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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

—I_\l(( Vee

<R R

St Heat

~ generated
« here

Forced high  Forced low L .

Current
((—urren'
/, flow
Heat ov ov

flow
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.

RNNNAN

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
& Common
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
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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

100
o
o
©
K ® ® = Room temp (300K}
'\ v - 77K
° B =42K
.o
E 10 v ..
3 v ° {where @ and ¥ coincide
» l:v' o. only ® is marked)
> o'y %
< =, 9
[ |- x [ ]
= b { °
- °
l“
v [ ]
3 4 [ 3
1§ h 3 Sem gy O %tecy
YVvwewr Vv ®e
"th e
vy
e L 3 L r 1 i 4
10kHz 100kHz 1MHz 10MHz 100 MHz
100 »
°
B hd ® = 300K
[ ] v=77K
_ v Y ®= 42K
g - ° {where @ andwcoincide
10 v ® ;
~N v onlyWis marked)
2s 4 °
> X;x
£ °
> I ®
x x ®
¥ |
 § g
1} Vv ® o000 0s0
v VA iy, v vy v V"¢V l
L 1 A Y = ! l
10kHz 100kHz 1MHz 10MHz 100MHz
232

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.

ELECTRONICS & WIRELESS WORLD  March 1989



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.
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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
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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
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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

258

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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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

262

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 several
forms. as shown in Fig. 2, of which the two
most common are ‘U’ and “T’, named aiter
the shape of the active region or the nature
of the current flow, and shown in 2(b) and
2(c).

Various manufacturers have introduced
their own versions of these topologies. to
optimize advantages or lessen disadvantages
hut in general the V" or *U mos types are
faster, but less rugged and less well suited to
complementary polarity than the ‘'T" mos
forms. They all suifer from a high gate
source capacitance, particularly in the high-
er current versions where multiple parallel
channels are emploved to lower the impe-
dance of the conducting path, and this factor
must be born in mind in designs employing
them.

They are also prone to gate/source break-
down causing device failure if the
permitted gate/source potential is exceeded,
and this also must be guarded against in the
design. This problem exists because. unlike
small-signal (RF) mostets, or —mos logic
elements, protective zener diodes cannot be
incorporated within the diffusion structure
without introducing the possibility of thyris-
toraction.

The remaining design problem is that,
because of their excellent HF response, it is
possible that RF oscillation may occur. in
the tens or hundreds of MHz range. due to
the unwise lavout of external connecting
wiring. Some care should be taken to avoid
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paralle! paths for gate and source or drain
leads. and gate stopper resistors should be
employed where necessary. especially in the
output stages. These should not be too large
because of the presence of the fairly substan-
tial gate source capacitance. which can be at
least InF.inthe case of power devices.
ANALL- MObFETAUDIO
PO\\’I' RAMPLIFIER

\Vl(h the various design conSidelations dis-
cussed above in mind. and since small-signal
U-mos transistors are now available in both
P-- and N- channel versions at a reasonable
price. it seemed to be an interesting exercise
to design an audio power amplifier using
only mosfets. The objects of the circuit
design were to limit the need for capacitors
in the signal path. and to adjust the circuit
component values so that the capacitor/s in
the negative feedback path. where their
impertections could have a direct influence
on the pertormance of the circuit. could be
of anon-polar type.

My original intention was to use mosfets
throughout. but these are more expensive
than bipolar devices. In places, such as in the
constant current sources. where there was
little or no signal vollage and no particular
advantage seemed to be offered by the use of
a mosfet transistor. | have therefore opted
for the less expensive bipolar component.

The final circuit layout chosen for the
amplifier is shown in Fig. 3 and is of fairly
conventional form. A pair of P-channel
mosfets. (Trs/Try). is arranged as an input
long-tailed pair, fed from a constant-current
source. (Try/Tr,), driving a single N-
channel, small-signal U-mosfet gain stage

Source

G S G

| |

Bk uiﬂullu Pl

N- { N N-
Drain drift region Drain drift regon
N+ { f:ﬁ‘_
Drain D
{a) V-MOS (b) U-MOS {¢) T-MOS (or D-MOS)
= Metallising
ez Silica
am Polysilicon conductor
—  Direction of current flow

Fig.2 Three forms of the power mosfet.

(Tr7). Since it was intended that the output
stages of the amplifier should operate largely
in class A, in which the residual harmonic
distortion of the circuit would be very low. it
was not thought necessary to use a ‘current
mirror"as the load for Tr/Try. This use of a
current mirror is a conventional technique
for increasing both circuit gain and available
negative feedback for a given overall loop
gain. as ameans for ‘cleaning up a less-good
performance.

Again, since the output impedance of both
Trg and Tr; is very high, and is largely
independent of operating voltage within the
range employed, | did not consider it neces-
sary to ‘bootstrap’ these devices to improve
their linearity or to lessen the dependence of

Fig.3. Final circuit of the mosfet power amplifier.
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gate-drain capacitance upon gate-drain
potential.

There is always a temptation for circuit
designers to ‘lily-gild". but experience sug-
gests that more elaborate circuit structures
aimed at further reducing already-low THD
values also make the problems of loop
stability more complex. and may impair the
overall transient performance.

In the design of Fig. 3, the Zobel network
C,»/R,;. together with the small capacitor.
Cio. is all that is needed to provide an
adequate gain and phase margin in the
feedback loop; C,,, is employed in a position
which greatly lessens the tendency to slew-
rate limiting, in comparison with the more
conventional and less satisfactory technigue
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in which €}, would be connected between
drain and gate of Tr+ to provide a ‘dominant
lag’ form of HF compensation. This latter
approach gives better THD figures at the
upper end of the frequency passband. but
impairs ‘slew-rate’ characteristics and tran-
sient behaviour.

As | have already said | do not feel that

there is any particular virtue in striving for
ultra-low THD figures — certainly not below
the 0.01% level — at the expense of circuit
complexity and cost, or with the possible
penalty of impaired or more complex tran-
sient response. The design shown, though
relatively simple in layout, has an excellent
performance in respect of both THD, (better
than 0.01% at all power levels, within the
frequency range 20-5kllz, and less, than
0.03% up to 20ktiz) and step-function re-
sponse which is quite free of ringing and
overshoots.
Layout, and power supply. Circuit designers
tend to assume that power supply lines will
be pure DC, of a known and stable value and
devoid of signal residues or mains frequency
ripple, and tend to ignore the ill effects
which might arise if this is not the case.
While there are well known circuit techni-
ques which improve the degree of supply-
line signal rejection, it is more elegant to
remove this problem at source by using
properly stabilized DC supplies. With mod-
ern devices this approach offers no problems
and any well designed supply circuitry will
suffice.

1 would also recommend that both the
small-signal and the power output parts of

the circuit are fed from separate supplies, to
lessen the need for a very low source resist-
ance from them. With the circuit shown,
there will be no significant penalty in chan-
nel separation from operating both channels
from the same low-power and high-power
supply lines.

With conventional circuit-design proce-
dures, it is quite easy to design stabilized
power supplies with an output impedance
which is only a small fraction of an ohm. To
the ‘subjective-sound’ fraternity — among
whose current fads is the employment of
entirely independent power supplies for each
channel, with massive and costly reservoir
capacitors (but only in a crude rectifier/
capacitor system), and filing cabinet sized
mains transformers — 1 would observe that,
to obtain a supply line impedance of 0.1
ohms at 5Hz would require a reservoir
capacitor of 0.3F. Four of these would not
appear to be a cost-effective (or space saving)
alternative to a stabilized PSU.

In the case of the feedback-path DC-
blocking capacitor, Cy, 1 would prefer that
this should be of polycarbonate dielectric
type and, if this is of spiral-wound rather
than of stacked-foil type, it should itself be
bypassed by a smaller stacked-foil compo-
nent to lessen the impedance of this path.
Operation mode. | noted above that this
design was intended to operate ‘largely in
class-A’. My experience and observation over
a number of years suggests that the bulk of
domestic listening, even with relatively in-
efficient loudspeaker units, is at peak output
power levels in the range 0.1 - 3 watts.

For a nominal speaker impedance of 8 Q,
this could be met with an output stage
quiescent current of 0.4 amperes/channel,
set by Ry,. On higher output-power de-
mands, the circuit slides quite gracefully
into class-AB operation.

Those quoted in Fig. 3 will allow a
maximum output level of about 35-40 watts/
channel, with a static thermal dissipation for
each output device of some 14 watts, for
which adequate heat sinking (3° C/watt for
each device) should be provided. For higher
power class-A operation, a higher quiescent
current should be chosen, with more mas-
sive output device and power supply heat-
sinking. Beyond 1, values of 1A, it would
probably be helpful to parallel the output
devices, together with their associated emit-
ter and gate-stopper resistors.

Overload protection. I would prefer this to
be provided by a simple re-entrant style of
current limit in the power supply itself,
which could be combined with some electro-
nic sensing circuitry to shut down the PSU
in the event of an unacceptably large DC
offset appearing at the output terminals. The
Hitachi output mosfets appear to be suffi-
ciently rugged for simple gate-protection
zener diodes to prevent device breakdown.

References

1. Self, D.R.G., Electronics and Wireless World.
July, 1988. ppt92-696.

2. Linsley Hood, ).L.. Elegtronics and Wireless
World, Letters, September 1988. pp860-861.

Fart Electronic Kits Ltd., of Penylan Miil,
Oswestry, Shropshire. SY10 9AF, can supply
all the components needed for this design.
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Phone (64) 4 835183 FAX (64) 4 838046

POST TO: Strobes Engineering Ltd

28-30 Happy Valley Road, PO Box 7349
NEW ZEALAND

WELLINGTON

DEALER ENQUIRIES WELCOME

Turn your Apple Mac or IBM PC

into a storage oscnloscope and spectrum analyser.

The Strobes Signal Acquisition System when attached to your
Apple Macintosh or IBM PC (or compatible) will provide you with all the
software and hardware required to emulate a two channel, variable time
base, variable trigger Storage Scope PLUS a two channel 40kHz

Spectrum Analyser.
FEATURES

* 0 to 100kHz sample speed at up to 16384 samples per channel

» 14 bit resolution A to D converter.

+ Automatic notification of software and hardware upgrades and
accessories (eg Noise source for transfer responses)

* Low cost. System includes all software and hardware to get you going.
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: Special INSIUCHIONS: ...vvviviieiiiiiiie e \
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Communications
test equipment

Farnell Instruments Limited
manufacture a wide range of test
and measuring instruments for
use with mobile radios, pocket
pagers and other communications
equipment. Instruments include
synthesized signal generators,
3 | v | 1AL transmitter test sets, commun-
o “inea :::u -.:.:.; “1s ications test sets, power meters,
e automatic modulation meters,
N s - frequency meters, etc.

' (I ] b
rrrs-a e s e - Field portable units, bench or rack

BECEY L mounting models and complete

systems are available. The
latter are for manual use or micro-
computer control via GPIB bus.
Various software packages for
standard measurement routines
and self-test diagnostics are avail-
able. These allow non-technical
staff to test complex commun-
ications equipment.

J 1
[TTEY AL L TR
e———————Tr

Designed and manufactured in
Britain, a short form listing of
Farnell communications test
equipment follows. Further infor-
mation is available on request.

MODEL DESCRIPTION MODEL DESCRIPTION

PSGE20H 100kHz to 520MHz portable synthesized signal generator SGIB-B GPIB (IEEE488) Interface bus for SSG520/TTS520 combination
PSGE20 10MHz to 520MHz portable synthesized signal generator swiB GPIB (IEEE488) 32 channel switching unit

PSG 1000 10kHz to 1GHz portable synthesized signal generator F952 Power supply programming module for use with SWIB
§SG£20 10MHz to 520MHz synthesized signal generator 0B1 GPIB (IEEE488) interface — non dedicated

SSG1000 10Hz to 1GHz synthesized signal generator 082 GPIB (IEEE488) interace with A/D converter and digital panel meter
§5G2000 10Hz to 2GHz synthesized signal generator non dedicated

LA52) 15MHz to 520MHz linear amplifier T™8 Autoranging r.f. millivoltmeter 10kHz to 1Ghz+

TTS520 10MHz to 520MHz transmitter test set AMM (B) Automatic modulation meter 15MHz to 2GHz

PTS1000 15MHz to 1GHz portable transmitter test set TM10 Directional rf. power meter 25MHz to 1GHz

CTS520 100kHz to 520MHz communications test set 2081 RF power meter

352C Spectrum Analyser 300kHz to 1GHz FM600(B) Digital frequency meter 20Hz to 600MHz

Most models NATO codified

Send for further details of the complete range of Farnell test and measuring instruments.

FARNELL INSTRUMENTS LIMITED
SANDBECK WAY WETHERBY WEST YORKSHIRE LS22 4DH
TELEPHONE 0937 61961 TELEX 557294
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DATA

ACQUISITION

USING THE
IBM PC

This article discusses how the IBM PC XT or PC AT can be
used for data acquisition; no consideration is given to the
source of data and throughout the discussion an 8-bit A/D
convertor (ADC) is assumed to provide the digital data.
The article covers all aspects of the transfer of data from
ADC to, in the first instance, computer memory and
subsequently, for logging purposes, to an ASCII file.

he PC XT and PC AT buses are

widelv used and have achieved

industry-wide acceptance. The

PC XT bus is an 8-hit data bus

implemented in a 62-pin edge
connector. The PC AT bus adds 16-bit data
operation, via a second, 36-pin, edge con-
nector, and also includes additional inter-
rupt lines and DMA channels. One feature to
appreciate about the huses. a consequence of
the operation of the Intel 8086 and 80836
microprocessors, is the way in which they
treat /0 (Input/Output) and memory de-
vices as distinct devices: memory and /O
devices can occupy the same address space
without any contention. The potential con
flict is avoided by having separate read and
write lines for the two tvpes of devices. Most
add-on cards for PCs are I/O-mapped but it is
possible to memory-map add-on cards
provided the card’s memory is mapped above
the host’'s memory.
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The main bus signals — full details are
given in the IBM or equivalent technical
reference — are outlined below; the details
given apply to the PC AT bus but the only
signals that are not common to the PC XT
bus are the eight additional data lines and
some of the interrupt lines. Each signal is
specified as an 1, O or 1/O signal to indicate
an Input, Output or Input/Output signal.
The construct [0..n] indicates an n+ 1 wide
signal bus.

@ SA[0..19] (I/O) — address lines for memory
and /0 devices. The 20 address lines can
access up to 1Mbyte of address space. Note
that /O address space only extends to 64K.

o CLK (0) System Clock. Frequency is de-
pendent on computer. The frequency of this
signal should not be considered definitive as
the signal is really intended for synchronis-
ing purposes.,

ELECTRONICS & WIRELESS WORLD

@ RESET DRV (0) - used to reset external
logic during power-up time. This is an active
high signal.

o SD [0..15] (I/O) — system data lines. SD,, is
the least significant.

0 [RQ;-IRQ;. IRQu-IRQ 4. TRQyy. 5 (D
interrupt request lines. They are prioritised.
with the highest priority signal first, in the
following order: 9.10,11,12,14,15.3.4.5.6.7.
To generate an interrupt, the IRQ line is
raised from low to high. The line must be
reset when the interrupt is serviced.

@ IOR (1/0) — instructs an /O device that the
microprocessor is ready to accept its data;
i.e. the device must drive the data lines.
Active low.

o 10W (1/0) - instructs an /0 device to read
data off the data bus. Active low.
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122 - PN AL A Yo ‘i ‘;2”". {Hex address 200}
SAY J 1A3 1Y3 :4 -3 . B8 BERs 2 B8 7] L en. {Hex address 302)
$h2 8liaa  1va P2 peast _Sic 2:3 3¢ 2P B (Hex address 304)
s e el | s R O
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SA6 1700ne ova |2 — +5V — ‘
1 EOC | End of
K
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BSD1__ 5], E i
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0w 8 80 14 ADS CLK
1A4 8SD6 16 6D
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-/ (Data buf;er ADen” 1C6 Edge clocking ADC Sample on
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IC7¢c Rt Edge requesting o Hievih
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SDo 2 gy |18__8SDO '
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sD7 9 11 BSD7 8sD6 17 50
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e —————t DAen 2 CLK 19 DA7
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1C9a
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iI©c i< +5V pins GND plns
o SMEMR/SMEMW - equivalent of IOR/IOW  must ensure that not more than one bus 1 LS244 20 1,10,19
for memory devices. Active low. component activates these lines at any one 2 LS244 20 1,10,19
time. Also. certain lines must not be acti 3 LS245 20 10
o AEN - isolates the processor and other vated for longer than a pre-determined & LS138 16 8
devices from the bus — also known as the [/0  period and these criteria have to he rigidly 5 Ls138 16 8
channel — and passes control to the DMA  observed. 6 LS374 20 10
controller. Active high. In our example, the I/F card is /0-mapped ; LLSS;;(: 14 7
—— — as the ADC is a single address device. . e 340 10
HARDWARE DESIGN OF 8

INTERFACE CIRCUITRY

As with any bus, the interface circuitry
always depends on the particular applica
tion: there is no unique way of interfacing to
the bus. However there are two main factors
that have to be considered in all circum-
stances:

a) Loading — each bus output can only drive
up to two LS TTL loads. It is therefore
advisable to buffer all inputs to the I/F
(interface) card. This also serves to protect
the host in the event of a fault on the I/F
card. In addition, some bus inputs have
certain current-sinking thresholds which
have to he observed. It is always advisable to
refer to the Technical Reference of the
particular computer you are using.

2. Contention — certain input lines are
shared by many boards — data lines being the
most obvious example — and the designer

Because the ADC produces an 8-bit data
output, and to ensure that the card can be
used on a PC XT or a PC AT computer. 8-hit
data operation is employed. Also there is an
I/0 address space - 300 to 31F Hex
especially reserved for prototype cards and
our I/F card is mapped into this space.

The interface circuitry is shown in Fig.1.
The circuit includes an ADC and a D/A
convertor (DAC). A brief description of the
circuit is given helow.

IC, , -, serve to buffer the system address
and data lines. 1C, is an address decoder. and
its output, 10-DEC, signals an /O operation
at an address between 300 Hex and 31F Hex.
10-DEC is used, via DBE, to enable IC; and
this ensures that IC; is only enabled when
the card is addressed; this prevents conten-
tion with other cards on the bus. ICs is used
to subdivide the address range 300 to 30F
into eight 2-byte segments to provide sepa-
rate enables for the ADC. DAC and any other
device on the card.

March 1989 ELECTRONICS & WIRELESS WORLD

Fig.1. Interface circuitry for an 1/0-mapped
eight-bit device. Asterisks indicate active-
low signals.

The output of the ADC is latched into 1Cq
by the End-Of-Convert (EQC) signal avail
able from some ADCs: if this signal is not
available then the sample clock can be
suitably delayed to provide such a signal. ICy
is mapped at address 300 Hex. The EOC. or a
stmilar. signal will be used to signal to the
host. either direclly or indirectly, that data is
available - this is discussed below.

The DAC, which is included for the sake of
completeness, is mapped at the address 302
Hex. The DAC is not discussed further in this
article and exact details of its operation cycle
are left to the prospective user.

The signal ENI is used to enable a device
mapped at address 304 tex; the use of this
signal is discussed in the next section.
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Read
status
register

/

' g Y Get and Reset

¥ ne_vlv blala store status

gvallaple data register
N

Perform other
tasks

Fig.2. Polling provides an attractively simple method of signalling to the host that data

isavailable.

SIGNALLING TECHNIQUES

There are two main methods of signalling to
the host that data is available:

a) Polling.
b) Interrupts.

Polling is a simple concept to understand
and it is illustrated graphically below in
Fig.2.

In our example. the EOC signal sets a
status register (which can be a D-type
flip-flop) to indicate that a sample is present.
The program loop running on the host
includes a routine which reads the status of
the register. If this status register is set —i.e..
a data sample is present — then the routine
callson acquisition routine to read and store
the data sample.

The main advantage of using polling
simplicity — is thus immediately apparent;
programs can be written in a high level
language and are easy to write and debug.
The main disadvantage of using polling is
that the host is not directly informed of the
presence of data: if the host has to perform a
lengthy task in its loop. then data can he
easily lost. However when the tasks in the
loop are short. polling is a highly conve-
nient. and also a very fast. method of getting
the data into computer memory.

The hardware and software to support
polling are not discussed here as elements in
the discussion of interrupts more than ade-
quately cover these aspects.

Interrupts, as the name suggests. involve
directly signalling to the host that a
pevipheral — ADC in this case — requires
servicing. Hardware interrupts in the IBM
PC XT and PC AT are initially handled by the
interrupt controller chips - Intel 8259As.
The PC AT has twoof these chips and the PC
XT has one. The interrupt controller trans-
lates the hardware interrupt into, effectively,
an INT n instruction. where n is the inter-
rupt number associated with the hardware
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interrupt. The processor then responds by
invoking a special subroutine — an interrupt
service routine. The address of this service
routine is stored in computer memory and is
known as the interrupt vector address. As it
is required to invoke the user's service
routine when the interrupt is detected, the
vector address has to be altered to point to
the user’s own routine. This is known as
redirecting the interrupt and will be discus-
sed later.

Clearly. as in the case of polling. a scheme
using interrupts requires supporting hard-
ware and sottware. Betore discussing these
aspects, it is worth outlining the advantages
and disadvantages of using interrupts.

The advantages are:
a) Accuracy — response of the host occurs

Fig.3. Circuit for generating a hardware
interrupt. IRQ; is the lowest-priority inter-

2 1RQ7 Enable® 2

immediately after the event.

b) Versatility — the host can service a number
of peripheral devices because. unlike poll-
ing. it does not have to constantly interro-
gate each peripheral. Furthermore. the host
can undertake lengthy tasks. especially if
they are not time critical. without jeopardis-
ing peripheral servicing.

The disadvantages are:

a) Increased complexity - programs using
interrupts are more difficult to write - and
debug.

b} Servicing overheads — responding to an
interrupt has an inherent time overhead. [t
is instructive to examine exactly what this
entails. When the host detects an interrupt,
it completes its current instruction, saves its
status registers and instruction pointer on
the stack. calls the appropriate service
routine — which must ensure that all the
general-purpose registers are saved on entry
and restored on exit, and finally restores its
status registers and instruction pointer
when the interrupt has been serviced. There
is a thus a minimum amount of time that
must be expended in servicing any intervupt.
These considerations ultimately limit the
rate at which interrupts can be generated
and faithfully serviced — in our case. it limits
the acquisition rate.

It is not possible to exactly determine the
maximum throughput of a program using
interrupts as it depends on processor clock
speed, processor type. complexity of service
routine and bus performance. However a
ball-park figure can be obtained by counting
the total number of clock cycles in the
interrupt service routine instructions.
adding to this total the number of interrupt
entrv cvcles (number of cvcles required by
the INT instruction) and then multiplying
the total number of cycles by the time-per-
cycle. It is then usual to allow a 20 per cent
margin to allow for bus limitations.

+9V—[
2 D 05

el CL K
CLR

1.1C10

1RQ7

(o]}

rupt.
BSDO 3 10 a
8SD1 4 20
BSD2 7 1D
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HANDLING INTERRUPTS LISTING 2

A ci_rcuil for generating a hardware interrupt Listing 2. this short routine stores the acquired datain a file.
is shown in Fig.3. The interrupt is generated
on IRQ; - lowest priority interrupt. The EOC

signal sets the interrupt and the IRQ-Enable :the next two lines should be included in main progam data segment
Garal e e —— R L e filename DB 'C:\TEST',0

signal is used to reset it. IRQ;Enable acts as file hand o -

an interrupt enable/disable when it is set

|()\\'/hl}.‘,|]: the |.nlcrrupl 18 !'csel h\ dlSi.lhlln}i ithe following code can be included as a routine after the data has
and then enabling it. IRQ;Enable is activated ;been acquired, the original interrupt parameters restored and before

hy writing to the LSB at 10 address 304 1 lex ithe main program is exited.

(i.e. the ENI1 signal is used to enable the
;create file

latch 1C; ). Note qlso that RESET DRV resets ROV, ah, 3Ch
the interrupt during computer power-up. i:: g: ;;rlf"‘“
The software routine to support the use of int 21h
3 o s is generally written in asse . mov file_hand, ax
interrupts is generally written in as embly T G
language. although some high-level lan- lea dx, filename
suade o ilers cx . inte mov al, 1
guage compilers can §up‘porl lplurrgpl i A
routines — e.g. Microsoft C-compiler Ver. int 21h
[ The code for < - L fa 0 ;add EOF code to end of acquired data
.}.l._ ll_u code for supporting !R(), is shown b BYTE PTR acquired_data[index],EOF
in Listing 1. It assumes aworking knowledge inc index
of 808(_1 usscmhl_\' language programming, :write to file
the Microsoft macro-assembler and Dos mov bx,file_hand
D) o op 3 2 g g SR8 Rnov cx, index
21Hex-type interrupts. an.d an appreciation lea dax,acquired_data
of some of the features of interrupt control- nov ah, 40h
< The code can he divided § . nt 21h
lers. Ihe code can be divided into two logical :close file
sections: a section dealing with the house- mov b:,fiie_hand
keeping tasks — these tasks involve, in the i anE

first instance, preparing the system to hand-
le the interrupt and. ultimately, restoring
the svstem parameters to their original state
before the program is exited — and a section

LISTING 1

;end of code

Listing 1: code for supporting IRQ,, in 8086 assembly language. ;disable hardware interrupt
Z OV 1h
ax,
mov dx,enable_address
AD_address - 3000 Gl 3o
‘::;;‘::r::;re" - :g:: : disable interrupt controiler froms responding to interrupt
N . nov al.old mask
;::,7’ :::" g#h ivector number out mask_address,al
mask_address . 02th b 00
g::_l . ) gg:h i end of intarrupt code ;restore interrupt vector address
push ds
mov dx,0ld_offset
- mov ax,old_segment
mov ds, ax
‘x’::l:x ::G“m gubuc mov al,irq?_vecno
old_segment Dv ? ::: ;';"'25"
old_oftset ow ? d
old_pask DB ? pop "
acquired_data OB 2000 DUP(0) imemory area where acquired data is ti
stored ©
data ENDS exit:
»ov ah,4Ch
code SEGMENT publ ic int 2m ireturn to dos
T A LN R = :dsta int_service PROC  NBAR
wov ax,data P“': ;"
mov ds,ax ;load data segment addrass into ds pus! *
cli push (-3
iredirect irq7 interrupt vector to point to int_service routine x:: :.‘
mov al,irq?_vecno :get old vector address 03
ﬁ: ;!1\6357- ;es:bx contains old vector address (=0 ax, 1 iclear and disable Interrupt
600 e mov dx,enable_address
mov .
nov old_segment,ax ;store old vector address out ax,ax
mov old_offset,bx mov ay,data
push as b s Sx
::: ;:'.:m int_service ;interrupt service routine - get and store data
lea du: int_service ;ds:dx contain new vector address -mu ::.:S,l“"ll CSstpnextisasrls
.
L ol P v Bite PT acquired_data(bx].al
h,25h cquir ata([bx],a
::: ;l;' inc index
pop ds cli ;disable interrupts before clearing interrupt.
; enable 1nterrupt controller to respond to iry7 mov al,EOI ;jclear interrupt controller
al,mask_address out ctrl_address.al
Jap $e2
2:5 :;: aasiNel OV -x, 0 ;enable hardware interrupt
and al,Irq7_mask mov dx,enable_addreas
out mask_address,al Out da, ax
" $e2
Imp pop as
pop dx
ienahle hardware interrupt pop ox
moV ax, pop bx
mov dx,enable_address pop =
out dx,ax T
ati nt_service ENOP
loop:
jinsert sowe procedure, such as keycard check, which enables loop code ENDS
AL L stack SEGMENT stack
» 1 ¥
inp oop oW €4 DUP(?)
cli stack ENDS
END start
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CONTROL SYSTEMS

T his single-Eurocard's got almost everything you need to
develop and implement a simple control system, with
expansion potential over the popular STEbus. On-board is a
powerful 8-bit microcomputer with on-chip BASIC interpreter
memory sockets, /O and EPROM programming facilities. All
you need to start developing a target system is a working
knowledge of BASIC and a VDU. Here's what you get:

- 8052 uC WITH 8K BASIC, 256BYTES RAM
UART, THREE COUNTER-TIMERS, INTERRUPTS

- FOUR 28-PIN MEMORY SOCKETS

U TWO RS232C CHANNELS

U EPROM PROGRAMMER

- STEBUS SYSTI:M EXPANSION INTERFACE

The BASIC is designed for process control applications: entering
a program into RAM, debugging. testing and blowing into
EPROM can be achieved in minutes. The complete board costs
just £212! Phone for a catalogue detailing this board, 50+
STEbus expansion options, and other 8052 board variants:

& CONTROL SYSTEMS LTD

Arcom Control Systems Ltd
Unit 8 Clifton Road, Cambridge CB1 4WH Tel: (0223) 411200:
Fax: (0223) 410457 Tlx: 94016424 ARCS G: Easylink: 19014905
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dealing with the interrupt service routine — which is the
procedure int__service.
The initial housekeeping tasks are:

a) Redirecting the IRQ- vector to point to the int_service
routine — i.e. modify the interrupt vector address associated
with IRQ- to point to the int_service routine. This is achieved
by reading and storing the original vector address. The original
segment and offset addresses are stored in old__segment and
old__offset respectively.

b) Enabling the interrupt controller to respond to the [RQ;
interrupt. The master controller, which handles IRQ, to IRQ,
is I[/0-mapped at address 20-3F. The contents of the register at
address 211lex determine which of the interrupts is enabled.
The contents of this register are modified to ensure that the
controller responds to [RQ;.

¢) Enabling the hardware which actually generates the
interrupt. This is achieved in our example by writing 0 to /O
address 304 Hex.

To restore the system parameters, the above steps are
reversed: the I/F card hardware is disabled from generating the
interrupt. the interrupt controller is disabled from responding
to IRQ; and the original vector address is restored.

INTERRUPT SERVICE ROUTINE

The main tasks in the service routine are:
a) Reset the hardware generating the interrupt — by writing 1 to
304 Hex.

b} Read the next sample and store it. The data is stored in a
memory area with the start address "acquired_data™ the
variable ‘index’ is used to scan this memory area. The size of the
memory area is set at 2000 bytes but this parameter can be
easily changed.

