUS
Q UA L I T Y HP 54501A 100MHz Quad Channel Digitising Scope £ 1,950  DAT 1081 Muitimeter £ 2,950
HP 54502A 2 Channel Digitizing Scope 400 Msa/s £ 3500  HP437B Power Meter (sensors available) £ 1275
TEST HP 545034 4 Channel Digitizing Scope S00MHz BW £ 3250  HP 2225A Thinkjet Printer £ 150
PHIPM3315 60MHz DSO £ 1,750  HP8745A RF Network Analyser £ 2,000
PHIPM3320 Digital Oscilloscope £ 3950  KONS520 6Channel Chart Recorder £ 2,650
E Q U I PM E N T TEK 2230 100MHz DSO £2100 MAR2958 Celluiar Radio Test System £ 4,950
TEK 2236 100MHz Dual Channel Oscilloscope £ 1,600  MAR6960A Power Meter (sensors available) £ 850
TEK 2445 150MHz Oscilloscope £ 1500 RACST14DS Tape Recorder £ 4,000
TEK 2445A 150MHz Quad Channel Oscilloscope £ 2050  SCHNSG 200E Disturbance Mainframe
LONDON OFFICE TEK 24458 150MHz Oscilloscope £2450  (plugins available) £ 900
AND HEADQUARTERS TEK 2465A 350MHz Quad Channel Oscilloscope £2950 TEK 1502B TOR Cable Tester £ 3250
R Group TEK 2465A-OPTIC 350MHz Oscilloscope £ 3331 YEW3057 2CHRecorder £ 45
TEK 7811 Plug In Sampler £ 666  YEW3081 Hybrid Recorder £ 1950
Dorcan House PULSE GENERATORS
Meadfield Road TEK PG506 Pulse Generator £ 1281
Langley . . . _ . . .
Berks SL3 8AL All prices advertised are exclusive of carriage and VAT. All equipment sold subject to availability.
% . Warranty period 12 months on all equipment (except computers MDS —3 months).
elephone: ) ]
0753 580000 For further information telephone 0753 580000
CIRCLE NO. 133 ON REPLY CARD
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'UPDATE

A group of European academics and com-
puter engineers is close to completing a
design for a supercomputer which can
process 1 Teraflop/s (1 x 10'2 floating
point operations/s).

European Teraflop Initiative, which
includes academics from Cern and the
University of Edinburgh as well as com-
panies like Parsytec and Meiko, believes
it can build a working machine by 1993.
This is despite a recent EC report which
found that Europe would have to invest
about £750million each year to caich up
with the supercomputer technology lead
built by the US and Japan.

The working group has welcomed the
report’s call for funding, especially for
developing a market for European-buill
supercomputers. But members feel thal
the expertise needed 10 make the machine
and write software already exists.

ETI's machine will use about 50 000
microprocessors all running in parallel.

One of the engineers working on the
design said that the biggest problem
would be finding a suitable micro. “To
build a computer with 10 000 processors
you need to have very small nodes, with
less than 10 glue logic chips per node.
This would be very hard with the [Intel]
i860.” he said.

But he expected it to be more workable
with the H1 version of the transputer.

$6.5m chance to
soak up the sun

A three-year programme has been drawn
up by the Solar Energy Research Institute
(Seri) 1o develop large area, high efficien
¢y, multi-junction thin film solar electric
generating modules that convert sunlight
directly into energy.

Under the programme Solarex and Seri

ing advanced modules demonstrating a
stable conversion efficiency of 12%. The
contract also targets development of a
small area (1cm?) device with a 14% con-
version efficiency.

Unlike typical single-junction solar
cells, multi-junction solar electric devices
are constructed of several solar cells
placed on top of one another, each being

L S
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1993 aim for Europe
Tflops supercomputer

designed to capture a different portion of
the solar spectrum.

Multi-junction structures have already
demonstrated impressive gains in stability
over earlier single-junction devices.

Risc strategy

Mips Computer Systems has unveiled its
plans for the R4000 risc microprocessors.
The 64-bit devices. when they eventually
appear as silicon, will use an eighi-stage
pipeline to execute 1wo code instructions
every clock cycle.

The company has plenty to say about
the technical points of its device; its cache
page lock mode, addressable memory
range and pipeline stage bypass circuitry
among others. But the most interesting
features are very much more basic.

There will be two versions of the chip.
One is housed in a 450 pin grid array and
the other in a 180 lead package.

Something which will certainly be left
off the smaller size is the dynamic real
world delay compensation circuitry. The
450 pin device will have two connections
shorted together on the circuit board,
allowing the chip 1o measure and accom-
modate variations in the signal delay
between the chip die and the board. If a
chip maker produces a “faster” package
than another, the user won’t have to
worry about the difference.

20000 lasers on an IC

Scientists at IBM’s Zurich Research

aboratory have developed a technique to
build 20 000 lasers on a round semicon-
ductor 2-in across. It is claimed to be the
first time anyone has been able 10 mass-
produce and mass-test semi-conductor
lasers on a complete wafer.

In the new process narrow trenches

0.005-in deep are etched into the AlGaAs

semiconductor wafers to form laser mir-
rors. Previously mirrors were formed indi-
vidually for each laser by cleaving the
semiconductor crystal, and the lasers had
to be individually tested. Now IBM can
fabricate and test thousands of lasers at
once on an uncut wafer.

Shown above is a water with 5000
lasers. Enlarged pictures show an array of
six individual lasers and accompanying
photo diodes, and a single laser and photo
diode

will share the $6.5million cost of develop-

Chip ship: The space Industries sheet float zone furnace is used for high-temperature
superconductor materials processing research in_microgravity environment aboard
the Nasa KC-135 parabolic aircraft. The industrialised Macintosh-based system is
controlled by National Instrumerits’ LabView2.




LASERS — SCOPES — AVOS — SOLAR MOTORS — FLOPPY DRIVES —
HEATERS — PRINTERS — FIELD TELEPHONES — MEGGERS — ETC ETC
all at unrepeatable prices

4 COLOUR PRINTER PLOTYER Sharp ref 1P16 made for use with their MZ800 but
adaptable to many other computers. Brand new and complete with pens, paper,
leads, and instructions. £25 plus £5 insured delivery.

AVO-METER Ex British Telecom this is a 19 range 20K o.p.v. top grade instrument,
covers AC & DC voltages, current and resistance, very good condition, fully working
and complete with leads £9.50, leather carrying case £2 extra (batteries not included
but readily available).

12 VOLT 1.9 AMP-HOUR rechargeable battery by Jap YUASHA brand new, charged
ready for use £6.50 each. Solar charger to house this and keep it ready £29.50.
EPSON FLOPPY DRIVES 7 models in stock, all double sided all brand new and with
manual, model nos SMD2801H, SMD280H, SMD1808, these are 3'%" and SD540,
SD521L, SD580L, these are 5%4" £49.50 any model.

100 WATT MAINS TRANSFORMERS all normal primaries:— 20-0-20 volt 2 %A 30volt
3V2A, 40 volt 2!/2A and 50 volt 2A all upright mounting, all £4 each, good quantities
in stock.

COLOUR MONITORS 12" high resolution in black metal case with mains p.s.u. built in,
unused, but line rejects so will require servicing, hence offered at the very low price of
£69.00 plus £5 delivery.

PHILIPS 9" HIGH RESOLUTION MONITOR black and white in metal frame for easy
mounting, brand new still in makers packing, offered at less than price of tube alone,
only £15 plus £5 delivery — good discount for quantities.

16 CHARACTER 2 LINE DISPLAY screen size 85mm x 36mm, Alpha-numeric LCD dot
matrix module with integral micro processor made by Epson their ref 16027AR brand
£8 each, 10 for £70, 100 for £500.

INSULATION TESTER WITH MULTIMETER internally generates voltages which enable
you to read insulation directly in megohms. The multimeter has four ranges. AC/DC
volts, 3 ranges DC milliamps, 3 ranges resistance and 5 amp range. These
instruments are EX British Telecom, but in very good condition, tested and gntd. OK,
probably cost at least £50 each, yours for only £7.50 with leads, carrying case £2.00
extra.

110 WATT POWER SUPPLY ASTEC switch mode, 230V mains input; 38V at 2V2A & 5V
3A outputs, encased and fitted on panel mounting plate with mains input socket and
on/oft switch, made for use with computers or other top grade equipment. You can
have it at a fraction of its proper price. Brand new and guaranteed. Sample £12.00
post paid - 3000 available & good discount to quantity buyers.

BRUSHLESS D.C. 12V FAN tiny, only 60mm square, good air mover but causes no
interterence £8.00.

ZMW LASER Helium Neon by PHILIPS. full spec, £30, power supply for this in kit form
with case 1s £15.00, or in larger case to house tube as well £17.00.

MAINS 230V FAN best make “PAPST" 415" square, metal blades £8.00.

BATTERY MOTORS 12 models in stock in large quantities ranging from tiny model
aircraft one at 25p each to !/3hp made to drive the famous Sinclair C5 car, you can
have this at £17.50.

SOLAR MOTORS 1'/-9V precision made to operate from low current off solar cells
£1.50, solar generator to drive this £7.00, has provision for battery back up when sun
is not shining!

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

AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning uhf circuits 25p each,
10 for £2. 100 for £15.

1Khz. TONE GENERATOR this is PP3 battery operated and has a 1Khz output that can
be continuous or interrupted at a rate variable by a panel mounted control. Also on
the front panel are separate output sockets for monitor or headphones, and a battery
condition indicator. Constructed on a pcb and front panel size approx 105 50mm ex
equipment but in as new condition £2 each.

0SCILLOSCOPE 3018 developed for testing transmissian lines, it makes and displays
pulse echoes to find shorts and breaks in cable networks, this uses a 3" CRT to
display the type of fault and a LCD to read out the distance from the fault. The
instrument 1s powered by 12V of rechargeable nicads located in base, and it
generates 1.5kv internally. It is housed in a high impact plastic case size approx 942"
% 9%" x 5" Ex British Telecom in very good condition and working order, £49.50
plus £5 insured delivery.

FIELD TELEPHONES just right for building sites, rallies, horse shows etc, just join two
by twin wire and you have two way calling and talking, and you can join into regular
phone lines if you want to. Ex British Telecom in very good condition, powered by
batteries (not included) complete in shoulder slung carrying case. £12.50 each.
MAINS ISOLATION TRANSFORMER stops you getting “to earth” shocks. 230V in and
230V out. 150 watt upright mounting £7.50.

