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Telecommunicatio

from fundamentals to state-of-t

Lab-Volt offers a comprehensive range of telecommunications train- § &
ing equipment that covers basic electronics, analogue and digital :
communications circuits and systerrs, fibre optics, and microwaveg

and radar technologies. N

Our equipment is:
e modular and easy to upgrade
¢ industry relevant
» engineered for educational purposes.

Lab-Volt closely relates its telecommunications training equip-
ment to operational systems found in industry, with educetioral
enhancements such as fault insertion switches in many of the
modules, labelled and easily-accessiole test points, short-circuit
protection, silk-screened companent identification, and fu | signal
cempatibility for system-level modules. We supply student and
instructor manJals that are writzen specifically for the equipmant;
they orovide practical hands-on technical training with step-by-step
exercises, labo-atory experiments, and troubleshooting activities.

For more information about our telecommunications training
equipment, please contact:

Lzb-Volt (U.K.) _td.

4A Harding Way
Inmdustrial Estate

St. 'ves

Cambridgeshire

PE17 4WR

Teleghone: 0480 300695
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AN OPEN LETTER FROM THE EDITOR

LR SEA

AN _ME B =

in the January jssue of Electronics & Wireless world, my first as

editor of our magazine, 1 wrote of changes in our magazine. They
are startind to happen-

1 intend that Electronics & Wireless world will cater fully for
the new methods of design engineering by regularly reporting on
jndustrial computer systems, software and the workind
environment. Wwe also have n hand reviews of engineering
software. we have made a start by considering the PC for
datacomms and interface applications.

1 also plan jncreased coverage of technology and research
science. We pbring You the definitive account of Wafer scale
Integration written by its British founding father, 1vor Catt.
Future toplcs will include an alternative view of
electromagnetics and a fundamental rethink of plasma science.

our readers have always jooked to UsS in the past for the proader
view denied to controlled circulation journals. we won't
disappoint them. In & word our philosophy adds up to
entertainment.

our pimonthly Industry Insight supplements which focus on
established industry sectors have met with enthusiasm from both
the industry and readers- We now intend to target areas of
strategic development with in depth coverage on an alternate,
pimonthly pasis. We will also 100k at the personnel demands of
new business through a series of regular employment features.

we have reported on the electronics industry since 1911. 1 look
forward to combining our pest rraditions with the fullest
acknowledgement of the changind world.

Yours sincere%;,\\\

%Wm&f/ﬁ/

Frank ogden
Editor
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System 3000

M.

To be the best UNIVERSAL
PROGRAMMER, you've got to set

some pretty high standards.
Stag’s System 3000 gives you

standard features found in no ’

other Universal Programmer

Single Programming Station

The System 3000 is designed to program
PROMs, PLDs and Microcomputers in every
known technology. The technology includes
NMOS, CMOS, ECL, Fuse Link, AIM, DEAP
and Isoplanar-Z. Surface mount devices can

be programmed on an optional SMD
chip-station

software updates in seconds.

Easily installed "Smart Card

Built-in CRT

The System 3000 incorporates its

own CRT display and keyboard

allowing it to be used as a powerful
stand-alone programmer. On-screen menus
and prompts allow device selection and all
system operation functions to be easily
executed

The System 3000 also gives you full screen
editing of both memory and logic data
including test vectors. Light pen operation
and custom Z-packs for life cycle testing and
other specialized functions set the System
3000 apart from any other Universal
Programmer

Instant Update Using a Memory
Card

A unique feature of the System 3000 is that all
device libaries and programming algorithms
are contained on a Memory Card that can be
changed instantly by the user as new devices
become available. Data access is considerab'y
faster than a floppy disk-based system’s and
there is less chance of data corruption due to
magnetic fields or mishandling

Stag Electronic Designs Limited Tewin Court, Welwyn Garden City,

Hertfordshire AL7 1AU. UK.

Tel. (0707) 332148 Tix: 8953451

WORK WITH
THE BEST

Interface Flexibility

Four separate user interface ports

including two RS232Cs, an IEEE488

and a Handler Port, give the System
3000 unrivalled flexibility for communicating
with peripheral equipment. Industry standard
data files are accepted by the System 3000
and it supports all popular I/0 formats for both
Logic and Memory devices

Stand-Alone or Computer Operation
All stand-alone functions are operational
under remote control using either a
mainframe or a personal computer
Approved by Chip Manufacturers

Semiconductor manufacturers’ approval of
our programming algorithms assures the user
of the highest yield and device reliability

Call us today for more information or a

demonstration and find how easy Universal
Programming can be

SCAQ

Sophisticated systems for the discern ng engineer

ENTER 71 ON REPLY CARD
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A cordless euphoria

he current euphoria over CT2 cordless telephones and telepoints

(where these phones may be used to make to make calls away from

one’s home base) indicates that a revolution in personal
communications is just around the corner. There is a danger. however. that
the revolution may not turn out as the marketeers are predicting, leaving the
marketplace {and the airwaves) in a state of confusion.

Telepoints are to be established as rapidly as possible, before a common air
interface (CAl) is established and agreed. Initially, handsets will employ
proprietary communications protocols and will work with only a single
operator’s base station network. Thus these early purchasers may find their
CT2 phones are incompatible — read useless — if in future they change
allegiance to another operator’s network of telepoints.

It is assumed (but nowhere promised) that the cost of phoning from a
telepoint will be little more than a normal payphone call, though how such
charges will fund the cost of providing the base stations is not stated.
Telepoint users with CT2 handsets will not be able receive incoming calls and
the initial provision of telepoints will not meet user expectations, leading to

frustration all round.

The target end-user price for a home system is £200-300, which means that
manufacture may well be shifted to the Far East on cost grounds: indeed talks
are already in progress. Costing the same as a video recorder, this price will
look pretty poor value to private customers. On the other hand businessmen
always rate convenience over price: they will continue to buy poserphones.
which are already on sale at prices scarcely more than this.

On all counts, the vision of a CT2 and telepoint revolution starts to cloud.
Even for cordless telephones for the home, the cost of CT2 is too high
(compared with existing offerings), and the specifications do not match the
proposed pan-European digital CT3 cordless telephone.

Meanwhile, cellular radio manufacturers are not going to allow a potential
market to slip through their tingers. They will exploit the shortcomings of the
telepoint concept and target a new ‘bottom edge market with cheaper
phones. The only problem is that this will put even more pressure on the
spectrum available to cellphone users, which is already operating at capacity
in metropolitan areas. Final score: Users 0, Industry 00,
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SEARCH NOTES

Chip repair by laser

The use of a 200 argon ion laser to repair a
fully packaged c-mos prototype chip is re-
ported by a team at Unwersity College
London and at King's College London (Elec-
tronics Letters Vol.24 No 24). Prior to this
work such experiments have only been
undertaken on partially fabricated circuits at
strategic points during manufacture.

The chip to be repaired in this instance
was an application-specific VLS prototype
that contained a superfluous aluminium
link. This link. the result of a design error,
prevented the operation of the chip’s clock
and hence made it impossible to trouble-
shoot the remainder of the circuit. Normally
it would have been necessary to fabricate a
new chip before proceeding with the func-
tional checking procedure, so each error
discovered would have meant a re-design.

To remove the spurious aluminium link
the protective plastic packaging was first
removed using an unfocussed laser heam of
around 2mm diameter, with the chip im-
mersed in 98% sulphuric acid. In the pre-
sence of the laser beam. the acid slowly
etched away the plastic, exposing the active
surface of the chip. Then the chip was
removed from the acid and the laser focussed
through a microscope objective lens to
produce a 10pum spot of blue/green light on
the aluminium link to be removed.

In the presence of this high-intensity laser

illumination the aluminium loses its protec-
tive laver and reacts readily with oxygen in
the silicon dioxide of the chip’s surface. The
London group found moreover that the
reaction automatically stops when all the
aluminium has been oxidized.

When the chip had been washed and
examined, micro-cracks were found across
the width of the oxide left behind by the
alumintum. As vet it's not known whether
it's these cracks or the oxidation per se thal
leads to the electrical open circuiting of the

link. Either way an effective open circuit had
been achieved and the chip’s clock mechan-
istm made to function.

Research is now in progress to optimize
the process and to develop a complementary
technique for depositing links where they've
inadvertently been omitted during the de-
sign stage. When both techniques have been
perfected they should find wide application,
not only in prototyping. but in deliberate
procedures such as gate array interconnec-
tion or the development of wafer-scale ics.

Aluminium link before (left) and after (right) laser treatment: note the oxidation and

micro-cracking.

Safer in-circuit IC testing

In establishing the validity or safety of test
procedures it is often necessary to stress
components in ways that would not be
encountered during normal operation. This
is especially true when components are
tested in situ on a printed circuit board. By
means of a so-called ‘bed of nails’ spring-
loaded multi-contact test probe it is easy to
test a digital IC in every possible input and
output configuration. The only problem is
that an applied logic level which is safe for
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Left: normally low output driven high; right,
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the device under test may be damaging to
another chip connected to it elsewhere on
the board.

In the absence of manufacturers’ data on
the effects of backdriving, as it is called, ICL
have sponsored a number of different studies
on a variety of IC families, mostly TTL. Their
latest one [ICL Technical Journal vol.6 No
2|, undertaken jointly with Loughborough
University of Technology, investigated the
effects of backdriving surface-mounted
high-speed devices. Accelerated life tests
were conducted on 74LS245, 74F245, and
74AS245 chips (bi-directional transceivers
from low power Schottky, fast TTL and
advanced Schottky families respectively).

The principal aim of the study was to
discover if permanent damage was likely to
be caused by localized heating when a logic
‘0" or logic ‘I’ level was fed back into the
output pins of a particular chip. Obviously in
certain configurations the heat generated is
likely to be intense, especially as in the cases
illustrated on the left.

The localized temperatures of the critical
junctions were measured in an ingenious

way making use of closely associated diodes.
Although these diodes are primarily de-
signed to prevent reverse bias or device
saturation they make ideal temperature sen-
sors because their forward voltage is linearly
proportional to junction temperature.

Obviously, in the case of the configuration
shown here, it is not possible to apply a
continuous backdrive without burning out
the lower transistor. The tests therefore
employed 4.5V pulses of 20ms spaced by 2s,
i.e.a 100:1 duty cycle.

95 devices were subject to 25 such pulses
and later compared to 95 control devices in a
2000 hour accelerated life test at 125°C.

The failure rate in the backdriven group
was shown, if anything, to be marginally
lower than in the non-backdriven group. ICL
conclude therefore that even small surface-
mounted TTL packages can be safely tested
in-circuit as long as the mark/space ratio of
the testing pulses is kept at a suitable value
around 100:1. Of the three logic families
they found that the fast (74F245) devices
heated up most and hence took longer to
cool after a test pulse.
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R.1.P. fifth and sixth
forces

Evidence has previously been presented in
these pages (June, 1988) for the existence of
the so-called fifth and sixth forces in Nature.
Hitherto every interaction had been ascribed
to one of four well known forces: the electro-
magnetic force, the weak nuclear force, the
strong nuclear force and gravity.

Belief in the existence of further elusive
natural forces emerged when certain experi-
ments showed what appeared to be anoma-
lies in highly sensitive measurements of
gravity. In 1986, Ephraim Fischbach of
Purdue University analysed some old ex-
perimental results and concluded that there
must be a fifth force, intermediate in nature
and operating over a range of between 10 and
1000 metres. Such a force appeared in the
the calculations as a sort of negative form of
gravity.

Later experiments down a drill hole in
Greenland pack ice, up a TV tower in North
Carolina and down a mine in Australia
seemed to add weight to the evidence for a
fifth force and also suggest the existence of a
sixth force. This latter appeared to boost
gravitational attraction by up to 4% over a
range of 500 to 1700 metres.

Now it seems that the fifth and sixth force
theories are being debunked by some of the
very scientists who invented them. In a new
analysis presented to a meeting of the
American Geophysical Unjon, a team from
the Los Alamos Laboratory, the Scripps
Institute of Oceanography and AT&T Bell
Laboratories in New Jersey claim that the
Greenland experiment was flawed because it
failed to take into account variations in the
density of the rock beneath the ice. They add
that, in their opinion, there is still no
convincing evidence for any more than four
natural forces.

AT&T workers now plan to repeat some of
the gravity measurements within the
homogeneous environment of the sea,
which should circumvent the present objec-
tions and settle once and for all the question
of whether or not there are more than four
forces in Nature. If there are, then it will
change our understanding of what went on
in those first few microseconds of time in
which all the processes of physics emerged
from a single primaeval force. If, on the
other hand, the fifth and sixth forces don’t
exist, then physicists will have a much
harder time in their search for a grand
unified theory, a mathematical process that
will elegantly link together everything from
the behaviour of an electron to the immensi-
ty of gravitational attraction across whole
galaxies.

'RESEARCH NOTES

- Sunon the boil

Solar activity is likely to reach an all-time

high sometime late this year. According to

Kenneth Schatten, a research astrophysicist

at the NASA Goddard Space Flight Centre,

solar ¢vcle No 22 will probably be the most
| active in terms of sunspots and flares since
the time of Galileo nearly 400 years ago.

Schatten and his co-workers who've heen
monitoring the latest of the 11-year cycles of
solar activity, say that since it began in
September 1986 this cycle has so far ex-
ceeded cve'e 19, the most active previously
recorded.

Although sunspots and flares are only
observable using special viewing devices
(DON'T use a telescope even with a dark
filter — it probably won't bhe opague to
harmful UV), they can nevertheless have a
dramatic effect on satellites, on HF com-
munications and even on the weather.

Maost radio enthusiasts are all too familiar
with the ways in which enhanced solar
activity can temporarily destroy the ability of
the ionosphere to refract HF signals. The
result can often be a complete radio blackout
for several hours or davs at a time. Even at
VHF. line-of-sight  transmissions may be

Good vibrations

‘Anti-sound’ s now a recognised technique
for creating a bit of hush in certain industrial
environments. The idea is to pick up the
sound emitted by a piece of machinery,
invert the phase and then use & loudspeaker
to create an equal and opposite sound. If the
compressions and rarefactions in the air
cancel each other out, then theoretically at
least there should be silence.

The fact that anti-sound technigues get
more efficient as the frequency is lowered
has led the Japanese Kajima Corporation to
develop a system to counteract some of the
world's most powerful infra-soni¢ vibra-
tions. namely earthquakes.

Kajima's anti-quake system works on
much the same principle as anti-sound. The
only real difference is the output device is
| not some Mega-loudspeaker bt a system of
massive weights on wheels, running on
tracks along the top of a building. These
weights, of a ton or more, can be moved back
and forth rapidly by hydraulic actuators
driven by computers linked to vibration
sensors elsewhere in the building. The idea
is that, if an earthquake should set the
building wobbling, the sensors will pick up
the motion and instruct the system to set the
huge roof-top weights vibrating in the oppo-
| site phase.

[ The company, which plans to install an
anti-quake system in an 11-storey building
in Tokyo early this vear claims that it should
reduce the severity of a magnitude-4 earth-

I quake by up to 73%. Similar reductions are
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[ affected by the considerable increase in solar
noisce emission at these frequencies.

Enhanced solar activity may be a nuisance
for radio enthusiasts but it can be of critical
impurtance to the operators of military
surveillance satellites. Such satellites, which
operate in the lowest possible orbits in order
to get a clear view of the Earth's surface, are
peculiarly vulnerable to the effects of the
Sun'’s radiation on the atmosphere. When
this exceeds its baseline value. it causes the
atmosphere to expand and hence extend to a
greater height above the ground. As a result,
a safellite that was previously orbiting in a
gooc vacuum is now subject to a dangerous
amo.nt of atmosphere drag that could cause

[ it to re-enter. Satellite operators, when they
can, therefore have to boost their craft into a
higher orbit until such time as the Sun's
activity subsides. (During solar cycle 21 it
was unexpected flares that caused Skylab to
re-enter the atmosphere prematurely over

| Western Australia.)

For most of us, however. falling satellites
are likely to present no great hazard. The
most we're likely to see on a dark night is a

[ more than usually spectacular aurora.

also expected in movements induced by the
hufteting effects of high winds.

In answer to the obvious question of what
happens if the system gets out of control,
Kajima admit that a small error of system
tim ng could indeed turn a minor quake into

l a major disaster by amplifying the vibra-

| tions! For that reason they've built into the
software a fail-safe program that will kill the
power if things get out of hand. . . .

Research Notes is written by John Wilson of
the BBC World Service s science unit.
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High temperature IR optics

By reducing the bulk resistivity of germa-
nium used in the manufacture of infra red
optical systems. the temperature at which
the optics may be successfully used has been
extended to the 50 to 100°C range.
According to the manufacturer Pilkington
normal germanium becomes IR opaque at

elevated temperatures hecause. being a
semiconductor, the number of free carriers
increases rapidly with temperature. The
electrons banging about the lattice interfere
with transmission. Introducing a dopant to
the germanium reduces the resistivity,
sweeping up the free carriers.

Transatlantic optical cable

The world's first transatlantic optical fibre
cable, capable of carrving 40 000 simul-
taneous telephone conversations has now
been placed in service.

The result of a joint venture between BT,
AT&T and France Telecomm, the TAT-8
cable will transmit data, voice and video.

The main cable consists of six strands of
fibre; two pairs carry the traffic with the
third pair provided for back-up. It uses
repeaters placed at 55km intervals along the
ocean floor. The cable is actually buried one
metre under the sea bed at depths of up to

[ 3200ft. It relies purely on its steel armour at
| greater depths: it will resist biting sharks at
depths down to 85001t below sea level.

There are many interesting facts and
figures associated with the cable. Each fibre
pair has a data rate of 280Mbit/s. The power
line to the 120 repeaters runs at 15kV with a
corresponding line current of 1.6A, the
operating wavelength is 1.3um and the
branching unit for the England/France junc-
tion is located some 400km from the Euro-
pean coast in 7000t of water. The British
branch comes ashore at Widemouth Bay.
North Cornwall {pictured in E€WI, April
1988, p.406).

Millimetric transistor

An HEMT device specified for use up to
60GHz is now offered by Toshiba. Designed
for satellite communications systems. the
JS8903-AS high electron mobility GaAsfet
has a gate length of 0.25um and a gate width
reduced from 100 to 120m. The effect is to
reduce capacitance and increase inductance
making the device easier to match at high
frequencies. The transistor returns a
claimed noise performance of 1.2dB at
18GHz with an associated gain of 8.5dB.

An HEMT is a lattice matched heterojunc-
tion formed between GaAs and AlGaAs semi-
conductors. Electrons move from the donor
AlGaAs forming a thin two-dimensional
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electron gas at the heterojunction interface.
The spatial separation of the conduction
electrons from their parent donor impurities
produces their high mobility. Normally a
thin laver of AlGaAs adjacent to the hetero-
junction interface is left undoped to separate
further the ionized centres.

VLSI chip plant

NEC plans to spend $282 million on a new
4Mbyte dram wafer fab in Higashi, Hiroshi-
ma. The plant is designed to turn round
30 000 6in wafers per month with sub-
micron process geometry. 1Mbyte static
rams will also feature in the product port-

folio. It expects first production in 1990.
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Balloon amateur
fined £2500

A radio amateur who worked for the
Ministry of Defence admitted breaking
into police frequencies and helping
another radio ham interfere with United
States Navy signals.

Michael Holland, of Pollards Hill
North, Norbury, was also said at Croydon
Magistrates’ Court to have attached a
radio transmitter to a balloon.

Holland, a 24-year old electronics en-
gineer, pleaded guilty to seven charges
under the Wireless Telegraphy Act.

Mr Jonathan Davies, prosecuting, said
that Holland, who had worked for a
weapons research establishment, was the
subject of a massive investigation
mounted by the police and the MoD
which had cost £48 000.

He had used frequencies of an ex-
tremely sensitive nature, including some
that were not published. He had frequen-
cies for many police stations. He had also
failed to give and acknowledge a call sign,
and had not logged his conversations.

Holland also admitted attaching a
transmitter to a helium balloon, obtain-
ing and giving information, and aiding

- and abetting a member of his radio group

to interfere with United States Navy
signals.

Many of the frequencies had now had
to be changed. said the prosecution.
When spoken to in the course of the
investigation, Holland said "I have tuned
around”.

Miss Debra Gold. defending, said that
Holland did have a licence for using his
radio equipment. He was an amateur
radio enthusiast, in fact his social life
revolved around short wave radio.

“He had no ulterior motives, and failed
to see the harm his actions could have
caused”, she said.

He started off keeping to all the rules,
but became lax as time went by. He was in
a group of about five people who com-
municated with each other through the
airwaves.

They did not use a call sign amongst
themselves, which they should have
done, and they failed to log conversa-
tions.

Regarding the balloon attached to the,
transmitter, this was for “meteorologi&l
research.” This idea was to- monitor
atmospheric temperature changes for
the group’s own interest.

The information received and given
was purely of social interest. They did
listen to police calls and discussed them
amongst themselves.

continued on page 223
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Maxwell’s equations
and the Crossed-field

Antenna

Reversing the form of Maxwell’s equations has led to the
realisation and development of a revolutionary new antenna

system.

F.M. KABBARY, M.C. HATELY and B.G. STEWART

Il electrical and com-
Amunications engineers are

in some way acquainted
with Heaviside's differential
form of the third and fourth
Maxwell equations, viz

V xE=-B’ (1}
VXH=J+D’ (2)
In these equations ' is the

derivative with respect to time,
E represents the electric field
strength, H magnetic field
strength, J current density, B
magnetic flux density = pH, and
D electric displacement = ¢ E. D’ is called
the displacement current. Equation (1) is
Faraday's Law, while equation (2) is credited
to Maxwell for adding D’ to Ampere’s Law,
V x H = J, to maintain charge conserva-
tion or charge continuity and thus obtain J
+ D’ as the true or total current .

Unfortunately, the understanding of these
equations still poses many conceptual diffi-
culties for many people which inevitably lead
to shortcomings in the basic understanding
of their engineering applications. One
reason for this lack of insight is perhaps the
inability to appreciate the physical meaning
of the vector operations curl, div and grad.
Many texts and research papers often detail
the mathematical intricacies of these vector
operations but few describe in simple prac-
tical terms their physical interpretation®.

In addition to the above, it is often not
realised that contained in equations (1) and
(2) is the following extremely valuable in-
formation: (a) a time-varving magnetic field
creates an electric field (or back EMF) and,
importantly, (b} a current or a time-varying
electric field or both will create a magnetic
field.

The essence of Maxwell's equations, con-
veyed through points (a) and (b), is that
fundamentally they are reaction or field-
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D lines

Fig.1. Circular capacitor plates showing
the surrounding magnetic fields when ap-
plied with a sinusoidal voltage V.

production equations. The physical, mathe-
matical and eng.neering importance of the
field-production nature may be more readily
relayed and understood if the forms of
equations (1) and (2) are reversed(

B>~V XE (3)
J+D' =V xH (4)
The reversal leads not only to a greater
understanding of Maxwell's equations
(which is hidden in the non-reversed form)
but to a greater appreciation of the nature of
time-varying electromagnetics and their
associated engineering applications.

One significant engineering application,
only fully realised through the reversed form
of Maxwell's 4th equation, has been the
recent development of revolutionary anten-
na systems called crossed-field-anntennas®
(CFA) which synthesize directly the Poynt-
ing vector S = E x H from separately
stimulated E and H fields. A fundamental
feature of these antennas is that the phvsical
size of the structure is small and also
independent of the radiated wavelength, a
truly remarkable concept in relation to
present antenna theory and design techni-
ques.

Y

Rf source
v

X
o
T

REVERSING THE
MAXWELL EQUATIONS

The principle of Faraday's Law,
equation (1) as detailed by most
texthooks, is that an electric
field can be related to the rate of
change of a magnetic field. This
electromagnetic feature can be
expressed in a more elegant and
informative way by reversing
equation (1) to give

B'=-V XE

which is interpreted as a time varying
magnetic flux, B', creating an electric field E
such that the negative of the curl of the
induced E field distribution is equal to the
source B’. The directive arrow is present in
the relationship to indicate that the left-
hand-side causes or creates the right-hand-
side. The negative sign is the manifestation
of Lenz’s law. In fact the application of the
reversed form of Faraday's law is fully de-
ployed in transformer theory, where a time-
varying magnetic flux creates, i.e. induces, a
back EMF. Note that the E field in the
reversed form of Faraday's Law is the in-
duced E field from B’ and is not in any way
related to the independent electric field
created from free charge through Gauss's
Law.

Consider now equation (2). In magneto-
statics. it has always been accepted that
current produces a magnetic field through
the phenomenon called Ampere's Law. To
get across the importance of this statement
in a more meaningful physical and mathe-
matical form, Ampere’s Law should be ex-
pressed as
J=V xH (5)

i.e. J creates a magnetic field H, such that
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the curl of His equal to the source J. It is also
known (though often ignored) that a magne-
tic field may be related to either a current as
above, or a time-varying electric field'. The
latter source of magnetic field is sometimes
referred to as the Maxwell Law?, and may be
expressed in the more informative reversed
formas

D' =V xH (6)

i.e. displacement current D’ (a time-varying
D field) creates a magnetic field H such that
the curl of the H field distribution is equal to
the source D'. \We see now the importance of
reversing equation (2) to give equation (4),
ie.J + D' = V x Hwhich should now be
interpreted as J or D’ or both can create a
magnetic field H such that the curl of the H
field distribution is equal to the source J +
D’. The plus sign can, and should, be
interpreted as analogous to the digital-logic
OR symbol.

Unfortunately, many people fail to realise
that an H field may at any time be the
combination of two separately induced fields
from independent types of sources, i.e.
charge motion and displacement current.