¢) Clear the interrupt controller. This is necessary as it allows
the controller to respond to subsequent interrupts. The
controller is cleared by writing an End-Of-Interrupt — EOI -
code to its control register. Note also that the processor is
prevented from responding to further interrupts — via the CLI
instruction — before the controller is cleared: this is to prevent
the processor responding to another intervupt before the
service routine is existed.

d) Enable the hardware interrupt.

FILE STORAGE OF ACQUIRED DATA

Listing 2 is a short routine which stores the data. in computer
memory. into a file. 1ne .zumber of bytes is indicated by index.
Before the data is stored, an End-Of-File (EOF) code is tagged
onto the data. This EOF code can be any byte which is not
generated by the ADC. It is intended that this section of code is
inserted before the ‘exit’ label in listing 1 and the two data
declarations are inserted in the main data segment. [t is left to
the user to determine the EOF code. as it depends on the range
of codes produced by the ADC.
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APPLICATIONS SUMMARY
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r Signed integer purfj [ Unsigned fractional part l

One of the unusual features of the 56000
DSP chip is that its one-chip multiplier
directly supports fractional data formats,
and it indirectly supports integer data for-
mats. Motorola note APR3/D) describes how
it does this, and presents well documented

routines for mixed and real-number addition
and subtraction. signed multiplication and
signed division. Motorola. Macro-Marketing
Burnham Lane. Slough, Berkshire SL1 6L.N.
06286 4422.

#

the device has only ten code-select input
pins. Such a large number of combinations
is possible through the use of three logic

In coding mode. the coder completes
three coding runs then stops automaticalty
after every power up. In decoding mode, the

‘_’in states on the code-select pins — logic high.  data input is temporarily closed and one of
logic low and open circuit. the outputs is activated when the code is
These two diagrams, from the device data  recognized. Philips Components. Mullard
111 110 111 sheel. show how the 5500 acts either as a  House, Torrington Place. London WCI 7HD.
code sender or receiver. 015806633
. . Positive supply Coding inputs
voltage
Designing for low e e x
o o ost 1
lnput-blas current e fefsfenlolofs bl [s
In bipolar analogue systems, inputl bias et tace
current can be reduced by lowering collector
current. but in terms of noise, slew rate and Oscillator/
handwidth, low collector currents can have monostable
adverse effects. 1
Darlington input configurations. as L : Comparator
shown. solve some problems but cause 3 i 1
others: voltage gain suiters. and so does ?na:f =
ts i K Micr | Switching 24
offset voltage. Application note 3 from Micro Data input  §, | ok ——
Linear. ‘Design Techniques. for Low Input e v
Bias Current’. describes these solutions in a 3 Shift register
little more detail. and it discusses input bias
current cancellation. Micro Linear. Ambar
Cascom Ltd. Rabans Close. Avleshury. Buch-
amshive HPI193RS. 0296 434 1 3
inghamshire HP193RS. 0296 434141 AT T | | 3] 3
e drive Sz v
. Output drive 2
Electronic lock { Jsi|2
. ) L > g
It is possible to select any one of 3 —2
security codes on the TEA5500 coded lock
ing circuit, and each combination is directly
selectable in hardware. despite the fact that R
,—-/c;' @ - T >
L | L & 330
veJeades [e2 Jes e Jes = |wlede [ ]es]eles
% 2 W13 RN sipBiier % 2 W 13121 10 s
=+ TEAS500 Y & 3 B 8 pulse TEAS500 =
Gata| TEASS00T g - P W Vp shaper L Data TEASS00T ~ 3L toload
1 5618 9% 120 BPWS0 . L 56178 9 [%2
GND |E10|E9[EQIE7 ‘E(, P 7 GND lE1o|E9‘EgIE7 |Ee
(0Y89A W H-dtad
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TAYLoR RF/VIDEO MEASUREMENT INSTRUMENTS

UNAOHM EP741FMS
M EAS U n E M E N Ts FIELD STRENGTH METER/SPECTRUM ANALYZER ]
M AD E E ASY ;;enq;:ncy I['::ontunuously ad:IBUBStSR:ﬁ-i \;a a geared-down vernier as follows ;

Band | 46 to 106MHz
FM Band 88 to 108MHz

Bl 9 v e ] Band Il 106 to 290MHz
Band H 290 to 460MHz
Band U 460 to B60MHz
Frequency TV Bands — 4 digit counter with 100KHz resolution
Reading: FM Band — 5 digit counter with 10KHz resalution
Reading Accuracy: reference Xtal +/-1 digit.
Function: NORMAL: pcture only
TV Monitor ZOOM : 2 w0 1 horizontal magnification of picture
rn picture + line sync pulse (with chromaburst if TV signal
= "L s coded for colour)
— 1 L Panorama: panaramic display of the frequency spectrum within the selected
: 1 ’ band and of tuning marker.
Panorama Adjustable expansion of a portion of the spectrum around the tuned
Expansion: frequency.
Analogue 20 to 40dB. Static measurement af received signal. Scale calib- |

Measurement: rated m dBuV (at top of picture tube) to rms value of signal level.
DC/AC Voitmeter: 5 to S0V
Measurement 20 to 130d3wV in ten 10dB attenuation steps for all bands

Range: -60 w0 130dBuV in nine 10dB steps for IF.
Measurement ANALOGUE: brightness stripe against calibrated scale '
Indication: superimposed on picture tube. The stripe length is proportional

to the sync peak of the video signal
Video Output: BNC connector. 1Vpp max on 75 chm |

DC Output: +12V/50mA max. Power supply source for boosters & converter.
TV Receiver: tunes in and displays CCIR system 1 TV signals. Other standards
upon request.
Additional 1] Video input 75 Ohm. [2] 12V input for external car battery. |
== Features: 3] Output £onnector for stereo earphones.
Price: £1344.00 exc. VAT and Carriage |

UNADHM FSM5987 T.V. FIELD STRENGTH METER

INPUT
Sensitivity: from 20dBuwV to 110dBuV [-41dBmV to 50dBmV] or 10uV to 0.3V,
in eight 10dB steps

Reacing: dB reading proportional to peak value for videg signals; progortional
to mean value for AM or FM sound signals. For both signals scale
calibrated to rms value and exgressed indBuV. Two maore scales are
available: volt from O to 50, and ohm from O to 2000 ohm. Battery
status is also provided

Accuracy: +/- 3dB for bands | & It +/-- 6dB for bands H & IV/V
Impedance: 75 ohm unbalanced; OC component blocked up to 100V,
FREGUENCY

Range: 46 to 860 MHz as follows Band 46 to 106MHz

106 to 206MHz
H 206 to 460MHz
iV/V 460 to B60 MHz

Reading: 4 digit LCD readout. 100KHz resolution
Prica: £378.00 exc. VAT and Carriage

UNAOHM EH 1000 TELETEXT AND VIDEO ANALYZER

Function: Eye Patterrt display of RF and video-freguency teletext signals by
means of eye pattern diagrams both in linear representation and
issajous figures [0 and X]. Line selection: display of video signals
and hne by line selection. Measurement of modulation depth
Teletext: monitoring of teletext pages. '

RF Input: Freg. Range: 45 to B60MHz. Frequency synthesis, 89 channel I
recall facility, SOKHz resolution, 30 channel digital memaory. Level:
40 to 120cBuV; attenuator continuously adjustable. Indication of |
the minimum level for a correct operation of the instrument.
Impedance: 75 chm. Connector type: BNC

Video Frequency Minimum Voltage: 1Vpp. Impedance: 75 ohm or 10K ohm in case
Input: of a through-signal. Connector type: BNC

Teletext Input: Voltage: 1Vop/75 ohm

Teletext Clock Voltage: 1Vpp/75 ohm. Measurement: Aperture of eye pattern:
Input: linear or Lissajous figures, selectable. Indication: directly on the
picture tube. A calibrated scale shows percentage of eye pattern
aperture. Error: the instrument introduces an error of < 5% with
videa input and 20% with RF input. Jitter on regen'd clock: < 25ns.
Line selectar: Selection of any TV line between the 2nd and the
625th scanning cycle by means of a 3 digit thumbwheel switch

o Oscilloscope: VERTICAL CHANNEL: Sensitivity: 0.5 to 2Vpp/cm. Frequency

~ Response: OC to 10MHz. Rise time: pre & overshoot € 2% Input
TAYLOR BROS (OLDHAM) LTD. ??\L/'EI"E’A SAEC Isnput |mpedance;075 ohm/SOpF
IV weep Range: to 10ms (1.1/2 frames); 32
(BSII?IISE‘{U%’ITREEI\?gLVXIEIDSKS, LEE STREET, E f1561/1geus|1f25 1, Ilnes]g Linearity: +/ -39[6 Horizontal \}V'dth
v . divisions; x5 magnification
-7 ] 9
E TEL: 061-652 3221 TELEX: 669911 FAX: 061-626 )736 Price: £1670.20 exc. VAT and Carriage
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Claude E. Shannon of Bell Laboratories (1952 photograph from AT&T).

HANNON, CODING
AND SPREAD SPECTRUM

In part 2 of this short series on advanced communications
techniques, the author examines the system known as direct

n last month’s article, we saw that it

is always possible in theory to effect,

for a given communication perform-

ance, a linear exchange of handwidth

for signal-to-noise ratio. 1 also

showed that for input signal-to-noise
ratios less than a threshold level, r, say (I
suggested r,="% or —6dB as a practical
criterion), this linear exchange is close to
the maximum attainable; but that for higher
signal/noise ratios a logarithmic exchange
could be envisaged. I discussed a somewhat
simplistic model to demonstrate how the
linear exchange might be implemented, but
pointed out that this model was of little
practical use in general.

We now consider more realistic imple-
mentations. In all cases | shall implicitly
assume a radio communication system,
though most of the properties discussed
could apply to carrier-borne or base-band
line communications and sometimes also to
other systems such as radar or sonar.
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sequence spread spectrum.

L.C. WALTERS

REDUNDANCY

All bandwidth expansion involves redundan-
cy in some sense. That is to say the band-
width is expanded by sending more “data”
than is required for the desired information
transfer. However, while for error
correction/detection the transmitted data
and the information are closely functionally
related, this is not necessarily the case when
one seeks only a linear exchange of band-
width for signal-to-noise ratio.

It is possible to expand the bandwidth of a
signal in a variety of ways. For example, one
may intermittently change the carrier
frequency. This results in a so-called
frequency-hopping system (briefly discussed
last month) for which the "instantaneous”
bandwidth is much less than the total band-
with used. This technique is well known: its
major properties are fairly obvious and so is
the general nature of its implementation,

ELECTRONICS & WIRELESS WORLD

even though the details of such implementa-
tion may involve some subtlety. For these
reasons | shall not discuss it further here —
except to comment that in general terms it
should theoretically permit the previously
described linear exchange in respect of
jamming provided that the jammer is unable
to anticipate the movement of the carrier. It
does not, however (contrary to some asser-
tions), readily provide low detectability; and
indeed it is often easier to detect the pre-
sence of frequency-hopping transmissions
(and even to locate their source) than to
detect many conventional signals. On the
other hand, in the absence of information
encryption, it is appreciably more difficult to
intercept and extract the information from
frequency-hopped transmissions.

Bandwidth may also be expanded by de-
creasing the duty-cycle: that is to say, by
transmitting discontinuously. For example,
a binary communication signal could be
transmitted in short pulses (or bursts of
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such pulses) with substantial intervals
(perhaps irregular) between them. Such
systems are sometimes called time-hopping
systems, and again the signals are fairly
readily detectable (though less so than fre-
quency hoppers) but can permit the linear
exchange provided the jammer is unable to
predict future patterns in the time domain.

The third type of spreading is direct
sequence spread spectrum (DSSS) which is
the chief topic of thisarticle.

DSSS

Conventional radio systems employ a single
frequency carrier; or in other words, a very
narrow-band carrier on to which the in-
formation is impressed. Thus, a characteris-
tic of such systems is that the information
bandwidth is very much greater than that of
the unmodulated carrier. Consequently. the
total handwidth occupied is determined pri-
marily by the information bhandwidth,
though it will also depend to some extent on
the type of modulation employed.

In contrast, DSSS systems employ a car-
rier whose bandwidth is much greater than
that of the information to be conveyed. (It is
arguable that the same applies to other
bandwidth expansion techniques such as
frequency hopping, but there is a very real
sense in which it is a more fundamental
feature of DSSS).

There are many ways in which a wide-
hand carrier can be generated. but by far the
most common and convenient is to phase-
modulate a conventional narrow-band (i.e.
sinusoidal) carrier with a wide-hand signal.
Almost always, the latter is a binary (or
quaternary) signal, usually derived using
some sort of logic clock. It can be repre-
sented (in the hinary case) as a sequence of
Is and —1Is (or 0s), i.¢. as a binarv code or a
combination of such codes.

As for other spectrum-spreading techni-
ques, for success in countering iamming (or,
for DSSS. in achieving low detectability) it is
highly desirable (though, in the jamming
case, often less essential than is sometimes
thought) that the jammer or interceptor is
unable to predict the wide-band carrier
wave-form. For this reason, the codes
chosen are almost always some form of
pseudo-random sequence. ldeally they
would be derived from a truly random source
such as thermal noise, but since their use
demands the availability of replicas at the
receivers, pseudo-noise two-lever codes are
much more convenient. When used for
DSSS they are termed “spreading codes™.

Since we are here concerned only with
principles, [ shall henceforth restrict discus-
sion to implementations which employ as a
carrier a sinusoid which is phase-shift keyed
(i.e. phase reversed) by a binary pseudo-
random sequence. (The possibility of exten-
sion to more complicated constructions
such as quadri-phase modulation is fairly
apparent but implementations can involve
some quite complex features.)

BINARY CODE
The choice of binary code is of considerable
importance in DSSS svstems, primarily be-
cause of the reception techniques normally

employed. [n general, one seeks good auto-
correlation properties. That is, that the
result of multiplying the code (represented
as Is and — 1s) by a delayed version of itself,
and then adding linearly a predetermined
number of successive resulting binary digits
should be of very small magnitude for all
delays other than zero (where, of course, the
sum will equal the number ot digits sum-
med). Here we need consider delays only in
terms of whole numbers of code hits or clock
periods. (For DSSS systems these periods
are often called “chips™.) This restriction
simplifies the reasoning and the description
and does not in any significant manner
invalidate conclusions, even for delays in-
volving fractions of chips.

The general question of code generation
and determination of auto-correlation and
cross-correlation properties is highly com-
plicated and involves advanced mathematics
of some profundity. It is still the subject of
much research by mathematicians. For the
present we shall merely note that one tvpe of
code which is quite popular in many applica-
tions is that known as a maximum length or
m-sequence. Although such sequences have
some drawbacks, their auto-correlation
properties (when the summation is over the
whole code length) are excellent. For the
purposes of this article we shall henceforth
assume the use of an m-sequence as a
spreading code. though many practical sys-
tems use rather different codes

M-SEQUENCES

If a clocked binary shift register has its input
provided by a logical combination of the
contents of its last and some intermediate
stages it is called a feedback shift register. If
it has n stages. then during any clock (or
chip) period it will contain n binary digits,
(the *fill"), which may he deemed to repre-
sent an n-hit binary number. Since there are
two possible values for each bit, there are 2"
possible fills for the register. However, if the
feedback logic is linear, (e.g. obtained using
only exclusive-or gates) then one of these
fitls (such as “all 07) will be self-generating
and will result in a completely static or
unchanging fill. Consequently, only 2"—1
binarv fills are possible if a dynamic situation
is to be achieved.

In general. such a register will produce a
limited number of fills forming a sub-set of
the whole set: but it is possible to select the
intermediate stages and the feedback logic in
such away that every one of the possible fills
occurs at some time; and since the feedback
is assumed linear. the whole sequence must
then repeat. As a result, such a sequence
(taken, for example as the succession of bits
from the last stage or from the feedback
logic) is a maximum length or m-sequence,
and for an n-stage register is 2"—1 chips
long.

In general there is more than one com-
hination of feedback stages and logic which
will achieve this for any given n, giving rise
to more than one m-sequence of a given
length. For these, although the fill cycles
through all possible values but one, the
order in which it does so differs for the
different m-sequences. Note that one of the
fills will be the “all ones™ set of n 1s and that
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Shannon and the Gibraltar inquest

At the recent Gibraltar inquest, a technical
witness, Dr Michael Scott, suggested that it
was technically impossible for the IRA mem-
bers to have detonated a bomb in the
supposed target area from the point at which
they were shot His argument appeared to be
tha: using a nominally powered radio (sited
where the shootings occurred) normal
speech was not intelligible at the supposed
target site because of inadequate signal
strength, i.e. inadequate signal/noise ratio.

The absurdity of such an assertion is
obvious from Shannon’'s equation,
C=Wilog,(1+S/N) — see page 48, January
issue. Typical VHF FM speech reception will
fail at a signal-to-noise ratio of the order of
6dB to 8dB. But to operate a switch one
needs only to receive one binary digit (bit) of
information and it would not be unreason-
able to assume that one might be prepared
to transmit for say one second to achieve
this. Thus the information rate involved
could well be of the order of one bit per
second. According to Shannon, and assum-
ing the 25kHz bandwidth typical of many vhf
transmitters and receivers, such capacity
corresponds to a signalto-noise ratio of
—4&5dB.

Even assuming an inefficient implementa-
tion operating at as much as 14dB below this
performance, (i.e. at —31dB), “successful”
operation could be achieved at a signal-to-
noise ratio some 30dB below, (ie. 1000
times less than) the level at which speech
would fail and far below the measurement
capability of any conventional equipment.

the next digit fed back from the feed-back
logic must be a zero. (If itwere not, then the
fill would not change on that or any succeed-
ing clock cycle, and so we would have a static
situation instead of a dynamic one). More-
over, each fill can occur only once in an
m-sequence cvcle so any m-sequence of
length 2"—1 chips will contain no sequence
of 1= longer than n and only one sequence of
exactly n Is. When n is very small, the
number of possible m-sequences is also very
small. but as n (and hence the sequence
length) increases it becomes possible to
generate more and more different m-
sequences from a given length of register.
Thus for n=5 there are just 6 different
sequences of length 31 chips. For n=7 there
are I8 sequences of length 127 for n=11
there are 176 of length 2047: and for n=19
there are 27 594 of length 524 287, It should
he noted that it is quite easy to generate
m-sequences of enormous length. Thus, a
64-stage register. even if clocked every mi-
crosecond, could be connected to produce
an m-sequence which would not repeat for
nearly 600 000) years!

All m-sequences have the property that
their autocorrelation function, computed
over one complete cycle of 2"—1 chipsis —1
for all (integral chip) delays other than zero
(or amultiple of the sequence length) where,
of course it is 2"—=1. Clearly, however, this
admirable property can hardly he exploited
for cery long codes. For example. the n=64
case cited above would involve a delay of
600 000 years before one could even trans-
mit the complete code. let alone perform

275



{a) Reference f.}
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(¢} Output]
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(e) Output f;‘
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Fig. 1. Correlation process. Waveform(e) is the productof (a) and (d).

correlations; and not even our most
maligned communication services would
contemplate that!

Shift registers were originally used (and
still are) to generate suitable spreading code
sequences, but the ubiquitous micro-
processor is resulting in increasing use of
code generation by software, at least for the
lower clock rates.

CARRIER BANDWIDTH

If a sine wave of frequency f, is phase
switched by a binary sequence with a clock
(i.e. chip) period 1. then the resulting broad
band “carrier” waveform will have a power
spectrum of the form

G(N=Plsinm(f—f)r/m({—f,)T]

where P is a factor defining the total power.
This spectrum has its energy primarily con-
centrated in the range f,—1/7 to fy+1/7.
(Over 90% of the energy lies in this range.)
In other words we may assess the RF carrier
bandwidth as 2/7.

For simplicity we shall assume that all the
information to be conveyed is expressed in
binary form as a sequence of Is and —1s.
However, since for DSSS the information
bandwidth is much less than the carrier
bandwidth, each information bit has a dura-
tion which is many times that of a spreading
code chip, i.e. many clock periods. It is
usually desirable and convenient to ensure
that each information bit is an integral
number of chips long and starts and finishes
on a clock edge. However, this is not
essential. It is also usually (though not
ahways) desirable and convenient to employ
the same type of modulation for information
as for generation of the wide-band carrier. In
the case of phase reversal modulation (PSK),
this is equivalent to modulating the ariginal
sinusoid with the algebraic product of the
spreading code and the information sequ-
ence, each expressed as 1s and —1s. Alterna-
tively, it is equivalent to modulation of the
sinusoid by the output of an exclusive-or
gate fed by the spreading code and the
information. both expressed in terms of 1
and 0. This is perhaps the simplest tvpe of
information modulation and will be
assumed in the following paragraphs though
other techniques have also heen employed in
practice.
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DETECTION OF SIGNAL

Almost all DSSS systems rely heavily on
correlation processes for detection and re-
ception of signal. Correlation is discussed
briefly below, but may be shown to be
equivalent lo true matched filtering. Indeed.
some DSSS systems actually employ so-
called matched filters for this purpose but
they are usually not true matched filters in
so far as they respond to an appropriate input
pattern whenever it occurs. In contrast, a
true matched filter will respond to this
pattern only if it also occurs at a precisely
defined epoch.

© CORRELATION

The finite period auto-correlation function
R.(7) of a waveform F(t) is defined as the
average value over the period (T) of the
product of F(t) and a delayed version of itself.
F(t-t) where 7 is the delay. Thus

: ', +T
R.(7): ! }
T J F(t)F(t-7)dt

to

In general, it will be a function of the
“starting point” (,. However, in some cir-
cumstances it may be independent of t,,, and
one such case arises when F(t) is an m-
squence. T is the sequence duration or
repetition period, and 1 is an integral multi-
ple of the chip period. As indicated in the
section on m-sequences, we then have (for
sequences taking the values +1 and —1):

R.(t)=—171#mTwhere m is an integer
R.(mT)=2"-1
In general, of course. the product of a
waveform with a delayed (or non-delayed)
version of itself will be a third waveform
whose slatistics differ from those of the
original. If the two waveforms are noise-like
or randomized, then the product will also be
noise-like and even after low-pass filtering
(equivalent to the integration process of
equation 19) the output will remain noise-
like even for =0. In other words. if N(t) is a
noise waveform,

N*(t)= DC+AC ("self-noise”)

If. however. N(t) is a binary sequence
IN(t)=C(t)] taking only values +1 and —1,
then

L

Smali OC 1
+ high frequency noise

N2()=C*(t)=+1=DConly

Thus R,(0) is pure DC for a binary waveform
but R,(7) is primarily a non-DC function for
7#0.

The correlation process is illustrated in
Fig. 1 in which time is represented on the
horizontal axis. Waveform (a) represents a
binary reference waveform, C(t). Waveform
(b) is the same waveform in perfect syn-
chronism with (a) corresponding tor=0, i.e.
it is also C(t). Waveform (c) is their product
C(t)=1,i.e.pureDC.

Waveform (b) is said to correlate perfectly
with (a). Note that if either (a) or (b). but not
both, is inverted, the product becomes —1,
i.e. DC of opposite polarity. This is an
important property. Waveform (d) is the
reference waveform (a) but shifted in time to
give C(1+7) and waveform (e) is the product
of (a) and (d) which has only a small DC
component and some AC components con-
taining quite high frequencies. In this case.
the correlation (at the shift 7) is said to be
small. (Note that it is irrelevant whether one
considers delayed or advanced waveforms
since, reverting to equation (19), the integ-
rand F(t)F(t—1) is identical to F,(t)F,(t+7)
where F|(t) has been written for F(t—7). If
F(1) is such that R_(T) is independent of the
“start” time t, . then from equation (19)
there is no difterence between that equation
and the similar equation using F,.)

If we now imagine that (a) is a transmitted
waveform but that binary information is
impressed by reversing its polarity if the
information bit is a —1, and if, at the
receiver, we produce the synchronous wave-
form (b) but with no such reversals, then the
product of the two will alternate between +1
(positive DC) and —1 (negative DC) in
precise agreement with the information bit
stream.

If the input waveform is translated to
radio frequencies by a linear modulation
process. the same principles will apply.
although depending on the modulation/
correlation implementations some further
demodulation may be required.

FUNDAMENTAL FEATURES

We may summarize the essence of an arche-
tvpal DSSS system as follows. with C(t)
(taking values +1 and — 1) representing the
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binary spreading code and 1tt) (also taking
the values +1 and —1) representing the
binary information sequence.

At the transmitter, the transmitter signal
is given by

lt)x Cl)xsinwt= cos{wt—(m/2)x 11y xC(D)
linfo) (WB carrier) [Wideband (WB) PSK]|

Figures 2 and 3 show a transmitter and
receiver according to the above functions. As
indicated hy the dotted lines, it is often (but
by no means always) possible or convenient
to use, in the transmitter, a sinusoidal initial
carrier (sinwt) whose frequency is related to
the spreading logic clock rate. (For example,
the clock could be derived by counting down
from the frequency w/27.)

We now have the problem of generating
C(t) at the receiver and getting it in syn-
chronism with the received signal. We also
have the problem of providing a narrow band
local oscillator, sinwt, in phase synchronism
with the output from the despreader. These
two functions are here considered separately
because they are often performed separately,
though conceptually they might be com-
bined and in some cases have been. Here, as
elsewhere, 1 shall merely indicate a possible
technique for solving each problem. You
should not infer that they are the only
possible techniques or even necessarily the
best for any particular implementation.
They are. however, well-tried techniyues in
common use.

CODEACQUISITION
It is clear that if the spreading code C(t) is
defined in terms of a particular algorithm or
of a particular set of shift register feedback
connections and combining logic. then C(t)
can be reproduced at the receiver. It is also
apparent that provided this receiver code is
in perfect synchronism with the received
signal, the svstem will work well regardless
of the auto-correlation properties of the
code. (We here ignore some subtleties re-
lated to intelligent jamming.) However, in
general the receiver code will not be syn-
chronized with the incoming signal ab initio
and it is in the process of obtaining such
synchronism (or “code acquisition”) that the
auto-correlation properties are particularly
signiticant.

Note that the accuracy required for syn-
chronism is within a small fraction of a chip
period. so that for typical clock rates of say
10MHz this implies accuracy of the order of
10 nanoseconds. For immediate purposes we
shall consider a base-band system only and
ignore complications due to translations to
higher frequencies.

In principle. of course, one could envisage
a huge bank of correlators, each fed by the
received signal and by a delaved version ot
the locally-generated code. the delays being
slightly different for each correlator. If there
were sufficient correlators to cover all con-
ceivable code phases (within the acceptable
small fraction of a chip error). then the
correlator giving the largest low frequency
output power within the information hand-
width would be that for which the local code

" LN (1) - phase
modulator
Cos lwt-75 HHC (1))
ci)
[ 3 [
o Code Carrier
Clock L generator generator
T T
| |
e e e o o e - — ]

Fig. 2. Transmitter essentials in a typical direct sequence spread system.
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Fig. 3. Basic receiver for a DS spread system.

and the received signal were most nearly
synchronized.

In practice. the cost and complexity of
such a system would normally be prohibi-
tive. though some systems do incorporate
partial parallelism of this sort. Conseyuent-
lv. code acquisition is normally attained hy
means of a serial search procedure.

In passing. it is important to realize that
[)SSS systems are expected to work at very
low signal-to-noise ratios (i.c. much less
than unity or 0dB) so that the idea of
detecting the received signal directly and
extracting the modulation (including the
spreading code) is a mere pipe-dream. In-
deed, it is only by the correlation process
that the signal can be extracted.

The idea of sequential searching im-
mediately imposes constraints. Since the
synchronizing precision required is within a
small part of a chip period, the search must
¢ither be quantized into similarly small steps
of local code delay or must progress con-
tinuously at a correspondingly low rate. In
the quantized case. the search must be
halted after each step for a sufficient time
(the integration period T) to allow adequate
assessment of the degree of correlation: and
the more powerful the system (i.e. the lower
the signal/noise ratio to be handled), the
longer this time must be. In the continuous
case, the “sweep™ must be sutficiently slow
that it does not, over the correlation or
integration time T, result in a relative
displacement or drift of more than the
permissible fraction of a chip period. Thus
the search is slow, and in the ahsence of any
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other timing information must be expected
sometimes to need to proceed through
almost the entire length of the code.

For long codes, the corresponding time to
acyuire code lock can be prohibitively long:
times of hours, days, months, vears, centur-
ies or millenia can easily emerge from the
relevant arithmetic and indeed many prac-
tical systems do allow minutes or even. in
exceptional cases, a small number of hours
to attain lock. Nevertheless, for most pur-
poses. it is necessary to acquire lock in a time
much less than an hour and often much less
thara minute.

As a result, various subterfuges are em-
ployed to achieve more acceptable synchro-
nization times. Most of these result in some
theoretical degradation of performance, but
two are especially simple to appreciate and
are of some importance in practice.

Firstlv. if both transmitter and receiver
contain very high precision (e.g, atomic)
clocks and have previously been synchro-
nized. for example by the use of transfer
stardards. then the only timing error be-
tween the received and local codes at the
receiver will be due to propagation delay
(and equipment delays which can be mea-
sured and allowed for). If this propagation
delay is also accurately known then no code
acydisition system is required in theory.
However, even if it is not known precisely,
for -adio systems it will not normally exceed
a few milliseconds; and if the approximate
separation of transmitter and receiver is
known, the actual uncertainty in delay may
be much less. Only a very limited search is
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Fig. 4. Signal acquisition in a DS spread system.
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Fig. 5. Code lock loop. This generates three versions of the local code, slightly shifted

intime or phase.

sufficient for code lock in such cases.
Secondly. systems such as the US GPS
(Navstar) satellite system can also provide
highly accurate time references to both
transmitter and receiver. thus reducing the
need for atomic clocks. Navstar itself em-
ploys DSSS as an interference-resistant
means of communicating its information.

If no high precision timing is available.
then one may employ short codes so that the
amout of searching required is limited to
this shorter code length. However, short
codes have some potential disadvantages in
respect of both intelligent jamming and low
detectability: and so they are often combined
with long codes in such a way that the short
code is used primarily to achieve code lock
which is then “transferred” to the long code,
a relatively simple process since the two
codes can be driven by the same clock. The
chief weakness of such schemes in respect of
jamming is then restricted to the initial code
acquisition period and is usually far less
serious than is sometimes believed. Never-
theless, all schemes to expedite code acquisi-
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tion introduce some potential degradation of
overall performance. though its exploitation
by a jammer may be much less easy than a
superficial examination would suggest.