MINI MONO AMP on pcb size 4” x 2" with front panel holding volume control and
with spare hole for switch or tone control, output is 4 watt into 4 ohm speaker using
12V or 1 watt into 8 ohm using 9V. Brand new and perfect only £1. each or 12 for
£10.

EVER LASTING BATTERIES well nearly, Lithiam, have a shelf life of over 5 years so are
ideal for fire alarms and similar circuits which must always be ready but get little
maintenance, bargain offer 4 x 3V Lithiam batteries for £1.

AMSTRAD 3.5 FLOPPY DRIVE Reference FD9 brand new and perfect, £45.

ATAR] 64XE COMPUTER at 65K this is quite powerful so suitable for home or
business, unused and in pertect order but less PSU, only £19.50, Handbook £5 extra.
CAR SECURITY ALARM protect your car (or other valuables) with an ultra-sonic alarm,
complete transmitter receiver and piezo shrieker, cased new and ready to go once PP3
battery is fitted was £40, now yours for £10.

9" CATHODE RAY TUBE Philips M24/306W, which 1s not only high resolution but is
also X Ray and implosion protected, regular price over £30, you can have them at £12
each and you will receive the deflection coils as well tubes.are guaranteed unused.
B0 Watt MAINS TRANSFORMERS two available in good quality, both with normal
primaries and upright mounting, one is 20V 4A the other 40V 2A only £3 each or 10
for £27 carriage paid.

PROJECT BOX size approx 8" x 4" x 414" metal, sprayed grey, louvred ends for
ventilation otherwise undrilled made for GPO so best quality, only £3 each or £10 for
£27

12V SOLENOID has good ' pull or could push if modified, size approx 1%2" long by
1" square, £1 each o- 10 for £9.

WATER VALVE 230V operated with hose connections, ideal for auto plant spray or
would control air or gas into tanks etc, £1 each or 10 for £9.

5V 2'2A POWER SUPPLY UNIT 230V mains operated, mains filtered and DC voltage
regulated with mains on/off switch and indicator, £6 each or 10 for £50.

HANG UP PHONE wor't clutter up your desk or workbench, current model, has push
button dialling, last number recall, internal alarm etc., Ex B.1. in good condition and
fully working ready to plug in. £5

HIGH VOLTAGE CAPS if you use these ask for our 1-30 Kv Capacitor list, we have over
Y million in stock and might save you a lot of money.

TWIN 360K 5.25 INCH FLOPPY DISK DRIVE with power supply built into a professional
white case complete with mains lead. Connections are via a 37 pin ‘D’ socket, full
connection details supplied. Brand new by famous Japanese maker £59.50.
ELECTRONIC BUMP & GO SPACESHIP sound and impact controlled responds to claps
and shouts and reverses or diverts should it hit anything! Kit with really detailed
instructions, will make ideal present for budding young electrician. Should be able to
assemble but you may have to help with the soldering of the components on the PCB.
Complete kit £8.95.

500V BRIDGE MEGGER developed for G.P.0. technicians the Ohmeter 188 is the
modern equivalent of the bnidge meggar. 9V battery operated it incorporates a 500V
generation for insulation testing and a null balance bridge for very accurate
resistance measurement. On the front panel there is a 3" 3" panel meter calibrated
in megohms to inf. and a small scale to indicate balance showing the exact setting of
the four controls in the variable arm of the resistance bridge. Ex B.T. in quite good
condition with data&tested. Yours for a fraction of original cost £45+£5 insured
delivery.

TRAVEL MECHANISM goes backwards and forwards, could be used to animate a
display or position a device, battery or p.s.u operated, distance of travel 4" and speed
of travel depends on applied voltage 114V very slow 12V max is quite fast. £5.00.
SOUND SWITCH has countless uses, one could be to control the above travel mech.
Signals of 10 Hz to 20kHz picked up by its electret mike and FET amplifier and further
amplified to be able to control relay motor etc up to ¥z amp. supplied ready to work
from 6V. Price only £2.

EXPERIMENTING WITH VALVES don't spend a fortune on a mains transformer we can
supply one with standard mains input and secs. of 250-0-250V at 75 mA and 6.3V at
3 A price £5.

15Watt Bohm 8" SPEAKER & 3" TWEETER made for a discontinued high quality music
centre, give real hi.fi. and for only £4 pair.

TIMES TEN IONISER using transformers and novel circuitry. our ioniser emits at least
ten times as many ions as does any other kit on offer, nor do we know of a ready built
model that is as good, you don't need a tester to see if it is working just bring your
hand close to it and feel the stream of neg wns. It's a kit complete with case, nothing
else to buy yours for £14.50.

ULTRASONIC TRANSMITTER/RECEIVER with Piezo alarm, built into preformed case. is
triggered by movement disturbing reflected signal, intended for burglar alarm, car
alarm etc. has many extras, time delay, auto reset, secret off device etc. A £40
instrument yours for £10.

MOVEMENT ALARM goes off with slightest touch, ideal to protect car, cycle, doorway,
window, stairway, etc. etc. Complete with piezo shrieker ready to use. Only £2 (PP3
battery not supplied).

STEREQ HEADPHONE extra lightweight with plug £2 each or 10 pairs for £18.

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

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

Portable products and wireless communi-
cations are now the two big arcas of elec-
tronics activity for leading technologists,
judging by the International Solid State
Circuits Conterence (ISSCC) held earlier
this year.

As a result, flat-panel displays, ultra-
low power memory and technological
options for personal wireless communica-
tion are all hot issues for current R&D.

Looking first at displays. no less an
authority than IBM’s TJ Watson Rescarch
Centre is saying that full-colour, flat-
panel, thin-film transistor (TFT) liquid-
crystal displays are the future for comput-
er and television viewers, replacing the
bulky and power-hungry cathode ray tube.
1BM betieves that 1991 will be the year in
which these panels will be manufactured
in quantities of more than a million.

A keynote speaker trom Toshiba sup-
ported that view. Perhaps it is no coinci-
dence that IBM and Toshiba have a joint
venture to manutacture large, colour
active-matrix LCDs. First factory comes
on-stream this Spring.

Amorphous or polysilicon

According to an ISSCC panel. there are
two main technology options for building
Jarge flat panels. One is to use amorphous
silicon TFTs and the other is to use
polysilicon TFTs.

Disadvantage of amorphous silicon is
that drive currents are typically 1000
times smaller than with the n-channel sin-
gle-crystal mosfet driver chips needed to
operate the display. For a mega-pixel dis-
play, several thousand connections need
10 be made 10 the active matrix, increasing
costs and presenting reliability problems.

On the other hand. polysiticon TFTs
offer drive currents about one tenth those
of single-crystal devices and both n-chan-
nel and p-channel devices are avaitable.
This makes it possible to integrate cmos
driver and interface circuitry directly on
the glass with the display. greatly reduc-
ing the number of external chips and con-
nections.

But Nippon Telephone and Telegraph
(NTT) believe that the amorphous silicon
approach could come up against a techni-
cal barrier at 1M pixels per panel. NTT’s
view is that for larger, denser, panels the
move must be made from amorphous sili-
con to polysilicon, integrating the active
matrix. driver, interface and defect-toler-
ant circuits on the same glass substrate.

IT’S GOING TO BE A
WIRELESS WORLD

Low temperature polysilicon processing
would have 10 be mastered.

Sharp’s assessment is that whereas both
approaches are feasible, polysilicon seems
the best solution for high resolution dis-
plays, though Hitachi think that integrat-
ing driver and interface circuitry onto the
glass will be more effective in reducing
the number of chips and connections than
the overall replacement of peripheral cir-
cuits by polysilicon TFTs.

Whether amoprphous silicon or polysil-
icon becomes the dominant technology.
drive requirements will difter from CRTs.
CRTs are scanned and require a serial
analogue input; active matrix displays
write a line at a time and require parallel
inputs. If polysilicon drivers are to be

The ISSCC, held every
year in February in San
Francisco, is the premier
world forum for
announcing advances in
microelectronics. 1991
conference papers
described new integrated
circuits and gave a good
indication of where
electronics leaders are
directing their R&D. David
Manners reports on
progress to a portable and
wireless world.

integrated with the displays then new cir-
cuit design techniques may be required.

Better memory

Much consideration was given at the
ISSCC 10 the contlicting pressures on
selecting different types of memory store,
principally in relation to the new genera-
tions of portable computer.

The problem is essentially that if you
use disks. vou need bulky revolving
mechanisms requiring hefty batteries. It
follows that the resulting machine is
heavy. large and has just a two or three
hour battery life.

Memery chips give the advantages of
lightness. cheapness and 40 to 60 hours of
battery life; but your removable storage
medium — a card rather than a floppy
is compatible with precious little.

No one seems 1o have resolved this
dilemma yet. although it was pointed out
by speakers from Intel that it is possible to
produce a chip which is non-volatile, can
be erased electricalty rather than by UV,
and because like dram it needs only one
transistor to make a memory cell capable
of storing a binary digit, has the potential
1o be both dense and cheap.

The chip is called a flash eeprom (elec-
trically erasable programmuble read only
memory) and it currently costs about £7-
10 for a IMbit device. allowing a credit-
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Many Radio Amateurs and SWLS are puzzled.
Just what are all those strange signals you can
hear but not identify on the I.f. and h.f.

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

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

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

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

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

The following modes are included in the basic-program {with
the exact protocols).

Packet Radio AX 25 50 to 1200 Bd SITOR Automatic Mode A and B (ARQ and FEC
Hell: Synchronous/asynchronous, all speeds ARQ: CCIR 476, CCIR 625 mode A

Fax; Weather charts, photographs with 16 grey ~ ARQ-6: -90/98 spec. ARQ variant
scales at 60, 90, 120, 180, 240 rpm ARQ-S ARQ 1000S

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

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

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

Wirtschaftdienst: F7b spec.. 300 Bd ASCII ARQ-E3: CCIR5191TA 3

Sport Information: £7b spec., 300 Bd ASC POL-ARQ spec. ARQ-variant

Autospec - MK's | and 1l with all know TOM 242: CCIR 242 1/2/4 channels
interleaves TOM 342: CCIR 342 1/2/4 channels
DUP ARQ: Artac ITAZ FEC-A FEC 100(A) ITA2-P FEC Broadcast
TWINPLEX F7b1 .. F7b6 Simplex ARQ FEC CCIR 625 476-4 mode B Sitor both
ASCILITA § all speeds, parity collective and selective FEC

Baudaot: ITA 2 plus all types of Bit inversion, at FEC-S FEC 1000S ITA 3

any speed

All modes in preset and variable user-defined baud rates and
shifts.