THE MAGNETIC FIELD ASSOCIATED
WITH A SIMPLE CAPACITOR

To illustrate the importance of the reversed
form of Maxwell's 4th equation and. in
particular, the feature of D' creating an
independent magnetic field from J, consider
the practical illustration of circular capaci-
tor plates. Consider circular capacitor plates
(Fig.1) with an applied sinusoidal voltage V.
Free charges flowing into and out of the
capacitor, and also within the capacitor
plates themselves, are a source of J . Also,
due to the build up of free charge in the
capacitor, E lines and therefore D lines exist
between the capacitor plates. The waveforms
of V.J and D are shown in Fig.2. Note that D
follows V, while J is 90° phase-advanced from
V. As the D lines vary in strength due to
sinusoidal charge variation on the plates, D’
will create a sinusoidal magnetic field
through D' = V x H,,. Since Hy, is in
time-phase with D' then H;, is 90° phase-
advanced from D. Also, since J flowing into
and out of the plates is sinusoidal then J -
V¥ x H,produces a sinusoidal magnetic field
H,which is in-phase with J. It is easy to show
that in the vicinity surrounding the capaci-
tor gap the magnetic field lines from J into
and out of the plates and the magnetic field
lines from D' will be concentric circles
surrounding the gap and in-phase.

Now, J flowing within the plates them-
selves will create a magnetic field Hp. Ap-
plying the rules of Biot-Savart to the
geometry of the plates, many components of
magnetic field produced from individual J
contributions within the plates will cancel,
resulting in reduced-strength circular field
lines surrounding the plates. We should
expect the created field Hp to be in phase
with H,, but taking into account the geomet -
ry and the current motion within the plates.
then H, is directed in the opposite direction
to H,. This is equivalent to a 180° phase
change between Hp and H,. The waveforms

MAGNITUDE

MAGNITUDE
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Fig.3. Experimental set-up to measure the magnetic field surrounding “large circular

capacitor plates.

of Hy. Hyy- and H;. surrounding the capacitor
gap are givenin Fig.2.

A simple experiment may be carried out to
verify that H,,- does exist surrounding circu-
lar capacitor plates. The main equipment
required is an RF signal source capable of
supplying a frequency range of 10 MHz - 100
MHz with an output voltage up to 20V and
an output current up to 3A. and secondly a
triggered, dual-beam oscilloscope.

EXPERIMENTAL SET UP

As shown in Fig. 3. two circular, flat-plate
conductors (made from wire mesh) of radius
25 cm were positioned as a capacitor with an
air gap of approximately 20 cm. The capaci-
tor was placed on top of a large conducting
ground sheet. The top plate was then con-
nected to a signal coax. cable terminated by
two 100Q) resistors paralleled between the
live inner-core and the outer sheath. The
entire volume surrounding the capacitor
gap was then Faraday shielded using a
second large conducting sheet such that no
H, contributions from the connecting coax.
cable could extend into the region around
the capacitor gap. The Faraday shield is also
connected to the outer-sheath of the coax.
The magnetic fields within and surrounding
the capacitor were measured using a circu-
lar, balanced. Faraday-screened coax. loop of
radius 6 cm (Fig. 4), which was connected
and matched to one of the inputs of the
oscilloscope, thus eliminating standing
wave problems on the leads. To provide a
reference phase signal for the measured
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Coax

Outer sheath
divided

Inner continuous

Fig.4. Balanced Faraday screened loop.

magnetic fields from the Faraday loop, a
small resistor, 4.7€2, was placed in the live
coax. lead at the signal source, and the
vo'tage monitored across the resistor using
the second input to the osciloscope. This
signal also gives phase information of H,.

Results. A pk-pk voltage of 15 V' was chosen,
at a frequency of 40 MHz (A = 7.5m). The
voltage across the plates was approximately
&Y. Positioning the Faraday loop in the
middle between the plates, the measured
voltage and phase from the loop as a function
of distance r from the centre of the plates is
shown in Fig.5. Referenced to H, (taking
into account path length, etc.) then between
the plates Hp is strongest even though
mutual effects will always exist between the
lonp and the plates. Moving outwards, Hp
decreases and Hy, takes over, hence the 180
phase change. The cross-over takes place
near the edge of the plates. Outside the
capacitor plates the magnetic field is there-
fore due mainly to D’ between the plates.
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Fig.5. Magnetic field measure-
ment at 40MHz as a function of
r. A 180° phase change is seen
between fields within the capa-
citor and outwith the capacitor.
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Fig.6.The “barrel-shaped” crossed-field-antenna (CFA).

This simple experiment provides proof not
only that the Maxwell law D’ / X Hyy is
functioning between the capacitor plates,
but that D' is an additional and significant
source of magnetic field surrounding circu
lar capacitor plates at high frequency.
Though some textbooks comment on the
existence of D' within capacitor plates, the
authors fail to realise that it creates its own
magnetic field which can extend well outside
the capacitor plates.

CROSSED-FIELD-ANTENNAS

From the experimental verification of D’
within large circular capacitor plates, pro-
ducing a surrounding magnetic field dis-
tribution, a revolutionary engineering de-
sign of antennas has now been developed in
which the Poynting vector $ = E X H is
directly synthesized by separate E and H
field stimulus within a very small volume.
These antennas are called crossed-field
antennas” (CFAs). Success with the CFA
systems can be said to be a direct consequ-
ence of the perception of reversing in par
ticular the 4th Maxwell equation to gain a
full understanding of the physical reaction
or field production nature. A brief descrip
tion of the operation of one particular CFA
design. the “barrel-shaped CFA", (Fig.6) is
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given below (see also photograph Fig.7).
“Large” circular capacitor plates when
supplied with high voltage will produce
strong circular magnelic fields around the
plates through D' = 'V X H. In the antenna
these capacitor plates are referred to as the

‘D-plates. Two large cylindrical plates of

short length but the same radius as the
capacitor plates are positioned one above
and one below the D-plates. When the
cylinders are driven by an RF power source
they produce high-frequency E lines (due to
voltage difference) between the plates. These
cyvlindrical plates are therefore called the
E-plates. (Note that they are analogous to
the arms of a dipole antenna but much
smaller in length than in any practical
dipole. sometimes < A/200.) The power
from the transmitter is split roughly in half
between the E-plates and the D-plates.
Through suitable design considerations and
delay arrangements between the E and D
plate voltages. a toroidal volume surround-
ing the D-plates is crossed-stressed with
in-phase E and H field components such that
E/ H; matches space impedance. Radiation
is then produced through S = E X H and
power flows out to space as vertically pola
rized radiowaves of intense power density.
The important features of these antennas
are (i) that they are extremely small. excel-

Fig7. A practical barrel-shaped CFA. The
length of this particular structure is 70cm.

lent receivers, powerful. efficient radiators,
and (ii) that their physical size is indepen-
dent of the radiated wavelength - an unpre-
cedented concept in antenna theory and
design. All textbooks on antenna theory
suggest that radiation is initiated solely by
conduction current flow J. In the CFA, the
radiation is not produced from fields related
to J but from space electric fields created
from voltage build up. In addition. though
the CFA is small, it is not restricted to the
limitations of narrow bandwidth. a critical
feature of ali other inductively or capacitive-
ly shortened antennas; the measured operat-
ing bandwidth on transmitting and receiv
ing in most CFA systems is greater than
30%. In fact there also appears to be no
restriction in the physical size of CFAs and
they can be made as small as desired.
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PIONEERS

27. Harry Nyquist (1889-1976) and Hendrik Bode (1905-1982):

he names of Nyquist and Bode go

together like peaches and cream

and are often paired in textbooks

dealing with the theory of stability

in linear networks. Unlike some
other paired names (such as Thévenin and
Norton, for example, who lived in different
continents and at different times) Nyquist
and Bode knew each other and worked in the
same company laboratories on the same
types of problem.

The laboratories were those of Bell Tele-
phone in America and the pair’s best known
contributions, on amplifier stabilization,
were the mathematical completion of the
breakthrough begun in 1927 by their col-
league Harry Black with his invention of the
negative-feedback amplifier, described last
month.

But both Nyquist and Bode did far more
than their epic work on stability criteria and
the mathematical design of feedback ampli-
fiers. They worked through a period which
might well be regarded as the classical
period of network analysis and synthesis in
telecommunications design and they work-
ed with other giants of the period: George
Campbell, John Carson, R. V. L. Hartley, E.
H. Colpitts, Claude Shannon, and many
more.

HARRY NYQUIST

Harry Nyquist was born at Nilsby in Sweden,
a hundred years ago on 7 February 1889; his
family name was originally Nykvist. When he
died in 1976, at the age of 87, he was survived
in Sweden by two sisters and a brother, the
brother still living at Nilsby.

Emigration to the United States beckoned
and at the age of eighteen he settled in
Minnesota, west of the Great Lakes, where
he worked for a time as a school teacher. He
entered university education late, graduat-
ing from the University of North Dakota at
the age of 26 with a degree in electrical
engineering. He followed that with a Mas-
ter's degree the next year and transferred to
Yale University, where he received his Ph.).
in1917.

The American Telegraph & Telephone Co.
(AT&T) offered him a position at their
Engineering Headguarters in 1917, some
seven or eight years before the Bell Tele-
phone Labs were formed. There he stayed
until his transfer to Bell Labs in 1934,

Inall, he spent 37 years in the Bell System
until his retirement in 1954 and received
138 American patents, averaging nearly one
every three months and gaining a reputation
for providing imventions almost to order.
“Harry. why don't you invent this?" his
colleagues are said to have asked when they
faced a problem. whereupon Nyquist (at
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from networks and noise to NASA.

least according to legend) would do just that
over the next few days, weeks or months. At
least one former Bell colleague has sug-
gested that those 138 patents only “suggest
his contributions to the field of communica-
tions.”

Those contributions include the first
quantitative description of thermal (John-
son) noise, signal-transmission studies
which helped lay the foundations for in-
formation theory and data communications,
the invention of vestigial-sideband transmis-
sion and the famous Nyquist stability crite-
rion, which has been used outside electro-
nics as well as within it — to describe the way
inwhich someone drives a car, for example.

Nyquist's first major contribution to
transmission techniques was a series of
theoretical studies of the behaviour of ana-
logue and digital signals in transmission
systems, beginning in 1924. This appears to
have been part of a whole series of work at
AT&T which stemmed from the 1915 inven-
tion of the wave filter by George Campbell.
Campbell's filter gave an inexpensive
method of separating signals of different
frequencies on a wire line to allow dual use
for telegraph and telephone communica-
tions.

Digital signals were used in telegraph
systems and. in the 1920s, AT&T did con-
siderable work on developing start-stop tele-
tvpewriters, multiplex telegraphs and car-
rier telegraph systems. Previously, in tele-
graphy. distortion measurements had been
verv elementary but, with this new and more
critical work, distortion began to acquire
greater importance. Nyquist and others car-
ried out theoretical studies and laboratory
experiments and designed distortion-
measuring instruments for use by mainten-
ance engineers. Nyquist also provided defini-
tions for three types of distortion.

4kT. It was also in 1928 that the Phvsical
Review published. on consecutive pages.
papers by John B. Johnson and Nyquist on
thermal or Johnson noise. Noise has been
described as “the ubiquitous, unwanted.
insistent, unwelcome gate-crasher™ of elec-
tronic systems'. Walter Schottky of the
German Siemens and Halske firm published
the classic paper on noise in 1918, suggest-
ing two fundamental types of noise which he
named thermal and shot noise. Of the two,
Schottky suggested that shot noise would be
the more troublesome.

In 1925, Johnson published an important
paper on noise. Studying his data later, he
discovered evidence of a type of noise which
was proportional to the amplification of the
valves and which masked the shot noise.
This was the experimental discovery of ther-
mal noise. now also known as Johnson noise,
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made in 1926, Subsequent experimental
work led to Johnson's 1928 paper. Mean-
while Nyquist. working alongside Johnson,
analysed thermal noise mathematically us-
ing thermodynamic principles and produced
the famous formula of 4kT watts per unit of
bandwidth, where k is Boltzmann's constant
and T is the absolute temperature. Years
later, Johnson himself described Nyquist's
work as “based essentially on the thermo-
dynamics of a telephone line, and covering
almost all one needs to know about thermal
noise™. The next major contributions did
not come until the 19405 (S. O. Rice).

Stability criteria. Nyquist and Bode are
however, best known for their work on
stability criteria. Harry Black's 1927 inven-
tion of the negative-feedback amplifier
solved the enormous problem of how to
reduce the distortion within an amplifier
almost to the point of elimination. As we saw
last month, Black more or less ignored
stability and assumed the amplifiers would
not oscillate or “sing™.

Black’s success raised other problems for,
despite his desires, the amplifiers did have a
tendency to become unstable and oscillate.
As mathematical physicists, Nyquist and
Bode were two of the men chiefly responsible
for the derivation of the mathematical
theory that enabled the systematic design of
stable feedback amplifiers to take place. This
success took time: for some years, whilst the
potential was recognised, a really good de-
sign proved very hard to achieve. A few even
regarded it as verging on being a pipe dream,
hence the comment that Black's invention

Harry Nyquist.
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“had all the initial impact of a blow with a
wet noodle.”

Nvguist's Criterion (or the Nyyguist Dia-
gram) showed what conditions were needed
if feedback amplifiers were to be prevented
from oscillating once the feedback loop was
closed: in otherwords, it provided a means of
evaluating the stability of feedback ampli-
fiers. That was published in 1932, What it did
not tell circuit designers, however, was how
to achieve it. This problem was tackled by
many people, but Hendrik Bode's hook “Net
work Analysis and Feedback Amplifier De-
sign”, published in New York in 1945,
provided the classic solution to the problem.
As a result of the work of these three men in
particular (and that of many others) the
valve amplifier (and subsequently the tran-
sistor amplifier) when properly designed
became “a high-precision instrument” as
one volume of a history of the Bell System
has proudly expressed it.

HENDRIK WADE BODE

Bode was born in Madison. Wisconsin, on
Christmas Eve 1905, Presumably he suffered
the usual childhood problem of dual-
purpose Christmas and birthday presents.

After schooling in [llinois and Arizona he
attended Ohio State University and gradu-
ated with a degree in 1924 and a Master's
degree in 1926, whereupon he joined the
vear-old Bell Laboratories. He was soon at
work on the design of electrical filters, but in
1929 he transferred to the Mathematical
Research Group where he specialized in
electrical network theory and its application
to the problems of long-distance com-
munications. Twentv-three vears later he
became Director of Mathematical Research.
subsequently becoming Director of the
Physical Sciences and. in 1958, a vice presi-
dent of Bell Labs overseeing military svstems
engineering. On the way he received a Ph.D.
from Columbia University in 1935.

Bode's contribution to feedback-amplifier
design began, according to his own recollec-
tions, with a study of equalizing circuits
whose function was to provide automatic

Hendrik Bode.

Harry Nyquist (right) discussing the travelling wave tube with its inventor Rudolf
Kompfner (centre) and John R. Pierce. Picture from AT&T Bell Laboratories.

compensat.on for temperature and other
variations in transmission lines. The big
problem came when the equalizers had to be
inserted into the feedback loop without
causing instability. “In desperation,” Bode
recalled. "I began modifving the amplifier
proper rather than trving to tinker further
with my equalizer. . . . Finally. after [ had in
effect redesigned the complete feedback
loop. [ found [ could obtain a solution'™. The
idea of the mathematical phvsicist whose
book became a standard reference on elec-
tronic network analvsis modestly expressing
his own electronic design work as “tinker-
ing™ has a certain appeal.

It is also an example of Bode's apparent
belief that “specialists™ should not restrict
themselves to a narrow specialism. “Dig
deep for good answers™ may have been a Bell
Labs motto but there was also a strong belief
in the need for the horizontal flow of
information within a project through all
stages of development, design, manufacture
and installation. This information flow re-
quires feedback, of course. and one wonders
to what extent these pioneers o the mathe-
matical understanding of feedback applied
their knowledge to optimizing the human
side of project management.

Because of the continuing need to make
improvements in equipment the flow of
informatior down through the lifetime of a
project or system was also recognised as
important. “Continuity in time,” Bode wrote
in 1971, “from project to project. building
on the experience and techniques and skills
acquired in the development of the preced-
ing technology. is as vital as collaboration
horizontally between development and
manufacturing engineers.” Both, he added.
were used inmeeting Bell System ohjectives.

During World War 11, Bode applied elec-
tronics fin place of or in conjunction with
mechanics) to the problems of anti-aircraft
gunfire control. This resulted in a model
T-15 gun director which, though it appeared
superior to existing equipment in trials, was
not placed in production. Later Bode and W.
A. MacNair directed research and develop
ment of anti-aircraft missiles. In 1946 Bode
received a Presidential Certificate of Merit
for his wartime contributions.

In February 1945 Bode was one of five
men asked to form a team to study the
possibilities for a guided missile capable of
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shooting down future aircraft flving at
heights and speeds beyvond the capabilities of
conventional gunfire. In just five months,
the group produced a report which was later
to be regarded as a classic for its thorough-
ness and insight. The project itself developed
into a major defence contract and estab-
lished a working partnership with the Doug-
las Aircraft Company (later McDonnell-
Douglas) which lasted 30 vears. The missile
was the famous Nike missile. named after a
mythological Greek winged goddess of vic
torv The first test firing at an aircraft was in
1951 when a token flash detonation, repre-
sent ng the warhead, exploded only 16 feet
from the bomber. In another test. the
missile “drilled through the entire length of
the atrcraft™.

Bode completed his career with Bell as
special adviser and member of the Board of
Bellcomm. a company formed by Bell as a
small part of the NASA effort for “landing a
man on the Moon and returning him safely
to Earth,™ as President Kennedy expressed it
in 1961. Then in October 1967, aged 61,
tendrik Bode retired from Bell Labs after 41
vears service to take up a second career as
the Professor of Systems Engineering at
Harvard University. There he directed
gradaate research and taught a course on
the planning and implementation of en-
gineering and development programmes.
He fnally retired. for the second time, as
professor emeritus in 1974.

HONOURS

As with most pioneers of their calibre, both
Nvquist and Bode deserved and received
honours. Nyquist was awarded medals by the
Franklin Institute and the Institute of Radio
Engineers. Bode the Edison Medal of the
[EEE. Nyquist died in Texas, aged 87, on 4
April 1976, five vears after his wife Antoniz.
He was survived by a son. two daughters and
seven grandchildren. Bode died at his home
in Cambridge, Massachusetts, on 21 June
1482, aged 76 and was survived hy his wife,
Barbara. and two daughters.
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The DowtyLine Up

A range of Thermal Linescan Recorders from 8% inches to 19%5 inches

Dowty Thermal Linescan Recorders are rugged, reliable and fume free. All recorders
incorporate a full width thermal print head — ranging from 8Y2 inches to 19Y2 inches — enabling high definition grey scale recording
on paper or film for applications as diverse as military sonar and medical imaging.
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3000 Series
Recorders

A range of 12 inch single and dual channel
analogue or digital instruments with variable sweep
and delay times, triggers and input levels. This
popular Series can be bench mounted or 19 inch
rack mounted in any orientation.

195 Series Thermaline Wide Print Recorder
Produces a linescan image 19'% inches wide with a high

resolution of 200 pixels to the inch.

Interfaces available or planned include digital TTL, IEEE 488,

RS422/232, and analogue, with single or multi-input channels.

Customised inzerfaces can be produced for special appli

VAVS Eamm WV
Details of our full range of Thermal Linescan Recorders will be sent on request 4D, 1r

Dowty Maritime Systems Ltd

WAVERLEY DIVISION

Waverley Road, Weymouth, Dorset, England DT3 5HL

cations.
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85Series  ©
Thermaline Video Graphic Recorder

Produces a hard copy image 8 inches wide
from a video signal at the touch of a button thanks
to a built-in freeze frame facility. All common video
formats can be accommodated. A high speed
linescan version of this recorder 1s also available.

They keep going when
the going gets tough

Tel: Weymouth (0305) 784738 Telex: 41477 Fax: (0305) 777904

A Dowty Electronic Systems Dwision Company
AT

8051 Project ...

'L
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ENTER 41 ON REPLY CARD

P 4

From simple minimum chip solutions

through to complex turnkey
multiprocessor systems, Cavendish
Automation has the hardware and tools to

allow you or us to design rapid and
professional implementations.

Off-the-shelf hardware includes numerous
DACs. ADCs, bus-drivers and decoders.
and many other forms of analogue and
digital 170 cards, together with power
supplies. backplanes, card cages and
equipment cases.

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

For further information contact

Cavendish Automation
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ENTER 59 ON REPLY CARD

Cavendish Automation Limited
Qak Park. Bartord Road.

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

FAX 0480-215300 TELEX 32681 CAVCOMG
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European flat-screen tv nearing production

MARTIN ECCLES

Colour liguid-crystal TVs that are much
flatter, thinner and more robust than CRT
based sets should be in production this year.
General Electric is already producing flat
screens for cockpit applications but Philips
and Japanese companies including Mat-
sushita, Toshiba and Sharp are working on
liquid cryvstal displays for domestic T\

The only non-Japanese company compet-
ing for the flat-screen TV market is Philips.
Together with Warner. Philips is already
producing small liquid-crystal screens for
seat-back entertainment experiments in
‘planes and by the end of this year the

Two criticisms of this prototype display are
its dullness and its diagonal lines. In prac-
tice, dullness is certainly not a problem
and the diagonal lines disappear at about
1im.

company hopes to he manufacturing 6in
flat-screen televisions for domestic use.

In display terms, domestic TV is one of the
most stringent applications. Television pic-
tures contain fast moving images and TV
displays require high resolution. high con-
trast and high brightness. To obtain fast
switching of all picture elements. especially
those at the centre of the display, the Philips
liquid-crystal display uses an “active matrix’;
there is one transistor switching each pic-
ture element.

Subjectively. the picture from the proto-
tvpe display compares with that obtained
from a good domestic video recorder. One of
the main problems with liguid-crystal tv
displavs has been response speed; on the
selected programme material that we
viewed, some of which contained fast-
moving images, there was no detectable
image blurring at all. Viewing the display
close up. the most noticeable effect is di-
agonal striping caused by the one-and-a-half
dot staggering of the RGB elements, These
diagonals disappear at about 1m though.

Unlike front-lit liquid-crystal displays the
back-lit active matrix appears at least as
bright as a CRT. In fact within reason its

b EES==——=—— Colour filter
Polarizer / layer
P
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electrode
e Liquid
O e M
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|
Glass /h/
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Polarizer

Pt

Back fight

Flat-screen full-colour televisions should
be available this year — this prototype was
made by Philips researchers atRedhill.

brightness is only limited by the intensity of
the backlighting, but unlike a CRT the
active-matrix display does not lose intensity
as it ages (Philips says that a life of 10 000
hours is feasible for the new display).
Liquid-crystal displays do not like DC.
Asymmetrical LCD drive (field inversion)
would solve this problem, but it would also
cause an unacceptable 25Hz flicker. Instead.
the active matrix uses inversion on alternate
lines. As a result, flicker is reduced to about
1/30th of the total amplitude which is less
than that produced by a conventional CRT.
You might think that power consumption
of such a liquid-crystal would be lower than
that of an equivalent CRT, even taking into
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Colour pixels in the prototype display, and
probably in the final product. are stag:
gered by one-and-a-half dots to give a
better picture. The polarizer absorbs ab-
out 5% of lightand there are other losses,
hence the need for backlighting,

account backlighting requirements, but the
current 6in active-matrix takes about 10\ as
opposed to about 6W for the same size CRT.

Connection of the matrix is currently
much more difficult than plugging in a CRT:
each line and row in the matrix needs a
driver and a connection. Future displays will
have multiplexers and drivers built in but
until then, connecting the flexible PCB
material leading from the matrix edges must
be quite a labour-intensive task.

Although there is no theoretical limit to
the display size, there are currently tech-
nological limits. According to Dr Alan
Knapp. leader of Philips Information Display
group at Redhill, there is no particular

continued on page 226
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Atone of Britain's largest university physics depart-
ments — Cambridge — major research work is
carried out at three locations. These include the
Mullard Radio Astronomy Observatory and the
Microelectronics Research Laboratory, but the
most significant site for electronics engineers is

460-490GHz radio-astronomical receiver (above)
being assembled and tested. When completed it will be
installed in the 15m diameter James Clerk Maxwell
telescope on top of the 4260m high Mauna Kea, Hawaii

The framewark on the right houses the actual
detector elements, as well as the local oscillator and
associated microwave electronics and the IF stages.
Control electronics, the microprocessor, and the synth-
esiser generating the reference frequency for the
phase-lock systemare housed in the left-hand rack

Both the framework and rack are mounted in the
telescope receiver cabin, and move about with the dish
The receiver system will be used to make observations
of star-forming regions with very-high frequency resolu-
tion(e.g 1 partin 10).

Clouds of gas and dust which are collapsing under the
lorce of gravity to form new stars, contain small
amounts of trace gases such as CO and isolated carbon
atoms. These emit radiation at certain well-defined
frequencies. By comparing the frequency of the radia-
tion we observe with that expected we can tell how fast
the gas clouds are moving away from or towards us
Thus we ¢an study the kinematics of the gas clouds and
earn more about the star formation process
Dr Rachel Padman

‘UPDATE

probably the Cavendish laboratory, having been
established more than a century ago under the
direction of professors Maxwell, Rayleigh, Thom-
son, Rutherford and Bragg.

In this month's research profile, whichis devoted
to the more electronics-oriented aspects of Caven-

Electron energy-loss spectroscopy Surface physics
1s a sub-discipline of solid state physics and is con-
cerned with effects which occur at solid surfaces
(below). All of the interesting gas/solid, liquid/solid
chemical reactions necessarily occur at a surface - a
seemingly obvious statement, but the ability to do
proper studies of surface phenomena has only been
possible since the late 1960s and is still a rapldly
growing area of fundamental technological interesL.