We shall henceforth ignore these com-
plications and merely consider how one
might implement an acquisition system
involving sequential search. and for simplic-
ity we shall assume that the local code is
advanced in steps of some suitably small
fraction of a chip period. Al each code phase
position the code phase is held for the
selected integration (or correlation) period.
here assumed to be the m-sequence repeti-
tion period (T). and the correlation factor is
evaluated essentially by assessing the band-
width of the resulting output. For example.
if the correlation is performed at base-band.
then. when synchronized. the output will be
dominated by a large narrow-band compo-
nent centred on zero frequency. i.e. a low
frequency component.

If. on the other hand. correlation is
performed at IF or at RF then the synchro-
nized output will be dominated by a narrow-
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band component centred on that IF or RF.
Unless the received and local codes are in
synchronism or very close to it, the output
will be like wide-band noise of low power
density so that if it is followed by a narrow-
band filter and rectifier (or low-pass filter in
the base-band case) the output will be small.
Hence we may terminate the search when
such output attains an adequate magnitude.
This also gives rise toa scheme for maintain-
ing code synchronism when once achieved.
The circuit which performs this function is
called the code lock loop and is sometimes
switched into the system only when syn
chronism has been detected. Figure 4 de-
picts asignal acquisition system.

CODE LOCK L.OOP
There are many variants on the basic theme
for code lock loops but we shall here describe
only one of them, commonly known as the
‘early-late gate” or “delay lock” loop. In this,
three slightly time or phase shifted versions
of the local code are produced, the phase
shift or relative delay being the same be-
tween successive pairs. If the codes, in order
of increasing delay, are designated Cg, Cp,
and C, (for early. prompt and late) and if
each is fed to a correlator for which the other
input is the received signal, then when Cp is
in synchronism with the received signal. the
prompt” channel will have maximum de-
spread output (used for information extrac-
tion) while the “early” and “late” channels
will both have despread outputs of magni-
tude rather smaller than the prompt channel
but virtually equa! to each other. Thus the
difference between these two outputs will be
nominally zero. But if the codes Cg, Cp and
C_ “drift” with respect to the incoming
signal then one of them will be nearer
synchronism than the other and its output
will therefore be greater. The difference
between the two outputs will then be non-
zero and. in the base-band case. the polarity
of this (DC) difference will depend on which
is the larger and hence on the "direction” of
the drift. It can therefore be used to control
the phase of the local code (usually by
controlling the clock frequency) so as to
maintain synchronism in the prompt
channel.

Figure 5 shows a code lock loop based on
these principles but does not explicitly show
the circuit (outlined in Fig. 4) for detecting
synchronism in the prompt channel and
switching in the loop itself.

In passing. it may be noted that the code
lock loop does not have to be switched in
after synchronism despite the advantages of
so doing. If it is left permanently in circuit it
can actually acquire lock prior to maintain:
ing it.

SIGNAL EXTRACTION

In the implementation of Fig. 4. once code
synchronism is achieved the output from the
central prompt channel will be a narrow-
band (i.e. sinusoidal) carrier. phase-reversal
modulated by the information waveform
I(t). This output is represented by [{t)sinwt.
To extract [(1) we must employ a coherent
demodulation technigque which requires
generation of a reference signal sinwt as

March 1989



indicated in Fig. 3. This is achieved by
feeding the signal output into a square-law
device; and because 1tt) is a binary waveform
and IF(0) =1, its output will be
Fi)sin‘wt="12—Yacos2mt

If a narrow band filter, centred on w/m is now
applied, a relatively pure signal of the form
cos2wt is available which can be further fed
into a frequency halving circuit to produce
+sinwt. (Small phase errors arising from
the filtering etc. can be measured and
allowed for.)

Figure 6 shows a signal extraction system
based on this principle. Note the inherent
uncertainty arising from frequency halving.
That is to say we produce either +sinwt or
—sinwt but we do not know which. Thus use
of this output for coherent demodulation
produces either 1(t) or —1(t).

Various techniques can be used to resolve
the ambuiguity. For example. a predeter-
mined code sequence can he incorporated
within the information sequence 1(t). If this
appears inverted at the receiver output then
that output can be inverted to correct the
“polarity”. This approach demands reason-
ably stable propagation delay between trans-
mitter and receiver. and so a rather more
popular technique is to employ differential
encoding of the information delay between
transmitter and receiver, and so a rather
more popular technique is to employ dif-
ferential encoding of the information. In one
implementation of this, the phase of the
carrier is reversed whenever the data bit is
+1. The information is then extracted by
comparing the received bit phase or polarity
with that of its immediate predecessor.
Thus. even if the reference sine wave in the
receiver is inverted, the information will still
be correctly received apart from one or two
bits at the beginning of reception. Allowance
can easily be made for this.

Differential encoding tends to double
error rates because if one bit is icorrectly
decoded the following one will probably be
also. In other words errors will tend to occur
in pairs. However, if the error rate is suffi-
ciently low (and after despreading it should
be). differential encoding is a very useful
technique.

LEFFECT OF NOISE AND JAMMING
For simplicity and ease of unders:anding we
have so far considered noise-free signals at
the receiver. Since a major aim of DSSS is to
counter high levels of interference we shall
conclude with a brief discussion of what
happens when the signal is deeply immersed
in noise of some sort. We must note, how-
ever, that all the processes described above.
with the exception of the code-lock detection
and coherent detection regeneration circuit-
rv, are linear, so that noise and interference
can be viewed as entirely linearly additive
features. (This also applies if, as is usual, the
received frequencies are heterodyned down
to some lower intermediate frequency.)

Referring to Fig. 3, if the input signal
contains additive noise or jamming which is
uncorrelated with the signal, that compo-
nent will also, in the correlator, be multi-
plied by the local code Cit). If the noise
bandwidth is wide. this will make it even

[Ht)sin wt

1
12(t)sin w="7 (1-cos 2wt}

+2

ssinwt

e

\

*

*1{t)

Fig. 6. Carrier regeneration: signal extraction system based on a narrow-band filter.

wider. If it ssmall (e.g. a sinusoid), it will be
spread to give the same sort of spectrum as
the original DSSS signal. On the other hand,
all the energy in the true DSSS signal will
have been translated into the narrow band-
width of the information. The ensuing filter
will therefore pass almost all the signal
energy but reject all but a small fraction of
the noise energy. Of this smal! amount. on
average halfwill be “in phase™ with sinwt and
half in guadrature, and this last half will be
further rejected after coherent demodula-
tion and filtering. tlence noise and interfer-
ence rejection of a high order is achieved.

The first. and major. noise reduction also
applies to the signal used for regeneration of
the carrier sinwt (Fig. 5). To reduce noise
further in this circuit, a very narrow bhand
filter at the double frequency may be em-
ploved since this filter does not even have to
accommodate the information bandwidth.
In practice one might use a fairly narrow-
band filter followed by an injection-locked
oscillator to achieve the desired very narrow
band filtering. This oscillator could be at the
double frequency or at the desired output
frequency w/27. thus performing filtering
and frequency halving simultaneously.

Note the importance of performing cor-
relation before coherent demodulation. If
one were to attempt the two processes in
reverse order, the nonlinear “square-law”
device would result in the translation of a
substantial amount of noise from the entire
RF bandwidth into the narrow bandwidth of
the filter whose output is used to determine
the required phase of the local oscillator. In
consequence, this oscillator would be sub-
Ject to much greater phase jitter, resulting
in degraded performance.

Most of the description above is related to
analogue implementations. This is quite
deliberate since in many instances these are
the only feasible techniques at the present
state of technology. However, in many other
instances a primarily digital implementation
is possible. In fact, implementation is heavi-
ly constrained by system parameters and
current technology, so it is not useful in an
article of this kind to pursue the matter
further. Suffice it to say that entirely digital
implementations would in many cases de-
mand extremely high clock rates.

Before concluding, 1 should mention one
other property of spread-spectrum which |
have so far ignored. If the chip period is fairly
small compared with likely differential pro-
pagation delays, then DSSS provides signifi-
cant protection against multi-path propaga-
tion and fading. The inherent redundancy
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would in any case give some protection ot
this type; but if the receiver locks on to the
shortest delay path signal (which can be
arranged by choice of code search “direc-
tion™) then other replicas. delayed by more
than say a half-chip period. will be rejected
in the same way as other interference.
Indeed, with further complexity it is possible
to conceive receiving systems with parallel
reception which accept several differently-
delayed versions of the signal, to correct for
the delays (which are easily assessed from
the relative code delays in the various chan-
nels) and then to combine the outputs
coherently (with appropriate weighting tor
signal-to-noise-ratio) to provide maximum
use of all the received energy. One such
system was in fact implemented in the late
19557, but whether the complexity is justi-
fied by the performance gain is a matter of
debate.

“inally, I should mention the possibility of
systems in which many transmissions exist
simultaneously within the same (wide)
bandwidth. Since all but the signal to which
the receiver is locked can be considered as
interference and will therefore be rejected.
such "multiplexing” is possible and does not
demand any sort of “co-operation” between
the transmitters in respect of timing (cf.
time division multiplexing, TDM) or fre-
quency allocation (cf. frequency division
multiplexing, FDM). It therefore offers
attractive features for some applications.
However, to ensure that each receiver locks
on o its intended signal, it is necessary that
each transmitter has its own distinctive
spreading code. This gives rise to the de-
scription “code division multiplex™ or CDM
for such schemes.

When CDM is emploved, it is essential that
there is little risk of the receiver locking on
to the "wrong” code, even if the signal level
associated with that code is much greater
than that of the desired signal. To ensure
this, the cross-correlation properties of the
set of codes employed is of great importance;
and again, highly advanced mathematics is
involved in deriving such sets. Again, also,
this continues to provide an area of research
for mathematicians. In afuture article I shall
mention a type of CDM system which re-
ceived much attention in the 1960s and early
1970s.

In the next article the author will consider
error-correction and detection systems.
Reference

3. A Communication Technique tor Multipath
Channels. R. Price and P.E. Green. Proc. IRE,
March 1954,
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p p ICyy high to stop the count and light the
Both 2746 and 27128 eproms can be copied  error led. If all locations are FF, the count
quickly and easily using only a handful of continues until A;5 goes high.
standard i.cs. During the programming cvcle, 1Cq pins Z80 accelerator

Two 393 counters are clocked by a 555
timer that can be set for two different
timings — fast for erase checking/verifying
and slow (10 to 50ms set by the potentio-
meter) for programming. All reading and
programming is done while the clock is
high. leaving the low period for address and
datachanges.

Sequencing of the check, program and
verify phases is controlled by address lines
Ay 15, which are the two most significant
outputs of the counter. When both lines are
low, i.e. on the first time through the count,
pins one and ten of 1Cy and A, provide
signals for disabling the buffer and setting
the 555 to its fast mode. Comparator ICg
compares output of the copy with the dis-
abled master; if they are not the same.
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one and ten together with A, enable the
master rom, enable the buffer and select the
slow clock. When A, is high and A5 is low,
programming pulses from the 555 pass to
the romvialCq, pin5and IC5, pin 6.
Verification is achieved in the same way as
blank checking but with the master enabled.
To change from 2764 to 27128. clock
input to 1C, is taken from Ag rather than A; |
and A; and A3 are swapped. A facility for |
overriding the erase-checking phase is in-
cluded for occasions when an attempt at |
programming a rom was unsuccessful and a
second cvcle is needed. An oscilloscope is l
needed to set the programming pulses.
D.PinchandJ. Wike
South Wales Radiotherapy and Oncology
Service, Velindre Hospital Cardiff

In Z80 systems with no dynamic ram, the
processor wastes time producing refresh
cycles. This is also true for systems using a
separate dynamic-ram controller.

Provided that the processor is running at
4MHz or slower a cycle can be gained by
applying an 8MHz clock during refresh. This
accelerator, which gives speed gains of up to
25%, requires the use of an 8MHz Z80 but all
other existing components remain the same.

Note that the two seemingly redundant Or
gates are to introduce delays. A two-to-one-
line data selector is unsuitable for this
application.

N.W. Wright

' Bandley Chipware

Appleby, Cumbria
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Accurate lamp timer

Mains-derived pulses determine delays of
between € to 49.5s in this accurate lamp
timer. Two ten-way switches set the time —
a fine control for 0-4.5s and a coarse control

was rated at 24W and the bulb at 60W —
hence the second triac. Exercise great care
in construction, following the regulations
regarding equipment connected to the
mains.
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Economical 16bit
converter

Two eight-bit data converters and a
switchable-gain amplifier could be used to
make an economical 16bit a-to-d converter
suitable for audio use.

Input is buffered, sampled, then fed to a
differential amplifier with programmable
gain. During the first clock cycle, gain of this
amplifier is one so the original signal is
converted directly to digital form and stored
to the latch as the eight most-significant
conversion bits.

These bits feed a d-to-a converter, output

of which is compared with the sampled
original signal in the second clock cycle.
After being amplified by 255, the difference
signal is fed to the d-to-a converter to
produce the eight least-significant bits.

For an a-to-d converter with 10s conver-
sion time and a d-to-a converter with 1us
settling time, a sampling frequency of,

1
F,= (12+12)u5~40kHz
is fast enough for audio purposes.

For the programmable amplifier, input
buffer and sampler, 1 suggest an NE5534.
Data conversion could be carried out by a
ZN427 and ZN428.
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Logic tester

Power consumption of this tester is about
10mA. Potentiometers allow the thresholds
to be set to suit a variety of logic technolo-
gies.

Igor Sinovcic

Split, Yugoslavia

NEXTMONTH

Decoding satellite TV transmissions

When the film companies demanded a fool-
proof system of programme encryption from
Rupert Murdoch'’s Sky Channel with a £25
million forfeit as the price for breaking the
code, they put every self respecting hacker
under starter’s orders. Reach for the sky with
Electronics & Wireless World.

Adesigner’s guide to RS232

Spitting Image knew what it was doing when it
wrote the RS232 song in praise of the total
confusion surrounding the subject. if you
don't find the subject a system designer's joke
read the article and gain confidence to laugh
with all the rest of them.
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Satellite TV lransmission

hackers start here

— i —
The electrifving enigma

of the ball-hearing motor
———
00Ps: Objecl Oriented ‘
Programming

o — ——

14

The enigmatic ball bearing

Would you believe that ball bearings can be
made to rotate by passing a large current
between the inner and outer sections of the
ball race? We didn’t either until Bulgarian
dissident Dr Stefan Marinov demonstrated the
effect. It wasn't a marginal one either. What-
ever its origin, it possessed enough speed and
torque to remove the skin from the editor’s
thumb.

Object oriented programming

Conventional programming languages pro-
vide an applications framework which accepts
data into the holes within the frame. Custo-
mising the application depends on filling the
holes in a specific way. OOPs integrates the
supporting structure into the data to form a
series of communicating objects which com-
bine to form the application.
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KBFS-1 REAL TIME VIDEO
THE BEST THERE IS? PROCESSORS

A very high bandwidth video

* 800 pixel x 576 line image capture and
framestore processing — 7MHz bandwidth.
* 35MHz sample rate. 14.5MHz bandwidth. Real * Real time recursive or incremental averaging
time capture and display. 8 bit greyscale. and subtraction aver 256 frames.
* User  definable ~ image  size:  2048x625; * Real time histogram equalisation and image
* Asynchronous input and output data rates allows * Arithmetic and logical functions between live
slow scan inputs with video outputs. and stored processed or unprocessed
* Arithmetic and logical functions between live and images.

stored image. * 16-bit processing store — no truncation or
* Input and output lookup tables. rounding errors.

WALl e * Separate buffer store for display and
* Proven fast DR11W interfaces to Unibus, Q-bus, transparent computerinterfacing‘
VME etc.

* Cameras, Monitors and printers available.
* British designed and built.
* Custom versions available.

* British designed and built. Full technical
support.

* Custom versions available.

Please contact either Dave Griggs or Dan Ogilvie at:

"OCCITRONICSLTD | | OGGITRONICS LTD

) Poole House, 37 High Street, Maldon, Essex,
Poole House, 37 High Street, Maldon, Essex, England CM9 7PF.

England CM9 7PF. Telephone: (0621) 50378 or 54993
Telephone: (0621) 50378 or 54993
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Decoding RDS

Following his examination of the RDS signal in last month’s
article, the author goes on to describe a practical
implementation of the non-executive functions

utotuning is obviously the single
Amost important benefit that listeners

will be able to derive from RDS. The
ability to drive from A to B without having to
re-tune, without even being aware that the
set is re-tuning for you, is a highly signifi-
cant gain for the motorist.

Aware of this fact, car radio manufactur-
ers are actively developing the LSl necessary
to pack the autotuning features into the
standard DIN/ISO case. An RDS decoder
interfaces with, and controls, the synthe-
sized tuner in such a set. It may well be that
the only RDS display feature incorporated in
such a set is the S (programme service)
name.

In this article 1 should like to ignore the
car radio market and describe instead the
type of decoder which might well be built
into a hi-fi tuner, concentrating on the
display aspects of RDS. The design 1 shall
describe could, of course, be used in the car
but does not have any of the executive
functions that an RDS car receiver would
have. Its only interface with a receiver,
unless power is derived from the latter. need
be a feed of stereo multiplex, derived after
the [F stage and before the stereo decoder.

SIMON J. PARNALL

DISPLAY FEATURES

In deciding upon the RDS features to sup-
port in this design it was necessary to
eliminate any feature that required the unit
to interface with the tuning control system
of the set. simply because a generalized
design could not be produced which would
interface with a wide range of commercial
receivers.

Instead, features which may be displayed
have been selected, the only possible excep-
tion being the provision of uncommitted
open-drain outputs for the TP and TA flags.
These could be used for executive control
(e.g. raising the volume, stopping a cassette)
but are intended to be used for external
lamps or leds.

The RDS features supported are as fol-
lows:

PS  programme service name
PTY programme type

RT radiotext

CT  clock time (date not supported)
TP travel programme

TA  travel announcement

Having decided on the above features, the
choice of a suitable display had to be made. A

dot matrix LCD module offering lower-case
letters was selected. Lower case letters are
particularly important when displaying the
PS names of BBC local radio stations be-
cause the names are often condensed by
omitting vowels, and legibility decreases
dramatically if upper-case letters are used to
display the result.

The EBU has defined the meanings of the
PTY (programme type) codes. These may be
expressed in as few as eight characters, but
16 characters provide room to express the
codes without any unfortunate abbrevia-
tions, “"Serious Classics” for example,
However, radiotext requires up to 64 charac-
ters. A display offering this amount of space
would be large and costly, therefore | de-
cided to use a smaller display and introduce a
scrolling action, bringing the radiotext mes-
sage. character by character, through the
available window at a readable rate.

Three basic display modes were chosen,
all fitting on to a 16-character display mod-
ule: Mode 0 (PS and time); Mode 1 (pro-
gramme type); and Mode 2 (scrolling
radiotext).

Radiotext messages are formatted by the
BBC as two lines of 32 characters. 64 in total.
Text is often centred on these two lines by
the introduction of leading and trailing
spaces. [t was important that the text should
look sensible on the scrolling 16 character
display: therefore it was decided that the unit
should condense multiple spaces, reducing
such intervals to one to aid intelligibility.

Clock time information, although trans-
mitted every minute (only by the BBC at
present in the UK), may not be accurately
decoded every time. The decoder must
therefore maintain its own internal clock
and lock this to CT information when de-
coded.

RDS DEVICES

Hybrid devices incorporating the 57kHz
bandpass filter, synchronous demodulator.
bi-phase symbol decoder and differential
decoder are now available to OEM's. One
such device, made by Blaupunkt Gmbtl of
West Germany, is used in this design, It
Recovery of the raw data is dealt with by a
hybrid module (left); implementing an RDS
receiver is largely a matter of software.Ina
commercial receiver, the same micro-
computer could control the synthesizer.

Fig.7 (right). Circuit diagram of the com-
plete unit. Suitable LCDs are Sharp
LM16155 and Hitachi LMO20L or
LMOBS87LN; this last includes a LED back
light. Specialized components and com-
pleted modules are available — for details,
see text footnotes.
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Fig.9.Decoding RDS groups: this one is type 2A.

requires only a few external components,
including a 4.332MHz crystal for the phase-
locked loop — this frequency being 76 times
that of the RDS subcarrier.

Using the hybrid bit-decoder it was possi-
ble to consider building a decoder proces-
sing board the same size as that of the display
module itself (90x36mm). To achieve this
aim it would be necessary to build the group
decoding and display control functions into
a fairly small area. The decision was made to
use a single-chip microcomputer with on-
chip ram and rom. The 68701 from Motorola
offered a simple display interface, an on-chip
timer, 128 bytes of ram and 2Kbytes of rom.
It is a version of the mask-programmable
6801. Several speeds are available but the
cheapest, the 1MHz device. may only be
clocked at up to 4MHz. A faster device would
enable the hybrid’s crystal to be shared but
the relative costs negate this advantage.
Thus the slowest device is used, with a
separate crystal.

The most important question of all was:
would the 68701 be capable of performing
the decoding matrix calculation and syn-
drome evaluation in less than onz bit period
(842ps)? This is an essential requirement if
the unit is to synchronize to an RDS signal as
rapidly as possible. After much work the
maximum bit service time was reduced to
820ps. This may seem to leave very little
time for the processor’s other activities.
Indeed during synchronization this is so, but
in normal operation the syndrome calcula-
tion need only be made once every block, 26
bits. The only activity at other bit periods is
to transfer the received bit into a buffer: this
takes 60ps, including all interrupt service
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latency. Thus in overall terms only 11% of
processor time is spent at the bit-service
level, leaving 89% for group processing and
display control.

HARDWARE

The circuit diagram of the unit is shown in
Fig.7. It centres on three main components:
the MC68701 single-chip microcomputer,
the liguid-crystal display module and the
RDS decoder (IC3). Two power-supply vol-
tages are used. 8V for analogue circuitry and
5V for digital devices. The two rails are
derived from a common supply and separate-
ly regulated by ICy.5. The use of a low
drop-out regulator for the 8V rail enables the
unit to operate from a supply of as little as
8.6V. If D, the supply reversal protection
diode, is included this figure will rise to 9.2V.
Maximum supply voltage is determined by
the specification and dissipation of the two
regulators.

The microcomputer operates in Mode 5.
In this mode the device supports on-chip
ram and rom, but decodes 256 hvtes of
address space off-chip. This is known as the
expanded non-multiplexed mode. Mode
selection is made by setting the voltages
present on P20, P21 and P22 upon reset. In
this application these are permanently fixed,
since Port 2 is unused. Port 4 echoes the
lower eight bits of the internal address lines,
and 10s marks accesses to the 256 byte
external space. Since we require only two
byte of external space for the control status
and data registers of the display modules,
only P40, the least significant bit of Port 4, is
used. Port 3 extends the internal data bus
off-chip.

The microcomputer is reset by Tr; and its
associated timing components. The reset pin
of the processor is used to supply power
the on-chip eprom during operation. To
ensure that the supply voltage of this pin is
within tolerances, R;. the supply resistor,
must be of a low value. The 47() resistor
specified meets this condition.

DISPLAY

At least three physically and electrically
equivalent LCD modules may be used in this
particular unit. One of the Hitachi devices
specified has the added benefit of a led
backlight facility. If this device is used the
backlight power may be disconnected (to
reduce power consumption) by removing
Lk;. Viewing angle is optimized as usual by

6

INTERRUPTS

Two external interrupt mechanisms are pro-
vided on the MC68701: a maskable, level
sensitive interrupt (ire) and a non-maskable,
edge-triggered interrupt (xw). The RDS hy-
brid hit-decoder produces a 50% duty cycle
bit-rate clock with a rising edge at the centre
of each bit cell. Use of the ke pin would have
necessitated an external flip-flop circuit to
prevent multiple triggers at each clock
period. The i pin required only one inver-
ter, and the availability of a spare NOR gate
from the display interface permitted the
incorporation of a switching facility, con-
trolled from Port 1. This is used to enable/
disable xmitriggers.

Individual bits of Port 1 may be assigned
as either inputs or outputs. Bit 0 is the RDS
bit-stream input. Bit 1 is an output, used to
disable xmitriggers. Bits 2 and 3 are used, as
inputs, to set the display mode. A single-pole
changeover push-button is connected to
these lines as shown in the circuit diagram.
Bit 4, an input, selects an automatic display
teature when grounded, and Bit 5, also
assigned as an input, is currently unused.
Bits 6 and 7, outputs, drive Tr, and Try to
indicate TP (traffic programme) and TA
(traffic announcement) respectively.

SIGNAL INPUT

The unit requires a feed of stereo multiplex.
This is the signal presented to the stereo
decoder within a receiver. It contains base-
band audio. pilot-tone, stereo-subcarrier,
and now RDS.

Some receivers incorporate a low-pass
filter to remove signal components above
53kHz. 1deally the signal should be extracted
before the filter.

Any DC component in the input signal is
removed by C; before this is presented to the
load, R;. Transistor Tr, gives a gain of about
14dB. Potentiometer R- should be adjusted
to obtain an overall multiplex envelope of 1V
pk-pk at the collector of this transistor,
measured at TP,. This corresponds to the
peak deviation of x75kHz specified for FM
broadcasting in Europe.

Modulation Deviation (kHz) Voltage (pk-pk)
Maximum 75 1.ov

Pilot-tone 6.075 8Imv

RDS 2.0 (nomod) 2ImvV

RDS (Radio 3) 1.2 (no mod) 16mv

RDS (min) 1.0 (no mod)) 13mv

ELECTRONICS & WIRELESS WORLD  March 1989



This adjustment is most easily made by
setting pilot tone level to 81mV, as shown in
the above table. Pilot tone is of constant
amplitude, and easily recognised on an
oscilloscope. I recommend Radio 3 as a
source for making this adjustment. The wide
dynamic range in classical music offers
periods of near-silence when pilot tone
dominates the audio signal.

When the input level is correctly set the
bit-decoder should have no difficulty with
RDS signals at the minimum level specified
by the EBU (an injection of 1.0kHz).

- SOFTWARE

The software is divided into three parts, each
operating at a distinct ‘priority’. These
priorities are, respectively, interrupt, fork
and loop.

The interrupt handler is invoked by each
falling clock edge. As mentioned previously
the length of time taken for the consequent
servicing may be as little as 60us, or as much
as 820ws. Variations in interrupt service
time are a function of the degree of comple-
tion of the accumulated block and group.
Maximal time is taken when the received bit
results in completion of a block and comple-
tion of a group. This happens when succes-
sive blocks vield syndromes A, B, C/C’, and
D. The interrupt handler signals this event
by setting a flag, indicating that the group
buffer contains the four consecutive group
datawords. This is known as the fork flag.

The loop code checks the state of the fork
flag whenever it waits for completion of
display activity or for the timer. If set, the
fork flag indicates that the processor should
service a received group. This is performed
by the fork code and must be accomplished
within 22ms (one block period), as at the end
of this period a new Block 1 would be
expected to ovenwrite that held within the
buffer.

The fork service code inspects Block 2 of
the group to determine which group type is
presented. Our decoder responds to a subset
of the possible group tyvpes, using those
which carry the major features supported.
Other groups are ignored. Types 0A and 0B
have already been described and shown
(Fig.4,5). The other supported types are
showninFig. 9,10, 11.

A software handler for each of the sup-
ported group types uses the group data
buffer to update the internal database for the
PS. PTY. TP. TA. RT and CT features.
Additionally, when received, the TP and TA
bits are written directly to the relevant
physical lines (Port 1), ensuring that these
lines reflect a change in state as quickly as
possible.

The loop code, as its name suggests,
repeats continually until it is interrupted. or
voluntarily passes control to the fork code.
As such it may be described as a background
task. The loop operates on a 0.05s cycle.
waiting for the internal timer to indicate the
elapse of this period before repeating. A
count of 0.05s cycles is maintained in the
variable Tickcorst, Twenty “ticks™ constitute
one second. When mickcorst reaches 21, the
count is reset to zero and the hours, minutes
and second variables maintained in memory
are accordingly increased. Thus the unit is

Spare bits  Mogf-ed Julion day date

Bo TP | (3) code (5 decimal digits) ~ Hour Minyte Local fime
Group type code‘/ A— A - A \ A A Offset
o1 coge [mecioword] ¥ [T 1] icheckword Checkword Checkword
¢ Loffset A 11| |eoftsat B soffset { +offset
7 7 AN / \ \
~
// \ \ \\\ / ~
16115 14! RS BRI 3in2ig1 e s._ Y
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Fig.11. Type 158 group.

not reliant upon the minute-by-minute re-
ception of tvpe 4A groups for accurate
timekeeping, but has its own “flywheel”,
maintaining an accuracy of about +10s per
day. When successfully decoded. a type 4A
group updates the time variables and resets
Tickcot Nt to zero, synchronizing internal
timekeeping and preventing double incre-
ments.

DISPLAY MODE

At the start of each loop cycle the displav
mode control button is sampled. de-bounced
(using a parity test) and compared with the
last value read. A positive edge calls for the
display mode to be incremented.

The display mode is held in memory as
two nibbles:

1 MODE | DECMY

naonk is the actual display mode (i.e. 0.1 or
2). pEcw represents the number of (Lls
intervals left in this displav mode, and is set
to 15 every time the displav mode is in-
creased. If byope were 1 and pecw were 6
(0.6s remaining in Mode 1). then after a
button press nyong would become 2 and
ey 15 (1,58 remaining in Mode 2). On
subsequent cycles at 0.1s intervals when
TICKCOUNT s even. the oecay value is de-
cremented. When this reaches zero n.yone
itself is reset to zero. This facility holds each
higher display mode for 1.5s before return-
ing to the basic mode. If the button is
pressed again during this period the next
display mode is engaged and so on. This
mechanism could support as many as 16
modes. but at present only three are used.

The display cycle rate is halved when Mode
2 (radiotext displav) is selected. resulting in
a 5Hz character rate — about right for
scrolled text. As mentioned carlier, multiple
spaces are condensed to one for intelligibil-
ity. rendering the complete time to display a
message as a variable. As each character is
written pecay is held at 15, holding the
timeout period (now double because of the
reduced rate) until the last character is
written.
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Decoder zontrol

Decoder control
bits

1f the automatic display option is selected.
by holding P14 to ground, the display mode
is automatically incremented at 20s past
each minute. or whenever necw reaches 1.
Nermally the display will show PS and time:
at 20s past the minute’s edge PTY will be
shown. and 1.4s later the radiotext message
will scroll across the display. Three seconds
after completion the display will return to PS
and time.