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

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

2: PICCOLO MK VI (Everybody wants this facility, butit’s only
on offer from Hoka), the well-known multitone-mode at £60.

3: ASCII'SAVE TO DISC’ Store all decoded text to Disc as
ASCII. £25.

4: COQUELET (Another multi/tone system. Only on offer
from HOKA!). £60.

5: SPECIAL ARQ/FEC. Various other ARQ/FEC systems. £80.

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

Along with the many facilities listed above, the analysis
section of the Code 3 offers you a wide choice of unique
facilities such as: a built-in AF frequency spectrum-analyser
for shift measurement and tuning, plus precision speed
measurement up to 0.0001 Baud resolution. Other analysis
facilities include Speed Bit analysis, Speed Measurement,
Character Analysis, Auto-correlation of MOD and RAW
signal, Bit Analysis. All these state-of-the-art features are
included in Code 3 to assist the experienced user.

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

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

Everything you want ...

to make life easier.
TDS2020 is an ideal way
to save time and money
designing equipment.

As a High Performance

16-bit Control Computer

its on-board Assembler and

Forth high level language

make programming and debugging a pleasure, yet give the
execution speed you need in a real-time system.

As a Data Logger Module you've little to add to its
10-bit 8-channel analog to digital converter, real time
clock and non-volatile RAM of up to half a megabyte.

You will also like the price. Call for full details.

Triangle Digital Services Ltd
223 Lea Bridge Road, LONDON E10 7NE
Tel 081-539 0285 Fax 081-558 8110

Al 4

=%
(]
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HOKA Electronics
Feiko Clockstr. 31

NL-9665 BB Oude Pekela
The Netherlands

Tel: 010-31-5978-12327
Fax: 010-31-5978-12645

HOKA Electronics (UK}
84 Church Street
Langford, Biggleswade,
SG18 9QA, Beds

Tel: 0462-700644

Fax: 0462 700893

Please specify disk size 32 or 5% when ordering!
All prices ex. VAT and Shipping; price includes a free 6-month
software update and life-time tech. support.
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TELECOMMUNICATIONS EQUIPMENT

TEST GEAR, COMPUTERS, ETC

MONTHLY SALE CATALOGUES OF SURPLUS,
SECONDHAND AND REDUNDANT EQUIPMENT
AVAILABLE ON ANNUAL SUBSCRIPTION OF £5.
ITEMS INCLUDE:

SCOPES, SIGNAL GENERATORS, POWER
SUPPLIES, POWER METERS, DVM'S,
COMPUTERS, VIDEO MONITORS, SCIENTIFIC
INSTRUMENTS, PRINTERS, MULTIMETERS,
COMMUNICATIONS RECEIVERS, COMPONENTS,
CONNECTORS, SEMI-CONDUCTORS, ETC.. ..

PLEASE NOTE: ALL EQUIPMENT IS SOLD AS
SEEN AND THEREFORE, MAY NOT BE IN
WORKING ORDER. LOTS CAN BE DESPATCHED
BY POST AT COST PROVIDING THE ITEMS ARE
NOT TOO LARGE OR HEAVY.

B. BAMBER ELECTRONICS, 5 STATION ROAD,

LITTLEPORT, ELY, CB6 1QE
TEL: ELY (0353) 860185 -
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UPDATE

card-sized I Mbyte memory card to be
made for £56-80.

Cheaper flash memory

£80 is a heavy price for a removable stor-
age medium, but to bring down future
costs Intel is projecting a very quick climb
up the density scale for flash chips to
4Mbit in 1992 and to 16Mbit in 1994.

As if to demonstrate that such a
timescale is possible, Mitsubishi gave a
paper at the conference describing a
16Mbit flash eeprom which could be
made in a similar manner, and so for
much the same cost, as a conventional
eprom (erasable programmable read only
memory — erased by exposure to ultra
violet).

Credit-card-sized memory cards (some-
times called solid-state discs) with up to
24 eeprom chips, suggest the possibility
of a removable storage medium providing
48Mbyte of non-volatile but electrically
erasable and alterable memory.

As well as being useful for removable
memory storage, it was argued at an
ISSCC evening session that flash chips
could become suitable for fixed, internal
storage in computers. The justification
was that cost-per-byte of flash chip stor-
age was on a steeper learning curve than
the cost-per-byte of hard-disk storage. An
Intel panellist projected that by 1996, with
the 64Mbit chip generation, the cost of
flash would be less, byte-for-byte, than
the cost of hard disk.

Communications

The ideal for personal communications,
summarised at ISSCC by NTT, will be
when: “Anyone can communicate instant-
ly with anyone else anywhere else”. The
medium for achieving this ideal is
advanced cordless telephony using radio
waves.

One of the chip technologies needed to
achieve low-cost, lightweight portable tele-
phone equipment is the amalgamation of
analogue circuitry and digital circuitry on
one chip.

At the ISSCC, a panel session devoted to
mixed-signal technology addressed the
question: “Can simulation ensure first-pass
silicon success?”. lts conclusion was “so
far, no”.

C!.ips for computer memory storage are not  to-A corverters in storing analogue signals

the only new kinds of storage chios under
current examir ation.

For the first time, a chip has beer present-
ed which stores analogue waveforms without
any need for conversion into digital form.
Silicon Valley start-up company Information
Storage Devices described a technique to
store 16s of analogue waveforms at 8MHz
using 128K eeprom cells.

The technique eliminates A-tc-D and D-

and is said to allow storage of eight times
more information than can be achieved by
digital techniques. In other words, using digi-
tal technology, a 1Mbit chip would be need-
ed to ofeer equivalent storage to 1SD's 128K
device.

The chip can interface directly to a micro-
phone or loudspeaker without the need for
other active components and reproduction is
claimed to be better than telephone quality.

Short cut: direct storage of analogue waveforms without need for A-to-Ds.
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Advent of chips to accomplish this aim
has seen prices of equipment drop dramat-
ically — a process which will continue.

According to UK’s Shaye
Communications, at an ISSCC evening
discussion session, 1991 will see an
explosion in the market as manufacturers
produce standardised products based on
the cordless telephone 2 (CT2) system.
Overcrowding of the frequency spectrum
has meant these ‘phones are moving from
the 45MHz band to 902-928MHz.

At the moment the US cordless tele-
phone system uses analogue techniques,
but digital systems are needed to cope
with the demands on available channels.

Two systems are proposed for a digital
system in the USA: time-division multiple
access (TDMA) amd code-division multi-
ple access (CDMA).

TDMA uses quadrature phase shift key-
ing (QPSK) and CDMA uses frequency-
hopping spread-spectrum techniques,
which are also used for Europe’s proposed
group special mobile (GSM).

By using microcells, according to the

panel, wireless private branch exchanges
(PBXs) could become a reality during the
1990s. Such PBXs would need to operate
in the GHz range and would allow com-
munication from anywhere in a building
to anywhere in the outside world.

All in all, the message from 1991
ISSCC was a little different from the tra-
ditional ISSCC message of “Look what
we can do”. This year it seemed to be say-
ing “Look what we can do for you”.
Instead of technology for its own sake, the
world’s electronics leaders are at last
focusing their thinking on serving the
shape of a future world, where electronic
products are pocketable and wireless.

Editorial survey: use the information
card 1o evaluate this article. Item B.
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AUDIO DESIGN

large mixing console arguably
represents the most demanding
area of audio design. The steady
advance of digital media
demands that every part of the chain that
takes music from performer to consumer
must be near-perfect. as the comiortable
certainty that everything will be squeezed
through the quality bottleneck of either
analogue tape or vinyl disc now looks
very old-fashioned
Competition to sell studio time
becomes more cut-throat with every pass-
ing week. and it is clear that advances in
console quality must not harm cost-eftec
tiveness. The only way 10 reconcile these
demands is to innovate and 10 keep a ver

I\\;\\\\\\\\\ g ‘\;\:\‘\#\\ww\\ Nne

INSIDE
MIXERS '

A top-end mixing
console should
represents the highest
form of audio design.
Soundcraft's chief
designer Doug Self
describes the
technology of acoustic
excellence.

clear view as to what is really necessary (o
meet a demanding specification: in other
words the way forward is 10 use conven
tional parts in an unconventional way,
rather than simply reaching tor the most
expensive op-amp in the catalogue.
Technical problems that must be over-
come in a professional mixing console ure
many. A large number of signals tlow in a
small space and they must be kept strictly
apart until the operator chooses to mix
them; crosstalk must be exceedingly low.

Soundcraft’s Series 3200 mixing con-
sole, which the company claims to be
possibly the best-performing instrument
ever built.

ELECTRONICS WORLD April 199}



AUDIO DESIGN

Up to 64 input channels, each with many
stages, all have the potential to add distor-
tion and noise to the precious signal. Even
summing these signals together, while
sounding trivially easy, is in practice a
major challenge. In short, requirements
are much more demanding than those for
the most expensive hi-fi equipment,
because degradation introduced at this
stage can never be retrieved.

Major functions of consoles are largely
standardised, although there is much
scope for detailed variation. Figure 1
shows the system diagram, and the tech-
nique of multi-track recording is
explained in the panel.

Figure 2 shows a typical input channel
for a mixing console. The input stage pro-
vides switchable balanced mic and line
inputs; the mic input has an impedance of
1-2kQ, which provides appropriate load-
ing for a 20092 mic capsule, while the line
input has a bridging impedance of not less
than 10kQ. This stage gives a wide range
of gain control and is followed immedi-
ately by a high-pass filter (usually -3dB at
100Hz) to remove low-frequency distur-
bances.

The tone-control section (universally
known in the audio business as “EQ” or
equalisation) typically includes one or
more mid-band resonance controls as well
as the usual shelving Baxandall-type high
and low controls. Channel level is con-
trolled by a linear fader and the panpot
sets the stereo positioning, odd group
numbers being treated as left, and even as
right. The PFL (prefade-listen) switch
routes the signal to the master module
independently of all other controls; a logic
bus signals the master module to switch
the studio monitoring speakers from the
normal stereo mix bus to the PFL bus,
allowing any specific channel to be exam-
ined in isolation.

Figure 3 shows a typical group module
and Fig. 4 the basics of a master section; a
manual source-select switch allows quali-
ty checking of the final stereo recording
and two solid-state switches replace the
stereo monitor signal with the PFL signal
whenever a PFL switch anywhere on the
console is pressed.