In order to prepare atomically clean surfaces, al
experiments must be performed inside an ultra-high
vacuum chamber (pressure 1mP) so that background
gases do not contaminate the surface being studied.
Cavendish's Surface Physics Group is particularly in-
terested in studying the absorption of monolayer films
of simple molecules (O, CO) on a surface and studying
their interaction with the surface

Eventual understanding of the mechanisms o
molecular-surface interactions will help in improving
catalysts, in understanding oxidation processes and in
the fabrication of semiconductor devices (VLS technol
ogy involves growing layers of material on a substrate
surface by the reaction of gases at the surface).

Erik Jensen

dish Laboratory's work, it is interesting to note that
‘cold electronics’ are as evident at Cambridge as
they are at Oxford (see our Research Profile of last
monih and Dr Gregg's article in this issue).

MARTIN ECCLES

Close up of the 460-490GHz receiver. The gold-
coloured vacuum vessel {above) houses two InSb
homodyne detectors for two polarizations of the incom-
ing signal. They are cooled to 0.2K above absolute zero
using liquid-hellum refrigerant.

Although the detectors themselves are mounted in a
waveguide (about 0.5mm diameter) most of the signal
processing at the observing frequency is done using
quasi-optical components. The signal propagates as a
nearly parallel beam, and is collimated and focussed
using optical components such as mirrors and fenses.

The local oscillator {ust seen underneath the plate
supporting the vacuum vessel) consists of a Gunn-diode
oscitlator for 1 15GHz or 123GHz, which is then frequen-
cy quadrupled and radiated from a small horn. This is
focussed by a lens and mirror, and a smalt amount of
power is injected into the path by a 20% reflection off
the 98%-transmitting mytar beam-splitter and combiner.

The plane input mirror is used to align the direction of
the beam into the receiver with that arriving from the
telescope. An image of the window in the side of the
Dewar vessel can just be seen
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VG Scientific HB501 scanning transnmssion elec-
tron microscope. Specimens are mounted within the
ultra-high vacuum stainless-steel column to the right of
the control console {right). A coherent electron ray, the
electrical equlvaient of a laser beam, can be focussed
onto a spot only half a millionth of a millimetre in
diameter.

Transmitted electrons can be used to make atomic
resolution images displayed on the two CRTs on the
console. Electron energy loss spectroscopy, stable to

Superconducting receivers. The Radia Astronomy
group at the Cavendish Laboratory is developing. in
coliaboration with the Materials Science Department,
superconducting receivers for use on the James Clerk
Maxwell Telescope In Hawaii (right).

Shown above is a prototype 100GHz seceiver. The
receiver Is based on an extraordinary device that
consists of two superconducting niobium films sepa-
rated by a dielectric layer only a few tens of angstroms
thick.

Photon assisted tunnelling of quasiparticles en-
tities which are very similar to electrons — across the
barrier allows the detection of millimetre and
submillimetre-wave radiation with a sensitivity
approaching the quantum limit.

When used as a mixer, the device displays a number
of curious quantum phenomena includirg classically
forbidden conversion gain and quantumreactances.

Dr S. Withington

R ll“.

within 0.5V in 100kV can be used to identify the atomic
species of the thousand or so atoms ifluminated by the
beam. X-1ay signals are also available.

The apparatus can also be used to manufacture
extremely small structures — nanolithography. With this
technique,  is possible to condense the words in all the
books ever published in Britaln into less than one square
metre. One day, the technique may be used to create
super-small electronic chips.

DrJ. Rodenburg

Mullard Radio Astronomy Observatory Is a research
facility cperated by the Radlo Astronomy group of
Cavendish Laboratory. The principal instrument at the
observatary is an eight-element, 5kmdong microwave
interferometer. This instrument is used for studying the
nature ot dstant radio galaxies and the physics of the
early universe.

The photograph on the right is an internal view of one
of the very low-noise microwave receivers used on the
5km interferometer. To achieve the required sensitivity,
high-electran-mobility transistors are cooled to a physic
al temperature of —260°C by means of closed-cycle-
hefium refrigerators

It Is necessary to illuminate the transistors, by means
of optica fibres, to prevent the semiconductor being
frozen Into an insulating state
Dr S. Withington

March 1989 ELECTRONICS & WIRELESS WORLD

)

225



continued from page 223

prohlem to be overcome before the 6in
screen goes into production — it is just a
guestion of getting all the processes right to
give the necessary vield. "Display sizes will
goup.” says Knapp, "but only gradually.”

Row Column
electrode (4~ glectrode
N
7
Thin-film
transistor
Liquid crystal _y
display element /I

Earlier thin-film transistors used to switch
liquid-crystal picture elements in this way
were leaky and required an extra capaci-
tor across the liquid-crystal display.

Specifications of prototype 6in flat TV

Pixels 468 = 288mm
Pixel size 0.26 < 0.318mm
Aperture (colour filter) 68%
LC effect twisted nematic
Contrast 50:1 (max)
Viewing angle (contrast ~20:1)
horizontal 80
vertical 35
Response times
black-to-white 19ms (10% to 90%)
white-to-black 11ms (90% to 10%)
Vertical resolution half PAL (288 lines)
Horizontal resolution -2.4MHz
Drive voltages
row 18v
column 3V pk-pk white,
10V pk-pk black
1 -0 T T T
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Beyond CT-2

Quite apart from CT2, another UHF personal
communication system is heing proposed in
government circles. Known as Short Range
Radio (SRR} it is envisaged that handsets
should be made to a pan-European system,
using much of the digital technology of CT2.
For a modest licence fee anyone would he
able to communicate with anyone else over
short distances: users would just key in the
number of the person they wished to com-
municate with and would be connected
automatically if the wanted set was within
range and switched on. The system is in-
tended to combine the accessibility of
citizen’s band radio with selective calling
and privacy of conversation,

The UK Department of Trade and Industry
has indicated that it hopes to introduce SRR
in 1992, but will allow hand-portable sets
only — not the mobiles or hase stations
described in the CEPT proposals. This is
fascinating, since it would appear to limit
the use of SRR to extremely short ranges.
Certainly. for businessmen SRR would make
a nice on-site paging system while enthu-
siasts might find it excellent for hikers’
groups and marshals at sports events.
Beyond this it seems fit for very little.

Although the specification provides for

i

community repeaters these will not he per-
mitted in Britain. Taken together with the
ban on base stations and mobiles this will
reduce the utility of SRR to virtually nil.

In the Government's original proposals
for Open Channel radio, it was specifically
stated that these frequencies would provide
ideal low cost communication for small
businesses, veterinary surgeons, farmers
and the like. This dream was not realised, vet
SRR could provide precisely this kind of
facility. At least one industry source lays the
insistence for a minimal SRR system at the
door of the vested financial interests of the
private mobile lobby.

IBM small, fast

In a paper presented to the International
Electron Device meeting at San Francisco. a
group of IBM scientists have published
results on engineering 1C test samples which
demonstrate a clock rate of 30GHz.,

Built using an experimental cmos process
with 0.25pm geometry it holds out the
prospect of producing commercial 256Mbit
drams or processor chips with a million
gates. This compares with a current tally of
around 100 000.

The test chips were made in bulk silicon
technology and advanced processing — some
elements have a thickness of just 20 atom
layers in places.
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Silicon potato chips

You can now put electronic tomatoes, sugar
beet and potatoes on your shopping list
although they are unlikely to catch on as a
high tech gourmet delight. They cost more
than their weight in Beluga caviar — around
£2000 each.

Designed hy the Scottish Centre of Agri-
cultural Engineering, the skins of these
artificial vegetables have a texture and densi-
ty similar to the real thing but exhibit
piezo-electric effect. When the skin's output
signal is coupled into a small internal trans-

mitter, it becomes possible to analyse scien-
tifically the brutality of the mechanical
handling involved in gathering the crop.
(Source: Daily Telegraph)

MCA on a chip

Helping along the new accord hetween IBM
and clonemakers producing machines with
the IBM proprietary micro channel
architecture, the Californian chip design
company PLX Technology has produced an
MCA bus interface chip.

The MCA1200 24-pin device built from
CMOS PLA provides all the protocol logic,
drivers and input buffers needed to perform
the micro channel interface function. It
replaces up to 15 discrete logic packages
which are normally required for the inter-
face task.

e e e e

Floppy control

Intel has brought out a single-chip floppy
drive controller which is said to integrate all
the system level functions.

The 82077, which supports 2.5in drives of
up to 4Mbyte capacity, includes an analogue
phase locked loop, data separator, a fifo for
data transfer and support for the perpen-
dicular recording mode which will feature in
the next generation of drives.
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That can be used with either cursor keys or mouse?
That is as good at circuit diagrams as it is at PCB's?

plotter or photoplotter.
Where you can learn how to use it in around an hour?

- That only costs £275.00 + VAT.

For IBM, PC/XT/AT and clones inc. Amstrad 1512
and 1640 and BBC B, B+ and Master.
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Z-MATCH - Takes the drudgery out of R.F. matching
problems. Includes many more features than the standard
Smith Chart.

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

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

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

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

PCB CAD, FOR THE PC/XT/AT

That outputs to Dot Matrix Printer, or, with extra drivers can drive a pen

Are you still using tapes and a light box? ma— - = /o b
Have you been putting off buying PCB CAD software? i P o b
Have you access to an IBM PC/XT/AT or clone inc Amstrad 1640 & 1512 x—_:w"
or Archimedes with P.C. Emulator? e o
- Would you like to be able to produce PCB layouts up to 17" square? o o
With up to 8 track layers and 2 silk screen layers? 00000 oRooodd 0 K o o
Plus drill template and solder resist? XY z i
- With up to eight different track widths anywhere in the range .002 ] °
to 531”7 00000 00P00% O ="
With up to 16 different pad sizes from the same range? qQQa Qo‘\réo SANCER.
With pad shapes including round, oval, square, with or without hole and Q Sb\ : <
edge connector fingers? 5.0 &‘9 3 =-3
With up to 1500 IC’s per board, from up to 100 different outlines? g O & £ o o
With auto repeat on tracks or other features - ideal for memory planes? —o ] .\Jz’ _—a o o
That can be used for surface mount components? ofddd/ PO o o——==_"r 2 &
- With the ability to locate components and pads on grid or to .002" < Q 3 o
resolution? > ©
- With an optional auto via facility for multilayer boards? K\Q - °\°\°\°_p £~ ° °©
With the ability to create and save your own symbols? 50 @

L

o

Output on dot matrix printer reduced from 2:1

SMITH CHART PROGRAM m CIRCUIT ANALYSIS BY COMPUTER m

For IBM PC/XT/AT and clones inc. Amstrad 1512,
164C, R.M. NIMBUS, and BBC B, B+, and Master.

TV IF AMPLIFIER Pt )

= E <
f oy et a9 uis ~.
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\
y -l- ;L. ~=,4 7, ~
|
"ANALYSER Il — Analyses complex circuits for GAIN,

PHASE, INPUT IMPEDANCE, QUTPUT IMPEDANCE
and GROUP DELAY over a very wide frequency range

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

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

Can save days breadboarding and thousands of pounds
worth of equipment

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

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

Number One Systems Ltd

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

Tel: St lves (0480) 61778

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

Software updates are free within 6 months of purchase date.

ENTER 62 ON REPLY CARD
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he basic elements for solid-state

image acquisition have been

available commercially since the

mid 1970s. The charge-coupled

device (CCD) was invented hy
Fairchild Semiconductor Corporation and
was quickly taken up in the consumer
market, where the first major application
was the autofocus systems for 35mm SLR
cameras. This was achieved by a line-scan
array (a single line of photosites or pixels) of
a few hundred pixels in length, used to work
out the distance to the object and focus the
camera. Later, a much higher growth in the
consumer market came with the advent of
the video camcorder, which is made up of an
area array (a matrix of rows and columns of
pixels) which gives a TV picture in real time.
An important application is office equip-
ment, where CCDs are used in fax machines,
photocopiers and today in document scan-
ners for PCs.

The applications described require very
little image processing of the video informa-
tion coming from the charge-coupled device
and therefore use low-cost equipment. The
other field in which CChs found early ap-
plication was the industrial/professional
market. where they became a small part of
major systems in equipment such as tele-
cine, cheque readers and even satellites.
Here. there is a requirement for very high-
level processing of the video image coming
from the charge coupled device. However.
the systems themselves are highly expensive
pieces of equipment and so the cost of this
processing power did not inhibit sales.

CCDs have been used in industrial inspec-
tion for some time, but the slow adoption of
solid-state imaging has been due to the high
cost of processing the video stream.

HARDAWARE

The hardware required for an industrial CCD
imaging system consists of the image ac-
quisition front end, made up of a CCD
camera and the driver electronics, and an
intelligent board including a microcontrol-
ler ora computer.

CCh cameras used two kinds of techno-
logy: an area-scan system to give a live TV
picture: or a line-scan CCD array where the
picture is made up by integrating the video
against time.

Historically, svstems have been made in
the main with arca-scan CCD cameras,
There is a misconception thatl, because you
can display the information readily on a
TV-type monitor and this information can be
readily understood by the human eve and
brain it is therefore easier to process in an
electronic svstem. The main fallacy with this
argument concerns the amount of informa-
tion presented. For example, 1024 by 1024
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INDUSTRIAL
IMAGING

An industrial, vision-based inspection system,
using a PC or equivalent

NICK HEWITSON

area picture would give you a million hits of
information. If this were updated at a video
frame rate of 50 frames per second, the
downstream processing would have to hand-
le 25 million bits of information (due to
standard video being interline transfer) a
second. This amount of information is
obvioush' bevond the capabilities of any-
thing but supercomputers. The other major
problem with using an area-scan camera is
that. if the object is moving, the laws of
probability state that the object will not be
moving at the video frame rate. This mean
that the information in the top right-hand
corner of the picture is out of sync., relative
to the position of the object. with the
information at the bottom left-hand corner
of the picture. This gives the effect known as
smearing and is a major drawback where
dimensional analysis of object is required. If
the object to be viewed is stationary relative
to the camera or if the system works on a
step and repeat basis, then an area camera is
the only possible option.

The problem of smearing can be overcome
by using strobe lights or a mechanical
shutter arrangement. which also has the
effect of allowing time for the information to
be processed during the period in which the
CCD camnerais not collecting information.

The most elegant solution is to use a
line-scan array. In this method, a single line
of pixels clocks out its information, which is
fed to a trame store, The picture is then built
up against time as the object moves under
the camera or the camera moves over the
object. An added advantage of line-scan is
that resolution can be much higher than
that of area-scan techniques.

With current technology a 1024 by 1024
pixel-area chip is the bhest that can be
economically manufactured. However, line-
scan arrays of six thousand pixels in length

are commercially available from companies
such as Fairchild Weston in California. By
sefecting enough clock periods, a picture
made up of six thousand pixels read six
thousand times can easily be built up, given
sufficient computer memory. Because the
amount of information processing needed at
one time is much smaller. much less com-
puting power can be used (the processor can
be working on one line as the next line is
collected). It is also very easy to vary the
clock speed on a line-scan CCD array and to
tailor this to the speed of movement of the
object to be viewed. This overcomes the
problems of smearing described earlier and,
although it is harder to visualize the in-
formation from aline-scan CCD, as far as the
computer is concerned it is much casier to
process this information than from an area-
scan camera (see Fig.1).

Another major component of any electro-
optical inspection system is the lighting and
optics. This is the area in which most
mistakes are made when svstems are de-
signed. The key requirements are to get an
even field of light across the object, since the
processing electronics are not able to diffe-
rentiate between effects caused by uneven-
ness of the light source and those due to the
shape of the object. To overcome the prob-
lems of lens distortion the system must
allow for programming to overcome these
anomalies.

The system described in this article uses
an 1BM PC-compatible ptug-in board manu-
factured by Sentel Messtechnik in Germany
for the processing of the video stream from
the CCH camera. In line-scan applications
the analogue video signal produced by the
camera is converted by a controller hoard
mto a standard video signal. This signal and
some other digital signals are fed into the
plug-in board (CCUM) inputs via a number
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Left is a plot of light intensity against xy axis of image scanned
through Fairchild Weston CCD camera and processed by CCUM
board.Image on display screen is letter ‘P' transfer. Middie picture
is computer screen showing 8-bit numbers for each pixel built up

of cables, where the analogue video signal is
initially digitized to an 8-bit resolution,
resulting in 256 grev levels (see Fig.2). The
grev-level value of each pixel is located at a
certain address in the image memory of the
hoard. which can be directly accessed by the
use of the PC bus. The board has a colour
look-up table which allows false colours to
be allocated to the various half-tone levels.
which can be programmed by the user as
required. This means that the image output
can be manipulated by either reverse-video
imaging, emphasizing a certain half tone or
image area. false-colour representation or
binary representation. if required. Indi-
vidual half-tone levels in this colour look-up
table can be masked or labelled. allowing
co-ordinate systems, crosswires, image win-
dows or graphics to be integrated. A monitor
may also be attached.

The board includes 256Kbytes of onboard
ram. for the storage of the video image, as
standard. By using other ram modules. the
image memorny may be expanded to 1 mega-
byte. which is sufficient for complete images
of a maximum of 512 by 512 pixels each. A
memory of this size cannot be simultancous-
Iv handled under the MS DOS operating
svstem, so the image memory of the CCUM
has been divided into a number of segments
or windows, cach of 32K bytes. through
which the image memorny can be viewed.
Access to the entire image memory is pro-
vided by moving this window. allowing
operations to be handled in real time. Sever
al CCUM boards can simultaneously operate
in a single PC by programming the respec
tive ports to activate the memony of each
hoard.

PROGRAMMING

Programming the CCUM takes place via
registers, but the image memonry can alo be

directly accessed. For this purpose, a struc-
ture of type “row” is defined, which contains
for every image line the address of the first
pixel in this line in the image memory and
the respective page number The CCUM
hoard is rormally programmed via a soft
ware library, which is included in the cost of
the board. This library uses a high-level
language and an easy-to-use software inter-
face. allowing the user to operate the CCUM
as required in the specific application. The
design of the CCUM allows user program-
ming to customize the svstem to various
needs: a total of 10 registers are avaitable to
the user, sorted according to the subjects
with indications being included as to
whether the register is read orwritten on.

The universal counters of the CCUM altow
special applications and can be used, for
example, to display simultaneously several
camera images onto the monitor. Another
example is, when operating a line-scan
camera, two of the registers are used in
conjunction with the line-scan controller
board to detect an edge or the width of an
object via the hardware. Other registers
available on the CCUM board control the
A-to-D) converter, the status register which
gives information on the current status of
the hoard. the camera modes register. which
selects which camera is being used in multi-
ple camera applications and the image mem-
ory segment register, which allows the user
to state the image window he would like to
access. The aim of the hardware for the
CCUM board is to give a cost-effective flexi-
hle interface with the IBM PC/AT standard
bus.

SOFTWARE

Any system which includes a complex
camera-interface board should ke assisted by
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against time. It is possible to measure edges to accuracy of 0.1
pixel {one micron). Computer screen in right-hand picture shows
analogue information from line-scan camera. Intensity of light
across P shown by cursor on computer monitor.

hardware-orientated basic software pro-
ducis. Programmes of this type allow the
programmer to use the CCUM as a black
hox to solve his specific problem, without
the necessity of detailed hardware know

ledge. although he must have a flexible
software interface so that long training
pertods to learn a new programming lan-
guase or the reawriting of already existing
software is unnecessary. The basic software
for the CCUM hoard, CCUMLLIB, has been
written in Microsoft C and is also available as
the source code which allows the user a very
flexible software interface. Programme writ-
ten in Microsoft C. Microsoft Pascal, For

tran, to name just a few, can be linked with
the CCUMLLIB without any difficulty. Va

rious other software products are hased on
Microsoft standard and will thus be compati

ble. Apart from the CCUMLLIB & number of
geometrical measurement. edge-detection
and outline-recognition packages are avail

able as standard with this board. These are
also created using Microsoft compilers and
are thus suited for adaption. Example pro

grams are available from Optimum Vision
(Tel 073064016).

Using CCUM. an IBM PC/AT compatible, a
Fairchild Weston CCD camera and relevant
application software. an industrial inspec
tion system can be created for less than
£10.000. This svstem works in real time.
giving high-resolution industrial imaging
with both static and fairly high-specd mov
ing objects. For example, there are applica.
tions where people wish to study the surface
of roads and rail tracks. while moving at up
to 100 kilometres per hour, using CCD
line-scan technology. Such a cost-effective
system hrings the world of industrial vision
out f the realms of high cost and into the
reach of small innovative companies and
engineering groups.
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B State of the art technology!

With major computer companies “designing-in” the
Transputer, it is imperative that todays technology
does not remain a mystery.

In short, the Transputer Training System gives you
a unique low-cost method of obtaining practical
experience — fast!

B Saves your time
Unpack, plug inand start learning. Everything you
need including self teach manuals in one package

B Saves your money
The complete system costs just £995.00 + VAT

and uses any IBM Compatible PC with 640K

RAM and hard disk as the host computer.

B Now with 12 price course option

Attend our special 3 day course for just
£200 extra if order with the system. Normal
price of course is £400.

The unigue Transputer Training System has been”
designed specifically for education and is therefore ideal
for use in colleges and universities. The excellent self-teach
manuals, included with the package, mean that it can also
be used by engineers to rapidly evaluate the transputer and
utilise its amazing power in real time applications.
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NOW YOU CAN
. THE TRANS

The most powerful micropro

The system s supplied with everything you need including

B Interface card — takes a ‘short slot” in the PC and provides
link in/out and control lines.

B Cable — inks the interface card to the Transputer Module.

B Transputer Module — complete T414 based subsystem,
supplied in its own sturdy case

B Powersupply —independant power to fransputer if required

B Development Software — folding editor, OCCAM compiler,
downloader, terminal emulator and utilities, hosted on the PC.

W Exampie programs — no less than 28 fully worked examples.
B OnScreen Tutorials — learn how to use the system ‘on-screen’

@ Hardware Manual — full circuit diagrams, timing diagrams
and circuit descriptions.

@ TDS User Guide — self contained tutorial guide fo using the
development software.

B TDS UserManuai —the reference manual for the development
software.

B Introduction to OCCAM — a complefe self-teach course in
OCCAM

@ OCCAM Programming Manual — the definitive guide fo
OCCAM

B T414 Engineering Data —full specifications for the Transputer.

B CO012 Engineering Data — full specifications for the Link
Adapter

The Transputer Module houses a 15 MHz T414 with 256K
RAM and is external to the PC, so that the hardware is fully
accessabie. The module includes a wealth of fest points, 14

status LEDs, 16 I/0 lines, EVENT input, independant
power supply, profotyping area and four 15 way D
’ connectors, which allow access to the 10 M bits/sec
inks and control signals.
Full hardware and softfware support is provided
for multi-transputer applications. Simply plug
additional Transputer Modules into the spare link
connectors using the cables supplied. Inthis way networks
of any configuration using any number of transputers may
be realised! Each module can run one or more concurrent
processes and has access fo its own local 2 Mb RAM and
I/O system

The 1/0 connector links directly to our Applications Board,
which enables the Transputer to control DC motor speed,
temperature, analog input/output, and much more!
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cessor in the world using concurrent processing.

How can | give a whole class hands-on
experience of the transputer with a
budget of just a few thousand pounds?

If you are equipped with IBM compatible PCs
with 640K RAM and access fo a hard disk,
then the answer is to use the Flight
Electronics Ltd Transputer Training System

Sounds interesting — how many
workstations will that give me?

As many as you have PCs. The development
software is hosted on the PC and may be run
on all the PCs in your department, provided
that you have bought a site licence. The
development software does not require a
transputer o be present.

What happens when | want to run a
program on a fransputer?

Simply take the program via a network or a
floppy disk, to one of the PCs fitted with the
Transputer Training Hardware. The program
can then be downloaded and run on the
transputer board which is mounted in its
own case outside of the PC.

Alfernatively, fit each PC with the low cost
interface card, then plug the available
transputer boards into the PCs as required.
Its as easy as plugging in an RS232 lead,
there is no need to switch off the computer

What language does the system use?

OCCAM 1, through the 'TDS’ environmen-
with folding editor.

Isn't that a bit old hat?

Experts agree that OCCAM 1 is quicker to
learn than OCCAM 2, and enables students
to rapidly grasp all of the essential principles
of parallel processing and its

implementation on the Inmos transputer

OCCAM 1 is a subset of OCCAM 2 so
students who choose to study OCCAM further
will not have to re-learn the language

Of course, OCCAM 2 requires a transputer
board fo be fitted to each PC workstation,
making a class set prohibitively expensive

Surely the whole point is to connect
transputers together?

Parallel programs can be run and tested on
one transputer, the internal architecture of the
transputer looks after the time slicing
between processes. The same program may
then be re-configured to run on more than
one fransputer. Each transputer board has
four 15 way "D’ connectors which carry the
links’ and bus signals. Using simple ribbon
cables, the boards can be connected
together to form systems with any number of
transputers and with any fopology

Thats OK for the software, but | need to
teach real time control.

No problem. Ecch transputer board is fitted
with three eight bit ports, one is dedicated to
a row of on-board LEDS and the other two
are accessible via a 40 way header which
also carries the EVENT input and + 5V.

We can supply an Applications Board which
has interactive closed loop DC motor and
temperature control systems which provide
instant” applications for parallel control
algorithms. The Applications Board also
provides other facilities including A/D and
D/A conversion

If you already have peripheral units based on
the 4mm standard then the poris can be
brought out on 4mm sockets using the

optional adapter.