SYNCIHRONIZATION CONTROL

One important aspect of the operation of this
device is the use of a confidence count to
monitor block synchronization. The unit
does not make use of the bit-slip detection
and correction system described earlier be-
cause of the complexity and increase in
memory reguirements. Instead. a confi-
dence count monitors the number of valid
and invalid syndromes detected. The first
valid syndrome detected sets the count to 42;
subsequent valid results increment this
number by 4. to a maximum of 60. An invalid
syndrome decrements the count by 1. Re-
svnchronization (i.e. a bit-hy-bit syndrome
check) is performed when the figure drops
below 41. When the figure drops below 10,
the input signal is assumed to have dis-
appeared, and the RDS programme-related
features stored in memory are re-initialized
totheir default state.

The author would like to thank the BBC's
Director of Engineering tor his permission
to publish this article.

Specialized components and completed modules
are available for the decoder design. For details.
send a stamped. addressed envelope (or two [RCs)
to the E&WW editorial office. marking your
covering envelope "RDS™. A copy of the author's
object code for the 68701 is available from the
same source, as a Motorola S-format hex listing.

Simon Parnall is a senior design engineer with
the BBC. which he joined after graduating from
Imperial College. London, in 1980. He has been
involved with RDS since 1986, mainly in design-
ing the BBC's implementation of the system, and
has written much of the software for the central
RDS computer at Broadcasting House.
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storage sub-system traditionally
meant Winchesters
Magnetically-coated hard disks
are still the first choice of the vast
ajority of systems builders
although other technologies are catching
up. In particular, optical technology could
become the developer's preference of the
1990s. Naturally. hard disk manufacturers
disagree but there is a considerable body of
disinterested opinion which concurs.

A look at the development of hard disk
sub-systems over the lifetime of the PC
standard suggests there is still plenty of life
left in magnetic storage. When IBM's PC/XT
erupted onto the computing scene five or six
years ago. its full height. 10Mb Winchester
had an access time of around 80ms. Phe-
nomenal though it seemed at the time,
probably few imagined how gquickly that
10Mb could be gobbled up and how slow
such a device would seem when servicing
today's enormous applications. At the high
end of today's market, you subsequently find
hard disks with capacities of up to 330Mb.
and average track-to-track access times of
well under 20ms.

Although access time is a common rule of
thumb method for assessing hard disk per-
formance. it is not the only one nor is it
necessarily the most meaningtul. It only
describes how quickly the readAvrite heads
move on average from one track to the next.
The data transfer rate is often more helpful
when evaluating disk sub-system perform-
ance as a whole, as it takes into account the
design of the controller and the drive's
electronics.

Controllers convert the operating sys-
tem’s instructions into specific head move-
ments and have a strong influence on end
users’ perception of computer performance.
For example, many of today's high
performance controllers include large quan
tities of cache memory that boosts the disk’s
performance out of recognition. One 80386-
based PC controller has an integral hardware
cache of 3MB that. when tested. returns
track-to-track access times of half a mil
lisecond and data transfer rates of tens of
megabytes per second. The consequence for
the user is almost instant response — as’long
asthe datarequired is already in the cache.

Controllers also determine the number of
sectors per track that can be supported. and
the type of drive. Here too developments
have overtaken expections with the PC in-
dustry spawning a wider range of formats
and of drive types than was at first envisaged.
This development has had serious repercus-
sions for the type of interface employed to
integrate computer and hard disk systems.

THE INTERFACE
Between the computer and hard disk sub-
system of most PCs can be found the ST506
interface, which Seagate derived in 1980
from its floppy disk controller. In a moditied
form. it became the IEEE 412 specification
and was used first in the PC/XT. The technol-
ogy in the ST506 reflects the state of hard
disk technology at the time. For instance,
manufacturing accuracy of contemporary
hard disks was relatively low. Flying heights
of hard disk read/iwrite heads were over 12
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microns, motor speed variations were high
at between one and four percent. and stepper
motors — used to position the heads above
the tracks — were relatively inaccurate.

The ST506 was designed with the relative-
Iv low data densities that flow from such
technological constraints.

The drawbacks are not confined to re-
latively poor performance. The original de-
signs didn't include checking and error
correction, which meant that error rates had
to be kept to an absolute minimum.

More prevalent these days is the Enhanced
Small Device interface (ESD!) which is

Low or
high-evel
command

Host system

o
SMB/s data stream

ST506

ST506
interface

becoming a stamp of respectability for PCs at
the mid to high end of the power spectrum.
It was created by a consortium of 22 manu-
facturers out of a desire for better hard disk
performance. It followed improvements in
the manufacturing tolerances of the drives
themselves., Particular improvements in-
clude tighter motor speed tolerances — com
monly around one percent; flying heights of
10 microns or less; and more coercive media
now 600-700 oersted as against 300-350
oersted in 1980. ESDI also supports formats
of up to 34 sectors per track and a maximum
formatted capacity of 340Mb. The upshot is

Low-tevel
command

Hard disc

ESD1/SCST
1 -
High-level Storage Optional
command sub-svstem daisy-chained
Host system including SCST
ESD1,SCS1 devices
interface {7 max)
III-I-J
—

o
10Mb/s data stream
The ESDI standard puts a degree of intelligence into the disk interface. This leaves the system
host CPU free to get on with other jobs
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that the interface can offer double the data
throughput of ST506, up to its maximum of
10Mbit/s.

And finally, due to the proximity of the
data recovery circuitry to the readiwrite
head, mounted within the drive ‘tself. ESDI
is less prone to externally-generated errors.
while at the same time being more fault-
tolerant due to more sophisticated error
correction.

ESDI. like other computing standards.
has been implemented by various manufac-
turers in ways that suit them. Western
Digital's ESDI copies the drive tables off the
disk into shadow ram, where they can be
altered to cater for new types of drive as they
emerge. WD also builds drive tables into its
controllers’ rom bios and adds value by
including utilities such as a formatting
program.

Part of ESDI's higher performance stems
from its ability to delegate. Unlike the
ST506. it possesses some independence from
the main system. This permits a limited
degree of multi-tasking, so that the host can
carry on processing while the controller is
accessing the disk. Another advantage stems
from its so-called common command set,

{onventional

horizontal recording

oﬂ1 0H1 0 |1 J-
77

Disc substrate

Magnetic coating

one it shares with the more powerful stan-
dard SCSI (Small Computer System Inter-
face). With a single command, the host
computer can initiate formatting, leaving
the controller to deal with the technicalities

the number of sectors, tracks and so on.
The host can be oblivious to the drive's
physical nature.

Miniscribe, a leading hard disk maker,
anticipates that the standard interface for
the more powerful PCs of the future will be
SCSI. which can also handle data transfer
rates of up to 10Mbit/s. Like ESDI, it is media
independent but it also allows up to seven
devices to be daisychained off the back of any
single SCSI control device. Huge amounts of
data then become accessible to a single PC
through the SCSI conduit.

SCSI's flexibility results from its data
transfer method. It talks not in terms of
heads and cylinders but in blocks of data
These could originate from any storage
device. whether optical, tape or even those as
vet unthought of. It delivers its hest per-
formance when mounted with blocks of
data. Miniscribe predicts that SCSI will
eventually supplant the ST506 altogether.

On top of improvements in controller
technology. refinements in media technolo-
gv — the magnetic film itself - mean that
more data can now be packed into a smaller
area of the disk. One consequence is the
widespread adoption of Run Length Limited
(RLL) encoding, patented, and introduced in
1986. by IBM. Standard controllers use a
data storage method known as Modified
Frequency Modulation (MFM). But by pack-
ing 50 percent more data per unit area RLL
controllers can turn a 20Mbvte drive into a
30Mbyte drive. RLL is more prevalent on
200Mbyte drives and upward but is infiltrat-
ing the lower, commodity end of the market
as costs fall.

In recent months controller manufactur-
er. Perstor, has launched a further enhance-
ment called Advanced RLL (ARLL). Perstor’s
claims for ARLL include an expansion of
hard disk tapaut\' by at least 80 peruent

ABETTERFILM -

There is a trade-off against greater capacity:

High-density
vertical recording

A T8

%3 ,/’

Substrate

Vertical recording places the domains in the vertical direction increasing data packing density
substantially. This technology promises to extend the usefulness of conventional magnetic media

Erasable opticat discs

EEKIERRERERER

007 "5

Substrate

Magneto-ophecal
layer

Y a)
L4
Laser

Magneto-optical disks are not yet a
commercial reality. The laser heat writ-
ten magnetic domains in the magnetic
layer produce a polarisation twist in the
optical layer of just a few degrees.
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simply swapping a standard controller for an
RLL equivalent is likely to produce unpre-
dictable results. While a modern, high-
quality platter can provide a reliable basis for
a high-density storage device with a high
data throughput, not every disk is capable of
storing data reliably at such densities. RLL
controllers require a high coercivity of 600-
700 oersted. motor tolerances of less than
one percent and a highly accurate head
positioning mechanism. Not all drives are
capable of meeting such standards. One RLL
user | know found this out the hard way.

The quality of the hard disk platter is
crucial. Modern manufacturing methods
mean fewer and smaller surface imperfec
tions. With a flatter platter. readAvrite heads
car fly closer to its surface. with distances
between the two components of between
eight and 12 microns being typical.

Tolerances of this magnitude have been
compared to flying a Boeing 747 at one inch
above the ground: a human hair is four times
as thick.

Rotating at 3600 rev/min, the platter’s
ferric oxide coating is being driven to ever
higher packing densities. The lower the
altitude at which the read/write head flies.
the more tightly defined the domain from
which data is read. That enables manufac-
turers to reduce the distance between each
data fragment as well as between each track.

Higher densities can be attained through
thinner but more coercive coatings. Ferric
oxide coatings as thin as 30 millionths of an
inch have served up to now but the material
is reaching the limits of its performance. The
response has been to abandon iron and coat
the disk with a film of magnetic cobalt 1.5
millionths of an inch thick. The aluminium
blanks are plated with nickel, polished and
then either sputtered or plated with cobalt.
Protection is provided by a finishing layer of
carbon,

Being thinner, the magnetic field is more
concentrated, making it better suited to
low-flying, narrow-gapped heads. Not only is
cobalt harder and more wear-resistant than
ferric oxide but it has a higher coercivity,
enabling it to carry a stronger magnetic
field. As an added bonus, thin film cobalt
reduces the number of defects caused by to
air bubbles and impurities. leading to fewer
bad sectorsand adding further to capacity.

Read/write heads have changed to meet
the demands. Conventional heads are built
uo of ferrite wound with a coil of wire. To
reduce their size, instead of physically wind-
ing wire round the head, the spiral winding
is laid down in a series of etched depositions

thin film — on a block of titanium carbide.

Thin film heads are less susceptible to
external electro-magnetic noise but are
twice as expensive to make. Despite their
improved performance, such heads are
found mainly in high capacity drives. typi-
cally of 100Mbytes or more. The major thin
film head manufacturer is IBM.

But the next five years could see 170Mbyte
ar larger drives in ordinary personal compu-
ters as more applications involve net
working.
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Semiconductorinternational.alsorunningatthe NEC

As a designer or specifier of interconnection technology, vou
need o keep right up to date in a rapidly changing
environment.

And there’s one exhibition that helps vou do just that.
Internepcon '89.

Here vou can see and compare the very latest interconnection
techniques, from connectors and enclosures to printed circuits
and SMT. Then solve your interconnection problems on the spot
with help from some of the industrv’s leading experts.

Either way, vou'll see the most advanced interconnection tech
niques within the wider context of electronic manufacturing
today. Because Internepcon also features over 300 suppliers of
electronic design, assembly and test equipment PLUS a host of
special features dedicated 1o electronic design and assembly,
subcontract services, hybrid technology and much more.

Internepcon. The complete electronics manufacturing event.
For FREE TICKETS, Show Preview, and a complete programme
of the Joint Societies Technical Conference running alongside,
ring 0792 792 792 or return the coupon.

- Internepcon '89 Show Preview and Planner.
~EXHIBITION
&CONFERENCE

14-16 MARCH 1989
NATIONAL
EXHIBITION CENTRE

Conference at Internepcon.
Please use block capitals

Position

I Name

BIRMINGHAM ENGLAND Company
. . Address
The Complote Ebpetronic Manufacturing Event
Piease Note: Yourticketentitlesyouto FREE entry to Te|eph0ne Telex
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ENTER 28 ON REPLY CARD
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COMPLETE
SPECTRUM

[ —— — o — — — ———

Please return to: INTERNEPCON '89, Cahners Exhibitions Ltd.
Oriel House, 26 The Quadrant, Richmond, Surrey TW9 1DL.
l:] Please send me free tickets with my comprehensive

[_] Please send me details of the Joint Societies Technical

Post code

| No one under 18 admitted. Student groups by arrangement only. E+WW3




MONITORS
VDU'S

| COLOUR MONITORS |

16" Decca, 80 series budgel ranqge. colour monitors. features in
clude PIL tube, attractive teak style case. guaranteed 80 column
resolution, only seen on monitors costing 3 times our price, ready
to connect to a host of computer or video outputs. Manufacturers
fully tested surplus, sotd in little or hardly used condition with 90 day

full RTB guarantee. 1000's Sold to date.
DECCA™80 RGB - TT| SYNC input for BBC I)J- interface etc
DECCA 80 COMP 75 1) composite video input with integral audio

amp & speaker ideal for use with video recorder or TELEBOX ST or
any other audio visual use Only £99.00 (E)

[ HIGH DEFINITION COLOUR |

BRAND NEW CENTRONIC 14" monitors in attractive style moulded
case featuring hi res Mitsubushi 0.42 dot pich tube with 669 x 507
ixels. 28Mhz bandwidth. Full 90 day guarantee.

rder as1004-N2 tor TTL + sync RGBfor BBC etc £159.00 (E)
1003-N1 for |BM PC etc fully CGA equiv £189.00 (E)
1005-N2 RGB interface for QL 85 columns.  £169.00 (E)

20" & 22" AV Sgecials

Superbly made, UK manufacture, PIL tube. all solid state calour
monitors, complete with composite video and sound inputs. attrac
tive teak style case. Ideal for a host of apgxucalions including Schools,
Shops. Disco’s, Clubs etc. Supplied in EXCELLENT little used con-
dition with 90 day guarantee

20" Monitor £165.00 (F) 22' Monitor £185.00 {F)

[ MONOCHROME |

MOTOROLA M1000-100 5° CRT black & white compact chassis
montor measuring only cm 11.6h 12w, 22d. ideal for CCTV or com
&uter applications” Accepts standard Composite video or individual
& V syncs. Operates from 12v DC at apprx 0.8a.Some units may
have minor screen marks, but still in very usabte condtion. Full
tested with 30 day guarantee & full data Only £29.00 (C
Fully cased as above. with attractive moulded. desk standing swivel
and 1ilt case Dim. cm 12h,14.5w,26d £39.00 (C)
JvC l;pe 751-7 5" uitra compact black & white chassis montor for
12v0.7a DC operation Dim cm 11h,.1aw,18d. Simple DIY circuit data
:ncludetii dlo "I,onven glata and separate syncs inpu}'L% comy 'sn"e \gdleo
nput ea rable equipment etc. Su with full data
i Po <A Hrnd New £65.00 (8)
KGM 324 9 Green Screen, Little used fully cased. mains powered
high res monitors with standard composte video input Fully tested
and in excelient condition £49.00 (E
20" Black & White monitors by AZTEK, COTRON & NATIONA
All sofid state, fully cased monitors, ideal for al types of AV of CCTV
applications  Untts have standard composite video inputs with in-
tegral audio amp and speaker. Sold in good. used condition- full
tested with 90 day guarantee Only £85.00 (|

FLOPPY DRIVE SCOOP
Drives from Only £39.95

A MASSIVE purchase of standard 5.25" disk drives enables us 10
offer you prime product at all time sud‘)‘er low N%rlces, All units uniess
stated are removed from often BRAND W equipment, fully
tested and shipped to you with a full 120 day guarantee, Al units
offered operate from +5and + 12 volts OC, are Of standard size and
accegl the common standard 34 way interface conneclor. .

TANDON TM100-2A IBM compatible 40 track FH double sided

Only £39.95 (B
TANDON TM101-4 FH 80 track double sided Only £49.95 (B
JAPANESE Half Height double sided drives by Canon, Tec,
Toshiba etc. Specify 40 or 80 track Only £75.00 (B)

TEAC FDS5-F 40-80 track doubte sided Halt Height
Brand New £115.00 (B)

DISK DRIVE ACCESSORIES

34 Way Interface cable and connector single £5.50, Dual £8.50 (A)
5.25" DC power cable £1.75. Fully cased PSU for 2 x 5.25" Drives
£19.50 (AS)OChassis PSU for 2 x 8" drives £39.95 (B)

8" DISK DRIVES

SUGART 800/801 single sided refurbished £175.00 (E
SUGART 851 double sided returbished £260. Sg%
MITSUBISHI M2894-63 Double sided switchable Hard or So -

tor BRAND NEW £275.00 (Eg
SPECIAL OFFER Dual 8" drives with 2mb

capacit{m smart ca
whth integral PSU ONLY £499.00 (F)

[ _COMPUTER SYSTEMS |

TATUNG PC2000. Big brother of the tamous EINSTEIN, the
TPC2000 professional "3 piece system comprises: Qualtty high res
GREEN 12'monitor. Sculptured 92 key keyboard and plinth unit con
talnir}'g the Z80A CPU and all control electronics PLUS 2 integral
TEAC 5.25 80 track double sided disk drives. Many other features
include Dual 8" IBM format disk drive support, Serial and parallel
outputs, tull expanslg;, W"w%"n'i ram and ready 1o run software. Sup-

plied comgele with DSTAR, BASIC and accounts pack
e Fut 980 d‘;ND\%E:vmee Nniv COQQEY
Original price DVER £1400 r Only £299(E) ]

EQUINOX (IMS) S100 system capable of running efther TURBO or
standard CPM _ Unit features heavy duty box corttaining a powerful
PSU, 12 slot $100 backplane, & dual 8° double sided Qisk drives.
Two individual Z80 cpu boards with 192k of RAM allow the use of
multi user software with upto 4 RS232 serial interfaces. Many other
teatures include battery backed real time clock. all IC’'s socketed eic
Units in good condition and tested é)nor despatch, no documentation
at preseit, hence Rrice of only £24 .O(M) .

§100 PCB's IMS A465 64K dynamic R css.ogéeyw. Ag30FOC
controller £85.00 (B). IMS A862 CPU & i/o £65.00 (B)

SAE for full list of other $100 boards and accessories

huase g dibte Knvings ¢ : [ prin (o suit adl ypplica

n ") s ” can e seen at vur South London Shay
HAZELTINE ESPRINT Small desktop 100 cps print speed with both
RS$232 and CENTRONICS Interfaces. Full pin addressadeﬂraphucs
and 6 user selecable type fonts. Up to 9.5 single sheet and tractor
gaéxef handiin Brand New Only £199.00 (E)
NTRONICS 150 series. A real workhorse for continuous use with

tractor feed paper. either In the office, home or factory, desk standin
(1) Sg cps 4 type fonts and choice of Interfaces. Supplied BRAND NE
rder as
150-SN up to 9.5" paper handling £185.00 (E
150-SW up to 14.5" paper handling £225.00 (E
150-GR up to 14.5" paper plus full graphics £245.00 (E

When ordering please specify RS232 or CENTRONICS interlace

Ultra Fast 240 cps NEWBURY DATA
NDR 8840 High Speed Printers
Only £449 1

A special purchase from a now defunct Goverment Dept enables us
to offer you this amazunaEBmlsh Made, qualIB' d)n'nlet at dearance
prices SAVING YOU OVER £1500 Il the NDRB840 features high
speed 240 cps print whh integral, tully adjustable paper trac
for, giving exceg ional fast paper handling for mult! part forms etc. The
unt teatures 10 selectable type fonts giving up to 226 printable
characters on a single line. Many other features include Internal
electronic vertical arx{ horizontal tabs, Self test. 9 needie head. Up to
15.5 paper, 15 milion character ribbon cartridge life and standard
RS232 serial interface Soid In SUPERB tested condition with

90 da
guarantee Onty £449.00 (|
PSON model 512 40 column 3.6" wide paper roll high s

matrix (3 lines per secondz printer mechanism for incorporation In
point of sale terminals, ticket printers, data Io?gers etc. Unit features bi
directional printhead and integral roll paper féed mech with tear bar
Requires DC vaits and simple parallel extemal drive logic. Complete
withdata. RFE and tested Only £49.95 (C)
EPSON model 542 Same spec as above model, but des&gned to be
used as a slip or flatbed printer. Ideal as label, card or ticket priner
Suppiied fully cased in attractive, small, desk top metal housing. Com
ete with data, RFE and tested Only £55.00 (D)
HILIPS P2000 Hea\g duty 25 cps bi directional daisy wheel printer
Fully DIABLO, QUME, WORDSTAR comFatible Many features in-
clude full width platten - up to 15" paper, host of available daisy wheels,
single sheet paper handting, superb quality é)rint Supplied complete
with user manual & 90 day guarartee gkls REE dust cover & dais
wheet BRAND NEW Only £225.00

Most of the tems In this Advert, plus a whole range of other
electronic components and goodies can be seen or purchased
at our

Located at 215 Whitehorse Lane, London SE2S. The shop is
on the main 68 bus route and only a few nilles from the main
A23 and South Circular roads. Open Monday to Saturday from

|  POWER SUPPLIES |
ogerale from 220-240 v AC Many other types from

Al {.)ower supplies .
3vto 10Kv In stock Contact sales office for more details
PLESSEY PL12/2 Fully enclosed 12v DC 2 amp PSU. Regulated and
protected Dimcm 13.5x 11 x 1 New €£16.95 (B)
AC-DC Linear PSU outputs of + 5v5.5a. -6v0.6a. + 24v 5a. Fully regu-
lated and short proof. Dimcm 28 x 12.5x 7 New taQ.Sg?C)
POWER ONE PHC 24v DC 2 amps Uinear PSU tully reguiated

New £19.95 (B)

BOSHERT 13088 switch mode supplg Ideal disk drives or complete
system. 4 5v 6a 4 122.5a.-120 5a.-5v0.5a Dimcm 56 x21 x 10.8
New £29.95 (B)
BOSHERT 13090 same as above spec but outputs of +5v 6a. + 24v
1.5a, + 12v0.5a,-12v0.5a New £39.95 (B)
GREENDALE 19ABOE 60 Watt switch mode outputs +5v6a. + 12v
1a -12via, +15v 1aD. 11x20x55 RFE Tested £24.95 (B]
CONVER AC130-3001 High grade VDE spec compact 130 wa
switch mode PSU. Outputs give + 5v 153, -5v ta. +&-12v6a Dim 6.5
x 27 x 12,5 Current list price £190 Our price New £59.95.00 (C
FARNELL G6/40A Compact 5v 40 amp switch mode fully enclo:
New £140.00 (C
FARNELL G24 55 Compact 24v 5 amp switch mode tully encio:
New £95.00 (C)

Special Offer ONLY
EXPERIMENTORS PSU || £16.95 (c)
Made to the highest spec for BT this unit gives several full

protecied DC outputs most sufted to the Elecfronics Hobbyisf.
+5v 23, +8&-12v 1a,- +24v 1a and +5v fully ficating at 50ma
Ideal for school labs etc. Quantity discount available

Fully tested with data  RFE - Removed From Equipment

The AMAZING TELEBOX

QURLRY LB ORTERENS BN

Brand new high quality. fully cased, 7 channel UHF PAL TV tuner sys.
tam. Unit simply connects to your TV aerial socket and video monitor
turning same Into a fabulous colour TV. Dont worry if your monitor
doesn't have sound, the TELEBOX even has an integral audio amp for
driving a speaker plus an auxillary output for Headphones or Hi Fi sys
ten etc. Many other teatures. LED Status indicator, Smart mouded
case, Mains ] wered, Buit 1o BS satelh%pecs Many other uses for TV
sound or etc. Supplied BRAND NEW with full' 1 year guarantee
Camiage code (B)

TV SOUND
& VIDEO
TUNER |
ONLY

|| £29.95 |

TELEBQX ST for _monitors with composlte video input £29.95
TELEBOX STL as ST- but fitted with integral speaker £34.95

9to 5.30, parking Is uniimited and browsers are most wel- TELEBOX RGB for use with analogue RGB monitors £59.95
come. Shop callers also save the cost of carriage ) I it N\ 1IM-CTONI
DATA I
[ MODEMS | [RECHARGEABLE| [COOLING FANS |
- Keepye W I Rl \\{1) h
Modems o suft all applications and budgets. | | v of 1} f
Please contact our tggnical sales dtaff i you BA ERIES AC FANS l T ”240 or 110v
require more information or assistance kAaimte‘nzangeAf;‘ee sealed longie L{.A;D :CLD 3 FaErgr dim 80 x 886;0 gg £8.50 (B]
13.9 3.5" ETRI slimline 92 x 92 x 25 £9.95 (B
SPECIAL PURCHASE | 4300 &5 tsss {A{ A Fan Dm0 12038 = £3.98 (B
V22 1200 baud MODEMS| Aa3006-06vi8an RFE £5.99 (A) Asabove - TESTEDRFE  Only £4.95 (C
ONLY €149 11 NICKEL CADMNM 6%?3’&‘%’ x 3.5" Rotron 10v £10.95 (B

MASTER SYSTEMS type 2/12 microproces
sor controlled V22 full duplex 1200 baud. This
fully BT approved modem employs all the latest
features for emor free data comms at the stag-
gering speed of 120 characters per second
saving you 75% of your BT phone bilis and
data connect time {l Add these facts to our

ive away price and you have a superb buy !
Elltra slim unit measures only 45 mm high with
many Integral features such as Auto answer
Full {ED status Indication, RS232 interface
Remote error diagnostics. SYNC or ASYNC
use, SPEECH or DATA swnchlanr integral
mains PSU. 2 wire connection to BT line elc.

c

12v 17 Ah Uhra ru

Supplied fully tested, EXCELLENT slightly used complete with inst
upp:l e e Qh'Y ) complete ructions
LIMITED £l 9
L Only 4 (D) but used cor

Quality 12 v 4 Ah cell
for the TECHNICOLOUR video compan:
this unit contains 10 high quality GE nicad,
type cells, configursd in a smant robust
moulded case with DC output connector. Dim
cm 19.5x4.5x 12.58Idea|

indestructable reﬁﬂabie NICAD stack by
ALCAD. Unit features 10 x individual lyRe
XL 1.5 cells in wooden crate. Supplied to the
MOD and made to deliver exceptionally high
output currents & withstand
storage in discharged state. Dim ¢m 61 x 14 x
22 Cost over £250 Supplied unused & tested

QUIPMENT NICAD cells by
Removed from equipment and believed in

‘D’ size 4Ah 4 lor £5 (B)

ck. Originally made Papst Minlature DC fans 62x62x25 mm

Order 8126-12vor81424av. £1595 (A
4" 12v DC 12w 120 x 120 x 38 £12.50 (B
4" 24v DC Bw 120 x 120 x 25 £14.50 (B|
faie equpment BUHLER 12v DC 62 mm £12.95 (A
RAND NEW £24.95 (B) In Al
ged, all weather, virtually '

Please call for availability or further info

lang periods of

RACAL-REDAC real time. colour draftin

PCB Iax&))(ui /s_yslem £3950
DEC VAX11/750 inc 2 Mb Ram DZ. and full
doc etc ~ Brand New £8500
HP7580A 8 pen digital A1 drum plotter with
IEEE interface As New £4750
CHEETAH Telex machine £995
1.5 kw 115v 60 Hz power source £950

£95,00

&

ton. 'F' size 7Ah 6 tor

CONCORD V22 1200-2400 BIS  £399.00
RIXON Ex BT Modem 27 V22 1200 £225.00

CONCORD V22 1200 baud as new t330.00(EE){
E|
DATEL 4800 / RACAL MPS 4800 EX BT

BRAND NEW 85 Mb
Disk Drives ONLY £399

500 watt INVERTER 24v DC 10 240v AC sine
wave 50 Hz ouxgEn £275
SOLDER SYSTEMS tin lead roller tinning
machine for PCB manutacturs

End of line purchase

modem for 4800 baud sync use.  £295.00 (E) En
unitto be

DATEL 2412 2780/3780 4 wire modem unit

EX BT fully tested £199.00 (E)

MODEM 20-1_75-1200 BAUD for use with

PRESTEL etc EX BT tully tested £49.00 (E)

TRANSDATA 307A 300 baud acoustic coupler

vF:n'Sh RS%:?ET:\/%A BLES Brand New 239. (E)

232 S 1611 25w o
"9 Gony 2498 1A

A
A

full CPU control and

full manual

25 way D socket. Brand New  Only
As above but 2 metres long £4.99
£2.95

BT plug & cable for new type socket elc available

ered at an all time super low price
The NEC D2246 8" 80 Mb disk drive features

intertace, Ultra high speed data transter and
access times leave the good cid ST506 inter
tace standing. Supptied BRAND NEW with

Dual drive, plug In 135 Mb sub system for |
AT unit in case with PSU etc
Interface cards for upto 4 dives on IBM

e £350

CALLAN DATA SYSTEMS muiti user INTEL

based UNIX system complete with software
and 40 Mb winchester disk drive. £2750
WAYNE KERR RA200 Audio, real time fre

glluenc response analy.
EKTRONIX 1411/R

enables this brand new

industry standard SMD

zer £3000
PAL TV test signal
standard £6900
TEKTRONIX R140 NTSC TV test signal
standard £875
HP 3271A Correlator system
PLESSEY portable Microwave speech “data

link  t2v 70 mile rangeThe pair £275.00
19" Rack cabinets 100's n stock from £15.00

Only £399.00 (E;

o

Brand mew at £395.00

£1499.00 £350

All prices for UK Mainland. UK Customers must ADD 15% VAT to total order vajue. Minimum order, cash £5. C_udn Card £10. Otficial account orders trom|