Fig.1. System diagram of complete mix-
ing console, showing division into inputs,
group monitor contributions and master
modules. Routeing matrix determines
which group of inputs shall be fed to a
given track on the multi-track tape
machine. Several channels share one
effects device.

AUXILIARY SENDS; FOLDBACK AND EFFECTS.

The auxiliary sends of a console represent
an extra mixing system that works inde-
pendently of the main groups; the number
and configuration of these sends have a
large effect in determining the overall ver-
satility of the console. Each send control
provides a feed to a console-wide bus; this
is centrally summed and then sent out of
the console.

Sends come essentially in two kinds:
prefade sends, which are taken from
before the main channel fader, and post-
fade sends, which take their feed from
after the fader, so that the final leve!
depends on the settings of both. There
may be anything from one to twelve sends
available, often switchable between pre
and post. Traditionally, this means labori-
ously pressing a switch on every input
module, since it is most unlikely that a mix-
ture of pre and post sends on the same
bus would be useful; the 3200 minimises
the effort by setting pre/post selection for
each bus from a master switch that con-
trols solid-state pre/post switching in each
module.

Prefade sends are normally used for
“foldback”; i.e. sending the artist a head-

Microphone inputs
The microphone preamplifier is a serious
design challenge. It must provide from 0
to 70dB of gain to amplify deafening
drum-kits or discreet dulcimers, present
an accurately balanced input to cancel

Electronic
keyboard

ooao
(T TR

Other
sources

-

Mic

Mic i/p[ Line ifp

phone feed of what he/she is perpetrating,
which is important if electronic manipula-
tion is part of the creative process, and
essential if the artist is adding extra materi-
al that must be in time with that already
recorded. In the latter case, the existing |
tracks are played back to the artist via the
prefade sends on the monitor sections. I
Postfade sends are used as effects
sends; their source is after the fader, so |
that the effect will be faded down at the
same rate as the untreated signal, main- l
taining the same ratio. The sum of all
teeds to a given bus is sent to an external |
effects unit and the output of this returned
to the console. This allows many channeis
to share one expensive device (this is par-
ficularly applicable to digital reverb.) and is
often more appropriate than the alternative
of patching a processor into the channel
insert point.

“Effect returns” may be either modules
in their own right or a small subdivision of
the master section. The returned effect,
which may well now be in stereo, the out-
put of a digital reverb., for example, is usu-
ally added to the stereo mix bus via level
and pan controls. EQ is also sometimes
provided.

noise pickup in long cables and generate
minimal internal noise. It must also be
able to withstand +48V DC suddenly
applied to the inputs (for phantom-power-
ing internal preamps in capacitor mics)
while handling microvolt signals. The
Soundcraft approach is to use standard

Headphones

for
foldback
Aux 1

018

Stereo
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AUDIO DESIGN

parts, which are proven and cost-effective
through quantity production, in new con-

"8V "Phunfom power

v+
figurations. The latest mic preamplifier ontf ' ] [ |
; : . Mid freq Y R PFL active signal
design, as used on the 3200, is new Input gain o o gt 1
PFL
gnough to be covered by patent protec- 8 <6k8 ( ] g [ \:_r__._lppL bus
tion. Mic/ id A Im,(
It is now rare to use input transformers | vie Foo [ it HPF L é'b""@d ‘é i o
. iC i 1
to match the low-impedance (150-200€2) ™ “? | |pre amp amp /b Ring= send \_Ti
microphone to the preamplifier, since the L Tip =return -

cost and weight penalty is serious, espe-
cially when linearity at low frequencies
and high levels is important. The low-
noise requirement rules out the direct use
of op-amps, since their design involves
compromises that make them at least
10dB noisier than discrete transistors at
low impedance.

This circuit, shown in Fig.5, therefore
uses a balanced pair of low-noise, low-R,,
p-n-p transistors as an input stage, work- h@—m’”—-—l
ing with two op-amps to provide load-
driving capability and raw open-loop gain @
to linearise signal handling. Preamplifier
gain is spread over two stages to give a
smooth 0-70dB gain range with the rota- I
tion of a single knob. This eliminates the
switched 20dB attenuator that is normally
required to give the lower gain values, not
only saving cost and complication, but
also avoiding the noise deterioration and
CMRR degradation that switched attenua- Foder
tors impose. The result is an effective virtual-gorth
input stage that is not only quieter, but bus
also more economical than one using spe-
cialised low-noise op-amps.

L 3
Line input ~ I Py
LA

| "
A\-—-—{csPa
B o

oufeiny
switches

Fig.2. One input channel. Gain control is 70dB
and tone control is standard Baxandall shelving
type with addition of mid-range lift and cut.
Two auxiliary sends are shown.
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Fig.3. Block diagram of typical group module, showing switching between direct out-
put and tape replay for monitoring purposes.
EQ

Since large recording consoles need

sophisticated and complex tone-control
systems, unavoidably using large numbers
of op-amps, there is a danger that the
number of active elements required may
degrade the noise performance. A typical
mid-band EQ that superimposes a £15dB
resonance on the flat unity-gain character-
istic is shown in Fig. 6. A signal is tapped
from the forward path, put through a state-

matic PFL switching.

variable band-pass filter which allows
control of centre-frequency and Q, and
then added back. To improve noise per-
formance, the signal level at all locations
(in all conditions of frequency, Q, and
boost/cut) was assessed, and it proved
possible to double the signal level in the
filter over the usual arrangement, while
maintaining full headroom. The noise

Fig.4. Block diagram of master module, with tape send/replay switching and auto-

generated is thus reduced about 6dB.

Panpot
To give smooth stereo panning without
unwanted level changes, the panpot
should theoretically have a sine/cosine
characteristic; such components exist, but
they are prohibitively expensive and so
most mixing consoles use a dual linear
pot. with its law bent by a pull-up resistor,
as shown in Fig.7a. This not only gives a
mediocre approximation of the required
law, but also limits the panning range,

::Ft%n} PP Togic o since the pull-up signal passes through the
N wiper contact resistance (usually greater
P'[FL 12/ !han the end-of—track resistance) and Ii-m-
bas its the attenuation the panpot can provide
Summing amp Record Repla j dix v.vhen. set hard lef! orright.  This limi'ta-
L ) I @L tion is removed in the Soundcraft active
i O Tupe: mt panpot shown in Fig.7b by replacing the
Electronic ull-up with a negative-impedance-con-
AT slancd o4 - fg %r: PFL swiching| SPecker valune Serterplhal modufates the ‘l)aw-bendin g
fader I — 1_J l o effect in accordance with the panpot set-
RIS st:;u: mastering Jape 1. z m ting, making a close approach to the sine
S—_ m_]mx L= law possible. There is no pull-up at the
return_amp lower end of the wiper travel, when it is
not required, so the left-right isolation
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using a good-quality pot. is improved
from approx -65dB to -90dB. This has
also been made the subject of patent pro-
tection.

Summing

One of the main technical challenges n
console design is the actual mixing of sig-
nals. This is done almost (but not uite)
universally by virtual-earth techniques. as
in Fig.8a. A summing amplifier with
shunt teedback is used to hold a long mix-
ing bus at apparent ground, generating a
sort of audio black hole; signals ted into
this via mixing resistors apparently van-
ish, only to reappear at the output of the
summing amplifier, as they have been
summed in the form of current. The ele-
gance of virtual-earth mixing, as opposed
to the voltage-mode summing technique
in Fig.8b, is that signals cannot be fed
back out of the bus to unwanted places, as
it is effectively grounded. and this can
save massive numbers of butfer amplifiers
in the inputs.

There is, however, danger in assuming
that a virtual earth is perfect; a tvpical op-
amp summer loses open-loop gain as fre-
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Fig.7. Standard panpot circuit at (a)
showing how pull-up resistor draws cur-
rent through wiper contaclt resistance,
which is usually greater than the end
resistance of the pot., limiting maximum
attenuation, Arrangement at (h) uses
NICs to replace pull-up to modulate law
with panpot setting. Left/right isolation
increased from -65dB 1o -90dB.
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Fig.5. Low-nnise microphone amplifier with wide gain range and balanced line out-
put. Transistors in first stage avoid noise problem ¢f op-amps.
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Fig.6. Parametric
mid-band EQ

stage. EQ and cen-
tre frequencies are

State-variable

independently
variable, being set
by the parameters
of the state-vari-
able filters.

quency increases, making the inverting
input null less effective. The “bus residu-
al’ (i.e. the voltage measurable on the
summing bus) therefore increases with
frequency and can cause inter-bus
crosstalk in the classic situation with adja-
cent buses running down an [DC cable.
Increasing the number of modules teed
ing the mix bus increases the noise gain:
in other words the factor by which the
noise of the summing amplifier is multi-
plied. In a large console. which might
have 64 inputs, this can become distinctly
problematic. The Soundcraft solution is 1o
again exploit the low noise of discrete
transistors coupled to fast op-amps. in
configurations similar to the mic preamps.

bandpass filter

%)

Centre frequency

These sum amplifiers have a balanced
architecture that inherently rejects supply- |
rail disturbances. which can otherwise
aftect LF crosstalk performance.

As a console grows larger. the mix bus
system hecomes more extensive, and
therefore more liable 10 pick up internal
capacitive crosstalk or external AC fields.
The 3200 avoids internal crosstalk by the
use ol a proprietary routeing matrix con-
struction which keeps the unwanted signal
on a bus down 10 a barely measurable -
120dB. This is largely a matter of keeping
signal voltages away from the sensitive
virtual-earth buses. Further improvement
1s provided by the use of a relatively low
value of summing resistor; this also keeps
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Fig.8. Virtual-earth summer at (a) effec-
tively eliminates cross-talk, since there is
almost no signal at the summing point.
Voltage-mode circuit at (b) allows cross-
talk. Balanced virtual-earth summing
circuit at (¢) requires a separate inverter
Jor each channel to provide the anti-
phase signal.

the noise down, although since it drops as
the square-root of the resistor value. at
best, there is a clear timit to how far this
approach will work before drive power
becomes excessive: 4.7kQ is a reasonable
minimum value.

External magnetic fields, which are

poorly screened by the average piece of

sheet steel. are rejected by the balanced
nature of the 3200 mix buses, shown in
Fig.8¢c. The operation is much the sume as

THE TECHNIQUE OF MULTITRACK RECORDING.

Multitrack recording greatly enhances the
flexibility of recording music. The availability
of a number of tape tracks (anywhere
between 4 and 32 on one reel of tape) that
can be recorded and played back separate-
ly allows each instrument a dedicated track,
the beauty of this being that one mistake
does not ruin the whole recording; only a
single part need be done again. The multi-
track process is in two basic halves; record-
ing individual tracks (or “tracklaying”) and
mixdown to stereo.