If you wish to experiment with custom built
I/0 circuits then use our Universal Interface
Breadboard that plugs straight into the I/0
connector.

Most transputer systems are pretty sparse
on hardware data aren’t they?

Not this one. The hardware manual gives
complete circuit diagrams and a chapfer is
devoted to explaining the function of each
chip. 15 fest points and 6 LED indicators are
mourted on the board to allow easy access
to the most important signals

All very well, but surely it will take
months for me to write a course fo go
with the system?

No. Afull ‘ready to use’ self teach course
plus two screen based futorials and a wealth
of example programs are included with the
package

Do you offer training so that | can learn
about the system quickly?

Yes. A three day intensive hands-on course
is available in Southampton, and you can
save £200 if you order the course with the
system

Can I see the system before | decide to
buy?

Yes, we will be pleased to demonstrate the
system anywhere in the UK. Under some
circumstances we can also lend you a
system for 30 days for you to evaluate in
your own time.

To place your order, or for further
information, call our sales department
on 0703 227721

FLIGHT ELECTRONICS LTD.

Flight House, Ascupart St, Southampton, SO1 1LU
Telex: 477389 FLIGHT G Fax: 0703 330039

ENTER 52 ON REPLY CARD

Call 0703 227721 today
for a free full colour
catalogue.




Cold electronics

Now that small 10K refrigerators are readily available, research
into how cooled semiconductors operate is more than justa

olid state physicists researching
into the magnetic properties of
materials use liquid helium, ‘Hie,
as a standard laboratory re-
frigerant for obtaining the low
temperatures which are frequently neces-
sary for investigating the physics of magne-
tic systems. Liquid helium boils at 4.2 kelvin
{about —269°C). Some idea of the relative
“coldness” of this liquid may be gained from
Fig. 1, which shows various temperatures
on The ahsolute (kelvin) temperature scale.

passing interest.

J.F.GREGGand . D. MORRIS

Low-temperature physics research fre
quently encounters technical problems
which are solved by recourse to “cold”
electronic instrumentation which itself
operates at liquid helium temperatures. In
this article we discuss the advantages of
cooling electronic circuits and describe
some of the possible applications of “cold”
electronics to physics research and to other
wider fields.

Descriptions of cryogenic (from the Greek
“kryos” meaning “frost”) circuits and the
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operation of semiconductor devices at low
temperatures have been outlined in the
technical literature since about 1964.
However, the advantages of cold electronics
have become rather more marked and its
applications have proliferated with the re-
cent advent of gallium arsenide (GaAs) de-
vices. For reasons which we shall discuss
below, the physics of this material makes it
very suitable for low temperature working.
in the low-temperature laboratory en
vironment there are two main incentives for
cooling electronics. The first arises from the
requirement with some physics instru-
mentation this it should be sited close to the
sample of material under investigation. In
practice, given the difficulty of maintaining
large temperature differences over short
distances. this often means that the instru-
mentation must be held at the same temper-
ature as the sample. For example. in the case
of self-oscillating magnetic resonance spec-
trometers such as those popularized by F. N.
H. Robinson of this laboratory, the resonant
circuit and the oscillator must be within a
fraction of a wavelength of one another: at
UHF and low microwave frequencies, this
corresponds to a maximum separation of a
few centimetres. Proximity of instrumenta-
tion to the experiment has the additional
advantage that it minimizes the opportuni-
ties for stray pickup and RF interference.
The second and rather more important
benefit which arises from cryogenic electro-
nics derives from the physics of electrical
noise and fluctuations. Broadly speaking,
noise is any signal which is unwanted by the
observer. Leaving aside electrical interfer-
ence from such sources as domestic fridges
or local radio stations which must be elimin-
ated by careful design and electrical screen-
ing, and ignoring the frying, crackling and
popping types of electrical noise which are
characteristic of faulty components, there
are three kinds of fundamental electronic
noise which are describable in terms of basic
physical processes. These are respectively
known as Johnson noise, shot noise and
flicker noise, Fig. 2
Noise spectra of two different types of
GaAs mesfet measured at room tempera-
ture, 77K and 4.2K. Diagram (a) is for an
NE720 from NEC, while Figure (b) shows
the data for an AT8110 marketed by
Avantek. The 77K and 4.2K results coin-
cide so closely in places that only the 77K
points are marked. This strongly suggests
that, despite the fact that the devices are
in different refrigerants, the effective
electron temperatures in their respective
channels are very similar.
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Fig. 2. There are three principal types of
noise in electronics — Johnson noise,
shotnoise and flicker noise.

Johnson noise is associated with the
resistive part of impedances and it arises
from the same kind of thermal fluctua-
tions as given rise to black-body radia-
tion from, for example, the hot filament
of a light bulb. Consequently, the fre-
quency spectrum of this kind of noise is
completely determined by thermodyna-
mics and at all frequencies of interestin
electronics, the noise is “white”, i.e. the
amount of noise power per unit band-
width is a constant as in curve (a). The
mean square Johnson noise voltage per
unit bandwidth which appears across a
resistor of value R which has tempera-
ture Tis given by

v,2-4kgRT
where kg is Boltzmann's constant
(1.38x10 #)/degC).

Shot noise arises in circuits which
contain a potential barrier such as that
associated with a p-n junction ir a bipo-
lar transistor or with the gate-channel
interface in a fet The current is com-
posed of those charge carriers which
have enough thermal energy to sur-
mount the potential barrier and it thus
varies in a way that mirrors the thermal

NOISE POWER PER HERTZ

{c) typical noise spectrum of
an electronic device

{a) "'white” noise

/

Z

w:za ¥ noise

FREQUENCY

fluctuations in the spatial and energy
distributions of the charge carriers. Sim-
ple mathematical treatment suggests
that shot noise is also white and that the
mean square noise current per unit
bandwidth associated with a current of
mean valuel is given by

i2=2el

where e is the electronic charge
(1.60x10 '°C).

Flicker noise is characterised by the
factthat the noise power increases at the
lower frequencies as in curve (b); in the
textbook case, the power spectrum is
inversely proportional to the frequency
and flicker noise is sometimes nick-

named “1/f noise”. The processes which
cause it are not well understood and are
difficult to model mathematically, but it
is thought to derive in many cases from
device surface effects and microscopic
details of the device structure over which
the manufacturer has limited control.
This has the consequence that, unlike
Jehnson and shot noise, two individual
devices which are nominally identical
may exhibit quite different degrees of
flicker noise. The frequency below which
flicker noise becomes comparable with
the white noise present depends strongly
on the type of device.

In bipolar transistors under optimum
conditions this “elbow” frequency curve
(c) may be of order 1Hz whereas in some
point-contact microwave devices it may
be as high as several hundred
megahertz. As shown on page 232, the
GaAs mesfet noise spectra which we
measured had flicker noise elbows at
frequencies of order a few megahertz
ard the flicker noise component re-
duced quite spectacularly on cooling.

For more detailed information on this
subject the reader is referred to “Noise
and fluctuations in electronic devices
and circuits” by F. N. H. Robinson, Oxford
University Press, 1974,

Lossy passive components (like resistors)
will exhibit Johnson noise coloured with a
certain amount of flicker noise, the latter
dominating at very low frequencies. Johnson
noise power has a linear temperature de-
pendence, so, for example, if a resistor is
cooled to half its temperature, its noise
power is halved. One of the advantages of
cooling to liquid helium temperatures is
immediately clear — a resistor operating at
4.2 kelvin delivers roughly 100 times less
noise power than at room temperature
(300K). Of course, the low-frequency noise
character will still be dominated by the
flicker noise. but this too may reduce with
cooling, albeit in a rather less predictable
way.

However, the major sources o” noise in
most circuits are the active devices and the
mechanisms which cause this noise are a bit
more complex. For example. in a FET, there
will be a Johnson noise component from the
channel, shot noise originating from the
gate leakage current, flicker noise from the
contact metallization strips and carrier re-
combination fluctuations in the bulk semi-
conductor. to name but a few. Fortunately,
one or two of these noise sources usually
dominate and. in general, the noise perform-
ance of semiconductor devices improves at
low temperatures. We should stress at this
juncture that this improvement is only
significant for large temperature drops such
as may be obtained using liquid nitrogen (77
kelviny or liquid helium.

As you can see from Fig. 1, the sort of
atmospheric temperature fluctuations
which one experiences in the course of a year
represent very small percentage tempera-
ture changes on the absolute (kelvin)
temperature scale, so that. for example.
immersing the front end of a radio receiver
in iced water would afford a barely percepti-
ble improvement in its noise performance
(since the absolute temperature change is

Fig. 3. Electrical conduction in an n-type
semiconductor occurs by virtue of elec-
trons which derive from the so-called
donor states which are just below the
bottom of the conduction band. These
donor states are formed by contaminat-
ing the semiconductor with a small num-
ber of impurity atoms which have more
valence electrons than the atoms of the
host semiconductor.

Provided that the impurity atoms are
sufficiently dilute, their average separa-
tion is sach that their wavefunctions do
not overlap and their electrons are effec-
tively localized. However, if the semicon-
ductor is at a temperature comparable
with the energy separation, in kelvin, of
the donor levels from the conduction
band edge, some of these donor elec-
trons are thermally excited into the con-
duction band (a) where they are free to

maove around and so conduct electric
current. If the semiconductor is cooled
to a temperature much lower than the
ionization energy in kelvin of impurities,
then the electrons all return to the donor
levels and the material becomes an
insulator, as shown in diagram (b).
Diagrams (a) and (b) show electron
population of the donor levels and va-
lerce and conduction bands for an n-
tyre semiconductor at room and low
temperature respectively. The dotted
line shows the percentage of states at a
particular energy which are occupied
by electrons. This line becomes much
squarer as temperature is lowered and
there is less thermal fluctuation to kick
electrons into higher energy states. Con-
sequently, electrons flop into their
lowest available states (the donor levels)
leaving the conduction band empty.

Room temperature Thermally excited electrons which
100% e —m e e e ——— can conduct electric current
-~
Completety full \\
of electrons N
Localised
slectrons
0% VALENCE BAND CONDUCTION BAND
ENERGY Donor levels
{partislly occupied)
Low temperature
100% p———————— —— e -
)
Completely full i
of electrons |
1 '| No electrons available
1\ / for conduction
- |

VALENCE BAND

ENERGY

CONDUCTION BAND

Donor levels
(completely full)
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only a factor of order 273/300), and might
well have rather more spectacular and unde
sirable electrical consequences'

The main problem encountered in design
ing cryogenic circuits is that manufacturers
don’t build their devices for low temperature
operation and one relies for suitable active
components on the lucky accident that the
materials and device structures which have
heen developed to meet some specialized
room temperature needs just happen also to
function at low temperatures. Most semi
conductors just dont work when cold be-
cause the electrical carriers in the conduc
tion band “freeze” out when the material is
cooled. Fig. 3. leaving the material looking
like a perfect insulator. Silicon is a case In
point, and at liquid helium temperatures
there is insufficent thermal energy to ionize
electrons from the donor impurities into the
conduction band.

There are three major factors determiriing
how a particular semiconductor device will

TA3000 from £3745
@ Upto 112 channels. 100MHz Timing: 20MHz State.
® State/Timing Cross triggering and Carrelation

©® RS232, IEEE-488 and Centronics interfaces.

©® Multilevet conditional triggering.

Options from £195

TA2500 £4595

behave at low temperatures. The first is the
method by which the charge carriers in the
semiconductor are produced, and therefore
the concentration of carriers at any particu
lar temperature. The other factors are the
mobility of the generated carriers as a
function of temperature and the carrier
lifetime

The nature of the packaging of the device
and the connections between the device and
the outside world may also affect the per
formance guite considerably. Unfortunately.
a particular construction technigue which is
ideal for room temperature operation may
prove to be the opposite at liquid helium
temperatures. For example. ceramic packag
ing is robust. reliable and inexpensive to
manufacture. However, the thermal con-
ductivity of such packages can reduce by an
order of magnitude or more on cooling from
room temperature to 10 kelvin. with the
result that the semiconductor temperature
is considerably higher than that of the

TA2000 £2495 TA1000 £1595
® 32 channels. 100MHz sampling rate.
® 5ns glitch capture. Glitch triggering.
® 4 level sequencer with event count and delay.
©® RS232, IEEE-488 and Centronics interfaces.

Disassemblers for 68000, 8086/88, 80186/188, 80286, 280, 8085, 6502, 6800, 6809, 64180, 8031/51, 8048/49,

63/68XX, RS232, IEEE-488.
PC Data transter software.

thandof

ELECTRONICS LIMITED
2 Glebe Road Huntingdon Cambridgesh
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A spectrum analyser displaying the noise
spectrum (between 20kHz and 350MHz) of
a UHF amplifier constructed using GaAs
mesfets. In the first photograph, the ampli-
fier is operating at ambient temperature,
while in the second it has been cooled by
immersion in liquid nitrogen.

Cold front end of a Robinson magnetic
resonance spectrometer constructed us-
ing three mesfets and chip-packaged
metal-film resistors and capacitors. These
are mounted on the circular printed circuit
board which is visible to the right of the
photograph. The sample under investiga:
tion is inside the NMR coil on the left of the

. picture. This coil, together with its air

spaced tuning capacitor form the tank
circuit of the Robinson oscillator whose RF

“&' amplitude is monitored by ambient

Telephone (0480) 412451 Fax (0480) 41963 Telex 32250 Test G
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temperature electronics. The spectro-
meter fits inside a cryostat of diameter 3.5
cms which sits between the polefaces of an
iron-cored electromagnet capable of de-
livering magnetic fields between zero and
1.2 Tesla with a homogeneity of 1 part in
10* over a volume of 1 cubic centimetre.
When the oscillator frequency coincides
with the precession frequency (Larmor
frequency) of the magnetic spin species
under study, the spins absorb energy and
the RF amplitude of the oscillator de-
creases. Our thanks to James Lord for
allowing us to photograph his spectro-
meter.
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surrounding liguid. The differential contrac-
tion rates of ceramic package and device may
also cause problems and adversely affect
device reliability.

The free carriers necessary for the opera-
tion of a semiconductor can be generated by
a combination of three mechanisms; field
effect. thermal ionization and impact ioniza-
tion. Germanium and silicon bipolar devices
rely on thermal ionization of carriers from
donor and acceptor levels separated from the
conduction or valence bands by energies of a
few hundred kelvins. They are therefore very
susceptible to carrier freezeout and cannot
be used much below room temperature.

Some materials have heen produced with
very high doping levels which cause an
impurity band to be formed just below the
conduction band edge so that carriers are
still available at low temperatures. However.
these materials are in general too heavily
doped for normal device use. Some Si and Ge
mosfet devices with heavily doped channels
dostill operate at cryogenic temperatures, as
the large field gradients in the gate/channel
region are able to produce a conducting
inversion layer due to field effect — just like
enhancement mode devices at room temper-
ature. These devices operate well at 4.2
kelvin, their performance aided by reduced
noise figure and increased carrier mobility.

In most n-type 111-V compounds the im-
purity levels for the popular dopants lie very
close to the conduction band edge and, due
to the very low effective mass of electrons in
these materials, an impurity band can be
formed al even quite moderate concentra-
tions of donors (for example. ahout 10°' to
10% per m” in GaAs). It has been shown that
for n-type GaAs. the impurity band for
certain types of dopant will start to overlap
the conduction hand edge at concentrations
of about 6 X 10* per m”. Hence, n-type
GaAs, InSh, InP and InAs devices are not
susceptible to carrier freeze-out, and operat-
ing concentrations of carriers are still avail-
able at 1 kelvin and colder (p-type 111-V
materials do not show this effect in general.
and behave in a way similar to Si and Ge
devices.) This means that n-channel IiI-V
devices should be usable at very low temper-
atures. At present, only GaAs devices are
commercially available.

Once it has been established that the
semiconductor material will have a sulffi-
ciently large concentration of carriers avail-
able at the temperature of interest, other
factors must be considered. These mainly
concern the mobility and lifetime of the
carriers. The mobility of electrons in n-type
InSb is relatively lemperalure 1ndependenl
and at 4.2 kelvin is about 10°cm*V s~ ' (for
comparison, in n- type Ce at room tempera-
tureitis3x 10%cm*V s ).

Mobility in n-type GaAs has a strong
temperalure dependence' it ts about 8x
10°cm*V " 's ' at room temPerature, rising
to a maximum of 2x10* cm' 's at lOOK
and then falling rapidly to 100cm”V~'s ' at
3K. Thus, InSb devices would have an edge
over GaAs for use at cryogenic temperatures
from the point of view of consistency of
device characteristics. Moreover, given the
peak in the temperature dependence of
carrier mobility in GaAs, operation of GaAs

devices at 77K would be preferahle to using
them at 4K. In fact. as is discussed later, it is
probable that the active regions of devices
such as GaAs mesfets do not get colder than
about 50K even when the package is im-
mersed in liquid helium.

Devices fabricated from InP are also very
altractive. This material offers a mobility
which is by a factor of ten greater than that of
GaAs. Once again, these devices are not yet
available in any form apparently owing to
difficulty in obtaining material which is of
sufficient quality to serve as the semi-
insulating hase for the devices. and to the
problem of making ohmic contacts onto the
material. Moreover, methods of making
Schottky barriers to the material (a critical
consideration for high-frequency devices
such as mesfets) have yet to be perfected.
However, assuming that these problems can
be overcome, InAs and InP devices promise
even better cryogenic operation than GaAs.

The higher mobhility of electrons in GaAs
and other [11-V devices at low temperature
comes from the reduced thermal scattering
of the carriers. This improvement occurs
mainly in cooling to liquid nitrogen temper-
atures: scattering at lower temperatures is
dominated by impurity scattering. This non-
thermal scattering can be reduced by remov-
ing the impurities (i.e. the donors responsi-
ble for the carriers!). Clever design of the
device can separate the carriers from their
donors, so that the carriers operate in
regions of pure semiconductor, where
mobility can be much improved. These
devices (hemts or high electron-mobility
transistors) have been developed for use at
room temperature, hut promise to be even
more attractive as cryogenic devices.

One other consideration which is of im-
portance to microwave GaAs devices is the
high-field behaviour of the carrier velocity.

Fig. 4. Drain current versus gate voltage
characteristics of a AT8110 mesfet for
different values of drain voltage and diffe-
rent temperatures. Note how the mutual
conductance of the device improves with
cooling.

Mast short-gate GaAs mesfets operate with a
considerable proportion of the channel in
the velocity saturated regime. Any increase
in the saturation velocity of the carriers will
not have a direct effect on the device per-
formance, but the nature of the relaxation of
carriers to that equilibrium high field veloc-
ity is important. If the relaxation is reduced.
carriers in the very short channel will
‘overshoot’ their equilibrium velocity.
shortening their transit times. and produc-
ing a much improved high-speed perform-
ance of the device. Hence. a long majority
carrier lifetime in the channel is very desir-
able. Hence, increased carrier lifetimes from
cooling provides more performance im
provement.

The minority carrier recombination time
in 111-V materials is strongly affected by
lowering the temperature. There can be a
reduction of a factor of 100 (InSb, n-type.
room temperature to 4.2K) in recombina-
tion rate for minority carriers, but the rate
for majority carriers varies less: in some
materials it may even increse slightly.
Hence, again. the properties of minority
carrier devices such as bipolar transistors
will he strongly affected by cooling,. but this
variation will not appreciably alter the char-
acteristics of majority carrier devices such as
tels.

From the foregoing discussion it would
seem that GaAs fets should be ideal candi-
dates for cryogenic operation (providing that
the channel is n-doped. to provide the all
important impurity band for the carriers).
These devices are available commercially, in
the form of mesfets designed for GHz fre-
quency operation. They are not cheap (about
£10 to £20 per copy). but we have shown
that the right brands do operate very pre-
sentably down to the lowest temperatures
available, with significantly lower noise than
at room temperature. towever, there are a
number of catches.

Firstly, these devices are optimized for
operation in the gigahertz frequency reg-
ime, and their performance at frequencies of
a few megahertz and below is dogged by
large amounts of flicker noise. Particularly
in circuit applications (such as Robinson

Room temperature
7R
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NQR spectrometers) where the signals take
the form of small variations of a large
amplitude RF carrier, device nonlinearities
mix this low-frequency noise with the RF
signal and it is this which sets the ultimate
limit to the noise performance of high level
circuitry.

Secondly, the effect of cooling the device.
while sometimes increasing the mutual con-
ductance (compare the room temperature
and 4K curves in Fig. 4). also has the effect
of reducing the effective output impedance
of the device which, in simple terms, may be
thought of as the resistance which shunts

the ideal current generator in the fet output
equivalent circuit. The consequence is that,
despite any increase in the mutual conduct-
ance. the maximum available gain of the
device is almost always reduced on cooling,
and this in turn tends to moderate the
improvement in the noise figure.

The change in the device characteristics
also changes the small-signal scattering
parameters of the mesfets, but we have
found it well worthwhile to evaluate low
temperature s-parameters for the various
device types which we have studied. The low
temperature characteristics and hence s-

100

Device 1 «ccveveaeas
Device 2 — — — —

Device 3

g (MA)
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Fig. 5. Comparison of the characteristics at 4.2K of three individual devices of the same
type (NE720) for two different values of gate bias. The dotted, dashed and full lines

respectively represent the three devices.

150

——— Room temperature
| = 77K
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Avantek AT8110 No. 2. Comparison of charateristics at various temperatures.

Vas v}

Fig. 6. Characteristics of a AT8110 at room temperature (full line), 77K (dashes) and 4.2K
(dots). Note the remarkable agreement between the two sets of low temperature curves

parameters are highly reproducible between
individual devices of the same type and such
variations as do occur may be accurately
predicted from room temperature measure-
ments of Iss and Vp. for the particular
devices, Fig. 5.

The final catch concerns the power dis-
sipation of GaAs mesfets. A typical specimen
may require I;,~10mA at V},~3V to operate
satisfactorily and this corresponds to a pow-
er dissipation of 30m\V. At room tempera-
ture this figure is tolerable, but at 4.2K it is
sufficient to evaporate liquid helium at a rate
of about 30¢m of liquid per hour. Given that
atvpical experiment would use a cryvostat of a
few litres capacity and that more than one
mesfet would typically be used. this feature
can set a decisive upper limit to the duration
of an experiment. In addition, this power
dissipation. coupled with the indifferent
thermal conductivity of the ceramic package
when cold, implies that the fet channel
operates at a temperature of around 80K
even when used in liquid helium. This is
corroborated by the observation that the
device characteristics and noise measure-
ments taken at 77K agree closely with the
corresponding data measured at 4K, Fig. 6.
This higher temperature operation of the fet
is however not wholly undesivable since, as
mentioned above. GaAs offers optimum per-
formance under these warmer conditions.

On applving power to a mesfet the thermal
time constants are of the order of mic-
roseconds or less, and we have used this to
effect a dramatic reduction in overall power
dissipation into the refrigerant in some
pulsed experiments inwhich the electronics
need only be switched on when signal is
present.

The photograph gives some indication of
the kind of noise performance improvement
which may be achieved by cooling a GaAs
mesfet UHF amplifier in liquid nitrogen. The
circuit was constructed on a double sided
printed circuit board using surface mounted
(metal film) resistors and capacitors. A
similar construction style is evident in the
cold front end of a Robinson magnetic
resonance spectrometer for use between 30
and 300MHz. The unit shown comprises a
PCB with active devices. the coil (containing
the sample) and the tuning capacitor. and
the whole assembly fits inside a cryostat of
3.5 ¢cm diameter which in turn is inserted
hetween the polefaces of a 1.2 Tesla iron-
cored electromagnet.

In conclusion, we feel that the advantages
of "cold™ electronics. which have served us
so usefully in the furtherance of fun-
damental physics research, will come to be
more broadly recognised, particularly when
alternative methods of generating low
temperatures become more widely available.

Already. this is becoming more realistic
with the advent of small closed-cycle re-
frigevators capable of providing “tempera-
tures of around 10K from a 13A mains plug”™.

which suggests that even when the device is immersed in liquid helium, the effective  The authors arewith Clarendon Laboratory at
channel temperature is probably of order 80K or above.

236

ELECTRONICS & WIRELESS WORLD

Oxtord.

March 1989




FROM

= YNWIEA

UK Distributor for the
complete ILP Audio Range

@ Bipolar Modules
15 watts to 180 watts
® Mosfet Modules
60 watts to 180 watts
® Power Supplies
@ Pre-amplifier Modules
® 100 volt line Transformers
® Power Slave Amplifiers

UK Distributor for
ToroidalIransformers

STEEL DISHED
WASHER

QUTER
INSULATION

11 NEOPRENE
SECONDARY > ] WASHERS
WINDING

INSULATION

PRIMARY

WINDING P D cars

@ Standard range
available from stock
15VA to 625VA

® Design and manufacture
up to 3KVA with fast
prototype service

Write or phone for prices and data.

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254 Fax: 0227 365104

ENTER 50N REPLY CARD

March 1989 ELECTRONICS & WIRELESS WORLD

{{I@w victron

RELIABLE POWER
CONVERSION

FOR ALL MARINE, INDUSTRIAL AND
MOBILE APPLICATIONS

High Quality — Low Cost

Atlas Inverters

g s The Atlas range of maintenance
free inverters provide exceptionally
high eifficiency at ratings up to
3000VA (peak power 6000VA) and
full protection against the rigours of
everyday use. An optional Auto-
matic Economy Switch switches
the inverter on and off according to
load demand

Skylla Battery Chargers

Our five Skylla tully automatic
chargers use the VDL-system
patented by Victron-Energie which
charges 50% faster than most
other types of unit With charging
currents up to 75A, the Skylla
range charges both sealed and
vented batteries fully up to 100%
and adjusts automatically to float
charge, ensuring the longest
possible battery life. Also ideal for
winter maintenance of marine
batteries

Ask about the Atlas Combi combined inverter and fully
automatic 25A charger. Ideal for small vessels, service
vans, mobile homes etc.