We reserve the nghl to change prices & s

Govemment Depls, Universiies, Schools & Local Aulhoriies welcome — minimum account order value €25,
£6 50,{D) £8.50, (E) £10.00. (F) £15, (G) Call All goods are supphed subject 10 our slandard condiions of sale
fications without prior nolice Bulk frade & export enquiries m

Di=FLAY
-ELECTRONICS-

MAIL ORDER & OFFICES
Open Mon-Fn 9.30-5.30
32 Biggin Way,
Upper Norwood
London SE 19 3XF

LONDON SHOP
1000's of Bargains for callers
Open Mon-Sat 9-5.30

215 Whilehorse Lane,
South Norwood, London SE2

ENTER 51 ON REPLY CARD

DISTEL © The ORIGINAL
FREE of charge dial up dala base
1000's of items + info ON LINE NOW1!
300 baud 01 679 1888, 1200/7501 679
6183. 1200 FDX 016798769

arniage charges (A) £1.50, (B) £3.50, (C)}
guaraniees gven on arelum to base basis
t welcome

ALL ENQUIRIES

01679 4414

FAX 01 679 1927
TELEX 894502




ACTIVE

A-to-D and D-to-A converters
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ITT 20MHz oscilioscope

TE803 embodies V24, V35,X24 V11 and
64Kbit/s G703 integrate dinterfaces
together with V24,V28 intertaces for remote
controland printer Tekelec
Communications Ltd 0734 771020

Multimeter. The Fluke 80 series multimeter
measures frequency. duty cycle
capacrtance and provides min-max-average
recording in addition to the more common
DMM functions Next Generation
Instruments Ltd 0908 260560

Instrumentation tape recorder. The SCR
810015 an 8-channel digital instrumentation
recording unit The systemincorporates up
to eight signal-conditioning amplifiers which
canbe selected from arange of 12 plug-in
modules whichinclude a high-gain DC
amplfier atransient capture module a
thermocouple amplifier. a vaniable
attenuator and a high-mpedance adaptor
Earth Data Limited 0703 869922

Rack mounting LCR bridge. The 6458
offers 0 1% measurement accuracyofL C F
D and Q at three test frequencies of 100Hz
14Hz & 10Hz Itisintended for remote
operation and has full talk laison facilities
viaboth IEE-488 and RS232 interfaces, all
functions are also controllable from the front
panel Standard features include four-
terminal measurements and 2V DC ias for
electrolytic capacttors Prism Electronics
0480 62225

Scalar/spectrum analyser system. The
HP 71 100XL scalar/spectrum analyser
provides a broad range of transmission
reflection and distortion measurement
capabilities for general purpose component
sub system and systems testing
Capabilities include a 124 dB dynamic range
with fast continuous sweep and an average
displayed noise of — 134 dBm As part of the
HP Modular Measurement System, the HP
71 100XL extends from 100Hz to 29 GHz
options extend this capability to 22 or 26 5
GHz. with or without preselection Hewlett
Packard Ltd 0895 72020

Printers and controllers

Electrostatic plotter. The Hewlett-Packard
7600 monochrome electrostatic plotter s
capable of producing an AC-sized plot in
seconds using the Integraph drawing
package It has the feature ol being able to
produce a sohid fill area at the same speedcs
the rest of the plot Protek 01 245 6844

Graphic plotter. The Plotmate XY 500
graphic plotter runs at 30cm/s and has
automatic selection of 10 pens prowided as
standard It has fullimplementation of HP-GL
with features such as Bezier curve fittingard
complex polygon fills The XY-500 retains all
the compatibility with BBC graphic
commands Linar Graphics Ltd 0686 29292

Production equipment

Bench top soldering, The Moduso! bench
top soldenng machine has been designed to
provide fast and efficient PCB soldening for
boards up to 200 x 255mmnsize It canbe
used to solder only a few boar ds at a time ¢r
with a cycle duration of approximately 90

| seconds it can process hundreds ot boards

[ Components AB 0203 553647

|

inafew hours Capaltd 0202 304551

Monolithic pin driver. The EL2021 15 a
pin-dniver circuit thatis designed specifically
to include all the functions necessary to drive
programmed voltages into diftcult loads
Primarily. it has a programmatile slew rate
from near zero up to 250 volts per
microsecond Microelectronics Technology
Ltd084468781

Surface-mount assembly tool. Bench-top
dispensing unit applies exact amounts of
solder paste and adhesives for attaching
surface-mounted devices Incarporatedin
the umit1s an adjustable vacuum pickup
pencil for easy handiing of components
Fluid deposit size is controlled by selecting
air pressure pulse time and dispensing tip
size

Power supplies

DC-DC PSU modules. With 2 footprint of
only 43 x 10 5mm the DCV521, DCV1201
and DCV1501 will deliver O 5W at 1 2W and

1 5Wat 5V 12V and 15V respectively, froma
nominal supply of 5V Maximum current for
allmodels1s 100mA The modules are flow
solderable and can operate over a
temperature range from -2Gto + 85 C FR
Etectronics 0202 897969

DC-to-DC converter. The LT1026 15 a

DC DC converter for a 4 volt to 10 volt input
andupto *+ 18volt and 20 milliampere
output The LT1026 converts a single-input |
supply to a dual output of higher voltage The
device uses bipolar switched capacitor
technology so no inductors are needed
Linear Technology (UK) Limited 0932
765688

DC/DC converters. Measurng only 2 x 2

x 0 375 inches the 1500/2100 senes of
15W/20W DC/DC converters has a power
densityof upto 13 3W/in  Tre converters
features 2 1 input covering a wide voltage
range from 9-18 VDC. to 36 72 VDC with
three families of single dudl <nd triple output
voltage contigurations 15/20W Amplicon
Electronics Limited 0273 608331

Dip miniature DC/DC converters. Power
Industries Series otfers single or dual 5,9 12
and 15V outputsat 0 3 6Wfrom5 12 24 |
and 48V inputs There are over 100 models

of non-regulated and regulated converters
including special LAN converters Ericsson

OEM power supplies. The "RL 300" gives
300W in the same space as conventional
200W models The air-coolec units also offer
four cutputs (with voltage adjustment on
each).anda choice of 115 and 220V inputs
Coutant Electronics 0271 63781

Switches and relays

All-position mercury-wetted switch.C P
Clare has launched its all-position mercury-
wetted MYAD switch The MYAD s 16mmin
length and contains a symmatncal 1 form A
contact with specifications cf 30 W/350V/1A
contact rating and a 2000VDC breakdown
voltage Allthese parameters are available in
arange of 35to 60 Ator Ni C P Clare

International 010122333 11
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COMPUTER

General microprocessors

80306SX chip set An 803865X

compatib e chip set enables manufacturers
to build an 80386SX computer with a total of
nine devices plus microprocessors and
drams Tre G-2 chip set supports the current
80386SX processing speeds at 16
megaheriz with no-w ait states Inaddition
the chip set contains a full hardware
Extended Memory System (EMS) 4 0
capacity andfeatures PAGE Mode
interleaving and Shadow ram for fast
memory access G 2 Ltd 0344 426544

Enhanced controller chip. Anenhanced
version of the 80C52 8 bit microcont-oller
features an enlarged romarzaanda 42 bit
timer reg ster Designated 83C154 the
controller permits clock speeds of up to
16MHz Rom capacity1s 16kbytes and the
new part 1s pin-and functiona'ly comaatible
with the existing device Matra Harns
Semicon Juctor Ltd 0344 485757

Multiple CPU 0S-9/68000 V2.2. For ow
cost VME OS 9 multiproces-or systems
eachpro essor compnses a choice f
68000 01 68010 CPU 512 Kbytes dual
ported diam, two serial ports and 128
Kbytes eorom area Bicc-Vero Electranics
Ltd 0703 266300

Interfaces

Analogue interface chip. The TLC 32040
CN/FN {dualin line surface mount)and TLC
32041 CN FN analogue interface cirzuits
feature Lincmos silicon-gate process
technolcgy Bothinterface : hips are
complet~ A to-Dand D to-Ainput/output
systems eachheldonasingle chip Hi Tek
Electron ¢s0223 213333

High noise-immunity serial interface. The
SL801 is a serial communication controller
offering »ight RS-485 ports ona single-he:ght
Eurocard for the STEbus, for use in
apphcations requinng reliable high <peed
serial data transmission over distancesup to
2 kmn rioisy environments The boardis
capable of full duplex operction at
asynchronous speeds to 3€ 400 baud and at
synchronous speedsto 1 Mbit/s DS® Design
Limited 91 4821773

Interface for STEbus. The SPB22 iterface
boardprowides connection betweeri the
standardized digitall O of STEbus computer
systems and the range of Gpto 22 dizital
signal conditioning racks Cigital | Ows taken
drect from the STEbus computer board with
a50-wav rihbon cable connectiontc the
SPB22 iterface and this converts the
standardized STEbus format to the Opto 22
scheme Arcom Control Sy>tems Lt 0223
411200

PCinto system controller. The 7061815 an
inexpensive R$232/IEEE 488 converter
whichenables a PCto become an IEEE 488
controllerwithout sacrificing any PC siots
The converters alength ol cable with an
enlarged 25 way D connec :or shrouw
housing the interface Dryden Brown Limited
0703229041

Visionimaging systems. A high-resolution
imaging system for the prog essing cf
informationdischarged fromthe camera hy
linking Fairctild CCD techrioiogy with plug in
IBMXT AT compatible inter*ace bo irds and
software by Sentel Messte hnik GmBH The
Sentel CCU-M interface hoards can - ontrol
upto four ine-scan or solic-state TV
cameras Optimum Vision 0730 64G16

Memory chips
256K eeprom. The Samsung 256K ¢ mos
eeprom (KM28C256) s designed fer
apphcanionsup to 10,000 ante cyc es per
byte and over 10 years of data retertion
Featuresinclude 150ns m.aximum access
time lo~ power fast write cycle imes and
enhancadwnte protection Dram Electronics
Ltd 061 429 0626

C-mos eeprom family. A tamily of ¢ mos-

based eeprom modules. organizedas 16 » !

8 24K x 8,32k « B, 128k x 8 64k ~ 16
8k x 16 and 16k x 16 feature access times
of 55.70 or 90ns These devices utiize
internal error correction Emm Dense Pac
Ltd 0682 72134

Cheap flash from Amega. 48F512 and
48F010 flash eeproms made by Seeq are
now available The Flash Packis a half card
size programmer boar dthat fits into a single
expansionslot onany IBM PC/XT AT The
unit also has anbbon cable connectedto a
40 pin ZIF DIP socket and MS/DOS
compatible software Amega Electronics
Limted 1256 843166

Programmable memory.
Reprogrammable memory offers epromor
eeprom performance at a Similar cost to
sram The PEROM requires only 5 volts and
can be completely reprogrammed in only
tour seconds Ambar Cascom offer a 256K

| PEROM the AT29C256 in a 28 pin dual-in

hne package Ambar Cascom Ltd 0296
43414]

Programming hardware

Programmer up-grade. An upgraded
module for the PP39 portable programmer
andthe PP40 senes of Gang and Set
programmers supports bipolar compatible
epromsin 0 3in wide packages and the
newer “Skinny DIP"0 3in wide packages
Stage Elec tromic Designs Limited 0707
332148

Software

Asic design software. MHS has launched a
design software package which offers four
high level user intertaces for its own ASIC
processes The four input options are state
diagrams. Boolean equations truthtables
and Micro Instructions Matra Harris
Semiconductor Ltd0344 485757

C Language debug for Z80. XRAY 4 C
language onentated debug for the Z80
mICroprocessor 1S now available for the Zilog
280 Initially, it1s hosted on IBM PC {or
compatible) runming MSDOS, but other hosts
will be released soon The XRAY debugger
simulates a target environment for program
executionand testing Microtec Research
Limited 0256 57551

LabView Version 2.0. LabVIEW 1s anicon
base dgraphical programming system that
simplifies engineering and scientific
programnung on the Apple Macintosh SE
and Macintosh Il personal computers
Version 2 0 now has a graphical language
compiler diagram rubberbanding, complete
chpboardcut and-paste capabiiities,
muitiple object selection and other
enhancements Amphcon Electronics
Liruted 0273 608331

Lotus Measure is a software package that
collects data from instruments and down
loadsdirectly ontoa | 2-3 worksheet for
analysis storage anddisplay It automatically
collects data in real ime from a wide range
of instruments directly into 1 2 3 worksheet
cells Amplicon Electronics Limited 0273
608331

0S-9 development on IBM PC. PCBridge i1s
a development and supervisory system
which allows the user to develop 0S 9
applicatrons on IBM PCs XTs or ATs (or
compatibles) PCBridge resides on the PC
host system with a special utility package
resident onthe OS G target system
Microwave Systerns (UK) Limited 0489
886699

Pascal compiler for Transputer. Hawke
Components announces a Pascal compiler
that can be usedto build programs running
onasingle IMST414 and IMS T800
Transputer or usedin conjunction with the
Toolset (IMS D705) to program networks of
Transputers ISM D712 runs under LOD ona

| Transputer add-in card for the IBM PCAT

allowing programs written in Pascal to be
ported to the Transputers Hawke
Components Distribution 01 979 7799
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MICROWAVE
DISTRIBUTION

SYSTEMS

Local distribution of broadcast signals by microwave is the
subject of much conjecture. Jim Slater of the IBA peers into the

ne example of a microwave distribu-
Otion system that has been the subject

of many reports in the technical press
anticipates the use of a low-power micro-
wave transmitter mounted on a lamp post at
the end of the street to carry one or more
channels of video to receiving dishes
mounted on the roofs of the houses in that
street. Although this might be possible, we
shall see that this scenario is rather too
simplistic to be practicable in many cases,
but it does at least serve to illustrate the
basic principles of MVDS systems.

The popular theory which, as we shall see
later is quite wrong, says that, because
microwaves only travel by line of sight, the
signals will be restricted to within a short
distance of the transmitter, providing a truly
local service without any chance of interfer-
ence to viewers in nearby communities.
Thus, the same frequencies can bhe used in
adjacent areas, giving rise to the possibility
of almost unlimited numbers of local sta-
tions. Since the frequencies used are in the
microwave bands of 2GHz and above, there
should be no trouble in finding a few
hundred megahertz to carry dozens of diffe-
rent television channels. and there should
also be plenty of room for the wider-
bandwidth, higher-definition television
channels of the future.

This type of system, which would appear
to provide broadcasters with evervthing they
have ever wanted, also has great appeal to
the operators of cabled distribution net-
works. It is well known that the most
difficult and expensive part of a cabled
distribution network is the so-called ‘last
mile’.

The costs of digging up the road and
making individual connections to all the
houses in a street are colossal in a country
like this where we insist on cables being
buried. Imagine. then, a cable system which
terminates at the local MVDS lamp-post; the
multiplicity of cable channels could then be
transmitted by microwave from the lamp-
post, to be received on small dishes provided
by the cable operator.

MVDS is sometimes called ‘wireless cable’,
and is commonly said that it will prove the
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saviour of the cable television industry.
Although 1 would not like to decry that view,
1 think that there is far more to the subject
than is usually envisaged. The same technol-
ogy that allows signals originating from a
cabled distribution network to be radiated
from a lamp-post at the end of the street
could also provide many different neigh-
bourhood radio and television broadcast
stations,offering a choice of programmes
previously undreamed of except on the
major cable networks of the United States.

Governments and broadcasters are con-
stantly being bombarded with requests for
more truly local broadcasting. This demand
for community or neighbourhood broad-
casting has so far proved difficult to satisfy
even in radio broadcasting, and seems totally
impossible for television where we already
have over 3500 transmitters sharing just
forty-four channels in the relatively tiny
slice of the UHF spectrum that has been
allocated for broadcasting.

As with so many new developments, this
one started in the United States, and since
1974 something like 200 MDS (Multipoint
Distribution Service) transmitters have been
built.

MDS - MULTIPOINT DISTRIBUTION
SERVICES
It is important to note that these MDS
transmitters are not multichannel, and are
effectively low-power television transmitters
which operate in the microwave bands. The
Federal Communications Commission has
defined MDS as “A common-carrier service
intended to provide one-way radio transmis-
sion (usually in an omnidirectional pattern)

MVDS Microwave Video Distribution System

MDS  Multipoint Distribution System

MDS  Metropolitan Distribution System

MMDS Multipoint Microwave Distribution
System

MMDS Multichannel Microwave Distribution
System

MMDS Multichannel Multipoint Distribution
System

M3VDS Millimetre-wave Multichannel
Multipoint Video Distribution Service
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of subscriber supplied information from a
stationary transmitter to multiple receiving
facilities at fixed points designated by the
subscriber”.*

The FCC allocated only two channels to
provide services throughout the whole of the
United States, and only one channel was
allocated to any licensee in any given metro-
politan area. the service originally being
called a Metropolitan Distribution Service.
The channel allocations for MDS are

Channel 1 2150-2156MHz  6MHz wide
Channel 2 2156-2162MHz  6MHz wide
Channel2A  2156-2160MHz  4MHz wide

The second channel can only be used at its
full 6MHz bandwidth in some areas of the
USA, other areas being restricted to 4AMHz.
The FCC originally expected MDS services
to be used for the transmission of high-speed
computer data, facsimile, and message
transmissions as well as for television, and
although all these uses have occurred. it is
the transmission of television programmes,
generally for payment, which has put MDS
on the map. This ties in well with what has
been found in a different field. that of
Specialised Satellite Services. A similarly
wide range of service applications was fore-
seen by the British Government when it
advertised six new licences for SSS earlier
this year, but once ag~in the vast majority of
applicants wanted to use the satellites pri-
marily for some form of video distribution.
During the late 1970s, MDS proved a great
success in the United State, first of all being
used to carry recently released films to
hotels and apartment blocks, and later to
serve individual homes. Several large towns
in the USA had a single-channel MDS service
and millions of households could receive a
service of this type by the early 1980s. There
were some financial problems caused when
pirate down-convertor units came on to the
market at low cost, depriving the MDS
operators of much revenue, but it was the
steady growth of multi-channel cable sys-
tems in the USA that really caused a signifi-
cant drop in the number of subscribers to
MDS services in the early 1980s. Viewers

* F. C. C. Rules & Regulations Part 21, Subpart (.
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Signal
Sources

Fig.1. The basic MVDS transmitting system.

Fig.3. MVDS receiving aerials for 2.5GHz.

who had previously been happy to pay for an
extra programme service via MDS frequently
decided to change over to cable services
which could give them far larger numbers of
programmes to choose from at little extra
cost.

These problems for the MDS operators led
to the FCC being lobbied for more channels
so that multichannel services could be intro-
duced, the aim being to enable the MDS
industry to provide real competition for the
cable operators.

MMDS MULTI-CHANNEL MICRO-
WAVE DISTRIBUTION SERVICE

By June of 1983 the FCC allocated twelve
6MI1z-wide channels at just above 2.5GHz,
slightly higher frequencies than those used
for the existing MDS services. This then
allowed multichannel microwave distribu-
tion systems to be set up, and almost 17,000
applications for licences were received by the
FCC. This caused many problems and delays
and it was not until 1987 that some of the
major conurbations in the USA could actual
v make use of MMDS services. The first
company to get into multichannel micro-
wave distribution with full FCC approval was
Microband in New York. and its system is
designed to compete head-on with the cable

Rzceiver
Dish

UHF Output
to
TV Receiver

Fig.2. MVDS receiving equipment.

Arrangement of
service areas

Fig.4. FM 10-channel MVDS plan with lattice arrangement.

companies, offering similar numbers of
channels at less cost.

The American MMDS transmitting sta-
tions, some of which consist of little more
than a microwave module mounted on a
lamp-post, radiate standard NTSC
amplitude-modulated. vestigial-sideband
television signals in standard 6MHz band-
width channels. The transmissions are nor-
mally divided into ‘high-power’, which
means from 10 to 100 watts, and can provide
a service area of up to about 35km radius
and ‘low-power’, from one to ten watts
which might typically cover a radius of three
to four kilometres

The normal technique, especially for the
higher-power systems. is to use ap indi
vidual solid-state transmitter for each pro
gramme channel. and then to combine the
2.5 GHz outputs before feeding the com
bined signal to one or two broadband trans
mitting antennas. See Fig. 1

Each transmitter is modulated using a
separate AM modulator, rather like those
used for standard cable systems, accepting
composite video and audio at its input, and
giving a combined audio and video output
signal. On the high-power systems. it is
usually possible to adjust the modulation
depth of the video, and the deviation of the
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audio, and metering and carrier-level adjust-
ments are also sometimes included. Since
the equipment is. in many cases. intended to
work at the end of a cable system, and since
historically MMDS and cable systems have
been seen as complementary, the output
frequencies of the modulators are usually
chosen to be at standard cable television
frequencies, usually in Bands 1 or [1l. The
channel frequency is usually generated by a
crystal oscillator forming part of the mod
ulator, although it is obviously possible to
use a synthesized oscillator if it is felt that
there might be a need to change frequencies.

The output signal from each modulator is
then fed to an up-convertor, which is
phased-locked to the master oscillator, and
then to a 2.5GHz amplifier stage before
being fed to the combining unit. The up
convertor frequently consists of a balanced
diode mixer with a passive output filterand a
high-stability local oscillator

An incidental advantage of using the
standard cable channel frequencies before
up-conversion is that, when the signals are
down-converted in the viewers home, they
will automatically be on the normal cable
channe! frequencies, which can simplify
matters for the cable operator, who can use
his normal cable receivers without modifica
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tion. This compatibility can also help the
operator who wishes to change over from an
MMDS system to a cable system after an
initial period of using MMDS before his cable
system is fully developed and installed. This
technique of using MMDS to provide
‘wireless-cable’ services to customers more
quickly than could be achieved by laying
cables, is often known as cable “pull-
through', and is being considered by several
UK companies as a temporary measure.

Low-pewer MMDS installations generally
have a simpler arrangement of equipment,
since it is now possible to buy a single,
low-cost solid-state common
up-convertor and power ampli-
fier, which can feed the trans-
mitting aerial directly.

Transmitting aerials for
MMDS can be either dishes of
around 50cm diameter or slot
aerials or dipoles. Gains of
around 16-18dB are common.
In American MDS systems,
much use is made of slot arrays
with either omnidirectional or
cardioid horizontal radiation
patterns. Gains of around
10-13dB are common for the
omnidirectional arrays. with
perhaps another 3dB being
available from the cardioid
designs. Remember, though,
that the American MDS systems
are rather like straight trans-
mitting stations aiming to cover as large an
area as possible, whereas some MVDS
stations will be intending to cover relatively
compact communities which will allow for
the use of higher-gain directional aerials.

+

RECEIVING EQUIPMENT

Low-cost receiving equipment for the 2.5
GHz MVDS transmissions is readily available
in the United States, and generally consists
of the dish, a low-noise block convertor
preceded by a 2.5GHz band-pass filter, and a
set-top box or 'indoor unit'. This provides
the power supply for the convertor and
allows for channel selection and for the
connection of the MVDS signals to the
receiver as well as those from the normal
VHF or UHF antennas. The indoor unit will
also contain the circuitry required to de-
scramble the pictures in systems where
some form of scrambling is used. See Fig.2.
Fifty-centimetre dishes are reasonably
easy to mount and, with a beamwidth of
around fifteen degrees, their installation
should not pose many problems. In the
United States, modified versions of perfo-
rated dish aerials are also used, as well as
designs which are Yagi based. See Fig.3.

SIGNAL STRENGTH REQUIREMENTS

In UHF terrestrial broadcasting transmis-
sion, we usually calculate the field strength
required to provide pictures with a particu-
lar signal-to-noise ratio with a given type of
receiving aerial, but when using microwaves
it has become traditional to use link-budget
calculations, since these work well when
considering the point-to-point links which
microwaves have usually been used to pro-
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vide. For this reason, then, link-budget
calculations are usually used for MMDS
services, although we must of course re-
member that other factors as well as the
strength of the signal will have to be consi-
dered, including the need for protection
against possible co-channel interference
from other nearby transmitters using the
same frequency. Microwave signal strengths
will also vary with weather conditions and,
since the signals travel virtually by line-of-
sight, there may be many unserved locations
within any nominally served area; ghosting
may also cause problems in some areas. The

| 8 Transmitters

e BN AR

Dishes receiving |

The path loss can be obtained from the
formula
path loss (dB) = 103.3 + 20log D,
where D is the length of the path in miles.
Assume a path length of 10 miles,

= 103.3 + 20log 10
=103.3+20
= 123.3dB

A typical 50cm receiving dish might have a
gain of 15dB, and we shall assume that the
noise figure of the receiver is 3dB.

To find the random noise floor, use the
equation

then path loss

noise Boltzmann’s Constant
+10 log bandwidth +10 log
temperaturein K.

from Intelsat &

Eutelsat

Trial
Participants

{ AUHF

Autolevel and?
Pre-emphasis |

normal technique used to overcome the
variations in signal strength is to increase
power.

Let us now look at a typical link budget for
a 2.5GHz MVDS system so that we can gain
some idea of the figures involved, first
considering how good a picture we require.
Broadcasters use the CCIR five-point grad-
ing to subjectively assess pictures.

quality grade impairment

excellent 5 imperceptible

good 4 perceptible but not annoying
fair 3 slightly annoying

poor 2 annoying

bad 1 very annoying

To give some idea of what this means, a
normal domestic VHS video recorder gives
pictures of around grade 3. For a broadcast
system we, of course, wish to provide rather
better picture, so for the purpose of our
calculations, assume that we are going to
attempt to provide pictures of at least grade
4, et us say grade 4.5. This corresponds to an
unweighted video signal-to-noise ratio of
around 40dB, so we must aim for this figure.
The signal-to-noise ratio of the chain
between the transmitter and the receiver
corresponds to the following link budget.

transmitter EIRP

— path loss

+ receiver antenna gain

— receiver noise

+ random noise floor

= signal-to-noise ratio
Assume a 10W transmitter for the example,
which it is convenient to regard as a power of
10dBW. There will be some loss in the
transmitter feeder, say 4dB, and the antenna
will have a gain of say 15dB, giving a net
EIRPof 10—4+15=21dBW.

4 Saterlitej

TYRO Units

Baseband to |
omposite Signal

Splittersf—E Patch Panel

Fig.5. BT M3VDS system parameters.

Boltzmann's Constant =
—228.6 dBW/Hz K i.e. 10log
1.38 x 107

therefore,

noise = —228.6 + 10 log
5.5x 108 + 10 log
290 (ambient
temp = 17°C)
—228.6 + 67.4 +

24.6

—136.6 dBW

The signal-to-noise ratio is then

21 -123.3+15-3 + 136.6
=46.3dB

This is better than we need, but is only the
figure for the link; any noise in the incoming
signals, whether these are from a satellite
feed or a videotape machine, will reduce the
overall signal-to-noise ratio.

FREQUENCY SHARING

Since radio waves at 2.5CHz are unaffected
by sporadic-E and only very rarely subject to
tropospheric ducting, there is very little
chance of co-channel or adjacent-channel
interference occurring, especially since the
transmitter powers are usually kept fairly
low, and alternate polarizations are used to
give Jiscrimination between wanted and
unwanted signals.

Frequency sharing in parts of Europe
which want to adopt 2.5GHz MVDS is likely
to be very much more difficult, since towns
using MVDS may well be only a few
kilometres apart. The number of available
frequency channels is likely to be fairly
restricted, and if a large number of program-
mes is to be provided a carefully worked out
frequency plan will be necessary. The Irish
Government is currently planning to make
The Republic of ireland the first country in
Europe to have a country-wide MVDS ser-
vice, and their plan is to provide 11 television
channels to virtually the whole of the
population within a period of five years.

MVDS FOR THE UK?

At the end of 1987 the DTI and the Home
Office commissioned management consul-
tants Touche Ross to investigate the use of
microwaves for broadcasting in the UK. The
Touche Ross report turned out to be very
optimistic regarding MVDS systems, and

ELECTRONICS & WIRELESSWORLD March 1989




said that a national microwave transmission
system could be providing services as early
as 1991 if the British Government so de-
cided.

Without giving any more than a cursory
look at the possibility of introducing more
up-to-date television systems such as MAC,
the authors of the report make their calcula-
tions of the required spectrum space on the
asumption that the ‘obvious standard’ to use
is amplitude-modulated PAL system 1 with a
bandwidth of 8MHz.

On this basis they calculate that about
400MHz would be required for a 12-channel
nationwide service, and that a 30-channel
system would take up about 1GHz. It was not
part of the Touche Ross brief to see whether
spectrum space could be made available, but
this would obviously be vitally important in
determining whether a practical service
could be established. The report looked at
three possibilities for microwave broadcast-
ing frequency bands: their so-called ‘low-
frequency’ band between 1000 and 6000
MHz, the ‘medium-frequency’ band from 6
to 20 GHz and the "high-frequency’ band
from 20 to 70 GHz.

1GHzto 6GHz - mature technology. nexpensive

equipment.

6GHzto 20GHz - technology still developing

20GHz to 80GHz - technology immature, some years
before domestic equipment could be
made available

These divisions seemed rather strange to
those of us who know a little about propaga-
tion conditions in the various bands, but it
turned out that the authors had chosen this
division because it made sense in terms of
equipment costings. Because MVDS and
medium-power C-band satellite reception
equipment is readily available in some parts
of the world at reasonable cost, the report
considered that if MVDS were to be allocated
a band somewhere within the range of 1 to
4GHz there would be an excellent chance of
amass market developing very quickly.

2.5GHz MVDS equipment is to be used in
Ireland in the verv near future. and so it
might appear that 2.5GHz would be the ideal
band for our use. Unfortunately for the
backers of that scenario, until very recently
there seemed very little chance of the UK
frequency allocation being granted around
this part of the spectrum, since it is current-
ly very well used. The UK broadcasters are
now using around 12 channels for ENG
vision links in the 2.5GHz area, and sound
and vision links also make daily use of
frequencies around 1.5GHz and 5.5GHz and
7GHz, so broadcasters are not going to be
lobbying heavily for these frequencies to be
used for MVDS!

The IBA Engineering Division has recent-
ly taken an interest in MV'DS at 12 GHz, and
their engineers believe that it would make a
great deal of sense to use the 12GHz band for
MVDS purposes. since this could allow the
millions of viewers who, they hope, will be
buying satellite receiving equipment to use
the same equipment for MVDS — a truly
low-cost solution!