Recording. Normally only one or two parts
are recorded at once, though it quite possi-
ble to dedicate five or six tracks to a drum
kit. The initial sound, whether captured by a
microphone or fed in directly from a synthe-
siser line output, is usually processed as lit-
tle as possible before committing it to tape;
subsonic filtering and perhaps compression
or limiting are used, but most effects are
carefully avoided because they are usually
impossible to undo later. You can easily
add reverberation, for example, but just try
removing it.

Recording is performed via the input
modules, this being the only place where
microphone preamps are fitted. The inputs
are mixed together into groups if required;
performers doing backing vocals might use
four or five microphones, but these would
almost certainly be mixed down to a stereo
pair of groups at the recording stage, so
that only two tape tracks are taken up. A
bank of switches on each input module
determines which group shall be fed; this is
known as the routeing matrix. Combined
group outputs are then sent to tape; howev-
er a "group” is usually used even if only one
signal is being recorded, as this is the part
of the console permanently connected to
the multi-track.

It is clearly essential that new parts are
performed in time with the material already
on tape and also that the recording engi-
neer can make up a rough impression of
the final mix as recording proceeds. Thus
continually replaying already-recorded
material is almost as important as recording
it in the first place. During recording, the
tape tracks already laid down are replayed

a balanced input; each group has two
buses. which run physically as close
together as possible and the group reads
the difference between the two. effective-
ly rejecting unwanted pickup. The two
buses are fed in antiphase from each
input. effectively doubling the signal level
possible for a given supply voltage.
Overall mixing noise is reduced by 3dB,
the signal level is 6dB up and the noise,
being uncorrelated for each bus. only

through “monitor sections™ which are usual-
ly much-simplified inputs giving limited con-
trol; this keeps the more flexible inputs free
for material that is actually being recorded.
One of the major features of the 3200 is
that the monitor sections are unusually
capable, having facilities almost identical to
the inputs and allowing much more accu-
rate assessment of how the mix is pro-
gressing, reducing learning time for opera-
tors.

Mixdown.When the tracklaying process is
complete, there are 16 or more separate
tape tracks that must be mixed down to
stereo. Major manipulations of sound are
done at this mixdown stage; since the multi-
track tape remains unaltered, the resulting
stereo being recorded on a separate two-
track machine, any number of experiments
can be performed without doing anything
irrevocable.

Multitrack replay signals now enter the
console through the input channels, so that
the maximum number of facilities are avail-
able. Linear channel faders set the relative
levels of the musical parts, while the rotary
panpots (panoramic potentiometers) define
the placement of instruments in the stereo
sound field by setting the proportion of sig-
nal going to left and right mix buses. The
monitor sections are now redundant, and
can therefore be used either as extra inputs
to the stereo mix, perhaps for keyboards, or
to return effects.

Virtual mixing. The advent of computer-
based sequencers has given rise to the
term “virtual mixing”. Keyboard/synthesiser
parts of the musical masterwork are not
committed to multitrack, but instead stored
in the form of MID! sequencer data. This
can be replayed at any time, providing
means of synchronising it to the acoustic
parts on the multitrack exist; this requires
one tape track to be dedicated to some
form of timecode.

Advantages are, firstly, that this gives
almost any number of extra “virtual tracks”,
and secondly that the synthesiser parts suf-
fer minimal degradation as they avoid one
generation of tape storage.

increases by 3dB.

The obvious method of implementing
this is to use two summing amplifiers and
then subtract the result. In the 3200, this
approach is simplified by using one sym-
metrical summing amplifier to accept the
two antiphase mix buses simultaneously;
this reduces the noise level as well as min-
imising parts cost and power consump-
tion. Thecontiguration is very similar to
that of the balanced mic amp.. and there-
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fore gives low noise as well as excellent
symmetry.

Solid-state switching.
There are two main applications for elec-
tronic switching in console design. The
first is “hard” switching to reconfigure
signal paths, essentially replacing relays
with either jfets (Fig. 9a) or 4016-type
analogue gates which, since they are lim-
ited to 18V rails and cannot handle the
full voltage swing of an op-amp audio
path, must be used in current-mode, as
shown in Fig.9b. Note that when gate 1 is
off, gate 2 must be on to ensure that a
large voltage does not appear on gate |
input. Full-voltage range gates do exist

b e

(b)

Fig.9. Hard switching with jfets in volt-
age mode (a) and with analogue gates in
the current mode (b), which prevents
gate elements from being driven outside
their voltage capabilities.

Secondly. there is channel muting; this
not a hard switch, since an unacceptable
click would be generated unless the signal
happened to be at a zero-crossing at the
instant of switching: the odds are against
you. The 3200 therefore implements mut-
ing as a fast-fade that takes about 10ms:
this softens transients into silence while
preserving time-precision. It is imple-
mented by a series-shunt jfet circuit, with
carefully synchronised ramp voltages
applied to the fet gates.

AUDIO DESIGN

Performance factors
Primary requirements of modern consoles
are very low noise and minimal distortion.
Since a comprehensive console must pass
the audio through a large number of cir-
cuit stages (perhaps over 100 from micro-
phone to final mixdown) great attention to
detail is essential at each stage to prevent
a build-up of noise and distortion; the
most important trade-off is the impedance
of the circuitry surrounding the op-amp,
for if this too high Johnson noise will be
increased, while if it is too low an op-amp
will exhibit non-linearity in struggling to
drive it.

The choice of device is also critical, for
cost considerations discourage the global
use of expensive chips. In a comprehen-
sive console like the 3200 with many
stages of signal processing, this becomes
a major concern; nonetheless, after suit-
able optimisation, the right-through THD
remains below 0.004% at 20dB above the

normal operating level. At normal level it '

is unmeasurable

Editorial survey: use the information
card to evaluate this article. Item C.
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f you saw any of the Down to Earth

archaeology programmes on Channel

4 before Christmas, you will be aware

that archaeology these days is pretty
high-tech. Electronics and computers are a
routine part of all but the smallest excava-
tions.

They are used throughout a project,
from electronic surveying and metal
detecting before digging begins to recon-
struction with computer-aided design and
3D animation programs when the dig is
finished.

Now archaeology has beaten electronics
and engineering, and become the first dis-
cipline to use the Gridpad computer in
anger. The Gridpad, described in the
panel, is a hand-held computer without a
keyoard: instead, it has a brass stylus for
writing on its AS-sized screen. It recog-
nises handwriting and can store drawings
and signatures as bit-maps in its IMbyte
memory. Its maker, GRiD Computer
Systems, believes it to be unique.

The machine is waterproof and fairly
rugged (it will survive being dropped) and
was designed to be used like a clipboard.
But it also has a nine-pin serial port, so
can collect data automatically from elec-
tronic instruments.

Richard Trainer, of Loughborough-
based Tangent Technology Designs
(TTD), thought it would be ideal for col-
lecting data from theodolites, which are
used extensively by archaeologists. A sur-
vey must be done as a site is excavated,
mainly to record unexcavated conditions
to show where the excavation is to be
done. After a dig, the soil is replaced care-
fully or, more often, the hole is filled with
foundations for a building and it is diffi-
cult to see where the dig took place.

Theodolites are set up at reference
points related to grid references. They
measure two angles and a height is mea-
sured with a marked staff: from this, the
distance of test points can be worked out

CHIPPING AT
THE PAST

Archaeology is ripe
for automation. A
typical dig involves
thousands of
positional
measurements
required to produce a
3-D image of the site.
Archaeologist Helen
Geake and
technology writer
Elisabeth Geake
bring past and
present together.

by trigonometry. Nowadays, some pro-
jects use electronic distance measurers
(EDMs), which eliminate one of the mea-
surements and one of the calculations.
The lucky few have combined electronic
theodolites and EDMs,

But frequently, in archaeology, that is
where the technology stops and the long-
suffering people doing the survey must
write down the raw data by hand and cal-
culate the coordinates of the test point
later. Waterproof paper is used when it
rains!

Fortunate ones, on better-funded pro-
jects, have been using Psion Organisers or
Husky Hunters in the field with their elec-
tronic theodolites and EDMs. The Psion, a
very small, simple, hand-held computer,
costs around £80 and is used like a pro-
grammable calculator: you tap in the raw

data by hand, whereupon it calculates 3D
coordinates and stores them. The Husky
Hunter, a larger and more sophisticated
hand-held computer, can download data
from an electronic theodolite and store the
raw data as well as the coordinates. These
systems represent the first stage of
automation.

Map generation

A big problem with both the Psion and
the Husky Hunter is that they generate
coordinates, not a map. Even skilled
archaeologists admit that it’s easy to
record particular points wrongly and even
to enter the wrong setup data at the begin-
ning of the day, without finding out until
the coordinates have been plotted.

But the program written by TTD for the
Gridpad plots a map on its screen as the
raw data is collected, so it is much easier
to spot mistakes as they are made. This
feature is important because virtually all
archaeology is destructive; digging is a
once-only exercise. And there is never
enough time for a dig, so anything that
saves time is to be welcomed.

Only the edges of features are surveyed,
such as the outline of a stone pavement.
Using conventional methods, the survey
coordinates are plotted onto a dimension-
ally stable plastic film called Permatrace.
Then details such as individual paving
stones are drawn on by hand. These must
then be digitised if the map is to be stored
on a computer — work which is usually
saved for the winter. But because the
Gridpad has a digitising screen, drawings
can be done on the screen, which automat-
ically digitises them.

Trainer said “If you take the Pad on
site, you don’t need to digitise. By the
time the site has been excavated, all the
data will have been digitised.” One tenth
of the York Archaeological Trust’s post-
excavation staff are currently employed in
digitising — a significant expense.
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f any surveying has been done in the
past. this data can be loaded into the Pad
at the start of the survey to avoid repeti
tion. TTD software also allows zoomin
in and out and panning and can glue
together the work done by 1wo people on
adjacent areas of a site. “It’s like taking a
cad package out with you,” said Trainer.

A rather more glamorous aspect of
archaeology than surveying is finds — the
items recovered from the excavation
which fall into 1wo categories: bulk finds,
such as pottery sherds. flint and bone: and
sma!l finds, which are usually the interest
ing things such as jewellery and coins

The only record made of most bulk
finds is in which layer of earth they were
found. since the conventional method of
recording a small find is to survey its
position in the ground and then to put it in
a marked plastic bag for cleaning and cat
aloguing.