Pico Uninterruptible
Power Supply

The Pico gives uitra-
reliable protection
against damage
to electronic
equipment caused
by power cuts and
fluctuations in the
mains supply. At £495
plus VAT, the Pico is
a breakthrough in low

cost uninterruptible
) power supplies

4OOVA\(0r\ess than £500*
... and the ella
_comes FREE!

: Supports 3
e PC'sfor up
| to 20 mins

VICTRON UPS RANGE - 150VA TO OVER 100KVA

victron uk Itd

Jacknell Rd Hinckley Leicestershire LE10 3BZ
Tel: 0455 618666 Fax: 0455611446 Telex: 342458 VICTR G

ENTER 580N REPLY CARD

237



icrocontroller program
development on a PC

chipFORTH is a high level language for microcontroller
program development. It combines the FORTH language
with a PC based compiler and an interactive development
environment. This allows the design, test and
documentation of code in about one quarter of the time
taken by other high level languages or one tenth that of

< more functions are integrated on to
Athe chip of a microprocessor the cost

ind engineering advantages of select-
ing the right micro for the job over “using
the one we always used™ become significant.
This can only be done cost-effectively if the
engineer can isolate himself from the
machine code details of the new processor by
using a high level language and, at the same
time. keep the cost of his development tools
low.

With the aid of a grant from the Depart-
ment of Trade and Industry’s “Support for
Innovation” scheme, Computer Solutions
has developed a new way of working called
chipFORTH which provides interactive de-
velopment on the smallest eight bit micro-
processors and microcontrollers without the
need for an In Circuit Emulator (1ICE). The
hardware required for development (a PC
and sometimes a low cost rom emulator) is
independent of the project’s target micro
leaving the engineer free to choose the best
micro for the job without having to budget
foranew ICE.

Microprocessors are becoming highly in-
tegrated and sophisticated. They regularly
include 16-bit operations. 64K address
space. on-chip ram ranging between 128 and
512 bytes. and up to 16K bytes of on-chip
rom, timers, a serial port, extra VO lines and
AD converters. The applications themselves
are also becoming more complicated, and it
is becoming common to find an on-chip rom
with 16K bytes of applications code. Users
now favour high level programming lan-
guages. chipFORTH is based on FORTH and
is ideally suited for I/O-intensive operations
such as control, instrumentation and com-
munications.

THE ENVIRONMENT

The development tanguage requires an IBM-
PC or compatible to act as the development
system. A serial line connects the PC to the
serial port of the single-chip micro. The code
is compiled on the PC and passed down the
serial line to the target system for storage.
Interactive high-level debugging facilities
are provided which require less than 256
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assembler.

C.L.STEPHENS

Serial port

Where RAM is avoilable

chipFORTH development environment

Editor

poooooon

Program developed
into RAM
oouUguouy
00000
Single chip
microcomputer

1/0 tested interactively

Assembler

Incremental
compiler —J_‘l
interactive

L

Code
under
test

Disc

test mferpreterl]

Software breakdown of a chipFORTH system

bytes of eprom space on the target system.
The PC appears to the engineer to be a VDU
and keyboard attached to a full disc develop-
ment system running on the CPU of the
target.

Of course, this is not the real case. The PC
is performing the compiling and interpret-
ing functions. but all time and 1/0 critical
actions are occurring on the target hoard.
With this configuration it is possible to use
high level commands to execute individual
high-level or assembler modules, change
variables and access 1/0. New definitions (or
modules) are added incrementally by the
chipFORTH compiler. New high level code
can either be loaded in from disc or quickly
produced on-line at a keyboard.

Any target system serial output is display-
ed on the PC screen, while the keyboard can
he used to provide test input to the target
board. When more complex protocols (such

EL

as computer-to-computer links) are re-
guired. the software can be enhanced to
carry out these tests. because all of the
PC/target software iswritten in FORTH.
Alternatively. in the event that the ap-
plication board does not provide a serial port
then another hardware aid (called comROM.
cost £195) isavailable. This device providesa
processor-independent serial link to any
computer board via an eprom socket.

TIHE CONSTRAINTS

Inevitably there are time critical parts of a
program which cannot tolerate any over-
head. To cope witli this chipFORTH includes
a full assembler for creating machine code
{as opposed to high level) modules. These
modules can be executed and tested using
the same interactive facilities that are used
in the testing of modules written in high
level code. The package also contains sample
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application programs which show the en-
gineer how to drive chip-specific hardware
such as 1/0 ports. high-speed interrupts. A/D
converters and pulse width modulated out-
put. These provide valuable models onwhich
other programs can be based.

Rom and ram locations are not restricted.
For example, when testing hardware for the
first time development can take place using
only on-chip ram. To demonstrate further
this flexibility it is worth noting that on the
8051 it is possible to operate either in
single-chip mode or with any combination of
separate or overlapping 64K program and
dataareas.

DEVELOPMENT HARD\VARE
REQUIREMENTS

The majority of applications require only a
PC. but some also need a low-cost (£200)
rom emulator. This is needed when the
target board cannot be partially populated
with ram. or when it has separate date and
code spaces or when the micro is being used
msingle chip mode.

chipFORTH is available for the following
generic family ranges: the Intel 8096 and
8051 series (including the 8031 and other
derivatives such as Philips’ 80552). the
Motorola 68HC11 and 6801/6803 as well as
the FHitachi 6301 family. It has also been
implemented on the Motorola 6809. Intel
8080 and Zilog £80. while a version running
on the Hitachi 64180 (also the Zilog Z180)
includes the ability to use its memory man

* ANALOGUE AND DIGITAL OPERATION.
® 500 uV SENSITIVITY.

® 20 MS/s SAMPLE RATE PER CHANNEL.
* 4K RECORD LENGTH PER CHANNEL.
¢ 3 YEAR WARRANTY.

T50

£750

Educational
discount available
on all products

agement svstem to develop programs as
large as 512Kbytes.

USING chipFORTH - A
PRACTICAL EXAMPLE

will read an A/D converter attached to a
thermocouple, linearize the value and
generate an analogue output that corres-
ponds lo the temperature in degrees Celsius.
In addition flexible facilities to calibrate the
system and to compare the temperature to
upper and lower alarm limits generating
relay outputs are required. This unit is to go
into high volume production with a number
of different options being supported.

The Hardware. The 8031 chip was selected as
it is low cost and has sufficient on chip ram
for the designs requirements. .\n on-chip
uart will be used to link to a hand held
programmey for calibration and test pur-
poses and one of the on-chip timers will be
used to generate baud rates while the other
functions as a general millisecond timer for
the application. The on chip eprom version
of the processor is too expensive for produc-
tion purposes and while the volume is
expected to e high this will be made up of a
number of thermocouple types resulting in
different versions which makes a masked
rom version uneconomical. Because of these
considerations the program will be held in
low cost off-chip eprom. The product re-
quires that calibration data be held in the
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Prices subjec: to chayge without notice,

system even when power is lost and this is
done using an eprom. The A/D resolution
required is better than can be obtained on
chip with any of the single chip microp-
rocessors currently available. An A/D con
vertor will be memory mapped into address
C000 hex for the converter and C002 for the
control and status register. A D/A converter
1s memory mapped to address C004.

THE DEVELOPMENT
ENVIRONMENT

Rather than use an expensive In Circuit
Emulator (ICE tvpical price £3000) we use a
low cost rom emulator (fastROM which costs
£195). This can be filled with code in less
than one second and so no perceptible break
in the interactive environment is noticed. A
serial link is available for the PC to com
municate with the board and so the standard
chipFORTH configuration will operate with-
out anv modifications

COMPONENT TESTS

The first thing to do when the application
board is developed is to set about testing the
hardware. The basic computer side of the
system is s.mple (chip. eprom, crvstal and
RS232 conneclor) so after performing initial
continuity and safety checks the next step is
o try executing a program on the system. \s
his zystem uses a standard chipFORTH
onfiguration it is straightforward to plug
the ef-rom into the socket and use this as the

it
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system test environment rather than write
special machine code routines. This is espe-
cially true if we are only just starting to learn
how to use a new processor.

C>CF

> (Load chipFORTH)
ok COMPILER LOAD

(Loads the cross
compiler)

(Loads typical chip-
FORTH set of words.
EMU loads the result-
ing code into the fast-
ROM emulator)

ok CPULOAD EMU

ok HEXRT (Sets base and com-
munications towards
the target board)

ok .R (Requests current

CPU register con-
tents)
A=E3SP=FF R=0104 S=EFFQ U=EFF4

This is simply used to confirm communica-
tions and in the event that the stack pointers
have not been set up correctly will provide
diagnostic details. During the application
development the content of registers is
rarely needed: othenwise, why use a high
level language?

What this has done is to test all the
following:

i Theemulator is connected correctly

ii The serial link between the PC and
Applications cards is working

iii The chip and its internal ram are
working.

ok12+.3

This puts values 1 and 2 on to the chip-
FORTH stack in the 8031’s on-chip memory.
commands that the values be added together
(+) and then prints the total on the PC (),
which results in the 3. This has now checked
out the ram. stack settings and basic micro
and chipFORTH functionality.

ok COR2@ .0 (displays on the PC the
contents of the A/D sta-
tus register from the

8031)

@ is a chipFORTH word that reads a value
from a memory location.

ok 1C002! (' is a chipFORTH word
that stores a value (1)
into a location — the con-
trol register — this is
assumed to perform a
conversion).

ok C0O00@ .3B  (so we have requested a
conversion, assumed
that the manual input
time will be enough for
it to have been com-
pleted and then read
back a value)

Now we can change the voltage on the /D
and see what the value is by repeating the
last two steps. A more useful thing todois to
write ina program to do this:

-A/D1C002 ! BEGIN C002 @ UNTIL
CO00 @ ;

. starts a definition — A/D is its name. We
initiate a conversion and then wait in the
BEGIN UNTIL structure until its status is
non-zero, indicating completion, at which
point we read the converter and leave its
value on the stack for later use. Now we can
build a second word for testing or to aid in
calibration:

: ?A/D BEGIN A/D . CR 400 MS AGAIN;

This loops printing the contents of the A/D
on a new line (CR) every 400 (hex) mil-
liseconds (MS); we could have gone into

chipFORTH allows the development of code on single chip computers.

decimal mode but 400 hex is close enough to
one second for our purpose. This word will
not get used for anything other than tests
but a minor variant of A/D will clearly be of
use in the application. g

Now let us test the D/A just to check that
we have wired up the high and low bytes the
right way round!

ok 0 C004! (check volts)
ok FFFFC004!  (checkvolts)
ok FF C004! (check volts)

Sowe can now write
:D/IACO04 !,

and use the input to provide test data for the
output:

: TEST BEGIN A/D I/A AGAIN;
Clearly we can now go on to check each of

the relay outputs in the same way and also
the eeprom.

WRITING THE APPLICATION

The application can now be written, prob-
ably using some of the words developed
during the tests. For this project the top
level program is

: GO BEGIN A/D NORMALISE ?LIMITS
D/AAGAIN;

We already have an A/D and D/A word. the
normalization will depend on the type of
thermocouple in use and may include
switching in cold junction drift compensa-
tion. The word ?LIMITS will check whether
the temperature is above the high or below
the low limit (set up elsewhere), setting the
relay outputs if necessary. Each word can be
tested in isolation on the target system as
was done for A/ before soak testing of the
application takes place. The application is
now running from a rom socket with on-
chip ram used for variable and stack so it is
only necessary to reorganize startup code to
begin executing the word GO on power up
and toburnarom.

The example is a greatly simplified de-
scription of a recent application program-
med in chipFORTH. In reality the norma-
lization includes complex zero adjustments,
converter gain changes, filtering and relay
dead-banding. The resulting product is the
Protech Sapphire Signal Processing Unit
shown. Using another 8031-based hand held
controller also programmed in chipFORTH,
it is possible to perform either complex
factory calibration procedures or on-site
adjustments of the Sapphire unit with
prompting from the micro to ensure oper-
ational simplicity. The flexibility of the high
level chipFORTH code proved especially
valuable when it was decided to modify and
extend the calibration to take advantage of
more effective procedures.
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In depth — Datacomms

‘.

Pug
to work

While the idea of sending data over radio is not new, the

concept of an automatic adaptive network with minimal

spectrum requirement looks particularly attractive for
both military and commercial applications.

he transmission of digital data over a

I radio link is not a new idea. Commer-

cial exploitation of packet radio or
AX25 has many new facets. Much of the
experimental work on the protocol and
transmission techniques has been carried
out by radio amateurs, who in many cases
are professional engineers. We present the
latest developments.

Packet radio originated in the USA and is
based upon the well known X25 protocol.
This derivation has become known as AX25
(Amateur X25). The use of the word amateur
should not be taken to mean that the AX25
protocol is in anyway “amateurish™ it has
been developed by well respected profession-
al software engineers who just happen to be
amateurs. An American amateur, Eric
Scace. takes most of the credit for writing
the original CCITT X25 protocol and is now a
leading light in AX25.

THE UK AX25 PACKET NETWORK

Until approximately 1985, the terms “packet
radio”™ and “AX25" were largely unknown in
the UK. but following several technical
articles outlining the uses and benefits of
AX25. combined with the availability of
reasonably priced equipment, interest grew.

The AX25 packet network provides users
with a unigue set of benefits, the most
important of which is error free exchange of
data over HF radio.

The error free nature hinges on the
initiating station getting an acknowledge-
ment back from the distant station, and the
error checking bits contained in each pack-
et. The error checking is accomplished by
the sending station calculating a certain
number based upon the data being sent and a
simple algorithm. This number is transmit-
ted along with the data.

At the receiving end the number is re-
calculated using the same algorithm based
upon the data received and if this number is
the same as the number contained in the
received packet of data, then an acknow-
ledgement is sent to the originating station.

If the data has become corrupted, the
received caleulated number will not match
the number contained in the packet. The
receiving station will then transmit a reject
message o the sending station causing the
sender to retransmit that packet.

Due to the frequency time sharing nature
of AX25, it is possible for several data links to
operate on the same frequency without
causing each other undue interference. This
happens because each station automatically
checks the frequency for other traffic before
transmitting. thereby reducing the possibil-
ity of collisions. Simple low power FM
transceivers are quite adequate for any
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Packet radio on VHF: station B acts as an unattended relay point. making communication possible between A and C.

potential user to access the network, provid-
ing the set’s bandwidth will pass 1200 baud
data.

Other benefits include the ability to send
and receive electronic mail from other users
and the ability to address the whole packet
community (in effect a computer circular
letter): AX25 networks can handle traffic
from BBSs similar to telephone bulletin
boards.

There are four essential pieces of equip-
ment required for the use of AX25:

1. Asuitable transceiver.

2. A Terminal Node Controller. abbreviated
to TNC.

3. Adisplay terminal or VDU.

Item 1 provides the means of taking data
transmissions off air. The frequencies pre-
sently in use on the amateur AX25 network
are 50.67MHz. 70.4875MHz. 144.650MHz
and 432.675MHz. There is also a fair amount
of international AX25 traffic centred on
14.1MHz operating at 300 baud. This article
is only concerned with the VHF network.

These frequencies all operate at a modest
l speed of 1200 baud. It is hoped that a

network running at 9600 baud will be oper-
ational on 1299MHz in the very near future.

Item 2. the TNC. operates on the demod-
ulated data. and handles all the AX25 pro-
| tocol requirements of the radio link and
passes the datatoitem 3. Usually, in amateur
circles. the TNC feeds a VDU or home
[compu(er. The essential difference between

AX25 and other digital communica-

tion systems over radio (such as RTTY or
AMTOR etc), is the ability of each TNC to act
as a simple “digipeater”. This means that
every user on the network has the means of
relaying other users’ traffic on the frequency
to the next more distant station down the
chain.

This digipeating occurs in the “back-
ground” of the TNC: it doesn’t corrupt any
traffic the host user may himself be passing.
The only effect is a reduction of the through-
put rate for his own data.

An example of digipeating is outlined in
Fig.1. Station A wants to exchange data with
station C. but due to the distance involved or
some obstruction such as the hill, station A
cannot directly communicate with station.
He therefore instructs his TNC to connect to
station C via station B. Hence station B is
used as a digipeater.

While station B is being used as a digipea-
ter it simply listens for any packets addressed
to it. If it should receive a packet whose
header contains its callsign. it then checks to
see if it is intended for itseif or is to be
re-transmitted to the next station listed in
the header.

For operation as an unattended fixed link,
station A would have a list of routes prog-
rammed into the terminal enabling it to
communicate with the desired distant sta-
tion. Station B could be a very basic digipea-
ter consisting of just a radio and TNC. It is
possible, in theory at least, to digipeat
through up to eight separate digipeaters, the
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figure of 8 being defined by the protocol.

As there are no acknowledgements be-
tween adjacent digipeaters that the message
has been successfully received, it is likely
that at some point in the chain the message
would become lost due to interference or a
collision of packets caused by two or more
transmitters operating at once. The initiat-
ing station would therefore have to try
several times before getting a successful
acknowledgement back from the distant
receiving station.

In having to re-transmit the packet, the
data throughput and consequently overall
baud rate is dramatically reduced compared
toasimple digipeating system.

In the early days of packet this simple

digipeater worked fairly well, with many |

stations leaving their equipment turned on
24 hours a day to provide a digipeater
network. Due to the rapidly increasing popu-
larity of packet radio, it soon became un-
practical to digipeat through more than two
or three stations. This was due to the

frequency becoming overloaded through |

sheer volume of traffic. A more sophisticated
network had to be devised to handle the
increased traffic flow.

An answer to the problem was provided by
an American software house called Software
2000. 1t produced a program, held in eprom.
which was compatible with the most popular
types of TNC. It called this piece of software
NETROM.

There are at the time of writing several
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More complex packet networks are possible through the use of automatic message routeing.
other programs which offer similar facilities  also maintains a list of other active nodes on APPLICATIONS

to NETROM: some of these other programs
offer extra commands for the end user.

Instead of relying upon a digipeating
network operating upon a single frequency,
it enables cross links from one frequency to
another. and to have inter-node acknow-
ledgements. Referring to Fig.2. this means
that the initiating station A has only to
receive an acknowledgement from local
node B. Local node B then takes over
responsibility for getting the message passed
successfully to the next node in the chain en
route to the final destination. Local node B
would usually pass the data via RS232 to
another node physically co-sited but on a
different frequency. This leaves the network
input frequency clear for incoming traffic.
Node C would usually operate at a higher
data rate and form part of the backbone of
the network. Packet node ) would receive
the data off the backbone network and
acknowledge successful receipt to node C.
before passing the data to node E via a local
RS232 link. Node E would then downlink to
the destination station F using a different
frequency.

A feature of the network software is its
ability to route the message automaticatly to
the next node on a ditferent frequency. It

the network and a record of which node is
next in the chain en route to a more distant
node. Using the auto routeing ability of the
network, it is possible for a station to uplink
to a local node, then connect to distant node
before downlinking to the required distant
station. All the routeing between nodes on
various frequencies and bands is taken care
of automatically.

As the routeing table is periodically up-
dated by the program, it automatically in-
corporates new nodes and bypasses any
nodes which are no longer active. For the UK
network to communicate with other coun-
tries some network nodes have an HF port
connected to a suitable radio for use on
frequencies below 30MHz.

Another more innovative method of pro-
viding worldwide linking is via satellite, At
present the University of Surrey is running a
data communications experiment (known as
the DCE), which involves the use of an
orbiting satellite that has in effect a special
type of TNC. This satellite can store up to Y0k
of data which can upload from the Surrey
earth station and then down load at some
distant earth station. Obviously this system
cannot work in real time. but still provides a
useful means of passing traffic.

A packet radio network can be used in any
situation where data has to be passed error-
free between two points. An example might
be the directing of an ambulance to the
scene of an emergency, where any mistake in
the passing of the exact location could waste
valuable minutes. Some motoring organiza-
tions are already using a form of packet radio
to pass information to their mobiles.

The US military have been quick to exploit
the tactical advantages of a packet network.
The adaptive nature of such a radio network
allows for an individual station to go off air
vel the system still remains functional. Also
the relatively short duration of the data
transmissions makes interception and jam-
ming more difficult.

It also has other advantages over an open
loop data transmission system. Some public
utilities. such as the water authorities. have
many fixed data links operating in the UlHF
band. If a packet type network were to be
used. then it becomes possible to accommo-
date a larger data flow on each frequency in
use, thereby releasing frequencies for other
uses. The only penalty is the initial cost. It
requires transceivers. TNCs and interfaces at
each site.
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RF MODULES AND SYSTEMS

LOW NOISE GASFET PREAMPLIFIERS

Aligned to your specified frequency in the range 30-1000MHz Masthead or

local use

TYPE 9006 NF 0.6dB. Gain 10-40dB variable. In the range 30-250MHz
£78+£3 p&p

TYPE 9006FM As above. Band |1 88-108MHz £78+£3 p&p

FM TRANSMITTERS

88-108MHz. 50 watts RF output

TYPE 9086 24V + DC supply

TYPE 9087 Includes integral mains power supply

TYPE 9182 FM Exciter +75KHz deviation. Output 10mwW

£945+£30 p&p
£1110 - £40 p&p
£248 ' £3 p&p

TELEVISION LINEAR POWER AMPLIFIERS

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

TYPE 9261 100mV input. 10mW output £218+£10 p&p
TYPE 9252 10mW input, 500mW output £254+ £10 p&p

TYPE 9002 Two stage Gasfet preamplifier. NF 0.7dB. Gain 25dB adjustable
High Q filter. Tuned to your specified channels in bands IVor V. £102+£3 p&p
TYPE 9004 UHF two stage Gasfet preamplifier. NF 0.7dB. Gain 25dB
adjustable. High Q Filter. Aligned to your specified frequency in the range

250-1000MHz £102+€3p&p  TYPE 9259 500mW input, 3 watts output £290 +£10 p&p
TYPE 9035 Mains power supply for above ampilifiers £30+£4 p&p  TYPE 9263 2-3 watts input. 15 watts output £400+£12 p&p
TYPE 9010 Masthead weatherproof unit for above amplifiers £12+€3p&p  See below for Television Amplifiets in bands | & 11

TMOS RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz. or your specified
channels in bands | or Ill. 24V + DC supply
TYPE 9105 10mW input, 1 watt output
TYPE 9106 500mW input. 10 watts output

PHASE LOCKED LOOP FREQUENCY CONVERTERS

TYPE 9113 Transmitting. Converts your specified input channels in the range
20-1000MHz to your specified output channels in the range 20-1000MHz. 1mV
input, 10mW output (+10dBm). AGC controlied. Gain 60dB adjustable -30dB
Will drive transmitting amplifiers directly £356+€6 p&p

£230+£10 p&p
£284+4 £12 p&p

TYPE 9114 Receiving. Low noise Gasfet front-end. NF 0.7dB. Gain 2508 RSE g: ‘;’g ! zg::s":g:af’?owj:;s"gﬁgfn T ggz
variable £356+ €6 p&p
TMOS WIDEBAND LINEAR POWER AMPLIFIERS
PHASE LOCKED SIGNAL SOURCES TYPE 9246 1 watt output 100KH2-175MHz 13dB gain £108+£4 p&p
TYPE 8034 Frequency as specified in the range 20-250MHz. Output 10mW TYPE 9247 4 watts output 1-50MHz 13dB gain £108--£4 p&p
£120+£3 p&p  TYPE 9051 4 watts output 20-200MHz 13dB gain £108 -£4 p&p
TYPE 8036 Frequency as specified in the range 250-1000MHz. Output  TYPE 9176 4 watts output 1-50MHz 26dB gain £254 +£6 p&p
10mwW £170+£3 p&p  TYPE 9177 4 watts output 20-200MHz 26dB gain £254 +£6 p&p
TYPE 9182 FM or FSK modulation. 20-1000MHz. Output 10mwW TYPE 9173 20 watts output 1-50MHz 10dB gain £308+£20 p&p
£248+£3p&p  TYPE 9174 20 watts output 20-200MHz 10dB gain £308 + £20 p&p
TYPE 9271 40 watts output 1-50MHz 10dB gain £616+£20 p&p
Please add 15% VAT on total TYPE 9172 40 watts output 20-200MHz 10dB gain £616+£20 p&p
Full technical specifications available on request. TMRE028S \ejp>PEe" SIDRPInorgy o ingaorg amp"',':ﬁ'es‘, ———

RESEARCH COMMUNICATIONS LTD

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

ENTER 18 ON REPLY CARD

CONQUERING NEW HEIGHTS

* Component Comparator
% Variable Hold Off
* Triple DC Source
* DC - 25 MHz
* 40ns/div

* 2mV/div
. % Low Cost .,

£31

To scale the heights, just call
. us for your FREE copy of our
catalogue

ENTER 50 ON REPLY CARD

Lrotech instruments Limited

2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ

*(Ex VAT & Delivery)

Yes its 25MHz for £319

Telephone: (0480) 301818
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PROFESSIONAL QUALITY
PATCHING AND
SWITCHING EQUIPMENT

FOR DIGITAL AND ANALOGUE SYSTEMS.

“NORMAL THROUGH” PATCHING AND SWITCHING EQUIPMENT FOR
THE FOLLOWING INTERFACE TYPES:
V11, V24, V35, X21, X27, G703, RS232, RS422, RS449 VF AND COAXIAL.