If this ideawere to be adopted, frequencies
in the DBS Band 11.7 to 12.5 GHz might well
be available for MVDS use. When the WARC
plan for satellite broadcasting was drawn up

in 1977 it was by no means certain that
receiver manufacturers would be able to
build receivers capable of covering the whole
of the broadcast band, since low-noise GaAs
fet amplifiers were still in the research
laboratories and it was felt that the only way
to obtain sufficient gain would be to restrict
the bandwidth. For this reason the five
channels for each individual country in
Europe are all positioned in just one half of
the band. The UK was allocated five channels
in the lower part of the band, which means
that there is a strong possibility that the
upper part of the band could be used for
MVDS without causing interference to other
satellite operators, since the MVDS signals
would be radiated from relatively low trans-
mitting masts with aerials designed to con-
centrate the energy in the terrestrial service
area. In other words, it is most unlikely that
anyone with a dish pointing up in the airat a
satellite would pick up interference from an
MVDS transmitter. In addition. in the years
since 1977 satellite receiver technology has
progressed faster than originally antici-
pated, and modern GaAS fet amplifiers now
comfortably cover the whole of the 11.7-
12.5 GHz hand which makes the idea of a
dual-purpose satellite/MVDS receiver oper-
ating at 12 GHz a practical proposition.
Figure 4 shows how this frequency sharing
could work.
THE POTENTIAL FOR IMPROVED
PICTURES FROM MVDS

All existing and planned MVDS systems use
ordinary NTSC or PAL amplitude-
modulated, vestigial-sideband transmis-
sions, using the same standards as are used
on terrestrial UHF and VHF systems. [f the
12 GHz system suggestion were to bhe taken
up, however, as well as the advantages that |
have indicated, there would be the potential
for the adoption of a better, more modern
broadcasting system that has already been
adopted for direct broadcasting from satel-
lite — the MAC system, using frequency
modulation.

UK DBS Characteristics

Multiplexed Analogue Components - MAC
frequency modulation — 24dB lesc power needed for
the same s:n. compared with AM

27 MHz-wide trequency channels

multi-channel digital sound/data system

built-in conditional-access/encryption

built-in future enhancements/wide screen/EDTV

Comparison of S/N ratios for AM and FM
MVDS signals

For a video S/N ratio of 45dB (weighted
luminance) in each case

AMVSB 5.5MHz bandwidth

C/N + peak sync. carrier/noise in 5.5MHz +
46dB

Carrier to noise density + 46 + 10 log (5.5 x
10% = 112.9dBHz

FM 27 MHz bandwidth

C/N + carrier/noise in 27TMHz = 44-30 =
1dB

Carrier to noise density = 14 + 10 log (27 X
10°) = 88.3dBHz

Therefore difference in carrier power =
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112.9 — 88.3 = 24.6dB

An FM MVDS system of the type being
described would also gain from having the
advantage that the co-channel protection
ratio would be around 30dB, rather than the
45dB which is needed for the AM-VSB
services, and this would mean that transmit-
ters using the same frequencies could be
more closely spaced, allowing better cover-
age with a given number of channels. FM
systems are also less sensitive to interference
from transmitters on adjacent channels,
which again allows us to re-use frequency
channels more often.

Terrestrial AM UHF transmissions use
polarization discrimination at transmitting
and receiving aerials to achieve better use of
the band, and it should similarly prove
possible to use polarization at 126Hz on our
MVDS systems.

By siting the various MVDS transmitters
at appropriate distances apart and using a
combination of different groups of frequen-
cies. polarization discrimination and
caretully-shaped transmitting aerial radia-
tion patterns. 1BA engineers believe that a
nationwide service of ten new television
channels could be provided within a band-
width of 400MHz, or this could be increased
to twelve channels if 480MHz could be
found.

As Fig.4 shows, it has been assumed that
four separate groups of ten frequencies
would be used over and over again in a
caretully laid out lattice pattern of transmit-
ter areas. This is something of an oversimpli-
fication, because the topography of the land
is tiemendously varied, so that real-life
service areas will be far from circular in
many cases. We also have the problem that
12GHz signals are deeply attenuated by
anything that obstructs their path, includ-
ing both buildings and trees. This means
that in any nominally served built-up area
there will be many potential viewers who will
have difficulty in receiving a clear line-of-
sight transmission, and it is this so-called
‘urban clutter’ that may make life difficult.
Even with 2.5GHz systems, clutter is known
to bring problems, and these will be accentu-
atedat 12GHz.

One advantage of 12GHz systems is that
fairlv high gains can be achieved with small
parabolic receiving aerials, which allows us
to think realistically of viewers being able to
use saucer-sized dishes on poles above their
houses, this periscope-like antenna arrange-
ment enabling viewers to see above the
rooftop clutter to the local transmitter. A
corresponding disadvantage of this idea is
that it may conflict with planning regula-
tions.

" THE MAC SYSTEM FORMVDS

I mentioned earlier that it would make sense
to use MAC for MVDS because viewers will
already be equipped with MAC satellite re-
ceivers, or that is BSB's earnest hope! Using
MAC would also bring to MVDS all the
adventages and enhancements that MAC is
bringing to satellite services, so providing
better quality pictures with the option of
wide-screen viewing and higher definition in
the tuture.
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If MVDS services use MAC they willl be
able to compete effectively against satellite
and cable services which will soon be offer-
ing the higher definition wide screen pic-
tures that will become the norm in the next
few years. An MVDS system using PAL with
AM-VSB would be condemned to obsolesc-
ence from the day of its opening. and would
he a retrograde step as far as the develop-
ment of the radio and television industry in
this country is concerned. The recent report
of the Home Affairs Committee recognised
this, and recommended to Government that
it should consider the development of MVDS
in the 12GHz band as part of an integrated
programme distribution service.

HIGHERAND HIGHER?

The parameters of what BT regards as a
typical M*VDS system are shown below.

15— 20 channels

100m\W transmitter power per channel
FM - deviation 16MHz

PAL system (could support MAC)
Transmit antenna gain 15dB

Receive antenna gain 27dB

Receive bandwidth 30MHz

Threshold carrier-to-noise ratio 14dB
Unfaded carrier-to-noise ratio 22dB
Video S/N 52dB
Picture quality
(good)

better than CCIR grade 4

There are, however, currently two major
snags with 30GHz. The millimetric wave

amplifiers needed are currently high-cost
items used for professional communication
purposes and costing many thousands of
pounds. BT engineers are confident, howev-
er. that this snag will shortly be overcome,
since the latest generation of monolithic
microwave integrated circuits (MMICs) has
now started to become available in produc-
tion yuantities, and they believe that within
five vears GaAs MMICs will be available at
prices to suit consumer equipment.

The other snag with using 30GHz in
rather more fundamental. Since the signals
behave somewhat like rays of light. any
obstruction such as a tree or a tall building
will kill the signal virtually completely. and
it is predicted that as many as 30% of the
viewers in a nominally served area would
remain without satisfactory signals. Work is
in progress to see just how bad this effect
would be, and whether it will be possible to
use tiny fill-in transmitters to cover these
gaps.

For some years now communications
have been possible at even higher frequen-
cies. although once again only using very
expensive professional equipment and some
MVDS protagonists have suggested that
within a few years it will be possible to
manufacture domestic equipment which
will permit the use of frequencies around
60HGz. As one goes higher in frequency it is
generally easier to obtain a wider chunk of
spectrum for your service, so that it is
anticipated that many tens of channels could
be provided in this area. Against this, howev-

er, go the inevitable laws of propagation,
with all the difficulties of providing a service
to a high percentage of the customers in a
built-up or tree-lined environment.

INTERACTIVE MVDS?

Although it is generally accepted that MVDS
systems are essentially one-way. 1 would like
to speculate on the possibility of households
having their own miniature microwave
transmitters which could squirt signals back
to the MVDS transmission point. which
must obviously be within line of sight. | have
been looking at the simple microwave burg-
lar alarms that are now on the market for
just a few pounds.

These consist of a solid-state microwave
oscillator mounted in a cheap metal horn
which radiates signals at around 10GHz.
They are currently very crude devices. but
are cheap and effective, and 1 reckon that
with just a little bit of research effort a device
suitahle for allowing domestic users to talk
back to their MVDS transmission points
could be developed. 1 would not. however,
like to solve the potential interference prob-
lems that a street of terraced houses each
transmitling its own microwave signals
could cause!

Broadcasters and cable protagonists have
heen living through interesting times this
fast year or so. and you may remember that
to cause somebody to live in interesting
times was an old Chinese curse: things
haven't been so different for those with an
interest in the future of broadcasting!

The Archer 780 SHC

The SDS ARCHER — The Z80 based single board

computer chosen by professionals and OEM users.

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

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

memory extension cards.
ENTER 48 ON REPLY CARD

The Powman 68000 &BC

The SDS BOWMAN — The 68000 based single board

computer for advanced high speed applications.

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

* Extended width versions with on board power supply

and case.
ENTER 53 ON REPLY CARD

Sherwood Datadystems Lid

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

The following is an edited ver-
sion of some of the correspond-
ence we have received as a con-
sequence of the article by
Obolensky and Pappas in our
December issue. Regrettably,
there is insufficient space lo
reproduce all of it in full.

Coulomb action

\What is so fascinating is that the
test configuration has the ability
to overcome the familiar prob-
lem of the relativist who insists
that there must be a way of
synchronizing clocks at the test
locations before the flight time of
a signal can be measured be-
tween those locations.

The remarkable fact is that the
onset of the precursor signal sets
the clock running at the receiv-
ing location and the subsequent
arrival of the dominant electro-
magnetic pulse gives the second
time check, the time difference
in relation to the length of trans-
mission line being such that
superluminal speeds are re-
corded. This result clearly shows
that the precursor signal travels
very much faster than light
speed.

The telegraph equation con-
cerns the travel of an electrical
siznal along a transmission line
that is essentially resistive and
capacitive. No inductance is
assumed. When a step signal is
applied at one end there is a
definite delay before any measur-
able signal arrives. Then there is
progressive signal build-up.
Obviously, one cannot just mea-
sure the speed of propagation by
initiating the time measure from
the moment the build-up is seen.
If that is all that is measured in
the Obolensky test it cannot be
trusted as an indication of super-
luminal signal speed.

The point is that the dominant
electromagnetic signal arrives
after the onset of the precursor
signal and we know the domi-
nant signal has travelled at light
speed as determined by the in-
ductive restraints.

The precursor signal has
travelled in a way governed by

non-electromagnetic action.

Nothing in our text books
establishes that the signal speed
is limited by light speed. It is
inferred. because we suppose
that charge does not travel faster
than light speed, but we know
that the charges carrving cur-
rent in wires do not travel at
anything like the speed of light,
yet their electromagnetic action
causes current to exhibit that
speed of light. There are two
actions in the field set up by the
electric charge: one is the action
at the electromagnetic wave
velocity and the other is the
direct Coulomb action. The lat-
ter is assumed by many to be
subject to the same propagation
delay via what are known as
retarded potential effects. but
there are those who question the
theory.

(If) the Coulomb action does
propagate at faster-than-light
speed, the Obolensky effect is
justified because it is a weak
signal that could arise from
direct electrostatic induction
progressively propagated along
the transmission line with no
speed of light limitation.

H. Aspden

Visiting Senior Research Fellow
Dept of Electrical Engineering
University of Southampton
o, ST 5 et

Switches,
sparks and arcs

I am troubled that, having
observed my Causality Triangle
Experiment employing switch-
closing wave structure. our
“joint” paper advanced your un-
supported opinion that the
observed effects were due to
switch-open wave structure.
Oscillographic evidence shows
why the observed effects are due
only to switch closing. The
oscillograph correlates the in-
stantaneous current and causa-
tive voltage measurements lo
eliminate conjecture about
switch-opening inductive flash-
back.

The spark modes involving in-
ductive flash-back have been in-
vestigated with a view to writing
a paper in support of \Webber’s
“two-fluid” electric current.
Both positive-going “huge
spikes” and negative-going cohe-

FEEDBACK

rent surges can be shown to
coexist in a unique energy reso-
nance. This impulse cohering
energy resonance appears (o re-
duce total entropy. It may also
model natural lightning, since
the current surges appear to
display lightning’'s 50 micro-
second spark structure!

To introduce this contact-
opening spark/arc mode into my
Causality Triangle Experiment
requires eliminating the two
68 000 ohm current limiting re-
sistors. They are simply replaced
with an inductor having the
same DC resistance. [ made a
115 000 ohm inductor by wind-
ing 10 miles of #42g magnet
wire on a standard 3in spool.
This 10 miles of ordered space is
simply added to the wire con-
necting the opposed reflectors. It
is noteworthy that this added
line impedance has only a neg-
ligible effect on the so-called
“huge spikes™ of current. [n addi-
tion, this arrangement becomes
so sensitive tostray AC fields that
no external battery is required to
effectively replicate the super-
luminal causality effects that |
demonstrated publicly in 1982.

In addition to clarifying the
difference between contact
sparking and contact arcing, this
modality provides an easily mea-
sured example of negentropy as
well as clear evidence that
causality links are connected hy
instantaneous action-at-a-
distance. spin angular momen-
tum change.

I have completed numerous
experiments and emploved en-
tirely different modalities; in ev-
ery case, the superluminal cause
or pilot wave is seen to precede
the material effect by one pi-
radian. This demonstrates the
“last shall be first”, time-
reversed sequence. widely re-
ported in optical phase
conjugate resonance. The con-
sistent observation of “two-fluid”
spin current components de-
monstrates the existence of spin
waves. The magnetizing vector,
which globally connects cause
and effect independently of time,
can be studied by simply corre-
lating the instantaneous cause
and effect currents. in both the
real and complex domains.

| have established that dif-
ferential current measurement
can isolate the evanescent

common-mode subluminal cur-
rent signals. By also modifying
the relay magnetizing method
and grounding both reflectors,
artefacts introduced by stray
magnetic and AC field gradients |
can be eliminated. The apparent
anisotropy. with respect to
charge polarity and direction,
can be largely removed without
changing the observed super-
luminal signals.

Alexis Guy Obolensky |
President Bromion Inc.

NY.USA [
e

Catastrophe and |
creation

Ludvik Kostro's article in the |
March issue reported that “it (the
ether) not only conditions the
hehaviour of inert masses, but is
also conditioned. as regards its
state. by them”.

Einstein was clearly talking
about action. and thus about the
energetic states of mass and
space which | see as capacitive
and inductive energy stores re
spectively, representing order
and chaos: then let us accept that
order must embody a plan and
that mass is a plan of ordered
Limiting Sub Masses within a
random field of LSMs.

For Einstein’s statement to be
fulfilled, there must be an itera-
tive equation between the
energetic states of mass and
space. i.e. between mv (momen-
tum) and 2mv* (kinetic energy).
from which we may deduce that
v=2, the combined approach
velocity of the two energies dur-
ing the interaction in which
space “winds up” mass and vice
versa. The v* of KE is due to the
planar full frontal which mass
provides to the energy during the
interaction.

Now, v=2 whether the in-
teraction is vast and cosmologic-
al or tiny and local: if mass is
fixed relative to the viewer the
energy appears to move at twice
the speed of light because the
viewer is linked to the mass: this
might be likened to the speed of
the current outside the wire as it
is guided by the wire. To under-
stand this. one much invoke
Catastrophe Theory and say that,
with adequate excitation, bonds
can be broken and the plan des-
troyed: we are talking about the
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plan of the electron which jumps
out of the wire as a cloud of
LSMs, commencing the act of
radiation through the field while
leaving an instantaneous hole.
Catastrophe is an instantaneous
change from order to chaos be-
cause there is no half-way state,
but a domino catastrophe might
take time because of propagation
delay.

In Obolensky’s experiments. it
seems to me that what the sensor
coils are detecting is the inverse
of catastrophe (i.e. creation)
when the electrons reform in the
holes in the wire: this action
occurs at all points along the
wire more or less simultaneous-
ly. hence the enormous spikes.
The length of wire does not add
distance to the path.

James A. Maclarg
Wooler
Northumberland

Difference or
absolute?

The article contains several clues
to its own downfall . . . Consider
the case where the transmission
line length is 561t and the anten-
na base line (capacitor plate
spacing) is 10ft. The common
value of ¢ is about I1ft per
nanosecond.

The circuit is broken at one of
the mercury vapour relays and
the charge starts to build up on
the capacitor plates. This sends
out awavefront through air inall
directions at very close to c. 56ns
later. much spread oul. this
reaches the points where the
screens ol the coaxial cables en-
ter the oscilloscope: these inputs
are only a few inches apart and
about equal distances from the
relay that opened, so a small
signal starts to build up on bhoth
traces simultaneously. This sig-
nal builds up slowly as it is joined
by other bhits of the wavefront
which intercepted the coaxial
screen further away from the
oscilloscope and then came in at
aspeed rather less thanc.

Meanwhile, the main high-
level signals from the pick-up
coils are coming down the inside
of the coaxial cable at about two
thirds of ¢ (as is usual for coax.).
The cable nearest the relay which

opened delivers ils signal 84ns
after opening (56ft at #ic). The
other cable delivers its signal 10
or llns later than this. as ex-
pected through having to travel
an extra 10ft between the capaci-
lor plates. through air.

The result is exactly as
ohserved. without the need for
any faster-than-light travel: a
gently rising signal on both
traces starting 56ns after the
start, followed by a large pulse on
one trace 28ns later, and a large
pulse on the other trace 10-11ns
later. The only observation
which holds any water is the
transmission between the capa-
citor plates at exactly the speed
expected: the speed of light in
air. What the authors call trans-
mission at twice the speed of
light is due to the difference
between the transmission
through air (at ¢} and the trans-
mission through coaxial cable (at
%sc).

Tim Bierman
Hendon
London NW 14

The writer of the following lelter
made roughly the same points as
the above. but presented these
calculations.

Time taken to travel a distance
equal to the coaxial line length
but inair

t,=lc

For the example of 74.5ft for
1(=22.708m).

1,=75.692ns

Time taken to travel a distance of
7450t in a coaxial line with a
relative permeability of 2.2

t.=112.269ns

Difference in arrival times at the
oscilloscope

112.269-75.692ns
=36.5773ns

If the calculations are made for
the other line lengths quoted in
the article it works out just as
well.

By applving the same calcula-
tions to the experiment where
the extra line length is added. an
extra insight into the results is
obtained.

Propagation time for short

FEEDBACK

length of 74.5t (22.708m)

inair 75.692ns

in coaxial cable 112.269ns
difference 36.577ns
Propagation time of one metre
longer cable (23.708m)

inair 79.027ns
incoaxial cable 117.215ns
difference 38.188ns

Apparent extra time to travel |
metre

38.188—36.577ns
1.611ns

Apparent speed of light
(distance/time)

Im/1.61ns
6.21*10%n/s

This result is the same as that in
the article and is brought about
hy the manipulation of mathe-
matical quantities which are
DIFFERENCES and not ABSO-
LUTE values. Ii the authors had
considered the arrival times with
the initiation of the relay as the
reference. then it should have
been apparent that the event
followed the initiation at the
speed of light.

Neville Carrick

Andover

Hampshire

Leakage

For many years research has
been undertaken to study the
coupling between braided co-
axial cables. For the last few
vears | have become involved in
the research program and the
article scemed to highlight a few
effects which have been obhserved
in cable coupling experiments.
If two braided coaxial cables
are set up in a parallel configura-
tion and one of the cables is
connected to a signal generator.
asmall amount of signal will leak
out of the cable due to the
braided nature of the cable. The
fields from the leaked signal will
propagate in (ree space which the
other cable will pick up. Could it
not be this leaked signal which
the other cable is picking up? We
have found that if the cables are
far enough away from each other
and any surtace. the velocity of
the wave will be that in a free-
space condition (3 X 10°m/s).

The environment is very im-
portant on the propagation char-
acteristics of any ‘signal” existing
between the two cables. We have
found that if you bring two
braided cables near to the
ground then the velocity of the
wave existing between the two
cables reduces. This might ex-
plain why the ‘fast signal’ re-
duces when the cables are
brought near an object or
ground. Any changes to the en-
vironment will cause a change to
the propagating wave.

The level of ‘leaked signal’ is
dependent on the transfer impe-
dance (Z,) of the braid. so is the
level of the ‘guick signal
changed hy using a different type
of cable i.e. a coax. which has an
outer conductor which is solid?

I throw these observalions
into the pot’.

Julian M. Tealby
University of York

What travels faster than the
speed of light in coaxial cables?
Radio-waves in air. of course. At
the closing of a relay there will be
a large RF pulse which can be
expected to leak to the coaxial
lines down their length. The ear-
liest event seen on the ‘scope is
thus due to leakage closest to the
‘scope. The effect of the slower
propagation velocity in the
cables (I calculate 2 x 10% m/s)
disperses the pulse in time. Had
the cables been laid on the
ground then this unfortunate
hreak-through might have been
greatly reduced.

C. G.Flewellen

Institute of Oceanographic
Sciences

Godalming

Surrey

Unbalanced
currents

Might one suggest that the au-
thors repeat the experiment us-
ing open-wired balanced line. or
using a balanced-to-unbalanced
transformer at the launch end?
Many an amateur operator can
tell tales of ‘hot™ gear with unba-
lanced currents travelling on the
screen of a coaxial cable — caus-
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ing feeder radiation, 1f the sparks
weren't enough!

The coil used at the launch
end will include such an unba-
lanced current, travelling at a
velocity close to C (in free space.
the line supported above ground,
somewhat similar to a Gobau
line' with a severely mismatched
launcher). The TEM wave in the
coax., however, will travel at a
substantially lower velocity, due
to the dielectric material in the
transmission line. Taking a
velocity factor of 0.75 for the
coax., the time delay will be
approximately 1.57 ps/m, with
some phase shift due to the
reactive nature of this signal's
coupling to the oscilloscope in-
put. The stretching of the pulse
into a ramp as displaved on the
oscilloscope can also be post-
ulated as due to the capacitative
nature of the coax. cable.

As to the anisotropy of the
velocities with regard to di-
rection. I'll leave that to A, E.
Einstein et. al for the explana-
tion!

Dave Hicks GOIZY
Aldershot
Hampshire

References

1. Gobau, Proceedings of the IRE. 39,
619-624 (31)

Gobau, Journal of Applied Physics.,
20 1119-1128 (14950)

Hatterel, G.ALQST June 1974

Common-mode

One very hasic aspect of the
experiment which is not men-
tioned at all in the article, and
which the experimenters
perhaps neglected to take into
account, is the huge common-
mode voltage change which
occurs at the same time that the |
mysterious low-level signals are |

being generated.
At the moment that a relay is |
energized, the voltage of (hei
1

small section of antenna wire
through the current probe next
to the relay changes by 250V,
This change is capacitively cou-
pled to the current probe and
travels as a common-mode sig- |
nal along the associated trans-
mission line. The outer conduc-

tor acts as signal path, and the
return path is diffusely spread in
the space around it, approx-
imately as in a surface-wave
transmission line. (See e.g. (.
Goubau, “Designing Surface-
Wave Transmission Lines”, Elec-
tronics. vol. 27, pp. 180-184,
April 1954). The dielectric
medium is primarily air, and
hence the signal travels at a
velocity of about 300 000 km/s. It
arrives at the outer case of the
oscilloscope in some way.
Through minimal asymmetries
in the oscilloscope construction
or mismatches in component
properties, this comnron-mode
signal of perhaps several hun-
dred volts can easily cause effects
corresponding to an apparent
differential signal of several mA.
Since the potential of the oscillo-
scope as a whole with respect to
the space around it is being
changed, it is no surprise that
the apparent signal appears on
both input terminals. The de-
scribed effect corresponds to a
common-maode rejection ratio of
about 80 dB — a figure of which
no oscilloscope manufacturer
needs to be ashamed.

The velocity of about twice the
normal speed of light, which the
authors deduce for the low-
amplitude signal along the trans-
mission line, also has an alterna-
tive explanation based on the
common-mode hypothesis. Pap-
pas and Oholensky  determine
this velocity from the difference
in arrival times of the low-level
signal and the first high-level
spike. In my hypothesis. Pappas
and Obolensky determine this
velocity from the difference in
arrival times of the low-level
signal and the first high-level
spike. In my hypothesis, the low-
level signal travels at about
300 000 km/s (0.3 m/ns) on the
outside of the coax. cable as
described above. The high-level
spike is the real signal generated
by the current probe, which
propagales as a differential-mode
signal between the inner and
outer conductors of the trans-
mission line at a veolcity of about
200 000 km/s (0.2 m/ns). the
velocity C1 as reported in the
article.

If the length of the transmis-
sion line in meters is set to L,
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then the travelling time ot the
low-level signal is (1./0.3) ns and
the travelling time of the high
level signal is ([/0.2) ns. The
time difference is therefore (L/
0.6) ns. And the “velocity” of the
low-level signal (distance divided
by time difference, as defined by
the authors) is L/(L/0 6) m/ns, or
0.6 m/ns, or apparently twice the
speed of light in a vacuum.

The base wire also may be seen
as a surface-wave transmission
line with a diffuse return path
consisting of the ground and the
space Metween the capacitor
plates. It is not unreasonakle to
suppose that the parameters of
this “return path™ will play a role
in the measured velocity,
Changes in temperature and/or
humidity of the air as well as the
distance and orientation with re-
spect to the ground change these
parameters to some extent, and
may therefore account for the
minimal velocity changes.

I can think of several experi-
ments to provide evidence for or
against my alternative theory. If
Pappas and Obolensky are in-
tevested, 1 would be happy to
discuss such experiments with
them.

F. Heutink
Eindhoven
The Netherlands

When one of the two relays is
excited with 12V AC at 60Hz and
the other non-excited reliy is
closed, the (primary) hase wire
induces AC signals in the (secon-
dary) coils feeding the twe co-
axial lines. These equal AC sig-
nals feed into the oscilloscope via
its plates and, by some intzrnal
rectification, charge up the en-
tire CRT (i.e. gun, grid, deflector
plates etc.) uniformly. Such a
uniform charge would not bhe
revealed on any beam trace.
Forget, for the moment any
signal coming into the oscillo-
scope via the two coaxial cables.
When the non-excited relay is
open, this unitorm charge on the
scope starts to decay after a
pause of L/C seconds. (L. being
the length of either coax. and C
the speed of light). As this charge
decays, its plates lose their
potential relative to its entirety,
so that after a pause of L/C

seconds the trace of either cable
becomes increasingly negative
and visible. | take it that the
brightness of the trace is en-
hanced electronicallv when a sig-
nalis present.

What all of the above means is
this. What the authors believe is
an instantaneous signal entering
the oscilloscope is simply a sig-
nal leaving it; not instantaneous-
Iv. but after a delav time of L/C
seconds. During this delay time
the trace remains unenhanced,
so mnvistble.

Qutgoing
signal

Now that we have dealt with
this (previously-induced) signal
leaving the oscilloscope, let us
deal with the signals entering it
when the above relay is operated
as above. [The reason for dealing
with these outgoing and incom
ing signals separately is hecause
they overlap (time-wise) hence
the trace is composite. |

We repeat the above sequence
for the incoming signal to the
oscilloscope. When one of the
two relays is excited with 12V AC
at 60Hz and the other non-
excited relay is closed, pulses of
DC from the 250V DC battery
charge the large capacitor plates.

Now forget, for the moment.
any signal coming from the
surreptitiously-charged oscillo-
scope plates and travelling along
the two coaxial cables. The DC
charge on the large capacitor
plates begins to flow along the
coaxial cables, taking L/C
seconds to reach the oscillo
scope. After the above 1L/C second
pause. the trace on the oscillo-
scope starts to rise. and steadily
increases in positive direction.
When the non-excited relay is
opened, amighty surge occurs as
the large capacitor plates dis-
charge, setting up oscillations.
This causes the massive spike on
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the trace.

Now (still considering only
one of those double heams on the
oscilloscope) we combine those
outgoing and ingoing signals
which are travelling along the
coax. line we are considering.
When we do this combining for
either line. we shall obtain a
curve with a flattened part near
the supposed beginning of the
trace (referred by the authors as
the origin).

To sum up, then, we can say
that signals along coaxial cables
behave as we would expect them
todo.

A. H. Winterflood
l.ondon. N10

Strays

Typically. for polythene or PTFE
insulated lines, the velocity is
only about two thirds that of
light. Thus for, example, it would
take 150ns rather than 100ns for
a signal to traverse 30m (100ft
approx) of normal 50 ohm coax.
cable. a difference of 50ns. If you
do these calculations for the va-
rious cable lengths mentioned,
the time difference obtained is
very close to the ‘time lapse’
values given in Table 1.

Next, it should be realised
that, when an oscilloscope is
triggered from the signal that is
being displayed, the resultant
trace contains absolutely no in-
formation about the time the
signal originated or when it ar-
rived at the input socket.

Thirdly. coax. cables are not

' FEEDBACK

Fig. 2 Oscilloscope Coaxial lines
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perfect; signals can leak in or out
of them.

Finally, circuit strays are often
very important, particularly
when one is trving to measure
signals of a few tens of millivolts
in the presence of an unscreened
circuit switching two or three
hundred volts. For example, it
would take only —80dB of stray
coupling to produce a 25mV sig-
nal at the oscilloscope.

Figure ! is an equivalent cir-
cuit showing one of the coaxial
lines together with what I think
are the important strays. For
convenience it is the one going
to the end of the base wire with
the energized relay. This can be
simplified into Fig. 2 where v, is
the voltage induced in the cur-
rent transformer and C, is the
total effective stray capacitance
from the end of the coaxial line to
the equivalent earthed voltage
source v, that would produce the
same effect as the base wire and
its various strays.