With the Pad and TTD’s software. the
position of a small find can ¢ marked
directly onto the map shown on the Pad’s
screen. using the brass stylus. Then a
description can be written onto the screen
which is stored in a file associated with
the point on the map.

The advantage of all these nme-saving

April 1991 ELECTRONICS WORLD

GRiDPad’s screen, showing a map of a tumulus, with contours.
14 P

Raw data is entered by means of a stylus and is then digitised as the work proceeds.

GRiDPad then plots a map of the dig on screen.
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While it is difficult to raise money for a
dig (and harder still in a recession. when
little property development is going on),
the post-excavation tunds which usually
finance the map-making stage are even
more scarce. Post-excavation work is as
important as the dig itself; if the dig is not
published, it is worse than not digging at
all, as digging is destructive.

Andy Copp of York University is a
supervisor at Sutton Hoo. in Suftolk, at
the site of the tamous Saxon ship burial
and associated cemetery. He commented:
“At the moment, we may be recording the
minimum amount of necessary informa-
tion [during an excavation].” If it took less
time to process the information collected,
archaeologists would be able to gather
more evidence about the past.

Copp also pointed out that faster pro-
cessing of the data might allow archaeolo-
gists ““to take the work one stage further
and draw reconstructions of buildings.
This would involve both |[site} plans and
the finds to see if you could, for example,
identify post-holes which belong to the
same building. You could use AutoCAD”.

The beautiful, sophisticated reconstruc-
tions scen on the Down To Earth pro-
gramme were produced by an alternative
to AutoCAD—3D animation. Imagic, a
TV graphics animation house, used Soft
Image software running on Silicon
Graphics’ Iris workstations to give the
viewer the impression of, for example,
walking around a reconstructed house.
This technique could be the next develop-
ment in archaeology: IMAGIC is working
on a couple of projects commissioned
directly by archaeologists.

50000 points

Trainer is not an archaeologist himself.
but a software engineer. He spent about a
year and a half writing the code for the
GRidPad in C and Pascal, with advice
from archaeologists. one of whom is his
wife. He estimates that the Pad can store
the equivalent of more than 50,000 points.
“It would be hard to make more than
1,500 measurements in a day, so the Pad
could store about a month’s work,” he
said, though he expected most people to
download their data to a host computer at
the end of every day.

Trainer said some archacologists have
bought laptop computers for use on site,
but they are rather delicate, not water-
proof and could easily run out of battery
power before the end of the day.

One of the major reasons that it is tak-

course. is cost. Most projects set money
aside for EDMs and computing resources.
but will they be persuaded to part with
money for the Gridpad? The Pad and soft-
ware cost around £3,000 together and a

ing so long to automate archaeology, of

An electronic clipboard is probably the most
accurate description of the GRiDPad. It is
about the size of an A4 pad, with a screen
about A5 size and looks like an Etch-a-
Sketch. A brass stylus, attached to the Pad
by a wire, is used to enter data, text or
sketches simply by writing on the screen.

Liquid crystal “ink” appears where the
stylus has been; any mistakes can be
crossed out with a verticai line, whereupon
they disappear and the correction is written
instead. The stylus acts as a mouse too,
when it is tapped gently on the screen.

The screen itself is made of two layers, a
conventional LC screen and a layer which
detects the position of the stylus. This
upper layer consists of glass with an undu-
lating surface and a conducting compound,
antimony oxide, in the “valleys”, when the
stylus touches the screen it completes a cir-
cuit. To detect its position, 5V is applied
across the screen horizontally, then verti-
cally. GRID says the screen is difficult to
scratch and should not wear out.

The Pad can recognise handwriting in
the form of block capitals and numbers,
even if they touch; if a character is unclear,
the software will choose the most likely one.
GRID says some users have to alter their
handwriting a little to help the Pad along.

It converts handwritten symbols to Ascii

suitable theodolite and EDM, such as
Zeiss’s Elta 6 Total Station, is about
£8.000. Total Station is much more accu-
rate (to 3mm over Ikm) than necessary for
this type of equipment, but it is compara-
tively simple for an electronic theodolite.

The TTD and Total Station system was
designed to be easy to use. “It takes about
a day to learn.” claimed Trainer. “It pre-
vents a lot of mistakes because you can
see what you're doing and there are pull-
down menus and help messages.”
Gridpad may be able to help archacolo-
gists over the computer phobia which
many of them suffer trom, but Trainer
warned that the Pad could introduce prob-
lems not seen before: “Essentially we are
getting rid of paper and that produces
phobias.”

Data on site
So far, the system has been tried out in
Israel and Gloucester. At Tel Jezreel in
Israel, the British School of Archaeology
in Jerusalem and Haifa University are
working together on a large and complex
excavation. The site measures 200m by
600m; it is mainly iron age. with a palace
built by Jezreel. who is mentioned in the
Bible, and includes a chalcolithic village
(from the fifth millenium BC) and a

characters, using a combination of two
methods, segment-then-recognise and
recognise- then-combine. In the first, the
computer combines the strokes that go to
make up a character and recognises the
whole character at once. In the second
method, the computer identifies strokes as
they are written and gradually builds up a
picture of which character is intended. The
technigue used here is called elastic match-
ing.

Jeff Hawkins, an ex-neural biologist who
designed the algorithms for the GRiDPad,
said it “works on one character at a time.
But the algorithm is so fast that we take a
guess at the character and try to match it
with a template, grouping several strokes
together.”

At the heart of the Pad is a standard PC-
compatible with an 80C86 processor run-
ning at 10MHz and tMbyte of system ram,
and it can be converted to an ordinary lap-
top machine by plugging in a keyboard and
monitor. It can be programmed like this, or
programs can be loaded via an RS-232C 9-
pin serial port and the LapLink program
stored in rom. instead of floppy disks it has
two removable IMbyte ram cards. The
screen has a resolution of 640x400 for both
display and pen position sensing, which is
marginally coarser than VGA.

church and village built by the Crusaders.
“Gridpad made the work much easier,”
says Trainer. "We surveyed the site in
three days; it would have taken months
without the EDM, Pad and software.”

Gloucester City Council’s assistant
archaeology director, Malcolm Atkin, has
used an early version of the system to
build up a contour survey at two sites.
One was the Norman castle in the city
a rather confined urban site. The other. in
contrast. was in the countryside, plotting
areas where a magnetometer was to be
used.

Atkin said that on the latter site every-
thing could be done from one position. so
the archaeologists didn’t have to wander
all over the fields with tape measures. But
he said the main advantage of the system
was its speed: “We’re always under pres-
sure of time and we need absolute accura-
cy. It will make an enormous difference to
our work.”

Editorial survey: use the information
card to evaluate this article. Item D

288

ELECTRONICS WORLD + WIRELESS WORLD April 1991




Leader Video Monitors
and =
Generators =

THURLBY
THANDAR

The Leader range of video
instruments represents the state of
the art for both broadcast and non-
broadcast applicat ons.

Our illustration shows just five models
fromthe large range. They are (lefttc
right):

5851V
5861V
408P
5871V
LC399A

Fully featured PAL/NTSC

vectroscope £1,788
Fully featured PAL/NTSC
waveform monitor £1,505
Advanced pattern gen

with Genlock £2,443
Combined Vectorscope

and waveform monitor £3,664
Pattern generator

PALB £939

Thurlby-Thandar Ltd., Glebe Rd., Huntingdon, Camts. PE18 7DX. Tel: 10480) 412451 Fax (0480) 450409 Telex: 32250

CIRCLE NO. 140 ON REPLY CARD

ODE PO
g 0 [ ] . » s
d dig D large disp MODEL | RANGES | BASIC EXTRA FEATURES PRICE SVMLAT':VE'N
A A UANTI
oy 3800 32 0.5% | LD AC/DCUA £2.50 g = 2 mOM/ ST£CK
o carr/paci/ins.
0 3610 30 0.3% £35.35 | 5 £L1800rk1 2 0r3)
%30 | 30 |03% |CapTest £360 !{%{ WHR o _
3630B | 30 0.3% | wAtr Bargraph £49.00 E ki migl Ot;l u'fsgo'wamp‘
+12volt0.5amp,
%0 | 30 |03% |FreqCount&Cap | £@45 | B0 £5 {8 1210103 amp
3508 | 30 |0.3% | witt Bargraph £50.50 £257 Srxircion
3% |w argrap L EX-UNITS - ize7.7x42x19ins
000 n "
b ohanee 00 con T o3 O Saage =8 4600 | 30 | 0.05% | DataHold £53.85 A
73R 17 RA0GE Lg'apC, Cont s nScopes VD !

Range Case Crotec 4900 o, OSED y
““‘“g?nﬁm10'\-2&&,"6“me - L sntos B\:‘t‘"z\c O 4630 30 | 0.05% | Cap Test. Data Hold £9.20 Ay = ).
w23z 2 RanGe Loy uc0C e CUST SCHOA 0N L7 Ban el {LED . - LLE=