NATO, MIL STANDAR’*D AND BABT APPROVED SYSTEMS.
DISTRIBUTED MATRIX SYSTEMS FOR UP TO 4000 USER PORTS.
FULL CATALOGUES AVAILABLE ON REQUEST.

THE SWITCHING SPECIALISTS. . ...

FESHON SYSTEMS

PINDEN, DARTFORD, KENT DA2 8DX.
TEL: 04-747 8111 (SIX LINES) FAX:04-747 8142 TELEX: 96395 (FESHON G)

ENTER 34 ON REPLY CARD

COMMERCIAL QUALITY
SCANNING RECEIVER

ﬂiﬂ'u;'l )

The IC-R7000, advanced technology, continous coverage communicohions (eceive
has 99 progrommable memories coveting auciaft, maune FM broadcast,
Amateur radio, television and weathe: satellite bands For simplified operation
ond quick tuning the IC-R7000 features direct keyboord entiy Precise frequencies
can be selected by pushing the digit keys in sequence of the fiequency ot by turning

the main tuningknob FM wide/FMnairow AM uppe! and lower $SB modes with
6tuning speeds 01,10,5,10,12 5ond 25kHz A sophisticated scanning system
provides instant access to the most used frequencies By depressingthe Auto M
switch the IC-R7000 automatically memorises frequencies that are inuse whilst it
1s 1 the scan mode, this allows you to recall trequencies that were nuse Readout

s clearly shown on a dual-colour tluorescent display Options include the

RC 12 infra-red remote contioller voice synthesizer and HP 1 headphones

O lcom (UK) Ltd. Tel- 0227 363859 Telex. 965179 ICOM G
N.B. Authorised Welsh distribution by:
M.R.S. Communications Ltd. Cardift Tel- 0222 224167

|Pleuse send information on icom products & my nearest lcom deule:|

|Nume/uddress/postcode:
1 1

IStutus: Tel:
LPlst to:lcom (UK) Ld. Dept. WW, FREEPOST, Herne Bay, Kent CTé SBRJ

ENTER 10 ON REPLY CARD
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INTELLIGENT MEASUREMENT
_____AND CONTROL

ML - yomen ::

T . L.
* MCS-52 basic with full floating point and trig functions
* Four 12 bit A te D converter
* One 12 bit D to A converter
* Battery backed real time clock
* 32K Battery backed RAM
* 16K Eprom and on board Eprom programmer
* Six by eight bit digital ports
* RS232 and networked RS485 interface
* Senal printer port
* Direct drive to a LCD/Vacuum fluorescent display and user
defined keypad or VDU
* Automatically calibrates to any dumb terminal

WARWICK INDUSTRIAL
ELECTRONICS LTD

UNIT 19, RIGBY CLOSE,
HEATHCOTE INDUSTRIAL ESTATE, WARWICK CV34 6TH
& NATIONAL (0926) 334311 — NORTH WEST (056 587) 3540

ENTER 35 ON REPLY CARD
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he popular image of computer data-

comms stems from films like War-

- M games depicting seventeen year old
hackers blithely accessing Pentagon compu-
ters and accidentally starting World War 111
Tte reality is much less romantic. Neverthe-
less, if the Pentagon was foolish enough to
atfach its computer systems to the other end
:)f a telephone line then an ordinary PC plus

| amodem is all that the hacker would need to
brakin,

Recent technological changes have made
it ‘ar easier for the average Harry Hacker to
iget started in datacomms. For example,

| telephone handsets are no longer hard wired
in-o junction boxes. British Telecom now
|installs its standard square junct:on boxes
inzo which the public can plug not only
pkones but modems too. Armed with no
more than a modem, a micro, suitable
: communications software and a list of illicit
| tefephone numbers anyone can get arrested
for looking into Prince Philip’s private elec-
tronic mailbox!
| Not all on-line systems are private - there
| arz in fact services which actually welcome
aczess from the general public. The best
| krown of these are electronic mail (often
abbreviated to email) services, such as Tele-
com Gold, along with information services
:h as Prestel. Email services are growing
sophisticated and can now be used
for sending faxes as well as
telexes. Prestel is
slightly

| unusual in that it
provides information not in a plain
test format but in the form of pages which
carry colour and graphics — although only of
a very basic level. Strictly speaking Prestel
comes under the category of a videotext
service and as such requires special software.
More of this later.
Information is also widely held in on-line
databases, examples of which are Fintel

(financial information) and Profile (which

= = —

;
Indepth Datacomms |

Plugging acomputerintoa -
telephone socket provides access
to computer subculture
of great diversity.
Examination of the digital flora
and fauna will even turn up a few
useful species.

TONY DENNIS

¥

|
®
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carries the text of newspapers and other
learnad journals). However, amateurs we-

ren’t slow to get in on the act, and

using their own micros to act as ‘hosts’ for
public messages. Such a service is now
described as a bulletin board although most
boards now carry out a range of services
including distributing free or ‘public do-
main’ software. Boards have now evolved
way keyond simple'messaging systems.

BAUD RATE

In order to go ‘on-line’, however, amodem is
a must. A modem is the physical device that
has the job of taking digital output from a
computer and transforming it into audio
tones which travel easily down standard

telepaone lines. All that is happening is that |

the signal is modulated and then demod-
ulated by a compatible device at the receiv-
ing end. {Hence the name is an abbreviation
of MOdulator/DEModulator|.
days the method of operation employed by
modems was known as Frequency Shift
Keying (FSK) whereby each modulation
represented one bit of data. With this type of
modem its speed was expressed in numbers
of modulations (measured by baud rate).

In the early |

Hence a 300 baud modem roughly translated |

into 300 bits per second (b/s).

The next move was to play games with the
available bandwidth of the telephone line.
When BT engineers were designing what
eventually became Prestel, they came up
with a modem which could receive at 1200
baud to give something approximating to an
acceptable screen refresh time (ie 1200 b/s).
This lidn't leave much room for sending any
information back but they just managed to
squeeze 75 baud out of the remaining
bandwidth. In fact 75 baud was fast enough
for keying in at the speed of a competent
typist. Thus the split baud rate 1200/75
modem was born.

As always a race to improve modems
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developed and speed was the obvious target.

An ordinary telephone line had sufficient

bandwidth to cope with two 600 baud chan-

nels — one for receiving and one for sending.
| The next solution was to make each modula-

tion carry two bits of information instead of

one. This became known as DPSK (Difteren-
| tial phase shift keving). Likewise 2400 b/s
modems are still using 600 baud but getting
four bits with QAM (quadrature amplitude
modulation). Further improvements fol-
lowed with more bits being squashed into
each modulation. It is currently possible to
purchase modems which will carry 14 400
bits per second in both directions. Hence
high speed modems are designated in terms
of their bits per second rate while low speed
modems are still measured by baud rate.
Sadly this distinction has resulted in a great
deal of confusion.

Clever technology is no good just on its
own. The user must have some hope of being
able to connect the modem to another
bought from a different manufacturer.
Naturally in Europe a body was formed to
draw up relevant specifications and this is
known as the CCITT (International Tele-
graph and Telephone Consultative Commit-
tee). Thus 300 baud became the CCITT's V21
standard and 1200/75 baud modems con-
formed to V23. Over in North America,
modem manufacturers were following rival
standards set by the Bell telephone com
pany. Fortunately the Americans have sub-
sequently decided to fall into line and now
follow CCITT standards for 2400 b/s and
above. Luckily the Bell and CCITT for 1200
b/s arevirtually identical too!

MODEMS

Obviously modems can be equipped with all
kinds of bells and whistles so it would be best
to outline some of their more useful features
here. To save the user from having to plug a
handset into the back of the modem and
physically dial a number, most modems will
now do the dialling automatically — hence
they are ‘autodial’. For those who want to set
up their own remotely accessible svstem, a
modem can be made to automaticaily
answer incoming calls. This is called ‘auto-
answering’. Then rather than requiring the
user to physicallyv open up the modem’s
casing and mess around with jumpers and
dip switches, manufacturers found life was
much easier if the modem altered its own
configuration through software commands.
The company which set the standard in this
area was Hayes Microcomputer Products
based in Norcross, Georgia. The Hayes com-
mand set (which starts with the letters AT
standing for attention) has now become a de
facto standard and virtually all modems sold
in this country for dial-up use are referred to
as Hayes compatible.

The only other feature of a modem poss-
ibly worth worrying about is error correc-
| tion. This has becorne almost indispensable
with the rise of data throughput speeds.
Error correction deals with the problems
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BOARD STDCODE NUMBER AREA
1 PSYCHOBABBLE 0534 52086 CH
2 JETSET 0481 712597 CH
3 MASTER CONTROL 0534 58929 CH
4 HAWKS CASTLE 0344 411621 E
5 ICHTHUS 0734 484847 E
6 THE VILLAGE 01 4642516 L
7 DATA CONNEXION 01 4785464 L
8 SW10 WAREHOUSE 01 3765349 L
9 BODY MATTERS 01 6037581 L
10 CHARITY HOUSE 01 6737294 L
11 CRYSTAL TOWER 01 8862813 L
12 CO-OP BOARD 01 3166488 L
13 PARADIGM OPUS 01 2518255 L
14 TBBS ROVEREED 01 5424967 L
15 PD SIG B 01 8642633 L
16 DEC CATT HOUSE 01 2003033 L
17 CENTRAL OPUS 021 7111451 M
18 ACADEMICS 021 7059677 M
19 TUG II 021 4441484 M
20 STARGATE OPUS 0476 74616 M
21 MACTEL HQ 0602 817696 M
22 C-4-CHRIST 0926 28294 M
23 WELLAND VALLEY 0858 66594 M
24 THE GAS LAMP 0706 358331 M
25 ACCESS FIDO 0905 52536 M
26 MACTEL GREENBOX 0602 455444 [
27 POACHER OPUS 0476 62450 M
28 CORBY TOWN OPUS 0536 205113 M
29 NEPTUNE BBS 0274 573481 NE
30 LEEDS UNIVERSITY 0532 445276 NE
31 DEEP THOUGHT 0247 270199 NI
32 MCIS 061 7737739 NW
33 ULTIMATE SOURCE 061 6789580 NW
34 TEE PEE OPUS 061 4946938 Nw
35 ARGUS PROJECT 091 4900327 NW
36 WEST END 041 3371519 S
37 JOCKS AWAY! 031 2255368 S
38 OPUS CLYDE 041 8807863 S
39 MACTEL PHEONIX 0473 610139 SE
40 AIRTEL 0342 717800 SE
41 SENTINEL 0628 781429 SE
42 GOSPORT APRICOT BBS 0705 524805 SE
43 BOB'S BIZARRE 0394 279644 SE
44 DATASOFT 0460 54615 SE
45 EXCHANGE TBBS 0767 50511 SE
46 STAINES 0784 65794 SE
47 SOFTNET B 0895 420164 SE
48 TRINITY 1 0392 410210 Sw
49 WORLD OF CRYPTON 0458 47608 SW
50 ABSOLUTE ACCESS 0425 471370 SW
CH=Channel Islands - E=East of England - L=London - M=Midlands
NE=North East - NW=North wWest - NI=Northen Ireland - S=Scotland
SE=South East - SW=South west.

caused by line noise ‘corrupting’ data is it is
being transmitted. The usual method is to
check blocks of data and ask the originating
modem to resend any which have become
corrupted. The MNP series of protocols
invented by Microcom are rapidly estab-
lishing themselves as an industry standard
but watch out also for the CCITT's V42
standard which includes both MNP and a
rival protocol - [LAP-M.

The easiest way to go on-line with a micro
is to run a program which allows it to
pretend to be a popular terminal such as a
DECVT52. This is known as terminal emula-
tion. But what is the point of using a micro
as a ‘dumb’ terminal when it is quite capable
of handling more intelligent tasks such as
file transfer? It didn’t take long for budding
hackers to write their own communications
software and in the process introduced afile
transfer protocol known as Xmodem. The
attraction of Xmodem is that it permits file
transfer between totally incompatible sys-
tems even if the actual file contains machine
code!

The good news is twofold. Firstly suitable

communications software exists for virtually
every kind of microcomputer in existence:
even the Sinclair ZX-81! Secondly such
programs can be obtained for little or no
cost. The authors of many terminal prog-
rams have placed their work ‘in the public
domain’ which means anyone can distribute
it as long as no charge is made. There is a
second category known as ‘shareware’.
Shareware originated in the USA where the
idea is that the program can be freely copied.
If, however, the user feels the program is
worth something then the idea is to send off
a registration fee to obtain a manual plus
future program upgrades, etc.

Shareware is especially popular in the
world of IBM PCs and compatibles. There are
a number of extremely good comms pack-
ages available as shareware. Good examples
are Procomm and PC-Talk. This kind of
program is available from commercial com-
panies like Shareware Marketing or from the
PC Users’ Group. In general, the user groups
associated with individual machines or oper-
ating systems will be an excellent source of
software. Commercially produced packages
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such as PMS’ Dialup (£50) and Softklone’s
Mirror ll are recommended (£70).

There are a number of features which
make for an ideal comms package. The first
is a viewdata capability which provides ac-
cess to Prestel and its section specifically
aimed at computer users — Micronet. Sadly
software of US origin often lacks viewdata
compatibility as the system isn't widely used
over there. Incidentally French software will
be compatible with Teletel, which is similar
to, but still incompatible with, Prestel.
Those which can boast viewdata emulation
also need to have a ‘Mailbox" editor. This
feature enables text messages to be prepared
off-line for subsequent transmission to Pre-
stel’s electronic mail system, Mailbox.

Apart from Prestel emulation, a com-
munications package should also include
support for text based systems. This is quite
simple and basically involves emulating a
standard TTY (teletype) terminal. Some
programs just support DEC VT52 emulation
which for all intents and purposes is the
same. Originally it was necessary to instruct
comms software to recognise a particular
kind of modem. Nowadays virtually all mod-
ems will recognise Hayes commands so
there is no need. As a by-product of this,
most packages contain a dialling directory.

The next feature to look for in a comms
package is support for what are known as
‘auto-logins.” It is general practice with
on-line systems that before providing any-
one with access, a recognised user name or
identity number along with a password has
to be suplied by the caller. This process is
known as ‘logging on’. As these have to be
keyed in exactly. it soon becomes a boring,
repetitive process. Thus most packages allow
the user to store identity numbers and
passwords against an entry in the dialling
directory for a specific service. As soon as the
software detects that a connection has been-
made, this log-on string is then uploaded
automatically.

The drawback with low-cost modems is
that they tend to be difficult to operate.
making life difficult for the beginner. For
example, ex-GPO modems have been on sale
for as little as £30. On the other hand, they
were built like tanks and about as easy to
handle. The next cheapest option is called an
‘acoustic coupler’. These tend to suffer from
data corruption caused by line noise more
than the directly connected type of modem.
Single standard modems start at around £70
but the best advice is to consider one which
supports both V21 and V23. An example
would be the Pace Linnet for around £130.
Those with enough money should consider
Amstrad MC2400 which for £199 plus VAT
provides four speeds including 2400 b/s.
There is another good way of obtaining a
modem cheaply. Paying Micronet’s annual
subscription of £79.95 brings with it a free
GEC Datachat (V23 only) modem.

" CABLETANGLE

One of thé greatest datacomms dangers

— { lndepth—Datacomms]—

comes from attempting to use a cable not
specifically designed for modem connec-
tions. [Not for nothing did Spitting Image
come out with the RS232 cable song!|. The
required interface between the computer
and the modem is always a serial port
conforming to the RS232C or RS423 stan-
dards. This is frequently used for printers
but the pin connections are not the same.
For a modem configuration, pins 2 and 3
must not be cross connected. The best advice
is therefore to obtain the cable from whoever
supplied the modem, or buy a card modem
which fits inside the computer’s casing and
therefore needs no cable.

Occasionally there are problems when
trving to use a modem on a switchboard
extension line. The normal method of sig-
nalling a number to the telephone exchange
is called pulse dialling. This system has been
supplanted by the more efficient DTMF tone
dialling method as used by PABXs. However,
not all modems support tone as well as pulse
dialling s» it is a point worth checking.
Luckily, domestic subscribers who happen
to be connected to System X exchanges can
use tone dialling from the comfort of their
homes.

Armed with comms software and a work-
ing modem, the next move is to find a system
on which to test them. With Prestel it is
quite simple. Dial 618 (or 01 618 1111)
Then use fourteen number 4s when asked for
an identity number and password. This will
provide access to some demonstration pages
supplied by Micronet. There are ways of
doing something similarwith Telecom Gold.
It is at this point that some knowledge of
modem speeds/standards becomes impor-
tant. On-line services will have a number of
ports supporting all the popular com-
munications speeds. However, the tele-
phone number may vary according to sup-
ported speed. Hence Telecom Gold's 300
baud/V21 port is 01 583 3000 whereas for
V23itis 01 583 1275.

Certain systems are sensitive to data pro-
tocol settings a really annoying trait. Put
simply some still use a ‘parity’ bit whereas
others have ceased this outdated practice.
Thus for Prestel and Telecom Gold, users
should select (with an option buried some-
where in the comms program) even parity
along with seven data bits when calling these
systems. For bulletin boards, however,
select eight data bits along with no parity. It
should be easy to tell if the setting is wrong.
The screen will fill with a jumble of charac-
ters with the result that only the occasional
word will be legible.

BULLETIN BOARDS

The best means of learning about datacoms
is to call a bulletin board. The majority make
no charge for accessing the service. The cost
of the telephone call is the only expense. A
firm word of warning here. Bulletin boards
are addictive. It is very easy to forget the time
and stay connected for half an hour at a time.
The result is a quarterly bill of around £400,
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which is not uncommon. Software which
displays the time spent on the current call is
soon appreciated too! Another wise move is
to call local boards.

To go with this article is a list of boards
supplied by Stephen Adams. He is the sysop
(system operator) for the Sinclair London
board. Stephen has broken down his list by
geographical areas so that all readers should
be able to find a board moderately close to
where they live. Not all boards operate 24
hours a day like those included here, some
are only run in the evenings and at
weekends. Most boards can now support a
range of data speeds but those which support
120:0/75 only are almost undoubtedly view-
data only. Virtually every bulletin board (or
BBS for short) carries a list of other systems
which the caller can download. The UK is
blessed with a substantial number — Stephen
Adams’ list is condensed from approximately
4006 boards. Those unable to access his board
[01 249 3238] can write to him at the address
given below for alist.

To generalise somewhat, most bulletin
boards tend to have one theme. This might
be a type of micro — Sinclair, Acorn, Am-
strad, etc — or it could be an operating
system. CP/M, for example, is still relatively
popular. Boards frequently offer sections for
special interest groups such as radio

amateurs or even hackers. Then there are |

boards which have been effectively turned
into adventure games. Into this category fell
the wonderfully named Mega Anchovy but
sadly this type of board is somewhat
ephemeral.

Out of all the on-line electronic mail
services, Telecom Gold is by far the most
popular. It carries a host of individually
tailored services; MicroLink is aimed at
computer users. Other electronic mail pro
viders include One to One, and Mercury.

Another email service worth a mention is |

CIX (Compulink Information eXchange)
which is virtually a commercial bulletin
board service but features 'conferences’ on
topics of virtually every hue and shade.
Experience has shown that most enquir-
ing minds want to try their hand at hacking.

Hugo Cornwall's Hackers” Handbook is re- |

quired reading. It mentions such obscurities
as PSS and JANET. These are data networks
which can be accessed from an ordinary
telephone line. Packet SwitchStream (PSS)
is BT's public data network. It connects toall
the major on-line database and electronic
mail suppliers. It is necessary to have a
password known as a NUI (network user
identity) to use PSS. This can nearly always
be obtained from the information provider
and is much cheaper than joining indi-
vidually. The Joint Academic Network
(JANET) is intended as a network for univer-
sities to share computer resources. Students
have a habit of using it for other purposes,
however.

Useful address:
List of BBS — Stephen Adams. 1 Leswin
Road. London N16 7NL.
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Local area network

technologies

We provide a summary of local area network technologies
currently being incorporated into standards, particularly the
Government Open Systems Interconnection Profile (GOSIP).
Proprietary technologies outside the OSI standardisation
sphere are not included; their importance will decline over the
coming years as European procurement initiatives push the

t the moment vou cannot buy a lan
Asystem (i.e. hardware and software)

that fully implements an OSI func-
tional profile but you can buy the lower-level
technology on which such future lan sys-
tems will be based. This article considers the
only hardware of that availabte technology
and makes no attempt to cover the large and
complex subject of the software.

The physical transmission medium used
in lans is either copper-based. using twisted
pair or coaxial cable, or optical fibre based.
Some individual lan technologies can sup-
port more than one type of media. usually
depending on different speed options.

Two different data transmission techni-
ques are used on the physical media: base-
band and broadband. Baseband is the famil-
iar voltage level signalling technique like
TTL levels or RS-232 in which each bit value
is signalled by a particular voltage level (or
current in the case of a 20mA loop). Broad-
band employs the use of radio frequency
modems to encode the bit values as frequen-
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market down the OSI route.

ANDREW HARDIE

cies. Use of multiple frequencies allows
different signals to be multiplexed down a
single cable.

TOPOLOGY

Topology refers to the way in which the
transmission media are interconnected to
form a complete system. There are three
main types of network topology: star, bus
and ring. In the star configuration, every
node on the system has an individual con
nection to a central point where the routing
is controlled. The obvious example of this is
a telephone exchange. Star topology has not
proved popular in lans.

In the bus configuration, every node on
the system is connected via a tap of some sort
to a single network cable. Obviously, this
introduces the problem of deciding when
each node should send or receive, this being
the task of the access protocol which usually
operates on the basis of time division - i.e.
only one node sends at a time, determined hy
the protocol. Only a broadband system can
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support more than one node sending at a
time by virtue of its frequency subdivision of
the mediabandwidth.

In a ring configuration, every node is
connected to its two neighbours, usually on
a one-way basis, i.e. it receives only from its
neighbour on one side and transmits only to
its neighbour on the other side, and so on
until a complete ring is formed. Thus a
message from one node to the adjacent node
from which it receives must pass round
almost the entire ring to reach its destina-
tion. passing through every node on its
Journey. Again, deciding which node speaks
when (in originating a message. not in
passing one on) is on the basis of time
division.

ACCESS METHOD
The three access methods in widespread use,
out of those currently defined are CSMA/CD,

Token Ring and Token Bus. These three,
together with the much less popular Slotted

Ring. are defined in the fundamental 8802_,
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series of international standards that form
the physical layer standards upon which the
OSl functional profiles rest.

CSMA/CD stands for Carrier Sense, Multi-
ple Access/Collision Detect and has to be the
worst mouthful of an acronym around:; why
didn't they call it CaSMACoD? At least you
can say that! It is used in topologies such as
Ethernet. It is based on the principle that
each node with a message to send listens to
the bus, waits for any messages in progress
to finish. waits a short period, sends its
message and listens while doing so to detect
any collision caused by another node doing
the same. If a collision is detected the node
waits a further short. but random, period
and tries again. The snag with this technique
is that when the bus starts to get busy the
collision rate rises and the throughput fails,
both at an alarming rate.

Token Ring uses an electronic equivalent
of the old railway token concept to deter-
mine which train has permission to use a
length of single track. [t is more complicated
in that there are multiple levels of priority
and other features but, essentially. a node
with a message to send waits for an electro-
nic token to arrive. accepts it, inserts its
message into it and sends it on. Each
message contains the address of the node for
which it is intended and each node checks all
incoming traffic for tokens, messages for
passing on and messages intended for it.
Tokens are passed on unless needed for
outgoing messages as are messages for other
nodes. Only messages for that particular
node are copied to the host attached to that
node; they are then sent on round the ring.
marked to indicate their acceptance so pro-
viding the sending node with an ack-
nowledgment.

Token Bus uses tokens in a similar way to
a token ring hut with those changes caused
hy the different underlying topology. Effec-
tively, a logical ring is created on a physical
bus with each node able to send directly to
the intended recipient without the data
passing through all the intervening nodes.
The nodes’ sequence is determined by a
numbering scheme instead of a physical ring
connection.

EMERGING
TECHNOLOGIES

Although optical fibres are being included in
the standards for CSMA/CD and Token Bus,
they are really just physical layer replace-
ments, an alternative to copper-based con-
nections. Only one standardised network
technology is specifically for optical fibres.
FDDI (Fibre Distributed Data Interface).

This takes the form of a dual ring capable
of up to 1000 nodes and a maximum data
rate of 100Mbit/s. It doesn’t vel form part of
the OSI family and the few implementations
that exist are large and expensive. If the cost
comes down enough it could hecome the
dominant high speed LAN technology. An
enhanced FDDI 11, able to carry digitised.
live speech is on the way: try that on
Ethernet!

In depth — Datacomms

The big sleeper — ISDN., the Integrated
Services Digital Nelwork, is nothing less
than the ultimate replacement of the world
analogue telephone system, the largest man-
made network in existence. Itis an all-digital
system offering 64kbit/s point-lto-point data
transfer channels which can be used for
speech. data. high-speed fax, slow-scan video
or anything else that can be carried over a
64kbit/s “bit pipe”. Standardisation is we.l
under way and products are starting to
emerge following pressure by the European
Commission to keep things moving. \When
operating it will, essentially, provide a gigan-
lic star topology network operating on a
local, metropolitan, national and interna-
tional scale.

At the lan level, the new generation of
Integrated Services PBXs will route connec-
tions within a site and route data for remote
destinations over the external public ISDN.
The day of a digital telephone on your desk
with a 64kbit/s port on the hack offering vou
high speed X.25 links to anywhere on the
network must appeal to all those who have
used slow speed PADs. Provided that the
standardisation problems of configuring OS1
lans over an ISDN can be solved and existing
huilding telephone wiring can be used
(much claimed. but not yet conclusively
proved) the ability to install a lan in a
building without special wiring and the
potential for instant wide area connectivity
may be enough to offset the relatively low
data transfer rate (compared to other lan
technologies).