Although the actual waveform
of v, may be found a little diffi-
cult to visualize. it should be
quite apparent that rapid
changes equal to half the supply

voltage will occur. These couple
via C, to a ‘wire over a plane’
air-insulated transmission line
formed by the outer of the co-
axial line and the earth, and pro-
pagate towards the oscilloscope
at a velocity close to that of c.
Some of the energy in this wave
will leak into the coaxial line and
travel down it at about 0.66¢.
Suppose the transit time for
the ‘wire over a plane’ line is T.
Then the transit time for the
coaxial line will be about 1.5T.
Suppose also. for the moment,
that C, is large and that v, is a fast
voltage step startingatt = 0. For
time t < T nothing will be seen at
the oscilloscope. At t = T the
wave will arrive at the oscillo-
scope and with it the signal that
leaked into the very last bit of the
coaxial cable. As t increases the
signal that leaked :nto earlier
bits of the cable will also arrive at
the oscilloscope adding to the
existing signal until at t = 1.5T
all the cable will be contributing
to the signal. Thus, assuming
that the oscilloscope triggers as
soon as the signal becomes non
zero. the signal will appear to

ramp linearly from zero over a

Fig. 1 To battery
To ac supply
Ak,
o To other
plate
LY
ial h II
To Go Tielhiie i | Transformer
oscilloscope ] !
T whe
oo -
™™ ]
| ) 1
W 7L Z ST 2

TIITI 77777 777,

period of 0.5T and then remain
constant. Of course C. is not
large and v, is not a simple
voltage step, so the signal seen
will not be a simple ramp but
must always start as one. Furth-
er.att = 1.5T the signal from the
current transformer will reach
the end of the coaxial line and
add its (large) contribution to
the signal seen at the oscillo-
scope.

Judging from the photograph,
for most of their length the two |
coaxial cables are separated by a
distance no greater than their
height above the ground. Thus a
similar but somewhat smaller‘
leakage will occur into the
second cable giving rise to a
ramp type signal on the other
channel of the oscilloscope. As
the distances from the energized
relay to the cables as they
approach the oscilloscope are
virtually identical. the ‘ramps’
will start together. Closer to the
base wire the distances to the two
cables are by no means identical
so the later parts of the ramp’
waveforms will diverge.

The impulses from the relay
also propagate along the base
wire to the other current trans- |
former and are coupled by its C,
into a ‘wire over a plane’ trans-
mission line formed by the
second coaxial line. A similar
leakage effect then occurs with
this one but this time the second
cable has the greater ‘ramp’ sig-
nal. Reflections back and forth
along the base wire will produce
further sets of ‘ramps’ of various
polarity and amplitude with a
periodicity dependent on the
length of the base wire. The
summation of all these signals is
what is seen on the oscilloscope.
The first three waveform pic-
tures in their article show this
effect quite well.

P.F.Gascoyne
Wantage
Oxfordshire
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SCHLUMBERGER 4021 ‘Stabliock’ transceiver
test sets, compnses AM/FM/PM signal gen, mod
meter, frequency counter, RF power meter, AF
generator, AF mV-meter, distortion meter  £1.950

TF1152A/1 RF power meter G-25W 250MHz

TF1245/1246 Q-Meter and oscillator

TF2015/2171 UHF AM/FM signal generator with
synchroniser

TF2162 MF attenuator 0-111db in 0.1db steps

TF2001 AF signal source/monitored attenuator

TF2300 modulation meter AM/FM to 1GHz

TF2300A as above with deviation to 1.5KHz fsd

TF23008 modulation meter as above

TF2356 level oscillator 20MHz

TF2501 power meter 0.3W fsd DC-1GHz

TF2600 millivoltmeter AF 1mV-300V fsd

TF26008 video voltmeter 1mV-300V fsd

TF2604 electronic multi-meter

TF2807A PCM muttiplex tester

2828A/2829 digital simulator/analyser

2833 digital in-line monitor

TF2908 blanking & sync mixer

6450 RF power meter

6450/6420 power meter/microwave head

TF893A audio power meter 1Tmw-10W fsd

TF995B/5 AM/FM signal generator 0.2-220MHz

TF2213A XY crt display

TF2015 AM/FM sig. gen. 10-520MHz

500W 500hm RF load with power meter

2032C noise receiver, many filters available

2031/2092A noise gen/receiver & filters

TF2370 110MHz spectrum analyser

TF2100 audio oscillator

TF10668 AM/FM sig. gen. 10-470MHz

6600A/6646 sweeper 8-12 4GHz

2123 function generator 200kHz

8938 AF power meter

2019A synthesized signal generator 80kHz-104DMHz £2,950

2018 synthesized signal generator 80kHz-520MHz

60568 signal source 2-4GHz

TF1313A 0.1% universal LCR bridge

TF2011 FM signal generator 130-180MHz

TF2012 FM signal generator 400-520MHz

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility esabling
all maintenance ta be at ground level.

Designed in accordance with CP3 Chaater V; part 2
1972 for a minimum wind speed of 140kph in
canditions of maximum exposure and specified by
p-ofessionals world-wide where hostile
ewironments demand the ultimate in cesign, quality
a1d reliability.

Suitable for mounting equipment in the fields of:
Communications

Security surveillance — CCTV

Meteorology

Evironmental monitoring

Geographical survey

Defence range-finding

Marine and aero navigation

F oodlighting

Airport approach lighting

Farther.details availabl2 on request

A

/

STRUMECH ENGINEERING LIMITED
Portland House. Coppice Side. Brownhitls
Waisall. West Midlands WS8 7EX. England
Talephone: Brownhills (0543) 452321

Talex: 335243 SEL.G

Fax: 0543 361050

ENMTER 47 ON REPLY CARD

AVQ B151 LCR universal bridge

AVO RM215F2 Insulation tester 0-6KV

AVO RM160/3 megohmmeter

LYONS PG73N Bipolar pulse generator

DRANETZ 305 digital phase-meter 2Hz-700KHz
PHILIPS PM5590 TV IF Modulator

PHILIPS PM5597 VHF TV Modulators

PHILIPS PM1590 1mHz-2mHz synth. function gen
PHILIPS PM8235 multipoint pec recorder

STOLTZ A.G. prom programmer M2 Maestro
RACAL 9911 120MHz counters in carrying cases
RACAL 9102 DC- 1GHz 30W power meter

RACAL 9083 2-tone signal source

RACAL 9084 104MHz synthesized sig. gen. GPIB
WAVETEK 1503 sweeper 450-950MHz

WAYNE KERR B642 Auto Balance bna?e

VALRADIQ inverters 24V DC-230v AC from

RHODE & SCHWARZ 1kW 50 ohm load. N-types
BRUEL & KJAER 4428 noise dose-meter

RIKADENKI 3 pen chart recorder

SCHLUMBERGER SRTG-GA63 selective call test set
TEKTRONIX OS245PU oscilloscope system, Brand new
TEKTRONIX 465 100MHz oscilloscope

TEKTRONIX 475 200MHz oscilloscope

TEKTRONIX 7D12M/2 A/D converter plug-in

TEK 2901 time-mark gen’ £250 7511 sampling plug-in £600
TEKTRONIX 178 IC fixture £250 Tek’ 636 XY monitor £250
TEXSCAN WB713 0-950 sweep generator £950
TEXSCAN 9900 300Mhz sweeper/display £350
PHILIPS PM2554 AF milli-volt meters

PHILIPS PM5165 LF sweep generator 0.1Hz- 1MHz
PHILIPS PM5324 RF generator 0.1-110MHz AM/FM

£325
£450

ALL OUR EQUIPMENT IS SOLO IN EXCELLENT, FULLY
FUNCTIONAL CONDITION AND GUARANTEED FOR 90 DAYS.
MAIL ORDERS AND EXPORT ENQUIRIES WELCOMED. PLEASE
TELEPHONE FOR CARRIAGE QUOTE. ALL INSTRUMENTS ARE
AVAILABLE EX-STOCK AS AT COPY DATE. GOOD QUALITY TEST
EQUIPMENT ALWAYS WANTED FOR STOCK. PRICES DUOTED
ARE SUBJECT TO ADDITIONAL VAT.

ENTER 25 ON REPLY CARD
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The new Antex guide to
Temperature Controlled

» New Temperature-Control

Products Launched business card and send for your copy
of *Precision Soldering” l
> “How to choose the Right lron"l Name I
section. Company l
P Fulltechnical specifications of | sress g
the whole Antex N §I
range. (AX“XTXIXX)—————I

2 Westbridge Industrial Estate, Tavistock, Devon PL19 8DE
Tel: (0822) 613565 Fax: (0822) 617598 Telex: 9312110595 AEG
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10Khz-350MHz Spectrum Analyser.

Type 8557A 10Khz-350Mhz in 1827
elbnags  mainframe. Plug-in perfect.. crt a little
- U

1122A pow obes

NS

30078 pulse generator

8733A pin modulator

400F milli-voltmeter

529A Logic comparator

0529A/10526T Logic troubleshooter

33 1A distortion meter

334A distortion meter
53008753058 1300MHz 8 digit counter
3400A millivoltmeter

82A(P) P-band at
415E swr meter
4204 A decade audw oscillator
431B&C/478A microwave power meters from
6516A power supphes 0-3KV 6mA
7046B(07) 2-pen XY plotter high-speed
8018A(01) senal data generator
5011T logic troubleshoof kit complete
400FL mV-meter
3438A digital multimeter HP1B
8165A function 1MHz-50MHz
8444A (0pt058. 0.5-1300MH2) Iracking generator
8565A 22GHz spectrum analyser
435A/3481A RF power meter & head
({Other heads available)
3581A AF wave analyser
orin

e 8 ).0
HP85%2B/85 \ spectrum analyser plug-ins
HP3575A Gairvphase meter 1Hz-13MHz
HP40UEL AC Volimeter
HP7583A Log Voltmeter/Amplifier
HP8640A/002. Signal generator 0.5 AMHZ AM/FM

PHILIPS PMB043 XYT Plotter A4
M

5MHZ portable (LP €1

PM 20MH
PHILIPS PM8220 single pen chart recorder
o

ROHDE & SCHWARZ SMS synthesized sig gen’ 0 4

el 550 with tracking
-
LEADER signal generator LSG216 0.1-30MHz & 75
AM/FM
FLUKE 37 digltal multi-me
al
frequency analyser +4710 displ
LYONS PG71 pulse generat
T4 01/0f

WV

1 | GOULD DSABOO digital syntnesizer analyser

Soldering

r_omplele the coupon or clip to your I

" ELECTRONICS _
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low-cost PC based logic analysis - from Thurlby

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

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

-PC LINX 1.9 Tining (236 sanples)
L O —

@ Sophisticated data state listings
Up to 32 words per screen in multiple data formats
Scrolling by line, page or word, plus random page access
: Rapid screen compare facility. Full repetitive word search
- | @ High resolution timing diagrams
-" e - Bl y Sixteen channels of 64, 256 or 1024 samples per screen
Rt Fseist Fazsist Raame L Instantaneous pan ancd zoom. Moveable channel positions
. Dual cursors with automatic time difference measurement
® 16 or 32 channels, clock rates to 20MHz
Operates with all versions of the LA-160 with or without LE-32
® Comprehensive data annotation
Each data and control input can be allocated a user-defined label
Data files are date/time stamped and can be fully annotated
@ Full disk storage facilities

I isnensansnsessens

beed

S
4
-

s Sy - Data files can be saved to disk and recalled for comparison
3 2 - Bl S Data includes the analyser’s set-up conditions and all annotation
— . 1 HaDE @ Versatile printing facilities
= adodod b 1 ,;_h' State listings and timing diagrams with annotation can be printed
o ® Colour or mono display; keyboard or mouse control
A Colour, monochrome or text-only modes suit any display adaptor

m ' Parts of the programme can be controlled by a mouse if required

@ Terminal mode for uP disassemblers
Acts as a terminal for use with Thurlby uP disassembler ROMs

b Thuriby Electronics Ltd If you already have an LA-160 logic analyser the LA-PC Link inter
/I Thur’ 1% ﬂ: New Road, St. lves, Cambs face package costs just £125. If you don’t, an LA-160 with LA-PC
desngned and built 1n Britain PE17 4BG Tel: (0480) 63570 Link costs from £520.

ENTER 65 ON REPLY CARD

OASIS VIRTUAL INSTRUMENT SYSTEM

NEW VERSION — NEW INTERFACES - HIGH SPEED OPTION

‘ The OASIS Virtual Instrument System (VIS) emulates conventional OSCILLOSCOPE,
CHART RECORDER, PROCESS MONITOR, MULTI-CHANNEL DVM, X/Y PLOTTER
and DATA LOGGER in one easy to use package. Also Spectrum analysis.

HARDWARE

| VIS includes a precision 16 channel A-D converter, with programmable ranges
and read rates of 50k R/s at 8 bit, 25k at 12 bit (100k and 60k with high speed

| option). This simply installed unit has proven long term stability and reliability.

L s | SOFTWARE
- —l et Y The Menu-driven acquisition, analysis and display programs combine
1 s on-screen set up of measurement parameters, SPREADSHEET data
| =1 1 {. - manipulation and a range of display formats, with ZOOM and ON-SCREEN
| e *———  MEASUREMENTS.
'; i ‘ Total data mobility from measured information to memory, disk, screen and
(-.1 »

. i AR A HARDCOPY output, including screen dumps.
L_.: h}” ” j ”,I it The OASIS VIS carries full documentation to allow the beginner or
. }[’;" il ],é. | professional programmer to create new interface applications or personalised
1 L instrument emulations.
1 Xt
f TR RIRY vy
[ ';:3:: | PRICE
5 The price of the complete system is less than any one of the instruments it replaces.
For fast deli h ——— - Prices exclude VAT, P&P (£8). High speed option add £160.
or fast delivery, phone your order The Virtual Instrument System is supplied complete — no further components are
on 0603 747887. Technical queries required — just plug in to your laboratory computer.

answered and requests for further Digital to Analogue and industrial interface options — POA
information on this number.

PC-XT/AT - £499, Nimbus — £499, BBC/Master — £399, New Archimedes Version — £499
The Street, Old Costessey, Norwich NRS§ SDF

Tel: 0603 747887 ) ' Design Consultancy

ENTER 68 ON REPLY CARD
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A desperate race
for people

eople are the key to success in

information technology. All the

hardware available cannot com

pensate for a lack of skilled en-

gineers to develop systems that
meet the precise needs of the user.

Information itself is the cornerstone of
successful business: training the right num-
her of professionals to make a structured use
of ITisan industrial responsibility.

The problem is that industry as a whole
has not fully assumed its role as prime IT
trainer. A traditional over-reliance on re-
cruitment of graduates and poaching from
rivals has left many companies w:thout the
drive to train within the ranks. And it is
mid-career training which will be an essen-
tial part of industrny’s attempts to ensure
enough skilled IT people come through.

Government statistics show the IT skills
situation is already desperate, Around 30 000
unfilled vacancies exist at any one time,
compounded by a reluctance among tech-
nology graduates to enter industry., Falling
numbers of young people into the 1990s, the
rapid pace of technological development and
demands from an increasing range of com-
panies for IT recruits are all factors adding to
the problem.

Last December the House of Commons
Trade and Industry Committee released its
first report on information technology.
Although the published findings contained
only two paragraphs on the training issue.

DOM PANCUCCI

the committee’s position was clear. “The
best solutron to the worsening IT skills
shortage is increased in-service training.”
says the report. "Companies need to invest
more in training. Time and again our wit-
nesses referred to the need for professional
management retraining on a sustained
basis.”

The committee heard testimony that the
UK's training record is inferior toits interna-
tional rivals. The present training gap is
blamed on cutbacks during the recession
earlier this decade and high staff turnover
deterring investment. But UK companies
still fall below the minimum level of spend-
ing on training. “Best practice is for four to
five per cent of payroll costs being spent on
growing management competence while the
UK average is only one per cent,” says the
report.

Evidence was provided by the Secretary of
State for Industry that companies are now
putting more cash into training. but the
committee wants more proof that the “re-
volution in attitude™ has taken place.

Two recommendations were made by the
committee about IT training:

@ that Government compile and publish
comparative figures and trends in the UK
and competing countries for expenditure (in
terms of both money and time) by industry
in training both in IT skills and in manage-
ment generally:

@ that investment in training should be
disclosed in company accounts.

The report was broadly welcomed by both
trade bodies and companies. such as the
Electronic Engineering Association and
Hewlett Packard. But one of the committee’s
witnesses complained that the training re-
commendations did not go far enough. "We
would have liked to have seen the disclosure
of training costs recommended to a standard
formula; say, training as a percentage of
turnover,” said Tim Webb, national officer
for the Manufacturing. Science and Finance
Union. "It would also have been helpful for
more to have been said about employee
rights to re-training, as a part of the contract
of employment.”

Webb and MSF have campaigned for over
a year to get companies to sign a model
agreement which guarantees in-service
training. so far without much success. Other
unions have tried less publicly than MSF to
get ink on similar agreements, with similar
results.

Reluctance by companies to pledge them-
selves to training. betrays a common fear
over commitment to an investment always
seen as disposable in hard times. The spread
of IT throughout the economy could change
this. Sectors such as retailing and financial
services are pitching for IT and communica-
tions specialists with competitive salaries.
Companies will be forced into training just
to survive.

Responsive, not reactive

ompanies often fail to plan for man-
Cpower needs during technology cycles

and so suffer a skills crisis. according
to a leading training company.

"Lots of companies are not geared to
forward planning and then technology
moves faster than the minds of people
planners”. said Howard Wright. general
manager of BOC Training Services in west
London. "When a company buys a system.
sav an IBM or Amdahl box, it should last
about five years. During that time future
training should be planned. but often the
technology is here before we know it and
training becomes reactive.”

BOC can train between 1500 and 2000
people a year. with extra provision on a
client’s site. Communications, networks and
data processing are all areas covered in the
courses. Particular emphasis is given to local
area networks, operating systems, struc-

tured programming methodology and sys-
tems analysis. This indicates where future
skill demands will lie.

Evidence that IT has spread throughout
the economy is contained in BOC’s client
base. One hundred people at Trent Water
Board were trained in AS. an uncommon
computer language. British Gas in Croydon
ran two computer groups. mixing experi-
enced staff with graduates through BOC.

Rothmans. Sainsbury’s and Eagle Star go
to BOC, alongside high-tech companies
such as Apricot and Ferranti.

Most of the people tutored by BOC are
experienced technical staff who need to be
reskilled to meet the fresh IT demands on
their employers. Wright believes that en-
couraging signs are coming through that
industry and commerce are grooming per-
sonnel specialists to plan IT training more
coherently

March 1989 ELECTRONICS & WIRELESS WORLD

ICL Training’s ClassNet networked class-
rooms, provide an ideal learning environ-
ment for students — demonstrations by the
lecturer appear simultaneously on the
screen on the student’s terminal. Thereis a
strong emphasis on hands-on training.
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& RAEDEK ELECTRONICS

BANNERLY ROAD, GARRETTS GREEN, BIRMINGHAM B33 0SL, ENGLAND
Fax 021-789 7128 Telex No 333500 CROSAL G

# Floctron %\ _
Yy s NG
l_ CRT's - IGNITRONS - KLYSTRONS \ ‘ ¥ _0_3

MAGNETRONS PLANAR TRIODE

ﬁ ’ RECENVING - RECTIFIERS - SPARK GAPS
. IETRODES THYRATRONS TRANSMITTIB\ w
¥ TRAVELLING WAVE - TRIODES - SOCKETS & ACCESSORIES ‘
i R.F. Power Transistors
MOTOROLA - GENERAL ELECTRIC - R.C.A. - JOHNSON :
- THOMSON - CSF * REGENCY - WILSON - T.R.W. - MSC - ACRIAN

TOSHIBA - NEC - MITSUBISHI - PHILIPS - AMPEREX - MULLARZ
R.FH.F. Induction Heating
Equipment and Ancillary Spares

NEW AND SECONDHAND GENERATORS - RF CERAMIC CAPACITORS
WORK COILS H.F. TRANSFORMERS

Tel 021-784 8655

SOLID STATE CONV
CARBON FREE HOSE - WATER FLOW SWITCHES - CARBON RESISTORS
OSCILLATOR VALVES

WHEN ENQUIRING PLEASE STATE WHICH PRODUCT IS OF INTEREST.

ENTER 44 ON REPLY CARD

DID YOU KNOW?

" AUDIO ELECTRONICS ARE
DISTRIBUTORS FOR

» TESTINSTRUMENTS <«
HAMEG: METEX: BLACKSTAR: GW: HITACHI
CROTECH: TEST LAB: THURLBY: ALTAI
THANDAR: Scopes, Generators, PSU’s,
Counters, DMM’s, MM’s, Pattern Gen, etc.
» AUDIO PRODUCTS <«

SOUND LAB: SEAS: McKENZIE: PHONIC
ALTAI: ADASTRA: Microphones, Mixers,
Speakers etc.

» SECURITY «

Control Panels, PIR's, Sirens, Doorphones,
Intercoms, CCTV etc.

» TV-VIDEO «

Distribution Amplifiers, Cables, Dubbing Kits,
Enhancers, Aerials etc.

» SUPPLIERS TO «

TRADE « RETAIL « EXPORT « EDUCATION

OPEN 6 DAYS A WEEK - CALLERS WELCOME

AUDIO €LECTRONICS peme

=1 TELEPHONE 01-724 3564 SATALOGUE
=81 301 EDGWARE ROAD, LONDON W2 18N
il SALES 01-258 1831 FAX: 01-724 0322

SAE A4 with
£1.50 STAMP

Ref TGUK Send |

ELECTRONIC
JOYSTICK
CONTROLS

Our wide range of Joysticks, backed by 25
years' experience, volume production and a
proven reliability allows us to offer versions for
almost any application. Delivery of standard
samples or small quantities is just a few days
and large scheduled orders can be phased in
within a week or two. No exorbitant low
volume surcharges, no 8-12 week lead time

Just what you want when you want it — at

very competitive prices.

POTENTIOMETER | 1,2 or 3 AXGS
CONTACTLESS PWM Solenoid Drivers
MICROSWITCH Specials

HEAVY DUTY 1 PC to 10,000 per annum

Write or phone for details to:

FLIGHT LINK CONTROL

Unit 12, The Maitings, Turk Street, Alton,
Hants GU34 1DL.
Tel: (0420) 8724 1/4. Fax: (0420} 84203.
Telex: 858628 TELBURG

ENTER 63 ON REPLY CARD
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SMALL SELECTION ONLY LISTED
RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

Latest bulk Government release — Cossor Oscilloscope

CDU150(CT531/3) £150 only. Solid state general purpose

bandwidth DC to 35MHZ at 5MV/Cm — Dual Channel — High
| brightness display (8-10cm) full delayed time base with gated
mode - risetime 10NS illuminated graticule — Beam finder —
Calibrator 1KHZ squarewave power 100 — 120V 200V - 250 volts
AC - size W 26CM — 14CM deep - WT 12.5 KG - carrying handle,
colour blue, protection cover front containing polarized viewer and
camera adaptor plate — probe (1) — mains lead. Tested in fair
condition with operating insteuttions — £150.00.
Racal RA17L Commupnications Receivers. 500KC/S to 30MC/S
in 30 bands 1MC/S wide from £175. All recejvers are air tested and
calibrated in our wprkshop supplied witfi dust cover operation
instructions circuit in Tai.used coodition — Racal Ancillary Units
for all receivers mostly always in stock — Don 10 Telephone Cable
2 mile canvas containers or wooden drum new from £20 — Army
Whip Aerials screw type F sections and bases large gty available
now P.O.R. — Test Equipment we hold a large stock of modern
and old equipment. RF and AF Signal Generators — Spectrum
Analysers — Counters — Power Supplies — Oscilloscopes —
Chart Recorders all speeds single to multipen — XY Plotters A4
A3 - Racal Modern Encryption Equipment — Racal Modern
Morse Readers and Senders — Clark Air Operated Heavy Duty
Masts P.O.R. All items are bought direct from H M Government
being surplus equipment price is ex-works. S.A.E. for enquiries.
Phone for appointment for demonstration of any items, also
availability or price change V.A.T. and carriage extra.

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

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

ENTER 36 ON REPLY CARD

MEMORIES

EPROM - SRAM - DRAM - EEPROM - 2716 - 2732 - 2764 - 27128
27256-27512-4116-4164-41256- 2114 - 6116 - 6264 - CMOS
AND LOW POWER

MICROPROCESSORS

NEC - INTEL - MOTOROLA - AMD

Semiconductor e
Sensors @
Ferrite Cores
Optoelectromcs

Semiconductors
Thermistors
Integrated

Circuits
Potentiometers
LEDs
Connectors
Suppression
Switches.

ﬁ

Lowest prices worldwide for memories, digital, linear IC's

Send for complete components catalogue
UK -£1.50. Export — £2.50

PVS ELECTRONIC COMPONENTS

244 Deansgate Court
Deansgate Manchester
M3 4BQ

ENTER 32 ON REPLY CARD

March 1989 ELECTRONICS & WIRELESS WORLD

CONNECTORS
AND CABLES

CABLE ASSEMBLIES AND
TEST LEADS MADE TO
ORDER

Coaxial or multiway.
RF, video, audio and data

RF test leads using high quality
coaxial, double braid and tough
PTFE cables available.

Price guide: BNC 1.0m lead only
£3.50. Using high quality RG58,
£6.20 using double braid PFTE.

Customers already include
several universities and
polytechnics, government
departments, broadcasters and
celinet.

WAVEBAND

ELECTRONICS

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

A
Vv
=
B
A
N
D

ENTER 38 ON REPLY CARD

PINEAPPLE

SOFTWARE

BBC PCB SOFTWARE

PCB outo-route is remarkuble. No similar software comes near the price.

PCB monval track reuting £85.00 PCB outo-routing Acom User Aug 88
PCB Plotrer driver £35.00 P&P free £185.00
IBM P(B Software
S M
PCB ¥
675.00 P2
ROLAND PLOTTERS
DXY 1100 £775.00 DXY 1200 £1050.00 DXY 1300 £1250.00 PLP £10.00
MARCONI TRACKERBALLS
Bare Troakerball (No Softwore) £45.00
BBC Model with software £59.00 PLP on
Adopters to drive BBC Mouse software £8.00 Trackerbatls
Archimedes Adoptor £19.95 £1.75
IBM model (serial interfoce) £199.95

MITEYSPIC‘, SPICE.AGE AND ECA -2

Miteyspice (For BBC ond Archimedes) £119.00
spice Age (IBM PC/XT AT 512k Ram) from £70.00 -
ECA-2 (1BM PC XT AT 256k Rom) £675.00
LCA-1 (Logic Anelyser for IBM's) £350.00 free

Pineappte Softwa:e, Dept WTN 39 Brownlea Gardens,
Seven Kings. liford, Essex 1G3 9NL. Telephone: 01-599 1476 [E
Add 15% VAT to all prices 01-599 1476

ENTER45 ON REPLY CARD
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FAX SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
EN| 0474 333762 SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD ~ TOS—PM

. BC184lB  0.09 BD11S 030 BD518 0.75 BF259 0.28 BFYS0 0.32 BUv4l 2.50 R20088 145 TIP125 0.65 2547 0.55
seml‘ondu“ors B(204 0.25 BD124P 059 BD520 0.65 BF271 0.28 BFYS 0.32 2.50 R2009 250 TI0142 1.75 25C 0.80
BC2078  0.25 BD131 0.42 BD534 045 BF27 0.26 BFY90 0.77 G 9.50 R20108 14§ TIP144 275 250496  0.80

0.30 AU106 6.95 BC2088  0.20 BD132 0.42 BDS535 045 BF273 0.18 BLY4g 175 MI3000 198 R2322 0.58 TIP161 295 25(784 075

AC126 045 AY102 2.95 B(212 0.09 BD133 0.50 BD575 0.95 BF335 0.35 Bl 0.45 MIE3SD  0.40 R323 0.66 TIP2955  0.80 25(785 015
AC127 0.20 BC107A oM BC212L 0.09 BDI35 0.30 BD587 0.95 BF336 0.34 Bl 0.49 MIEIS0 075 R2540 248 TIP3055  0.55 25(789  0.55
ACI28 0.28 8C1078 6. BC213 0.09 BD136 0.30 8D588 0.95 BF337 0.29 BR103 0.55 MIES20  0.48 RCA16029 0.85 11591 0.20 25(931D  0.95
ACI2ZBK  0.32 BC108 0.10 BC213L 0.09 BD137 0.32 BD698 1.50 BF338 0.32 BR30! 0.95 MIE29S5  0.95 RCA16039 0.85 VI06 1.50 25 1.95
AC141 0.28 BC1088 0.2 B(214 0.09 BD138 0.30 BD701 125 BF355 0.37 BRC4443 115 MPSAI3 029 RCA161B1 0.85 ™I062  1.50 2 4.50
ACl4IK 0.34 BCI09 0.10 BC214C  0.09 BD139 0.32 BD702 1.2§ BF362 0.38 BRY39 0.45 MPSA92  0.30 RCAT6334 0.90 ZRFO 16.50 25C1096  0.80

ACl42K 045 BCI098 0.2 B(214L 0.09 BD140 0.30 BD707 0.90 BF363 0.65 BSwé4 0.95 MRF237  4.95 RCA16335 0.85 INTIOO  6.50 25C1106 250
AC176 0.22 B(114A 0.9 BC2378 015 BD144 110 BDXx32 1.50 BF37 0.25 BSX60 1.25 MRF450A 15.95 RCA16572 0.85 2N1308 138 2501124 0.9
ACI76K 0.3 BC115 0.55 B(238 0.15 BDISOC  0.29 BDX538  1.65 BF394 0.9 BT100A/02 0.85 MRF453  17.50 $20600  0.95 2N| 0.30 25C1162  0.95
AC187 0.25 BClI6A  0.50 BC239 0.15 BD159 0.65 BF115 0.35 BF422 0.32 BT106 1.49 MRF454  26.50 SKESF 1.45 2N2219  0.28 25C1172Y 2.20
ACIB7K  0.28 BCl? 0.9 B(251A  0.1§ BD160 1.50 BF119 0.65 BF423 0.25 BT116 1.20 MRF455 17.50 16021V 0.45 2N2626 088 20117 115
AC188 0.25 BC119 0.24 B(252a  0.1§ BD166 0.50 BF127 0.39 BF457 0.32 BT119 315 MRF475  2.95 T6027v 04§ 2N2905  0.40 25C1306 178
AC1B8K 037 BO125 0.25 B(258 0.25 BD179 0.72 BF154 0.20 BF458 0.36 BT120 1.65 MRF477  14.95 T6029v 0.4 2N3053  0.40 25C1364  0.50
ACY17 1.15 BC14C 0.3 B(258A  0.39 BD182 0.70 BF158 0.22 BF46 0.68 8U105 1.95 MRF479 550 16036V 0.5 2N3054 059 2514134 2.50
AD142 2.50 B(14 0.2 B(284 0.30 : 0.50 BF160 0.27 BF493 0.35 NUIO! 1.69 6W 2.50 T9002v 055 2NJ055 052 2501449  0.50
AD149 1.50 BC142 0.1 BC300 0.30 BD202 0.50 BF173 0.22 Bf4995 0.23 BUT24 1.25 3 9.50 19011V 0.78 2N3702 0.2 25C1628  0.78
AD16} 0.50 BC143 0.24 B(30 0.30 BD203 0.50 BF177 0.38 Bt4997 0.25 BU12S 125 0(25 1.50 19015V 218 2N3703 002 25C1678 150
AD162 0.50 BC1478 012 BC303 0.26 BD204 0.70 BF178 0.26 BFR39 0.23 BU126 1.60 0026 1.50 19034V 21§ IN3704  0.12 2501945 375
AF106 0.50 BCI48A  0.09 BC3078  0.09 80222 0.46 BF179 0.34 BFR40 0.23 BU204 1.55 0(28 5.50 19038 3.95 2N3705 020 2501953  0.95
AF114 2.50 BC149 0.09 B(327 0.10 BD223 0.59 BF180 0.29 BFRBI 0.25 B8U205 1.30 on 4.50 THY15/80 2.25 2N3T06 0.2 2501957 0.80