S \602 D2 RS 8 DO LR a0 46308 30 | 0.05% | witt Bargraph £69.25 Q]

cﬁ%‘ﬁq WAIRCIDC ik FREQ\!ENE&&? - s ;rr:‘arlenespslgckel =
i WAL Lo Test L ecor DU WD I 4650 | 30 |0.05% |Frec.&Cap&DataHold| £6825 | input onjoff ‘e
Horian 6 Range DL Q10 non ‘f&mll H N switch. Output +5 volt 3.75 amp,
A1z 00 DO AT g 1S Lo roRS an® 508 30 0.05% | witk Bargraph £MN.55 | +12volt15amg, - 12volt0.4amp.
g THIN AUIOTREC e D eter FUNCTION G| Wl 014380 = 115-230VA/CinyutSize 7.0x5.3x 25 ins
W3 Pen 102 cqung Level B o Hlio M 100 M818 | True RMS Autoranger 3% Digit £11.27
'fzagua‘ vead Teste! ?&% mm“ﬁ%ﬁ‘f\ozm ) [l Data hold. Hi/Lo Freguency g4.15 | BRAND NEW :
TN VM VIO Lrer - 3RaNGE BB e qan10IVEL oty NBED g : ALSO STOCKED. Public Address Equipment.
Logic ;"°":’ pylser inih) Pm“!: r&“a\‘\m o M818B| As above with Bargragh £49.85 m_dﬂ Disca Speabers, Microphones, Mixers
Logic Prove/PUCs 10 plus 50 grion PalVHFIY \, Digit 100 and Graphics, Sesurity Alarms. Ooorphones.
ﬁnc?an?:‘*::;::?\q by \\“Mms‘“u‘m B0 TIME ELAYS AND FANS Intercoms. CCTV Tools and Components.
Ra B“L:;oncﬂ'““"“‘“e £16.48 g\n‘“v "“;,—.m (. L = Accessories for W, Video. Hi-Fi, Telephones.
m's O \“s\‘:\u?:nus\e"f“ G088 Jyas1 0.1%BasC o ;ﬁ":‘f i Y Awial Fans Audio and Computer.
A Blectronic 0 Testel . [T} < Lt = in stoc ¢
prcronc i MR e e B 20/4V AIC 4 4.0
TR perature 80312 B R ACWINIEEG 60 s 10/12)V 20 & 2
LOD s 16l et Alltypes of Relays. Low AIC, 12 Volt AR (¥ [
B0 M P Digital 2™ Wy e Pus6Bi9 g5 | Voitaga, 110/240V AIC DI Jrand 24vait:
1000 ACDIOLE s 2835 COUNE \u7 AF Geo oltag: - 1ous D AL Dr
I\g\ahom ests \"ﬁo“mm to' 260 mt“" crasn | OCTAL. PLUGIN. PCB Etc Varlous OR ED
1 Add oS oawmonel 3 g1 ol F Gen 3% | Also “10and 240 A/C gD 128 M CALL
‘a;:?\m“m &'Sfcuam“‘e‘” ) MgmHlM\::l";‘:ﬁn\,eneta . mg timess Prices correct Decerber 1990 AdE 15% VAT LK only. SENDINOOR
LED 8RN e power b 10 e ‘“a"%\ %115“ CATALOGUR
\.CD“‘QC‘M Cuits \‘.\‘151‘1 g0 signat 112 e, Counte! ® Send Aq g
m‘u‘\z\g?\r;?me MM “&\S\c %ﬁ"-, SMHLT CC\ES 6.0 ® (UK Stamp [):%0
1 3 1
c 1‘%‘} Bk ::ag\o(,er“mw“m wy 1nvg?;j\s;?3‘;\lau;‘§;%“ we 404 Edgware Road, Londg ) (0 4 356 ME:,“J(OA' 50
S o 280G | GA Valh ef Swp
) 200MHL 53 450124V 0! Je PSU e 0
5&4 ‘;,;‘;‘\?maf' “'5‘;&';15‘ g\%m 2‘2 apsy IM\'::Q:"";N, Y 30 80 p d 0 d phone ord o dE 10 callers
QC/56 Dpen!SPex nmom:\;’mm . £18110 d d PO pplied. @ Qua % e‘/tlndu;r,
ot ?éﬁ%“o"ua\ ersion 4 Mete q 0 28 183 0 0 ucation

April 1991

CIRCLE NO. 139 ON REPLY CARD

ELECTRONICS WORLD+WIRELESS WORLD



SPECTRUM ANALYSERS

RALFE - ELECTRONICS

HEWLETT PACKARD

36 EASTCOTE LANE, S. HARROW, MIDDLESE X HA2 8DB

HP182C/85588 0.1-1500MHz
HP182T/8559A 21GHz system

HP3582A 0.02Hz—25.5kHz

HP3585A 20Hz—-40MHz
HP1417/8552B8/8553B 110MHz system
HP1417/8552B8/8554B 1250MHz system
HP14]1T/8552A/8555A 18GHz system

MARCONI INSTRUMENTS

2017 signal generator pP-controlled GPIB

2019 synthesized signal generator (GPIB opt)
2091C/2092C white noise recerver/transmitter, pair
235672357 level oscillator/level meter

2370 spectrum anatyser 110MHz

2380/82 400MHz spectrum analyser

2431A 200MHz frequency counter

2438 (303J) 520MHz universal counter timer
2501 RF power meter 0.3W DC-1GHz

2503 RF power meter to 100W DC-1GHz
2B28A/ 2829 digital simulator/analyser

2833 digital in-line monitor

2870 data communications tester

2955 test set with GPIB option (1 only in stock)
6460 microwave power meter with head 6421
6460/]1 microwave power meter with head 6423
6056B 2-4GHz signal source

OA2805A PCM regenerator test set

TF1245A Q-Meter with 1246 and oscillators
TF2002B/2170B 88MH: signal generator
TF2011 FM signal generator 130-180MHz
TF2013 FM signal generator 800-960MHz
TF2015/2171 10-520MHz AM/FM signal generator
T£2162 audio attenuator

TF2163S UHF attenuator DC- 1GHz 0-142dB
TF2175 RF power ampliher 2-500MHz 27dB gain
TF2300 modulation meter

TF2300A modulation meter

TF23008 modulation meter

TF2304 modulation meter, automatic

TF2331 distortion meter

TF2500 audio trequency power meter

TF2600B video voltmeter 1mV-300V fsd
TF2807A PCM muttiplex tester

TF2905/8 sine squared pulse & bar generator
TF2908 blanking & sync mixer

TF2910/4 wideo nondinear distortion anatyser
TF2950 mobile radio test set

TF893A audio power meter

TM4520 inductor set

£2000
£2250
£3250

GOULD 0S4035 digital storage oscilloscope

NATIONAL VP-7750A wow & fiutter meter

PHILIPS PM5534 standard pattern generator NTSC

PHILIPS PM5545 colour encoder PAL

PHILIPS PM5597 VHF modulators £250. PM5598 UHF

PHILIPS PM5580 IF. modulator

PHILIPS PM6613 250MHz counter/timer 8 digits

PHILIPS PMB202 recorder with 9874/01 temp” unit

RACAL 9081 signal generator 5-520MHz synthesized

RACAL 9082 signal generator 1.5-520MHz synthesized

RACAL 9082H 1.5-520MHz tigh power sig’ gen' synthesuield
000

RACAL 9084 synthesized signal generator to 104MHz
RACAL 9105 RF micro-wattmeter 0.02uW=200mw
RACAL 9300 RMS voltmeter —80dB to +50
RACAL 9301 RF milli-voltmeter
RACAL 9301A RF milli-voltmeter £450
RACAL 9302 UHF mV-meter 10kHz--1.5GHz 100uV-300v
£450
RACAL Store 7DS instrumentation tape recorder £1750
SCHLUMBERGER 4010A mobile radio test set £1750
SCHLUMBERGER 4021 mobile radio test set £1950
SHIBASOKU 217A/33 SECAM colour bar generator £325
SOUND TECHNOLOGY 1000A FM stereo sig gen Band Il £500
TEKTRONIX 465B 100MHz oscilloscope £450
TEKTRONIX 2336 ruggedized 100MHz oscilloscope £950
TEKTRONIX 576 transistor curve tracer £2500
TEKTRONIX TDR 1503C options 3 and 4 New £3250
TEKTRONIX 4696 colour ink-jet printer (with 451 0A} £750
TEKTRONIX 7633/7A26/7B53A storage oscilloscope £1250
TEKTRONIX 7L18 spectrum analyser plug-in unit £4750
TEXSCAN VS60C 1000MH? sweep generator £11
TEXSCAN VS901 5MHz-2400MHz sweep generator £850
TOA PM-30R RF volt-meter 1mv--10V fsd 1250
WAYNE KERR 3245 inductor analyser £3(

PLEASE NOTE. ALL OUR EQUIPMENT IS NOW CHECKED ]
TO MANUFACTURERS’ SPECIFICATIONS BY INDEPEND-
ENT LABORATORY TO BS5750. Certifhicates of caltbiation
to this standard can be supplied at very reasonable cost. All
items guaranteed for 3 months (90 days) and 7-days ‘return
tor full retund” warranty. URGENTLY REQUIRED FOR STOCK
‘high end” test equipment, cash waiting for first-quality
second-user Instruments. ALL PRICES SUBJECY YO ADODI-
TIONAL VAT.
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116028 transistor fixture for S-parameter test sel‘ﬁ39
5
11710 trequency down-converter for 8640B sig EE;SO

3400A milli-voltmeter 10Hz—-10MHz true RMS  £250
3581A audio wave analyser 1 5Hz-50kHz £
382A(P) P-band attenuator 12.4-18GHz 0-50d8
400FL mV-Meter 100V-300V Is. 20Hz-4MHz

4204A decade oscilator 10Hz-1MHz

435A/8482H microwave power meter

4329A high-resistance meter

4342A Q-meter 22kHz—-70MHz. Q-range 5-1000.
4948A in-circuit transmission impairment (TIMS) tester
50058 signature multi-meter, programmable
5300A/5302A 50MHz counter-timer

5363B time-interval probes

5384A 225MHz system trequency counter GPIB
6266B power supply 0—40V 0-5A

6516A power supply 0-3kV @ 6mA

7440A {002) HPIB A4 colorpro plotter

8013B pulse generator SOMHz dual output

8165A function generator | MHz-50MHz GPIB

8327A test sel selector

8405A vector voltmeter. Voltage & phase to 1000MHz
85538 1 10MHz spectrum analyser plug-in

8600A digital marker generator for 8601A

8614A signal generator 800MHz—2.4GHz

8620A sweeper main frame & 8621B plug-in units
86222A sweep generator plug-n 1O0MHz-2.4GHz
86408 signal generator options 1.2 and 3

8656A signal generator 0.1-990MHz

8673B signal generator 2-36.5GHz

8954A transceiver interface

STOCK EXAMPLES T&M EQUIPMENT

AWA type F242A auto distortion & noise meter

ANRITSU MN95D fibre-optic attenuator 0—65dB

AVO CB154/5 electrolytic & tant” cap’ bridge

AVO RM160/3 megohmmeter

AVO RM215L -2 ac/dc breakdown tester to 12kV
BRANDENBURG Alpha Il 807R 0-30kV

BRUEL & KJAER 4416 response test unit

BRUEL & KJAER 2609 measuring amplifier

BOONTON 102B AM/FM signal generator £1000
FARNELL SSG520 signal generator AM/FM 10-520MHz  £950
FARNELL AMM automatic modulation meter £32
FLUKE 80208 handheld DMM £125. 8840A(09) 52 DMM _—

GIGATRONICS GU1240A signal source 0.01-4GHz £1250
GOULD J3B audio oscillator £350

.

MICROPROCESSOR DEVELOPMENT TOOLS

EMULATORS - SIMULATORS - COMPILERS - ASSEMBLERS - DEBUGGERS - PROGRAMMERS

77C82 8085 Z8 68000 8051 8086 64180 32010 68HC11 87C752 6301 6502 Z80 V20 6809 740 Series V40 80188 etc.