Ironically, the one lan technology vou
might encounter most often in the future,
hecause it will be in your home. may he one
vou have probably never heard of. HES, the
Home Electronics System, was regarded as a
hit of a joke by some members of the
standardisation community when it first
surfaced about three yvears ago. It has come a
long way since then and the sheer versatility
offered by the overall system is impressive.
Are you ready? It will work over a twisted
pair, coaxial cable, optical fibres, power
lines, air borne infra-red and radio links.

It is intended to carry evervthing from
slow speed lighting control, security. white
goods (the gadgets in your kitchen) and
brown goods (the gadgets in every other
room), through telephone, voice, hi-fi grade
audio switching, and high speed data. to
ISDN, fax and video routing. 1t will link
many types of medium in a single installa-
tion through gateways and universal inter-
faces on the attached devices, making them
independent of the transmission medium.

Network addressing could be a key issue
though. to stop your TV remote control from
inadvertently defrosting next door’s freezer!
If the low-level stuff is put into silicon chips
and the far-East manufacturers start usirg
them then it could all happen.

CONNECTORS USED IN LANs
For the copper-based technologies the con-
nectors used with twisted pairs are the 15
way D-type, the MIC Medium Interface

The table below shows whichlantechnology
uses which connector,

Technology A Media C 3 {
CSMA/CD Tap TP  15Spole D-type
CSMA/CD Bus Coax Ntype (“thick” Ethernet)
CSMA/CD Bus Coax BNC (“thin” Ethernet)
Bus TP  8-pole modular
Bus Coax F-type (broadband)
Bus Fibre FSMA
TokenBus Bus TP  8-pole modular jack
Bus Coax BNC
Bus Coax F-type
Bus Fibre Duplex
TokenRing Ring TP 4poleMIC
Slotted Ring Ring TP 15 pole D-type
ISDN Basic TP  8-polemodularjack
ISDN Primary TP  8-pole modular jack
FDDI Ring Fibre Duplex

(TP = Twisted Pair)

Connector and the eight-way modular jack
(like the US telephone connector, but eight
pole). For coaxial cable, many familiar con-
nectors are used like BNC, N, F and some
perhaps less familiar types like TNC and
twinax. Optical fibres use either FSMA, the
fibre version of the widespread SMA minia-
ture RF coaxial connector, and Duplex, a
special twin fibre connector developed for
FDDI.
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Item ) Range Cost (1 off price) |
74LS Large Range from 10p
Resistors Large Range from 1p
Capacitors Large Range from 5Sp|
Sil Tant's Large Range from 25p
| Other IC's Large Range from 10p |
| ie 74/40/14/LM
— . S,
| Item B Cost (1 off price)
128410ABI £180]
78420ABI 95p
| 2Z8430ABI 95p
Z8440ABI £150
| Item (CMOS) Cost |
Z84C20AP £1.00
| 284C40AP £2.00
| ltem B _Cost (1 off price)
| SRAM 4K x 1 30p|
UPD42832C-150L £2.20
MM65256PB-15 £3.00
MAB8031AH12P 90p
ICL7107CQH £150
[ /tf*m /_C's Cost (1 off price)
PBD 3535 70p |
Tea 1060 70p
1S1240 25p ‘
27256-15 £3.20
UPD6537GMC £150
UPD8206GMC £1.75
| UPD449G-15NC £1.00
'l/tem Cost (! off price)1
LED's: Red, Yellow, Green, Clear, Diffused lOp|
Green LED Display 45mm £1.66
| Red LED Display 12.7mm 50p
2x20 LCD Module £5.00
|5.3 Digit A/D LED £2.00|
|/tem - Cable Cost |
Flat Twisted Pair 26 way 50p
Flat 50 way £1.00
Flat | Al prices 40 way 80p |
Flat per metre 36 way 70p
Flat 25 way 55p
Flat 16 way 350J
 item Cost (1 off price] |
Large range of Papst Fans including: o
45" dual voltage 120-240 from £7.00 to £12.00
PSU Power One 15V 1.35A £20.00
Rockwell R5310-18 £5.00 |
Rockwell R5325-11 £5.00
Rockwell 10464-13 £5.00
B-B Sample Hold Amplifer SHC8OKP £10.00 |
B-B A/D Converter ADC84KG-10 £25.00
B-B Isolation Amplifier 3656BG £25.00
We also have a range of semiconductor, switches,
potentiometers, linear dots, IC sockets and much more.
We also buy component and computer stocks
For full list send 50p and addressed envelope.
Write to:
8 Acres, Great Totham Road, Wickham Bishops, Witham,
Essex CM8 3NP.
Telephone: (0621) 892049

ENTER 42 ON REPLY CARD

March 1989 ELECTRONICS & WIRELESS WORLD

SPICE:- AGE

Non-Linear Analogue Circuit
Simulator £245 complete

Those Engineers have a reputation for supplying the best value-for-money in microcom

puter-based circuit simulation software. Just look at what the new fully-integrated SPICE
Advanced Graphics Environment (AGE) package offers in ease-of-use. performance

and facilities

SPICE®AGE performs four types of analysis simply. speedily, and accurately
@ Module 1 - Frequency response @ Module 3 - Transient analysls
@ Module 2 - DC quiescent analysis @ Module 4 - Fourier analysis

'%%&1 SPICE®AGE provides a clever hidden
4 3 penefit. It first solves for circuil quiesc
~q ence and only when the operating pointis
established does it release the correct
) small-signal results. This essential con-
- ) cept is featured in all Those Engineers
software. Numerical and graphical (log &
- lin) impedance. gain and phase results

3 can be generated. A ‘probe node feature
allows the output nodes to be changed
Output may be either dB or volts. the zero
dB reference can be defined in six differ

1 Frequency response

Frequency response of alow pass filter entways.

circuit

2 DC Quiescent analysis S G e s T s
SPICEeAGE analyses DC voltages in B o LRI N Sl g
any network and is useful. for example. for Poumen Lodmw 0 raEd
setting transistor bias. Non-linear compo P ew W oraawm o ou g
nents such as transistors and diodes are . };{Eg i ?}::‘H LR

catered for (The disk lib-ary of network
models contains many commoniy-used
components - see below). This type of
analysis is ideal for confirming bias condi
tions and establishing clipping margin

prior to performing a transient analysis Sl e 0wt .
Tabular results are given lor each node
the reference node is user-selectable

DC conditions within model of 741
circuit

WL L — 3 Transient analysis
» The transient response arising from a
-l wide range of inputs can be examined. 7
{ types of of excitation are offered (impulse
- —_— sine wave, step, triangle, ramp, square
- and pulse train): the parameters of each
- are user-definable. Reactive components
-~ may be pre-charged to steady-state con
- dition. Up to 13 voltage generators and
current generators may be connected
isl Sweep time is adjustable. Up to 4 probe
nodes are allowed. and simultaneous
plots permit easy comparison of results

e TR T - - - e = -

Impulse response of low pass filter
(transient analysis)

4 Fourier analyses
SPICE®AGE performs Fourier trans - [
forms on transient analysis data This 8 B g
allows users to examine transient analy
sis wavelorms for the most prevalent fre
quency components (amplitude S plotted
against frequency). Functions as a simple |
spectrum analyser for snapshot of tran
sients Automatically interpolates from |
transient analysis data and handles up to I
512 data values. Allows examination of
waveform through ditferent windows
Powerful analytical function is extremely
easytouse

pry ey

~ 'l!'”«'.'; 'J,

Spectrum of rectangular pulse train
(Fourier analysis)

If your work involves designing, developing or verifying
analogue or digital circuits, you will wonder how you ever
managed without Those Engineers circuit Simulation
Software.

A good range of properly supported and proven programs Is
available and our expert staff are at your service.

Enginconrsiitd 55
186 REB rat-ti Y6 RCCTIN© g A X aden (B 108

Tel 01-4352771 @FAX01-435 1942 @ Tix 8950511 (ansbk ONE ONE G) Quoting box 23332001

ENTER 17 ON REPLY CARD

253




The Kernel
Logic Machine

Cost-effective array of a million computers is ideally suited
to Europe’s air traffic control problem, weather
forecasting, and a host of hitherto impossible tasks

ccasionally, a number of tech-
nical advances come together to
give a quantum leap forward.
This occurred recently as a re-
sult of three factors - the in-
creased density of components on an inte-
grated circuit, the successful fabrication of
fault-tolerant complete integrated circuit
wafers at Anamartic Ltd, and a new approach
to structuring these wafers called the Kernel
Logic Invention. The result is that the latent,
explosive power of semiconductor technolo-
gy can be unleashed — one million complu-
ters working together in an array to solve
large, complex problems at high speed.

INTRODUCING KERNEL LOGIC

An improved approach to wafer-scale in-
tegration became possible back in 1972
because chips of reasonable yield contained,
or would soon contain, as many as 10,000
components. Using an external piece of
special test circuitry composed of 100 TTL
packages, a single row (spiral) of perfect
chips could be ‘grown’ into an imperfect
wafer each time power was switched on to
the machine (see panel). Burroughs Corp.
(now Unisys) at Cumbernauld built three-
inch working wafers which demonstrated
the feasibility of the spiral approach. The
same successful team of engineers later
moved to Sinclair Research Ltd (renamed
Anamartic). where in 1985 they successtully
manufactured the first pre-production
working wafers intended for the market. A
four-inch wafer full of 16Kbit drams used the
spiral algorithm to interconnect the good
memory, bypassing the bad, to a total of
0.5Mbyte on the wafer. However, because of
the slump in the ram market at the time, this
product was never brought to market. In
1989, Anamartic will market a solid-state
disc made up of a pack of six-inch wafers
containing 1Mbit drams to a total of about
20Mbyte per wafer. Its size could be some-
thing like a six-inch cube.

In 1987. 15 years after the spiral algo-
rithm was patented. the number of compo-
nents in a chip of reasonable yield had risen
to one million, an increase of one hundred
times bevond the vintage of that invention.
The Kernel Logic patent exploits the fact
that much more ‘fault tolerance’ capability
canbe designed into today’s dense chip.

To understand kernel logic, think in
terms of the faults in a wafer. One model
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HISTORY OF WAFER
SCALE INTEGRATION
The first attempt to achieve WSI was at Texas
Instruments in the USA in the 1960's. A wafer
was made with an array of ordinary, identical
chips with conventional bonding pads.
These chips were then probed in the usual
way, and a record of which were good and
which were faulty was fed into a large
computer. The computer designed a unique
final layer of metallization which would
interconnect the good chips on that particu-
lar wafer and avoid the bad. The major
problem with this approach, and the reason
why it failed, was that it was necessary to
assume that this last layer of metallization
would have 100% yield.

The other famous debacle in WSI was at
Trilogy. Amdahl, the father of the IBM 360
series of computers, left IBM and succeeded
in taking a share of their massive market
with his company Amdahl Corp. He then
ventured outto beat IBM's fastest computers
for speed by cramming an IBM look-alike
machine into five wafers, where signal lines
and therefore signal delays would be less.
Amdahl raised $250 millions on Wall Street
in the biggest start-up in history. His wafers
used a conventional approach to fault toler-
ance. A wafer was very complex, and had
over one thousand wires bonded to it The
failure of his WSI and of his company in the
early 1980's was the second major biow to
the credibility of WSI. It is doubtful if the
assertion in the Butcher article (see bib-
liography) that Trilogy made working wafers
is true.

Other companies have approached the
use of wafers in ways which would lead to
their supplying only a niche market. Wafers
have been used as a substitute for the PCB,
with flipchips bonded onto them. Laser
mending of faults has also been tried, but
such expensive doctoring of wafers falls
outside the mainstream of attempts to ex-
ploit the wafer for its potential low cost and
high reliability. The Butcher article discus-
ses other WSI projects at length.

suggests that tiny faults exist at random
points across the wafer. so that if a wafer
with 250 faults is cut up into 500 chips. half
of them will contain a fault and so be
scrapped. Now consider a tiny section at the
south-west corner of each chip, which I call
the kernel. If this kernel is small enough, its
yield will be very large. It is easy to calculate

* UK Patent 1377859, deseribed i Wireless World, July
1981, p57
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the size of kernel reguired so that 80%. say.
of the wafers manufactured will have a
perfect kernel in the corner of every chip on
the wafer. The other 20% of manufactured
wafers — those with chips containing one oy
more faulty kernels — are scrapped.

When power is switched on to the wafer,
the kernel logic spontaneously puts its chip
through a test routine, and decides whether
the chip it controls is perfect. If it isn't then
the kernel logic cuts off communication
with the outside, and the faulty chip dis-
appears from the system,

Chips adjudged by their several kernels to
be perfect are allowed to intercommunicate.
There is then a simple procedure whereby
control circuitry outside the wafer is in-
formed as to which chips are perfect and
which chips have been removed from the
two-dimensional array. Perfect chips are
instructed to link up into an array structured
according to the needs of the external
control circuitry. (Workers in artificial in-
telligence would restructure the machine to
match the structure of their data),

Communication into and out of the wafer
is by means of signal lines at both ends of
every column and also of every row of chips.
The structure lends itself naturally to expan-
sion into a Cartesian array of interlinked
walers, resulting in an array of 1000 by 1000
processing nodes. each with its own microp-
rocessor and IMbit ram, at a cost of the order
of one pound per processing node.

ADIGITALANALOGUE OF REALITY

The first signs of the new concept appeared
in my own writing 20 years ago (New
Scientist, 6 March 1969), later developed in
“Computer Worship™ (Pitman, 1973, page
128) in which 1 discuss ‘situation analysis’
and ‘situation manipulation”. A clearer.
more developed outline was published in
this journal in my January 1984 article
‘Advance into the past’. (see The Nub of
Computation, page 59). (The way in which
an array processor composed of kernel logic
nodes would tackle problems is more clearly
stated in 1984 because at that point the
appropriate hardware possibility existed.
whereas it did not a decade earlier.) More
recently. in the television series “The Mind
Machine™ on BBC 2 in September last vear.
the concept is clearly stated. userully validat-
ing the approach.
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In a kernel logic parallel processing array

.fo

r air traffic control over Europe new data

would update the array in a ripple-through manner every second. Aircraft collision

avoidancewill...

Parallel work in cognitive science has
been done by Kenneth Craik and Phil
Johnson-Laird, see bibliography.

The idea that [ have nurtured is that
future events should be predicted by speed-
ing up the system clock and projecting a
data cube’ into the future. We do not have
predictive algorithms. Rather, in the case of
airline collision avoidance, for instance, we
lift the current data state in our data cube
into a second array, running at a faster clock
rate. Two aircraft projected into the future
(each occupying a larger and larger volume
of space into the future to cover all possibili-
ties) then collide, and the collision of the two
over-size aircraft is reported back to the
current data cube, pointing to a potential
hazard in the near future. This forward
rojection is soon erased, to be replaced by a
more recent valid current data cube, which
in its turn will be accelerated into the future
in search of possible hazards. This approach
probably has a different conceptual base
from the more conventional approach of
calculating all kinds of possible hazards, and
it seems to be more comprehensive and
easier to effect. (This second data cube could
conveniently reside in higher pages in the
same 1 Mbit ram as the original data cube.)

KERNEL LOGIC ARRAY PROCESSOR
HARDWARE

To configure good chips (processors) in a
wafer, the external controller can send in an
instruction with a physical chip address. The
address has two fields, an easting and a
northing. This class of instruction has its
address decremented each time it passes
through a chip so that the address hecomes
00 00 when it reaches its destination. A chip
that is seven chips inand 13 up has a physical
address 1307.

The interrogated chip then sends a reply.

- "@__U.ﬁ
...be achieved by transfarring current
data to an identical machine in the higher
pages of the 1Mbit rams which will in effect
be accelerated into the future by increas-
ing the clock rate.

that it is good or faulty, rippling outwarcs, so
that one or more replies are received by the
external controller via a path of good cnips.
The controller then studies the pattesn of
good and bad chips and instructs most of the
good ones on how to link together to make a
perfect two-dimensional array.

The architectural constrants of this fault
tolerance lead to the extremely powerful
array processor machine described here. The
standard kernel logic array processor con-
tains a two-dimensional array of 1000 by
1000 processing nodes. Since each indi-
vidual wafer contains an array of perhaps
only 30 by 30 processing nodes., we have to
use 1000 wafers in order 1o give the one
million processing nodes in the stardard
machine. It is therefore necessary to inter-
connect the rows and ccolumns of an array
of 30 by 30 wafers to give one million nodes
interconnected in a two-dimensional array.

Four wires are stitch bonded down each
column of chips (=nodes) on each wafer.
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These wires give lower resistance and faster
links than is possible with the standard
aluminium metallization on a chip. This
means that awafer will contain a set of about
100 vertical wires stitch bonded from top to
bottom of the wafer. Each wire is connected
to a pad on each chip that it passes over.
These wires are then extended across to the
two adjacent wafers, the wafer above and the
wafer below. Each group of four wires
comprises a ground line, a power line, a
clock line and a data line. The transmission
line represented by the pair of wires, ground
and ¢lock, is capable of delivering a 100MHz
clock rate. Also, serial data can be clocked
into each node at a 100Mbit/s rate. Such data
includes *global’ instructions, broadcast to
everv processing node in parallel.

In practice, the number of wires will
probably be reduced to three, and *0V' will be
delivered instead through the wafer subs-
trate. Various other deviations are possible
in practice. For instance, to improve fauit
tolerance. the columns of stitch-bonded
wires will probably be at an angle of 45° to
the rows and columns of chips (nodes).
Another possible variation will be for one set
of four stitch-bonded wires to serve two
columns of chips (processing nodes) rather
than one. but discussion of such deviations
hereobscures the grand design.

Each chip (=node) will have the ability to
communicate 100 Mbit serial data locally to
its four neighbouring chips to the north,
east, south and west. This will be via conven-
tional aluminium surface metallization. In
the case of chips on the border of a wafer
however, local east-west inter-chip data
lines will be bonding wires connecting the
data lines from the right-hand edge of edge
chips to the left-hand edge of chips in the
next wafer to the right. Similarly. local
north-south between-wafer inter-chip data
lines will be bonding wires connecting the
data lines from the bottom chips of one wafer
to the top chips of the next wafer below. In
addition to these, the columns of global
stitch-bonded wires down a wafer will be
extended between wafers, right down
through the column of 30 wafers. So a single
global wire will have 1000 stitch bonds, and
traverse the full height of the 1000-wafer
machine. That is, it will traverse 30 wafers.

Each node comprises a processor, some-
thing like a serial 6502, and one megabit of
ram. It also contains four serial output ports
and four serial input ports, enabling local
data transfer with adjacent nodes to the
north, east, south and west. Each local
inter-chip link can support data transfer at a
serial bit-rate of 100Mbit/s. (The result looks
much like a two-dimensional array of trans-
pute-s interconnected through their serial
ports.) The normal operating mode will be
for all processing nodes to simultaneously
carry out a series of instructions (a program)
globally broadcast to all nodes down the
vertical stitch-bonded wires. However, the
global array controller will sometimes hand
control to an individual processing node,
whereupon a processor will implement a
subroutine stored in its own ram.

The instruction set will include typical
classes of microprocessor instructions, with
some additions, as follows. First, there will
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Connections between adjacent processing
nodes have to be extended between waf-
ers, as shown. In practice wafers may need
to be arranged as an hexagonal or triangu-
lar array rather than a rectangular array.

be configuration instructions, which deal
with the configuration of a perfect array of
processing nodes by bypassing the faulty
nodes. There will be local intercommunic-
tion instructions, when each node will trans-
fer data to its neighbour to the east, and so
on. In many cases, a tlag in a node will
determine whether that node will carry out a
particular global instruction. There will be a
new class of conditional (jump or branch)
instructions, when a processing node de-
cides whether it will become autonomous
for a short time, obeying a subroutine in its
own 1Mbit ram instead of obeying instruc-
tions coming down the global stitch-bonded
lines.

Practical considerations will have a strong
influence on the choice of ram and proces-
sor. Since the development time for a state-
of-the-art ram is four years, it is necessary.
to benefit from the latest increases of ram bit
density, to base the kernel logic design on
the leading ram manufacturers’ process,
whether it be 1 Mbit, 4 Mbit, or whatever
even though the ideal memory size at a
processing node is somewhat less, perhaps
only 100 kbit. We then aim to take advantage
of developments in microprocessor hard-
ware and software and try to get the ram
manufacturer to agree to mix a modified
state-of-the-art processor into the ram
wafer.

~ STITCH-BONDED CLOCK AND
POWER WIRES

Convenlnonal chlps use narrow lmes of
aluminium metallization on their surface to
deliver power and clocks to every part of the
circuit.

Anamartic retained this approach in their
successful wafer-scale engineering using my
spiral approach. However, the resistance of
such interconnections, alreadv a minor
embarrassment in a large. high power chip,
became crippling in the case of a wafer, with
its longer distances and greater total power
(i.e. current). However, the problem is not
severe if, like Anamartic's. the water merely
houses dynamic ram. At any one time in an
Anamartic wafer, only one ram on the wafer
is being read and only two move are being
refreshed. The rest of the water consumes
little power. Our situation is different. be-
cause we have processing nodes active at the
same time throughout the wafer. Limitation
on power delivered would mean limitation in
the speed of those processors. which is
unacceptable. Processing nodes must all be
capable of operating at maximum speed all of
the time.

Fortunately, stitch bonding technology is

A ‘chip’ or processor node is linked to the
outside world in three ways: software-
selectable links to adjacent good chips,
conventional metallized power and clock
lines not shown, and stitch-bonded 0.13
mm wires to enhance power and clock by
reducing resistance and increasing speed,
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ideal for the purpose. At a cost which is only
a fraction of the cost of the processed wafer.
parallel columns of aluminium wires can be
stitched across the waler, reducing the
effective resistance of the aluminium track
beneath. The yield on such stitch bonding is
very high. and faults, on the rare occasions
when they do occur are to a harmless open
circuit to the bonding pad (the aluminium

\Bonding pad

on chip

beneath covering for the break) rather than
to a short. These wires can be either 0.12 or
0.25 mm in diameter, giving the kind of low
resistance needed hoth for power lines and
for high-speed clock lines. Further, the
characteristic impedance of the transmis-
sion line made up of the pair of lines (clock
and OV) that delivers the clock is reasonable
and convenient to drive.
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CANYOU PROGRAMME IT?

The kernel logic machine comprises a two-
dimensional array of 1000 by 1000 proces-
sors, each with its local 1 Mbit ram. The
processor will be something like a 6502
microprocessor. In normal operation, pro-
gram instructions will be broadcast in para-
llel from an outside controller to all one
million processing nodes, which will obey
the instructions in parallel, but operate on
different, local data. (This is SIMD - single
instruction, multiple data.) The instruction
set will include the groups of instructions
contained in a 6502 or Z80, with some
additional groups.

One small group of instructions will con-
trol the configuration of the perfect 1000 by
1000 array from a larger, imperfect array.
This (re) configuration will take place every
time the machine is switched on, and gives it
afault-tolerant, self-repair capability.

Another small group of instructions will
cause local inter-node communication of
data in parallel. For instance, one instruc-
tion would cause every node to exchange a
particular word of data with the node im-
mediately to the north. This local, ripple-
through, intercommunication will be fast,
but it will take 20 cycles for a word to
traverse 20 processing nodes. (It will be used
for the zoom facility mentioned elsewhere.)
A 20-bit delay is of course less significant
whenworking serially.

1t is possible for the external controller to
relinquish control of one group of nodes, or
even of all processing nodes, so that each
node can carry out a subroutine stored in its
own IMbit ram. (At any time, the central
controler can regain control of all proces-
sing nodes.) Generally, when this occurs,the
external controller would divide up the one
million nodes into no more than four or five
groups, and each group will act in concert.
The notion of a million processing nodes all
implementing different programmes at the
same time is unthinkable, not because of
technical limitations, but because of the
impossibility of assembling enough humans
(programmers) for enough time to dream up
all the different activities for so many com-
puters. Of necessity, groups of processors
will act in concert, obeying the same series
of programming code, though not necessari-
ly applying it to the same data. When the first
kernel logic machine has been delivered and
become operational, a significant fraction of
all the processors in operation in the world
will reside in that one kernel logic machine.
It follows that they must operate in groups,
and not as individuals.

On initial memory load from the external
controller, each 1 Mbit memory is loaded
with a number of flags. These can be em-
ployed later by the global program to define
which sectors should, for the next period of
time, run under global control, and which
under their own local routines. The “flag” in
each memory might be merely the address
or ‘grid reference’ for that processor.

Recapture of control by global instruc-
tions could be effected by the equivalent of
the Z80 DMA, or less preferably by interrupt.
Using DMA, local control is relinquished
when the marker (flag) in local memory is

Potential targets need not be thresholded in a kernel logic machine because it will not be
overloaded when the number of targets tracked ~eaches 100 — the overload point for
today’s early warning systems.

found., calling for a return to global control.

Programming the kernel logic machine is
straightforward because its structure mir-
rors the structure of the problems to be
solved by the machine —weather forecasting,
air traffic control, and so forth.

" APPLICATIONS OF THE KERNEL
LOGIC MACHINE

For the last 20 years I have suggested that
something on the lines of the Kernel Logic
Machine is ideally suited to a large range of
important applications. At last the technolo-
gv has arrived and made it possible to
construct the machine we always wanted. It
will lead to enormous cost savings and speed
improvements in many applications covered
by the general descriptors finite and linear
element analysis, finite difference methods,
and computational fluid dynamics (CFD). [n
“Supercomputers and the need for speed”,
New Scientist, 12 Nov 88, page 50, Dr Edwin
Galea, research fellow at Thames
Polytechnic, says

“The flow of air, water, burning gases, the
Earth’s atmosphere, ocean currents and mol-
ten metals provide scope for the partnership of
computational fluid dynamics and supercom-
puters.”

“Only supercomputers can provide the
speed and memory required to perform the
detailed calculations for the complex geomet
ries ana flows encountered in the design of
aeroplanes, automobiles and ships.”

.. manufacturers are already
approaching the limits of the capabilities ot
single processors,. . . ."

“Only parallel processing — the concurrent
use of more than one processor to carry out a
single job — offers the prospect of meeting
these requirements.”

Galea talks in terms of a partnership of a
supercomputer with CFD software. The soft-
ware causes the single-processor (von
Neumann) computer to behave like an array
processor, but at a heavy cost in loss of
speed.

As Galea says, the physical processes
involved 1n flow behaviour occur on a very
tiny scale, so CFD divides the flow region
into thousands of small computational cells
and solves the governing equations in each
cell. Generally, applications involve perhaps
one million cells. A conventional, single-
processor computer is caused by software to
compute the next change in each cell one at
a time, so that its speed is reduced by a factor
of one million — hence the need to start off
with a very fast computer. Even then. this
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massive drop in speed is unacceptable, and
the application demands parallel processing,
when duplicate hardware is devoted to each
cell. The kernel logic machine provides this
multiplicity of hardware.

Galea's article estimates the total sales of
supercomputers so far to be $1000 million,
and says the market is growing. Most super-
computer applications, and the applications
which are expensive in computer run time,
are CFD. The kernel logic machine will
cause an acceleration in the growth of the
supercomputer market, because applica-
tions which were too slow and expensive to
run on a Cray machine or on the small-scale
array of a dap or perhaps 100 transputers,
will be successfully attempted on a million
processor kernel logic machine. This is a
veny attractive market; the development of
computer graphics for a space adventure
movie: a task taking one hour on a kernel
logic machine which previously absorbed
the run time of a $5 million Cray machine
for months. Another lucrative application is
whole-world modelling in real time for the
purpose of weather forecasting. This is only
practicable on a kernel logic machine.

Applications for the kernel logic machine
include airborne early warning systems, air
traffic control Europe, in which one
machine in London is linked to a second
machine in Milan and a third in Barcelona,
etc., TV image enhancement, TV compress-
ion for satellite transmission, aerodynamic
design of motor cars, aircraft and spacecraft,
study of airflow through gas turbine en-
gines, weather simulation and forecasting,
prospecting for oil and gas by analysing rock
structures.

AIRBORNE EARLY WARNING AND
AIR TRAFFIC CONTROL

In modern warfare, enemy aircraft attack by
approaching very low and at high speed. so
that they appear over the horizon only a
short time before they reach their target.
The defensive response to this is to have an
aircraft flying high up so that it can look over
the horizon with its radar, and give early
waming of attack. The radar continually
scans a cone of space stretching in front of it,
starting at top left and ending at bottom
right. In each complete scan, it transmits a
series of pulses, one in each direction ahead
of it. A single scan creates one picture
“frame”, but the reflections from “targets”,
or enemy aircraft, are weak. By repeated
scanning, it builds up a picture of what is in
the space. This picture is developed by a
process of repeated addition of frames
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known as “burn-through”. This process re-
lies on the fact that the noise is random and
averages out, whereas the target recurs in
successive frames, and grows out of the
noise.

The scanning of the space is similar to the
scanning of a TV camera, except that at every
point in the raster there is a further, depth
scan in the third dimension. If a pulse from
the transmitter is reflected from a more
distant target. the reflection arrives back
later. and thus its distance can be deter-
mined. A Nimrod or AWACS radar aircraft
groans under the weight and volume of the
digital signal processing hardware needed,
plus the massive power supplies needed to
generate the DC power to drive the hard-
ware, plus the generators needed to generate
the electric power, plus the fuel needed to
supply the generators. plus the cooling
eyuipment needed to cool the hardware.

The ctonventional approach is for the
aircraft’s digital signal processing to look for
over-large signals being received by the
radar dish among the random noise. These
larger signals might be reflections of the
aircraft’'s own output bouncing back off the
target. However. they might just be noise.
The procedure is to sum up repeating larger
signals from one region of space. and at
some point make the decision that this must
represent a target. This target is then tracked
through the region of space being moni-
tored. The practical problem is that each
target which has been identified and is being
tracked consumes more time in the central
von Neumann computer, and the total svs-
tem overloads and fails if more than a
handful of targets are detected. We have to
ask the enemy to limit the number of aircraft
they use in their initial surprise attack.

By contrast. the kernel logic machine
commits one processor in its array to one
element in the raster of space. Within that
processing node. the first page in its 1 Mbit
memory is committed to the cube of space
nearest to the aircraft. Further pages in
memory are committed to further cubes of
space, all of them in the same direction from
the radar aircratt, but at different distances.
This way. space is divided into one thousand
million data cubes in a 1000 by 1000 by 1000
array. although in fact the array only con-
tains one million processing nodes. The
third dimension is accommodated by stack-
ing up through pages in ram. (The disadvan-
tage is that there is only one set of inter-node
communication links, not one set per page
of ram. so there is a resulting drop in local
inter-node communication data rate prop-
ortional to the number of segments
("pages”) used in a ram.) Possible targets
need not be thresholded into definite or
downgraded to random noise in the kernel
logic machine, because such a powerful
machine will not be overloaded if the num-
ber of targets tracked exceeds 100 - the point

-at which today's early warning tracking
systems overload.

Parallel processing in an array makes
implementation of the tracking software
much more straighttorward and fast. Each
detected larget <s a sort of amoeba which
moves through the array, carrving its ampli-
tude. velocity and probability with it. to be
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reinforced from thal region of space: or
alternatively to diminish down towards zero
each time the radar scanner picks up no
reflection. Uncertainty over the latest direc-
tion and velocity of an amoeba-like possible
target results in the amoeba growing into a
larger probability volume. However, at the
same time. failure of the target (signal) to
rise above noise during the last scan (last
frame) leads to a reduction of its probability
weighting at all points within its amoebae.
Air traffic control Europe would use
essentially the same machine. with minor
enhancements. Europe will be divided into
1000 by 1000 squares, each of one mile
square. However, since this is inadequate for
the London airspace. an enlarged model of

For air traffic control Europe Kernel Array
Processor commits one processor to the
airspace above each one square mile of
earth, one page of ram per 10,000 feet of
height. Higher pages are committed to an
enlarged data cube.

/ @ Luton

30 miles square around London will be
housed in the upper reaches of 1 Mbit rams
of the array processor. This model will use
the full 1000 by 1000 array, and so provide a
high precision array of 30 by 30 nodes for
each square mile. In an ordered manner
similar to the action of the zoom lens in a
camera, the local London micro-model and
the Europe macro-model will update each
other once per second. During this update.
the new data will ripple through the array in
parallel in an ordered manner.

The reporting of position and speed by a
commercial aircraft will result in the col-
lapse down to point size (a single processing
node) of a tracking aircraft which, because of
increasing uncertainty resulting from lack
of recent position reporting or recent defi-
nite radar detection, had developed into a
large amoebae.

Aircraft collision avoidance will be
achieved by causing the current data cube
contained in the kernel logic machine. that
is the most recent record of location and
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velocity of all aircraft, to be transfered to an
identical machine (in the higher pages of the
1 Mbit rams) which will be accelerated into
the future by (in effect) increasing clock
rate. Potential hazards between a pair of
aircraft will then be flagged up because of
actual collision between two of the growing
(future tense} amoehae in this accelerated
machine, one representing each aircraft that
is at risk.

TV IMAGE COMPRESSION
The cost of transmission of TV signals by
satellite can be high. We may be able to
justify investment at source and at destina-
tion in order to reduce the data flow needed
to send one TV channel. If we use the
standard kernel logic machine, each TV
frame is loaded into the 1000 by 1000
processor array in parallel down 1000 col-
umns. Since a TV frame has far less than
1000 by 1000 pixels. we would need only one
quarter of our standard machine. costing
well below $1 million, Also, since the power
of the machine is still far greater than is
needed for the purpose. we will probably
make cach processing node time share he-
tween four or eight pixels. thus reducing the
cost of the machine from $3 million for the
standard array to $200.000 or so. There are
1000 input channels in parallel. each chan-
nel having a serial input rate of 100Mbit/s.
This gives a total input data rate of
100,000Mbit/s; well above the bit rate ofa
sequence of rasters of TV pixels. The com-
pressed result is outputted down the col-
umns, exiting from the array at the bottom.
The compression will involve comparison of
the new frame with previous frames, and the
most recent 20 frames will be stored in the
array. It is possible that the compressed
output will travel in parallel down the
columns of processors. and then finally exit
to the right along the hottom (extra) row of
processing nodes, which will have a bit rate
capability of 100Mbit/s,

TV IMAGE ENHANCEMENT

If. as seems likely, a reasonable performance
TV data compression machine will only cost
$200.000 or so by reducing the number of
processing nodes and making the survivors
time share between four or eight pixels. then
the same machine will be attractive for TV
image enhancement. We can envisage all
sorts of modifications to the video tape heing
programmed in via such a machine. We
could correct for errors in shooting, and also
programme in the bhackground to a scene
heing shot in much more sophisticated
ways, developing forward from the hlue
background.

ANALYSIS OF MEDICAL SCAN
IMAGES

X-ray and ultrasound scanning machines are
expensive, and so sophisticated processing of
the resulting images may be justified. Furth-
er. it is likely that if we add more image
processing power using the kernel logic
array. we will be able to tolerate lower
quality in the scanning hardware, and there-
fore lower price.

WHAT IS CATT'S SPIRAL?

There is only one proven method for gener-
ating a perfect array of chips out of an
undiced wafer that contains faulty chips
among the perfect ones. My approach is to
develop a one-dimensional array (spiral) of
good chips, adding further chips on to the far
end, but all testing being under control of
external test circuitry at the beginning, near-
end of the array. Each prospective addition-
al chip is put through its paces by instruc-
tions travelling down the developing array
through the chips already passed as good
and already included in the array. If the next
chip is adjudged faulty, it is disconnected
and another chip adjacent to the penulti-
mate one is tested out instead.

In my approach, the distinction between
faults in manufacture and faults developing
in service is blurred. On switch off, the array
connections are destroyed — all links having
been volatile — and the array is recon-
structed from scratch each time the
machine s powered up.

The chip does not test itself. The problem
that a mad chip might demonstrate its
madness by reporting that it is sane is
evaded by having the main testing hardware
outside the wafer. But all the same, the fact
that powerful test-dedicated circuitry and
also chip interconnection logic will consum-
me only a tiny portion of today’s chip’s real
estate is exploited.

| steal up on wafer-scale integration in a
somewhat crabwise fashion. If (as is clear)

we should start off with all chips. good and
bad, cheaply interconnected during chip
manufacture, and then open and close these
connections by volatile information as a
chaap way to exclude faulty hardware, it
becomes inevitable that the major unit will
be of maximum size —i.e. a complete wafer.

If 1 ask a mad man (mad chip) whether he
is mad, then surely his answer is useless?
The flaw in that remark is that | could ask not
the whole chip. but only a small portion of
that chip. Now today. it is possible for a
portion of the chip to reply to such a
question, yet that portion to be so tiny that
the possibility of its being faulty can be. for
practical purposes, ruted out.

There are three weaknesses in the spiral
approach. It is a one-dimensional array so
aczess is limited to one entry point This is
particularly limiting if the array contains
many processors, each one needing con-
tinual input of raw data and also needing to
deliver the results of its data processing.

The second and third weaknesses result
from the high resistance of the aluminium
lines across the surface of the wafer. This
limits the amount of current and therefore
power that can be delivered to the wafer.
And secondly it limits the clock speed to
30MHz. Both of these are more damaging
for an array processor than for an Anamartic
wafer which is quietly storing data in ram. All
three weaknesses are overcome in the ker-
nel logic machine.

AERODYNAMIC DESICN

Arecentarticle by Dr E. Galea tsee hibliogra-
phy) discusses the pressing need for array
processors in aerodynamic design and the
ideal machine is clearly the standard kernel
logic array processor with one million pro-
cessing nodes. Galea shows that wind tunnel
testing is unsatisfactory for car design be-
cause the ground beneath the car ‘moves’,
introducing major errors in the results. This
is one of many reasons why supercomputers
are gaining favour in such applications.

WEATIHER SIMULATION AND

FORECASTING
The kernel togic array Processor will commit
one processing node to each square mile of
area. This is a good example of finite element
analysis. where pressure. temperature. etc
in one square will affect adjacent squares.
and the arrav processor will have the power
to let these effects ripple through the array.
Weather forecasting will radicatly improve
as a result of the greater (and also more
appropriate, because distributed.) proces-
sing power.

A network of kernel logic array processors
will make possible. and highly profitable. the
real-time monitoring of weather throughout
the globe giving highly accurate forecasting
through the absence of the edge problem.

Ivor Catt's Kernel Consultants, PO Box 99,
St. Albans, is currently seeking £5 million
financial backing to build the prototype
kernel logic machine.
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With 40 years’ experience in the design and manufacture of several hundred thousand
transformers we can supply

AUDIO FREQUENCY TRANSFORMERS
OF EVERY TYPE
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WE MAKE IT!

OUR RANGE INCLUDES:

Microphone transformers (all types), Microphone Splitter/
Combiner transformers, Input and Output transformers. Direct
Injection transformers for Guitars, Multi-Secondary output
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transformers to B.T. Isolating Test Specification, Tapped
impedance matching transformers, Gramophone Pickup
transformers, Audio Mixing Desk transformers (all types),
Miniature transformers, Microminiature transformers for PCB
mounting, Experimental transformers, Ultra low frequency
transformers, Ultra linear and other transformers for Valve
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transformers (from a few watts up to 1,000 watts), 100 volt line
transformers to speakers. Speaker matching transformers (all
powers), Column Loud-speakers transformers up to 300 watts
ormore.

We an design for RECORDING QUALITY, STUDIO
QUAUTY, HI-FI QUALITY OR P.A. QUALITY. OUR
PRICES ARE HIGALY COMPETITIVE AND WE SUPPLY
LARGE OR SMALL QUANTITIES AND EVEN SINGLE
TRANSFORMERS.

Many standard types are in stock and normal despatch times
are short and sensible.

OUR CLIENTS COVER A LARGE NUMBER OF

BROADCASTING  AUTHORITIES, MIXING DESK
MANUFACTURERS, RECORDING STUDIOS, HI-FI
ENTHUSIASTS, BAND GROUPS AND PUBLIC ADDRESS
FIRMS. Export is a speciality and we have overseas clients in
the COMMONWEALTH, EEC, USA, MIDDLE EAST, etc.

Send “or our questionnaire which, when completed, enables
us to post quotations by return,

SOWTER TRANSFORMERS

Manufacturers and Designers

E. A. SOWTER LTD. (Established 1941). Reg. No. England 303990
The Boat Yard, Cuklingham Road, Ipswich IP1 2EG.
Suffolk. PO Box 36,

Ipswich IP1 2EL, England.

Phone: 0473 52794 & 0473 219390 — Telex: 987703G
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Class A/AB mosfet
ower amplifier

A discussion of the effects on performance of capacitors
and transistors, and a practical design to

he design of audio amplifiers, like that
I of any other equipment for use in the
sound reproduction chain, suffers
from the difficulty that, since its purpose is
to produce a response from a human sensory
organ. the quality of the final result cannot
be determined. with absolute confidence,
from engineering measurements alone, nor
can anyone be certain that the stage has been
reached at which no further worthwhile
improvements could be made.

Many attempts have been made to relate
engineering specifications to perceived
sound quality, but these have been compli-
cated by the fact that the ear, like any other
sensory organ, varies from person to person,
and from time to time. [t is also a very poor
instrument for assessing sound quality and
its memory of sound characteristics is even
worse. Nevertheless, in spite of its apparent
insensitivity to some quite major defects in
the reproduction of the audio chain - such as
significant amounts of second harmonic
distortion — it can be exceedingly perceptive
of some others, especially if trained to listen
for them.

THE EMERGENCE OF THE
‘SUBJECTIVISTS®
It is a matter of historical observation, and
some considerable regret. that circuit design
engineers have. in their enthusiasm to ex
ploit new technology. allowed new and un-
suspected forms of signal distortion to occur
because of their reliance on test procedures
such as measurements of total harmonic
distortion at full output power, which had
not shown anything amiss.

This discrepancy between relatively poor
observed sound guality and high claimed
performance specification was noted by the
lay users of the equipment and tended to
undermine their confidence in the validity of
engineering specifications as a whole, rather
than causing them to demand that fuller,
and more searching, test measurements
should be made.

It also led to the growth of the opinion
that specifications, on their own, were
meaningless as a measure of performance,
and to the emergence of a minor host of
self-appointed pundits, together with a
number of magazines dedicated to their

illustrate some solutions

J.L. LINSLEY HOOD

views, who claimed particular skills in asses-
sing the quality of equipment, by listening to
its performance on a suitable range of sound
recordings.

This abandonment of instrumental tests
in favour of *subjective’ judgments has led to
the proliferation of claims, some of which
are exceedingly unlikely on any engineering
basis. about the benefits of a host of add-on
bits and pieces. and has now led also to the
evolution of design procedures based on
ideas which are supposed to be good for
sound quality, without reference to any
instrumental test results.

Since whether or not these design techni-
ques do indeed lead to better sound quality is
often judged by the same people who pro-
posed these ideas. this approach tends to be
self reinforcing and self sustaining and ren
ders their proponents impervious to any
arguments based on physics or engineering
principles.

A recent article by Self' provided a salut-
ary reminder that it is impossible to make
progress in any form of technical devetop-
ment without performance standards which
are both measurable and veritiable. against
which the effect of design changes can be
seen, and against which the validity of design
theories or calculations can be tested.

In general, 1 agree entireiy with Self’s
views, though I entertain a few reservations
which [ made in a subsequent letter.” These
arise because | am well aware of the mistakes
which have been made in the past. when
circuit designers have offered designs which
were clearly less good than they should have
been — in respect of residual ‘crossover
distortion” artefacts; or because of proneness
to slew-rate limiting: or because of inadequ-
ate loop-stability margins when used with
akward LS loads: or because of poor tran-
sient response under reactive toad condi-
tions; or because of output device protection
svstems which caused premature “clipping’
on LS systems which had a low impedance at
some part of their frequency response: and
so on and on — and | lack adequate confi-
dence that contemporary test procedures
will reveal all of the faults which may
remain.

In particular, I feel that while a great deal
of work has been done in reducing the
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magnitude of steady-state non-linearities,
not enough attention has been paid to
circut behaviour under discontinuous or
transient signals, where prominent inter-
modulation effects may arise. Measurable
malfunctions may therefore still lurk in this
area.

This concentration on steady-state har-
monic distortion figures is probably due, for
cominercial reasons, to the excessive im-
portance which the layman attaches to the
number of zeros behind the decimal point in
the quoted THD figure as a criterion of
quality.

Steady-state measurements may also tend
to minimize the result of sudden changes in
signal level upon components which are
sensitive to thermal or voltage-dependent
effects, such as capacitors and semiconduc-
tor devices, and 1 do not think that we are
adequately knowledgeable to be confident
that no audibly untoward effects whatever
will oecur as a consequence of these known
shortcomings particularly when these
phenomena can be quite clearly seen with
other physical test procedures.,

CAPACITORS

Capacitors are the most complex of all the
‘passive’ components, in respect of their
underlving physical behaviour, and differ
considerably from the notional ‘pure’ capaci-
tance which one might depict with the
svmbol shown in Fig. 1(a). A broad distinc-
tion can be drawn between ‘polar’ {i.e.,
“electrolytic), and mon-polar’ (i.e.. film,
mica or ceramic dielectric) types, in terms of
the effective equivalent circuit introduced by
the component but, in general, this will be
mare nearly that of Fig. 1(b).

bn this, C is the effective capacitance of the
un't, which will be somewhat dependent on
frequency, temperature, and operating vol-
tage. In series with this element of capaci-
tance is a resistance. Ry, representing the
dielectric-loss factor, which is strongly de-
pendent on temperature and operating fre-
quency, and in parallel with C is the leakage
resistance Ry —also very temperature depen:
dent.

In all capacitors, there will be a series
element of resistance. R, and a series in
ductance, L., simply due to the mechanical
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Fig.1. At (a) is a “pure” capacitance, which
is more nearly represented by the equiva-
lent circuit at (b). The diode in (c) repre-
sents the unidirectional conductive path in
an electrolytic capacitor, while (d) shows a
generator and resistor to indicate the
stored charge and dielectric hysteresis
exhibited by fitm dielectrics.

construction of the component, with a small
amount of inherent distributed parasitic
capacitance. C.. which can probably be
ignored except at radio frequencies.
Electrolytic types. In these there will also be
a unidirectional conductive path, D, in series
with a further non-linear resistance Ry as
shown in Fig 1(c). which comes into eftect if
the polarity is reversed, but can also have an
effect under zero polarizing voltage condi-
tions when these have persisted for some
time, due to the gradual deterioration of the
electrolytically formed dielectric layer.

The action of the polarizing voltage has a
complex electrochemical/ionic effect and, if
reversed polarity conditions are allowed to
arise, modifications to the nature of the
dielectric layer can permanently affect the
other characteristics of the component.

As regards the common electrolvtic capa-
citor tvpes. the tantalum-bead tvpes are
more compact for a given capacitance value,
have a lower series inductance and a higher
reverse breakdown voltage (2-3V vs. about
0.5— 1V for aluminium types) and a dielec-
tric layer which is more resistant to de-
terioration during zero polarizing voltage
conditions. On the other hand. the equiva-
lent series resistance (ESR) is significantly
greater and even more non-linear than that
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of equivalent aluminium types. Tantalum
bead capacitors are only available in relative-
ly low working voltage forms.

Non-polar film dielectric capacitors.
Although these avoid some of the undesir-
able characteristics of the electrolytic types,
they can suffer to a much greater extent
from dielectric hysteresis and other stored
charge effects of the ‘electret’ type, repre-
sented in Fig. 1(d) by the generator E,, and
the series capacitor C..

The possibility of building into the dielec-
tric layer a semi-permanent polarization,
usually by heating the material above its
first-order transition temperature and then
allowing it to cool while exposed to an
electric field. has been known and exploited
in ‘electret’” microphone diaphragms for
some vears, but it can also arise in normal
use with suitable materials. In general, the
proneness of a dielectric material to this
effect is dependent on its molecular struc-
ture and upon its crystallinity, physical
hardness and rigidity.

Of the commonly used film dielectrics,
those such as poystyrene, polycarbonate or
polysutphone, from which thin films are
made by band casting from a solution, are
both limp and amorphous and are therefore
less likely to retain molecular-scale electro-
mechanical distortions than the more rigid
and highly crystalline types of film such as
those based on polypropylene or polyesters
which are manufactured by biaxially stretch-
ing a thicker extruded sheet.

However, the molecular (polar) asymmet-
rv of the solution-cast materials is typically
greater, with the exception of poly-
styrene, than that of polypropvlene, say.
which makes a clear preference difficult.

A desirable guality in these components is
that they should be compact. and offer a high
capacitance/volume ratio. Unfortunately,
since hoth the dielectric constant of the
material and the dielectric loss factor are
dependent on the asymmetry of the polar
groups within the molecule, it is implicit
that the desirable qualities of low dielectric
loss and high capacitance values cannot be
obtained in physically small components.

Stacked tilm/foil capacitors, where the

conductor/dielectric combination is assem
bled like a pack of cards, ofter a lower series
inductance (L,) than spiral wound forms. In
all of these types. film/toil components offer
both a lower series resistance, (R.}). and a
higher leakage resistance. (R;). than the
melallized-film tvpes. but are physically
more bulky.
Ceramic dielectric capacitors. Certain
piezo-electric ceramic materials, such as
titanium dioxide. barium titanate. and
barium titanate zirconate, offer dielectric
constants in the range 80-50.000, which
permits the construction of very small,
high-capacitance and low-ESR components.
However. the frequency and temperature
dependence of capacitance and dielectric-
loss values of these capacitors can be verv
high, which limits their use to RF applica-
tions where the overriding consideration is
foralow ESR.

Other types. Both mica and air dielectric
components are free of most of the problems
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noted above, but are only available in small
capacitance values. Waxed-paper dielectric
components are now, thankfully, seldom
found.

non-ideal behaviour in electronic circuitry,
in that they are strongly temperature, cur-
rent, voltage, and frequency dependent in
nearly all of their characteristics. Bipolar
(NPN/PNP) junction devices are bad in all
these respects, though manufacturing tech-
nigues have lessened the effects of some of
these and circuit layouts have been evolved
to reduce the influence of others.

A major residual problem with bipolar
junction devices is that of 'hole storage’
which prevents a clean current switch-off
following a high-current pulse. This can be
minimized by ensuring that the device is
never driven into saturation, but hole-
storage effects are always present. These
defects are at their worst in power-output
stages because of the high peak currents
involved and it is in this position that fets
and moslets offer their greatest advantages.

The mosfet is a particularly attractive
device to use in this application in that, since
the conduction mechanism is that of an
electrostatically induced charge laver in a
relatively lightly doped substrate. it does not
promote hole-storage effects. It also has a
better HF response. which facilitates the
design of stable negative-feedback systems.
and their greater independence of gain on
output current improves circuit linearity.
When optimally biassed, their quiescent
characteristics can also be less temperature-
sensitive.

Power mosfets are available in s