N EW MITSUBISHI 740 SERIES

8051 DEVELOPMENT SYSTEMS

@ DPascal, C and Assemblers

@ Multitasking support

@ Source level debug

@ Supports ALL 8051 variants

@ Programmers including
support for 87C751

ROM EMULATOR

@ ROM sizes from 16 kbit
to 8 Mbit!

@ Full screen editor

@ High speed parallel download

@ Split and shuttle capability

@ Battery back-up shuffle

s M A RT COMMUNICATIONS

Integrated:-
@ Assembler
@ Editor
@® Emulator with Real Time Trace

UNIVERSAL TOOLS

@ Universal Assembler

@ Compilers

@ Simulators

@ Dis-Assemblers

@ Programmers for PROMs, PALs
elc.

IN-CIRCUIT EMULATORS

68HCI11 77C82 8051
8086 NEC V Series
68000 Z80 80188 80186 and more

2 Field End, Arkley, Barnet, Herts ENS 3EZ. Telephone: 081-441 3890
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TECHNOLOGY

here are three basic strategies

available to execute an IC design

in silicon: the programmable logic

device (PLD), the full custom
device, and the application specific IC
(asic).

Taking the PLD first, this relies on
eprom technology and is implemented
using a matrix of logic gates. As each
device has to be programmed individually
and for large numbers of latches, this
method is unpractical and expensive.

Also, because the internal silicon layout
is fixed, gate utilisation is limited and so
less circuitry can be accommodated on a
single device.

Another approach, at the other extreme
of the spectrum, is a full custom device.
Each design is hand-crafted to optimise
silicon use and hence improve speed.

But these devices take a long time to
design, due to complexity, and hence are
costly to produce. To be cost-effective,
manufacturing volumes must be high to
cover initial design and tooling costs.

A trade off between these two options
is the semi-custom asic which combines
the complexity of a full custom IC with
the simplicity of a programmable design.

For asics, software has been developed
to enable a unique design to be produced
out of a library of gates, with the possibil-
ity of fairly cheap manufacture in low vol-
umes and the capability for reasonably
complex design.

Two sorts of asic
There are two main asic categories from
which a designer can choose — the gate
array or the standard cell.

A gate array is manufactured on a mas-
ter silicon wafer which contains a matrix
of logic devices. All the designer does is
connect these logic gates together in a
unique pattern.

In this way the master wafers of logic
gates can be mass produced beforehand
and customisation is only completed at the
final stage of production. Production costs

THE SILICON
TRAIL STARTS

HERE

IC design can be
impiemented in
silicon in a variety of
ways. Nigel Howell
explains the pros and
cons of different
approaches.

constructed trom predefined building
blocks which have been tested beforehand
by the manufacturer. Designers simply
select the combination of blocks required
and connect them together.

Advantages are that because each block
has been previously tested, there :s a high
probability that the completed design will
work first time. Also less silicon is used
because there are no areas of redundant
silicon.

However, tooling charges are more
expensive because a full mask set is
required in production.

The cost of producing a customised sili-
con circuit is dependent on which of the
technologies is used (Table 1) and how
many devices are required.

Obviously, for low volume batches, the
PLD solution would be the most cost-
effective since it entails little initial cost
layout on production and only incurs costs
at the programming stage for high vol-
umes.

However, a lot of CPU time will be
needed and this could prove expensive.

There is little to choose between gate
arrays and standard cells. But due to the
initial costs of tooling, the gate array
method is slightly cheaper for lower vol-
umes and as the volume increases, less
redundant silicon makes the cost of stan-
dard cells more competitive, until it
becomes the cheapest method.

If a design has been proven and it has
been shown that there is a market for high
volume production, then in the long-term
it may be cost-effective to produce a full
custom IC.

Advantages of this approach are that
less silicon will be used, and the speed of
the device will increase accordingly.

Table 1. Comparing the route to silicon

are reduced and there is a faster turnround parameter PLD Gate array Standard cell Full custom
in device completion.
But this solution does have a drawback No of gates 102 103 103 103
in that there are many redundant logic (complexity)
gates because the design routeing can only Design time 2 4-13 6-26 1-2
occur along fixed channels. Silicon (and (years)
money) is wasted as a result and the per- Manufacture 0 1-8 6-12 8-16
formance of the device is limited. time (weeks)
Practical 1-10,000 5000-50,000 50,000-200,000 200,000+
“call off”
Standard cell volumes
The alternative approach is to use the Circuit Reasonable Good Very Good Excellent
standard cell, where the full asic design is
April 1991 ELECTRONICS WORLD + WIRELESS WORLD 291
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Once the mask-set for production has
been fabricated, manufacturing of devices
will be fairly cheap and the pros of this
method will outweigh the cons.

Non-recurring engineering

A parameter not yet considered when
deciding which route to silicon to take is
the non-recurring engineering (NRE)
charge. NRE is a charge made at the out-
set of production, which covers technical
support, tooling and mask manufacture. It
cannot be avoided in asic and so must be
considered.

The only time it is reduced to zero is
when the PLD option is used.

For gate-array, standard-cell and full
custom options, the NRE charges roughly
vary 1:20:100 in proportion, respectively,
reinforcing the opinion that full custom is
only really viable for high volume manu-
facture.

NRE charge also varies depending on
the point that the customer enters the
design process.

As asics are becoming cheaper and
more complex with the advance of tech-
nology, companies are beginning to
choose them as a low risk method of com-
mitting a design to silicon.

Differing customer

involvement
Once the decision has been made to pro-
duce a design using asic there are five
basic levels at which the customer may
enter the production process (Fig. 1)
though these options may not apply to all
manufacturers.

Level 1: the customer merely supplies
the manufacturer with a specification and
the rest of the work will be carried out on
his behalf, from circuit design through to
prototype production.

Level 2: the circuit diagram and specifi-
cation are prepared by the customer and
the rest of the process is completed by the
manufacturer—from schematic capture to
prototype production. Schematic capture
is the process of transferring the circuit
diagram onto a software database, using
one of the packages discussed later, such
as Idea by Mentor Graphics. This is then
used during manufacture.

Level 3: At this level the schematic
capture and simulation is performed on an
acceptable cad system-engineering work-
station and the schematic files and simula-
tion listings are given to the manufacturer
to complete the process.

Level 4: the customer must not only
complete all the previous tasks but also
perform the design verification on a pow-
erful computer such as a Digital Vax. By
entering at this level, the NRE charges

A L]

Foslr Telr S

Suppliers such as Micro Circuit Engineering can offer a low-volume prototype at rel-

atively low cost.

would be reduced and the overall costs
reduced.

Level 5: silicon layout is performed,
leaving only the actual production to com-
plete.

Some companies allow less points at
which the customer may enter the design
process, others more.

Some companies may be involved only
in the design process, some only in manu-
facture.

For example, Rapid Silicon is a compa-
ny that will produce an asic design solu-
tion to a specification given by a customer
but will not fabricate the design, only
helping with its creation.

In other words, Rapid will perform the
tasks outlined between levels one to five
but will not produce the physical integrat-
ed circuit.

For this final stage the company will
help select a suitable silicon vendor and
arrange to have it produced. Rapid will
design the circuit on one of a choice of
computer-aided design packages devel-
oped especially for this purpose.

Suitable design packages
Manufacturers supply a list of packages
that are suitable for their design process
and also a library of available functions.
Some packages are shown in

It would be too lengthy to discuss each
of these systems’ merits and faults, so |
will explain briefly the facilities generally

available,

Mentor Graphics's Idea system can be
used as an example. Mentor Graphics is
an American Company who claim to be
the largest supplier to the industry.

Idea has the ability to create a schemat-

Table 2. Suppliers of design
packages

Workview
Viewlogic Systems Inc

Scald
Valid Logic Systems Inc

Logician
Daisy Systems Corporation

Sunews
Sun Microsystems

Dash
Future Net Corporation

Orcad
Orcad Systems Corporation

Design Engineer
Intergraph Ltd

Phase 182
Integrated Silicon Design

BX
MCE Idea Mentor Graphics
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ic and also simulate its use. Sample pulses
and waveforms are displayed simultane-
ously on the same screen. The package is
menu driven based on hierarchical meth-
ods and is, as most are, devised around the
edif (electronic design interchange for-
mat).

Schematics can be entered in Boolean,
programming language or diagrammatical
format for good flexibility and the pack-
age has the ability to incorporate libraries
of functions supplied by silicon vendors to
allow it to be made specifically compati-
ble with that vendor.

Though the exact forms vary, these fea-
tures appear on most packages.

Final stages

Once the design has been produced by
this means it must be verified using a
more powerful computer such as a Vax,
Mach-1000 or Hichip simulator. Auto-
placement and routeing procedures
required before production can begin will
also be carried out at this stage.

Finally, the software design can be
manufactured using advanced production
systems. It is becoming possible t produce
several different designs on a single sili-
con wafer, reducing the cost of producing
a custom chip, as several companies can

share the production costs for one wafer
(in very low volume fabrication).

The European electron beam (E-beam)
system used by Texas Instruments is an
example of how the multi-design wafer is
produced.

A wafer can be manufactured without a
mask set. But this can only be used for
low volumes, because of the time factor
and as volume increases, a mask set must
be produced.

There are about 300 silicon foundries
worldwide — a list of those available in
Britain (Table 3) is published by the DTI.
Micro Circuit Engineering, a supplier
from Tewkesbury, offers a low-volume
prototype service at a relatively low cost.
It produces the physical prototype as a
gate array in a turnround time of four

Table 3 principal UK manufacturers

Hitachi
Watfard, Hertfordshire, WD1 7TB

Intel Corp
Swindon, Wiltshire, SN3 1RJ

International Microcircuits
Alencon link, Basingstoke, Hants,
RG21 1RD

MCE
Ashchurch, Tewkesbury, Glos., LG20
8TB

Motorola
Aylesbury, Bucks, HP20 2NF

weeks.

National
Horne Lane, Bedford, MK40 1TR

NEC
Linfordwood Business Centre, Milton
Keynes, MK14 6NP

Texas Instruments
Bedford, MK41 7PA

Editorial survey: use the information
card to evaluate this article.

item E

KESTREL
ELECTRONIC
COMPONENTS LTD

¥ All items guaranteed to manufacturers’ spec.

# Many other items available.

‘Exclusive of V.A.T. and post and package’

FULL SPECTRUM
MONITORING

1+ 100+ 1+ 100+
28530 0.60 0.30 2732