AF1IS 195 | BC1S3 030 | BC32B 000 | BD225 048 | BFIBI 029 | BFRE8 030 | BU208 095 2 550 | THYISBS 225 | 2N3708 02 | 25C1969  2.95
AFI 250 | BC157 012 | B(337 o010 | BO232 035 | BFIB2 029 | BFR9D  1.50 | BU20BA 115 | 0OC42 150 | TP29 0.40 | 2N3733 950 | 2501985 1.50
AF117 250 | BC159 009 | BC33® 009 | BD233 035 | BFIE3  0.29 | BFR9I 175 | Bu20sD 135 | oOCa4 125 | TPoC o042 | 2N37I3 275 | 2 3 1.8
AFII8 350 | BCl6l 055 | BC3474 013 | BD236 049 | BFIS4 035 | BFT42 035 ] 1.20 4 1.00 30C 043 | 2n3792 135 | 25C2029 198
AF 0.60 | BCI70B 0.5 | BC4s 035 | BD237 040 | BFIBS 028 | BFT43 038 U326s 150 | o7 100 | TIP3l 055 | 2N4280 350 | 25C2078 1.4
AF124 065 | BN 009 | BC4a78 020 | BD242 065 | BFI9S o | BFw 055 | BU7 128 | o7 0rs | TIP3 0.42 | 2Na427 195 | 2502091 0.8
AF125 065 | BCI728 000 | BCS27 o020 | BD246 075 | BF197 oy | Bewil o075 | BuU48 150 | oc72 250 | TP33C 095 | 2Nasaa 1S | 25c2098 295
AF126 048 BC1738 0.1 B(547 0.10 BD376 0.32 BF198 0.16 BFWI6A 115 BU426A  0.75 ors 1.50 TIP34B 0.95 IN5294  0.42 2502166 195
AF127 0.65 BC174 0.09 B(548 0.10 BD379 0.45 BF199 0.14 BfW6 0.60 BUS00 2.25 (B 1.00 TIPA1A 0.45 IN5296  0.48 252314 0.80
AF139 040 | BCI77 045 | BCS49A 010 | BD4 065 | BF200 o040 | Brwe2 085 | BUSO8A 195 | O(84 1.50 41C 045 | 2NS298 060 | 25C2371 0.36
AFI1SO 060 | BCI78 045 | BCSSO 0.4 | BD434 065 | BF240 020 | BFX29 030 | BUS26 190 | 0CI39 1250 | TIP42C 047 | 2N5485 048 2509310 0.95
aF178 195 | BC1IB2 030 | BCS57 008 | BD43s 060 | BF241 015 | BFX84 o026 | Buso? 225 | OCI 450 | Tipa7 065 | 2NS496 095 } 25K 0.55
AF239 042 | BC1B2B 010 | BCSS8 0.0 | BD437  0.60 | BF245 030 | BFX8S 032 | BuY20 215 200 450 | g 0.65 | NS4l 1650 | 25K33 058
Asy27  oss | BC183 0.0 | BCs3/i0 o030 | BD438 075 | BF2s6lC 0.35 | BFxss 028 550 | TIPSO 065 | 2N5643 1650 | 35K88 095
asy77 150 | Bisat 009 | BCy3za 1950 | BDSI 09s | Br2s7 028 | BEYIE 138 1000 | e 060 1 254329 095
. o MB3756  2.50 | SAss90 275 | STkas7 795 | TA7609p 395 | TBASS0Q 1.95 | TDA1001 295 | TDA2581 295 | UPCIIBIM 1.25
Infegrufed c"(u“s MC1307P 1.00 | Steoie 795 | STKa39 795 | TA7611AP 2.95 | TBAS6OC 145 | TDAIOO3A 395 | TDA25B2 2.95 Cl1B2H 1.50
MCI310P 195 | SL917B 665 | STkasl 11350 | TA7626 250 IeAge;oo 145 | TDAI00SA 2.50 rron:zg 295 | upC118SH 3.95
MC1327 70 b ostidio 180 | STkae3  1nso | TAA3ina 350 | TBAS70 100 | TDAIOIO 215 DA2 6.50 | UPCII9IV 150
ANI03 250 | aN71asm 395 | Lazio2  vso | mCI327 095 | SU327 10 | STKOO1S 795 | TAAJwA 350 | TBAGSIR 250 | TDAI00S 225 | TDA2610 250 | UPCI3S0C 2.95
ANI24 250 | AN7IS0  2.95 Ad140 295 | mciasip 1gs | sUi327a 10 | STRoo29  7.95 | TAA350A 195 | TBA673  1.95 | TDAI035 250 | TDA2611A 1.95 [ UPCI3SIC 2.45
AN2I4 250 | ANTIST 250 4031P 195 | MC1352p 100 | SN7a14  vSo | STkoo39 7.8 | TAAS5eB 0.95 | TBA750 195 | TDA 195 | TDA2640 350 | UPCI360 295
AN2140 250 | BAS2) 150 | LAadC 350 | MC1357 235 | SN7421  0.85 | TA7061AP 150 | TAA 195 | TBA750Q 265 | TDAIG4s 215 | TDA26SS 450 | UPC1365C 3.95
AN236 195 | ca13s2 175 | (Asa20 350 | mC13s8  1se | SN7slion 089 | TA7072 265 | Tams21 395 | TBABOO 089 | TDAII70 195 | TDA26B0A 275 | LPC2002H 1.95
AN239 250 | CA3ose o046 | 1asa22 150 | mCiaoe 17 | SN7s1isN 125 | TA7073 350 | Tamedus 295 | TBABIOAS 165 | TDA1ISO 215 [ TDA2690 245 | UPDZIIALC 250
AN240P 280 | CA3123f 195 | LA4430 250 | MC1723 050 | SN7613IN 1.30 | TA7108P 150 | TAA661B 195 | TBABIOP 165 | TDAIZ70Q 3.95 | TDA33I0 2.95 555 035
aN247 250 | CA313em 250 | (A4461 395 | mcass? 275 | SN76226DN2.95 | TA7I20P 145 | TAA7Ou 170 | TBABZ0M 075 | TDAI327 170 | TDA3SI0 3.50 ;gg gg‘o’
AN260 295 | CA3iaos 250 | (C720 325 | mc3401L 250 | SN76227N 105 | TA7129P 250 | TAA93n  3.95 | TBABZ0G 145 0A2002 095 | TDA360 395 | 3 bty
AN262 195 | CA3140T 135 | LC7130 350 | mC14104P 2.95 | SN76228N 2.95 | TA7I30P 150 | TBAI20AS/B/C TBAB0 250 | TDA2003 1.95 | TDA40S0 295 | ;.7 050
AN264 250 | ETT6016 250 | LC7131 S50 | mCi4518CP7.50 | SN76533N 1.65 | TA7137P  1.00 100 | TBA920 165 | TDAZ 195 | TDA400 250 | 748 038
AN271 350 | mATIa7w 195 | 1C7137 550 | mL231B 175 | SN76650N 1.5 | TA7I46P 150 | S BA950/2X 1.50 | TDA2020 2.95 | TDA9503 3.5 | 7p0g 0.50
AN3DT 295 | HALISew 150 | LM323k 495 | ML1232B  2.50 | SN76660N 0.90 | TA7I76AP 295 | TBA39S 150 IA990 149 | TDA2030 2.80 | TEAI0Y 135 | 7 0.50
ANJ03 350 | HAI306 150 | (m32aN 045 | mi239 295 | STKOII  7.95 | TA7193P  3.95 | TBA96  0.75 A990Q 149 | TDA2140 395 | UPCAIC 350 | 7 0.50
AN3I3 295 | HAI322 195 | M38BON 150 | MSM5807 875 | STKOIl4 795 | TA7203 295 | TBA44ON 2.55 (A270  2.50 IDA2150 250 | UPCS66H 295 | 7 0.50
AN315 295 | HAI339A 2.95 | (M3IBONB 2.95 SAAS00A 3.50 | STkOIS .95 | TA7204P 215 TBA4BCQ 1.95 (A2705Q 2.50 IDA2151 195 | UPCS75C2 1.50
AN316 395 | maldsew 275 | m383T 295 | saai025 725 | STkoiB  7.95 | TA7205aP 115 | TBASIC 250 | TCA650 250 | TDA2160 2.50 1.95
AN33 395 | Hala06 195 | (M39ON  3.50 | saai2s1 49s | STKO25 1195 | TA7208 195 | TBASICQ 250 (A760 250 | TDA2S24 1.95 | UPCI020H 295
AN342 2.95 HAL5S 295 | mI01 315 SAAS010 535 STKO32  2.95 TA7222AP 1.80 TBAS2C 110 (AB00 - 6.95 DA2530 1.95 UPCI024H 1.50
AN362L 250 | LA1201 o095 | MsISSL 295 | saasooo 575 | STKO78 119 | TA7227P 425 | TBAS20Q 110 AB30S 1.95 | TDA2532 195 | UPCI025H 1.95
AN612 215 | (A1230 195 | MS1513L 2.30 | SAB3210 3.50 | STKO8S  8.95 | TA7228P 1.95 BAS3C 100 | TCA900 250 | TDA2540 1.95 JPCI028H 1.95
AN6362 395 | LA3201 o095 | MSI521L 150 | Sasse0s 175 | STkals 795 | TA7310P 1.80 | TBASG 1.10 TCA940  1.65 | TDA: 215 JPCI0IH 0.95
AN7140  3.50 LA4101 095 | MB3I705 150 SASST0S  1.78 I STK43 7.9% TA7314P  2.95 TBAS40 128 TDA440 220 | TDA2560 1.1S 0.75
AN7145 350 mB3712 200 | SASS80 285 A7321P 225 | TBAS40Q 135 0A2576 450 | upCi167¢2 1.95
VIDEQ SPARES & HEADS Hitochi VT5000 2.95 | PYE7134LEAD 8BS0 | W select DloDEs
Please phone with your Hitachi VT8000 125 | PYE 713 5LEAD 8.50 f f o
I nodel r National Panasonic PYE 731/25 8.50 AA 0.10 BYX36- 150K
quotation szolasamo 2.95 RANK A774 6.35 £1.00 per valve g:: T MORO-ZO
ational Panasanic RANK AB23 6.95 § ] .
3HSSV far fergusWJV( 2750 | Nv2000B 375 RANK T20A 6.95 W £1.00 per ring A o.17 0.60
SHSSUIN for Notional 50 | Nationol Panasanic SIEMENS TVK78/ 695 4 0.0 (55.60C 0.30
3:';23%‘;"”'(;?;“ 1panosone | V777 275 | SIEMENS EUROPA 750 £1.00 per volve 0.15 X 175
NV777'33% 0L 3‘;” National Panasonic THORN 1500 5.45 ) A 0.30 Xé 0.1§
IHSSN/AHSS for Natianal ¥3doof 375 Y THORNjle00 245 Valve Hardware List ) P il
Ponasonic 29.50 Notional Ponosonic THORN 3500 7.95 SOCKETS 39A SKIRTED PCB 125 .75 E -
i i oo | nvrooo 275 | THORN 8000 6.95 RN 495 0.95 ~ 0.85 8.00
e T Notional Panosonic THORN 8500 715 175 S 0.95 ~ 0.75 18.50
SHSSUSN for Narional - | NvB600/8610/8620 375 | THORN 9000 8.50 a 2.50 2.50 295 | MRS 0.6
°';‘§;°T"( = oo | Sanvo VIC5000 150 | THORN 9600 8.50 A 250 0.50 2.95 MR 0.65
e e 35.00 | Sanyo VIC5300 175 | TVIISTICK 0.90 N 250 0.50 175 OA4) 0.15
3“55"”‘ or Natianal 5 | Sanvo vICS500 275 | viastick 125 A 15— 198 V2 030 | oa 0.10
e IS Sanyo VT(9300 375 | TvIBSTICK 110 A (HA 8.50 . BAW62 0.9 A 015
g"SSU‘” or Nationo Sanya VIC9300P 390 | 1v20STICK 1.0 2.65 - ; 035 3 00 0.10
anasonic ) 39.50 Sharp 6300 3.50 F M 2.95 = 0.65 X6 0.12 0.40
3HSSSF for Fisher/Fidelity 35.00 Sharp 7300 3.50 A 2.65 = 0.95 ~ 0.30 IN21 5.00
JHSSR for Amstrod/Saisho Sharp 8300 350 — — = o N P ~— 1 0.79 ING 2.95
Trimph 3500 | dhore 9300 350 | Puses SPECIAL OFFEER 0,65~ 010 N 495
PS3BS for Sony SLC5.6.7. efc 2 i 100 PER TYPE K 0,65 ; 3:50 3y oM | IN2IR 495
Sany (6 275 M N 13.95 - : '
35.00 | ooty 350 2MM Q/QB @ 0 06 each £4.50 P 0.95 R 015 INJIWE 295
PS3BT for Toshibo 3950 | oo 1o 295 | 100MA 200MA 250MA 500MA KIRTED PTFE ANT 4 PIN (4 25.00 s 045 | IN: 0.00
PS4825 for Sony 11(20/3c3e;c50 Sory SL3000B i ”Zx& ;?.‘:Amp 1 5Amp : 5o~ ALy ‘;zg ;.20 INaD 004
- n ’ 4 Sy ¥ F : 4 .63 I .
PSSB3SforSomy SLBT el Tomtive 7M. 350 | 2Ame25Amp 315Amp aamp o o by X 2600 T 035 | s 0.06
Philips V2000 ss00 | TOMba0 150 | sum s @015 each 1150 v 045~ 5K 35.00 el A ) I,
VIDEO BELT KITS €W T MULTIPLIERS T00MA 150MA 1 60MA 250MA B9A OCB THIN 0.9 " 0 w199 040 | INS4 012
Akoi VS9300/9500/9800 275 | UNIVERSALTRIPLER 545 | S00MA BOOMA 1.25Amp S 5 014 | IN54 014
Amsirad 7000/Saisho) DECCA 30 6.35 | 2Amp 3.15Amp SAmp p; al5h ,',i 100 0.33 N o2
Triumph 150 | DECCA 8O 6.95 X i 258 )-800 0.33 IN5406  0.13
Ferguson gV;g ’ 275 | DECCA 100 .95 25 inch Q/8 @ 0.06 POC"“ I R : it 090 | INS4 0.6
Ferguson 3V22/JV DECCA 120 6.95 - 4 - - 0 0.22 | INS4 0.16
HR3360/3660 295 | DECCA 1730 635 | 250MA S00MA 750MA 1Amp i 2652 aso 0oz | iMae oo
Ferguson 3V23/VC GEC 2040 5.45 1.5Amp 2Amp 3Amp TAmp PLUGS TOP CAPS = 0.50 0.15
?R7700 T 1.50 | GEC 2110 595 | 10Amp A gg; NOVAL 0.75 5400 1.25 0.10
erguson 3V29/Jv ITT V(19 635 2.
HR7200 275 | 11T CVC20025/30 635 | 1.25inch A/S @ 0.15 each B 0.65  EX-EQUIPMENT
Ferguson 3V31/VC ITT CVC 45 5.95 £10.00 : £ 15.00 ZENER DIODES
HR7650 275 | PHILIPS GB (550 6.95 | SOMA 60MA 100MA 150MA CANS X2508 M
IVC HR3330/3600 275 | PHILIPS G9 6.00 | 250MA S00MA 750MA 1.5Amp 8 0.35 K 10.00 es
Hitachi VT11/33 275 | PYE 697 6.50 | JAmp 4Amp SAmp 3 0.65  4CX P 5.00 0.15 0.20
INDUSTRIAL AND Please add £3 10741 45.00 | D9 110GH 45.00 200 75.00 | F21.130GR 75.00 | M GVR  175.00 | M28 131 45.00 | M 35.00
SPECIAL QUALITY o 3078Q 95.00 45.00 v 65.00 2 75.00 | M21 11w 5500 { M311B26v  45.00 | mM38 100w  $9.00
CATHODE RAY TUBES | per tube CMEB22W 700 | DI0.2300M  45.00 | I 55.00 08 7500 | M23.0126v 45.00 | M31184w  55.00 [ M40 120w $9.00
select I 29.50 | CME1523W 9.50 | D136 §9.00 | ECR3S 39.50 | M7 120W 1950 | mM24.121GH  55.00 | M31 190GR  45.00 | SESFP3 45.00
tock of 10,000 12 35.00 | CRE1400 29.50 36306H  $9.00 | F161016M 7500 | Mi41cocm  35.00] M2a.122wA  55.00 | M §5.00 75.00
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SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK  PRICE LIST
PRICELIST  SF CPRINGHEAD RD. GRAVESEND, KENT DA11 8HD

* o
A
A selection fromour | s |
stock of branded valves X
1714 2450 | EA 195 | E 090 9.00
7.50 1.50 015 | K 11.95
11.50 2.50 EF1B4 0.85 7.00
14.95 1.20 450 12.95
6.50 1.50 F732 aso | X
395 11.00 S¢ 15.00 5-40 45.00 4-1000A 425.00 | 6BwWe 5.35 L 195 20 .
33:3 \ 0.85 19.50 | KTwe 250 | QQVO2-6 19.50 4832 35.00 | eBW 1.50 sW4 195 Qe f;; ol H z;g.gg
27.50 2.50 25.00 | ! 250 | QQv03-10 5.50 4BQ7A 175 | 6BZ6 2.50 f 3.95 o | G e
1.50 | EBC4 1.95 EF806S  25.00 | ! 200 | QQVO03-IC 4BZ6 195 | 6 2.95 GX2N 1.00 SO A ok
24.00 (81 1.50 EFBI2 0.65 L 2.50 MULLARD 15.00 4028 25.00 604 1.95 6X4 1.50 pirk s
35.95 1.95 4 1.50 95.00 QQV03-20 25.00 145.00 05 2.50 6X567 1.00 o s e
495 195 | 3.50 | tS98 6.95 A 4 2 285.00 | 6C6 3.50 225 a5 250
8.50 095 EH9O 0.72 M508  195.00 27.50 [ 2.50 4.50 W Tas s
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Alvey management criticised — again

[ accounted for nearly 50% of the total of the | deficit at £942 millions.

The Public Accounts Committee, a par-
liamentary watchdog made up of back-bench
MPs which monitors how well Government
spends the taxpayers’ money, has heavily
criticised the management of the Alvey
Programme. In a report published in De-
cember the Committee says* that effective-
ness of the Alvey Programme may have been
hindered by an initial lack of technical and
clerical support staff, and that the absence of
information as to actual costs of projects
until the fourth year of the Programme
made sound financial planning impossible.
In addition, the Committee pointed to an
unsatisfactory “hands-off” management
style.

The first (and last!) Alvey Programme was
established in 1983 with three primary
objectives; to rectify a serious and de-
teriorating balance of trade in IT products
(then a deficit of £836 million), to improve
collaboration between academic institutions
and industry, and to target r&d spending
into areas where a return in investment in
r&d was likely. To realise these objectives,
the Government were to supply £200 mil-
lion and industry a further £150 million,

“Nearly 50% of the
Alvey contribution
came from just five
firms.”

According to the Report, the only objec-
tive actually realised was the bringing
together of academia and industry. This was
despite “severe delays” resulting from the
Alvey Directorate’s narrow view that its role
was to concentrate on contractual rela-
tionships between participants. In short, the
Committee complained that too little was
done by the Directorate, to assist potential
collaborators in exploring possible research
topics before the contractual stage.

As a result, the Report states that Alvey
became dominated by the large electronics
firms who regularly contract with Govern-
ment (i.e. those companies that were in a
position to be "in the know’). Thus, the top
five participating firms in the Programme
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428 ‘participations’, and the small firms, |

who were expected to exploit quickly the
results of the research (and to justify Alvey in
an economic series), were absent from many
projects.

The Committee was not convinced that
the other objectives of the Programme were
met. It withheld judgement on the technical
merits of the research, and its subsequent
exploitation, until the Government’s final
report on Alvey due in 1990, (although
readers will be aware of Rob Morland's
optimistic report in January's issue of Elec-
tronics & Wireless World), while in an
appendix, the Committee noted that the
latest trade figures put the current IT trade

In conclusion, the carefully phrased Re-

| port highlights several shortcomings of the

management of the Alvey Programme. It
also recognises that new ground had to be
broken, and that some of the errors made
were the cost of climbing up the inevitable
learning curve. However, the Committee
leaves the impression that if these lessons
are not applied to ESPRIT and other EEC
collaborative projects, the next report will
not be so measured or restrained.

* 51st Report from the Committee of Public
Accounts, The Alvey Programme of Adv-
anced Information Technology, HC 477,
£5.10, published by HMSO.

Moulded-on plug — no shocks, no surprises

Impoverished readers of Electronics and
Wireless World have no fear; Eric Forth,
Minister of State responsible for technology
and consumer affairs, has decided not to
force industry to fit moulded-on plugs on the
electronics equipment or domestic ap-
pliances you buy.

The issue arose on the floor of the House
before Christmas, when concerned MPs sug-
gested that the time was right for the UK to
fall in with the rest of Europe and ensure
that all electronic and domestic equipment
was sold with moulded-on plugs. This would
help the old and disabled, who have difficul-
ties in fitting plugs, to use their electrical
appliances in a safe manner. Safety was very
important, MPs added, because the UK is one
of the few countries that allows an unqual-
ified electrician to practice.

The Minister dismissed such concerns.
The Government was against compulsion
and regulation in principle, and felt that
making moulded-on plugs compulsory
would “give rise to problems, perhaps
among people on low incomes”. In addition,
the Minister pointed out, between 5% and
10% of the population still use round pin
plugs and the proposed change would discri-
minate against them.

In fact, the Minister’s argument makes

ELECTRONICS & WIRELESS WORLD

the safety argument more pressing. People
on low income are likely to purchase second
hand equipment and moulded plugs should
begin to identify outdated equipment; if 5%
to 10% of the population do have the old
round pin plugs, Government statistics
show that between 3 to 6 million people use
wiring daily that is at least 25 years old.
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City technology

colleges

City Technology Colleges (CTCs), one of
the Government’s brightest hopes in the
educational field, are in trouble. Despite
the technological bias in their curricu-
lum, and their popularity with parents,
CTCs have failed to succeed in the way
the Government had originally hoped.
The reason is simple; CTCs are proving
deeply unpopular with local education
authorities of all political persuasions,
with the result that private sponsors are
wary of making donations.

Supporters of CTCs point to the fact
that much private money (over £31
million pledged so far) is already in-
volved, and that any public funding (cur-
rently about £86 million) is additional
money that the Government has found
for the CTC initiative. Consequently, the
Government argues that the financial
impact of CTCs on education authorities
is minimal, that private sponsorship
brings in new money, that CTCs improve
parental choice, and that the institution
itself should help alleviate future tech-
nological skill shortages. Given all these
advantages, the Government naturaily
thinks that it is on toawinner.

However CTCs are independent of
education authorities. Thus, in an era of
falling school rolls, where rationalising
of schools and facilities is inevitable, the
establishment by Government of an extra
school in a locality can fundamentally
affect an authority’s long-term educa-
tional strategy. In addition, a CTC offer-
ing improved salaries and conditions,
pupils selected for their commitment,
supportive parents and modern equip-
ment, will attract the scarce skilled tech-
nical teachers away from the authority.
In short, many authorities believe that
the CTCs exacerbate existing problems,
and in one case, a conservative authority
(Trafford near Manchester), used these
arguments to refuse to convert an old
grammar school intoa CTC.

Several opposition MPs have been
quick to speak of bias. Max Madden, a
Labour Bradford MP, contrasted the Gov-
ernment’s intention to spend £8 million
on a selective CTC in Bradford, with the
cutting of £200,000 from the budget of
Bradiord’s Technical College by the con-
troversial Conservative Council. Paddy
Ashdown, for the Democrats, has com-
plained that the limit of £16 million
spent by the Government on three CTCs
compares badly with the total £6.8 mil-
lion available to all 845 schools in the
same catchment areas as the CTCs.

As a result, CTC sponsoring has be-
come a political act. Many private spon-
sors are worried that good intentions
could easily be misunderstood by the
local community. Several large com:
panies, tor example IBM, BP and ICi,
have preferred to keep their hands in
their pockets, and work instead through
existing education authorities.

Technical training — who pays

Producing trained electronics engineers is
expensive and the employer should foot a
large part of the bill. That, coupled with the
instinct to minimise the burden on the
taxpayer, is the essence of Government
policy towards technical training. As a result
of recent statements, the Parliamentary pace
has increased and the issue of ‘who pays” has
become part of a much wider political
debate.

This was obvious from the debates sur-
rounding the Queen’s Speech, when Gordon
Brown, a member of the shadow cabinet,
referred to an “investment gap” in training
and R&D. He said that if the UK spent the
same percenlage of national income as did
the French, it would have spent £4 000 more
per worker on training and research. In
Germany that sum would have been
£6 000; in Italy £7 000, and in Japan the
figure would be an additional £20 000 per
worker. Brown said that the “gap” has put
UK high-technology industries at a serious
disadvantage, and that “we end the 1980’s
with a training and skills position that is wel!
below our competitors.

Concern at the skills shortage is not
limited to one side of the House. In the
debates, Kenneth \Warren (the conservative
MP who is also chair of the Select (all party)
Committee investigating the information
technology industry), noted that a CBI sur-
vey in 1987 shows 15% of firms experiencing
a shortage of skilled staff and, despite the
obvious financial incentives, one quarter of
engineering courses are not taken up. By
1992, Warren remarked, the Japanese will
have seven times as many qualified en-
gineering graduates as the UK

The Government’s policy derives from its
primary concern that re-training should
maximise the number of jobs. Chancellor
Nigel Lawson said in Washington in 1984

that Western Economies “should not be
seduced by the wonders of high tech”, as
most of the jobs of the future will be “so
much low-tech and no-tech” (i.e. labour-
intensive services). Thus industry, the Gov-
ernment argues, has an important role in
providing the basic training (schools, YTS
etc.), and this leaves employers working
within a free market environment to make
business decisions to determine the adv
anced training needs of their staff. This
policy objective allowed the Government to
tell MPs that “it is primarily the responsibil
ity of employers to meet their skill needs”.

An exchange between two MPs from the
high-tech town of Bristol. Dawn Primarolo
(Lab) and Robert Haywood (Con), brought
the different views into sharp focus. Primar-
olo commented that in Bristol there is a
shortage of highly trained staff, and com
plained that the Government's training
program tells people “how to clean and
emply shelves”, and not much else.
Haywood, by contrast, defended the Govern-
ment position, saying that it was the respon-
sibility of management to train more and
that “industry has the profits necessary to
afford such training”.

Thus technical training is part of the free
market approach. The opposition parties say
that this is nonsense, and public support for
technical training is a worthy investment in
the future wealth of the nation. In reply, the
Government maintains that it has created
the climate in which business can succeed
and part of the price of that success 1s
planning for the future market place. This in
turn means private investment to train their
staff in the skills for the future. Roughly
translated; the employers get the bill
Notes on the House is written by Chris
Pounder.

Civil Servants and tape recorders

Nigel Lawson’s problems with faulty tape
recorders and a dozen journalists misre-
porting statements which were not ‘mis-
spoken’ have worried MPs. They are
concerned, as always, about whether

Of course he knows how to use it —
he had lessons from Nixon.
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Civil Servants are being properly trained,
anxious that such things should not
happen again.

So questions on seemingly trivial
issues were thick on the ground. Do Civil
Servants recognise when tape recorders
need servicing? Are training schemes
available to assist Treasury Officials press
the correct buttons? Who makes these
unreliable machines? How many times
have these machines failed to work be-
fore, or have tapes been lost?

As is the tradition with written ques-
tions, they must be factually answered.
Even though there “are no records on the
performance of tape recorders at brief-
ings of journalists in 11 Downing Street”,
perhaps the answer lies in following the
Government’s market philosophy - the
poorer hacks rely on public provision
while lobby correspondents are advised
to bring their own.
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LQ800 (80 col) £439(a) 1451 Med Res £225(a) KX1201G green screen £90 (a)
LQ1000 £589 (a) 1441 Hi Res £365 (a) KX1203A amber screen £95(a)
TAXAN FrapiniBloahin? Reril o MICROVITEC 14° RGB/PAL Audio PHILIPS 12' HI-RES
KP815 (160 cps) £249(a) £28 (d) 1431AP Std Res £199(a) BM7502 green screen £75 (a)
KP915 (180 cps £369 (a) and GLP (88C only 1451AP Std Res £259(a)  BM7522 amber screen £79 (a)
PLOTTERS All above momitors available n plashc or 8501 RGB Std Res £139(a)
JUKI) Hitachi 672 £459 (a) metal case
6100 (Daisy Whee! £259(a) Graphics Workstation ACCESSORIES
{A3 Plotter £599 (a) TAXAN SUPERVISION §i Microvitec Swivel Base £20(c)
NATIONAL PANASONIC Plotmate A4SM £450 (a) 12" - Hi Res with amber/green option: Taxan Mono Swivel Base with
KX P1080 (80 col) £149(a) IBM compatible £279(a) 1ock £22 (c)
Taxan Supervision | £319(a) Philips Swivel Base £14 (c)
PRINTER ACCESSORIES MTSUBISH Meromee £3.50 (@)
We hold a wide range of printer attachments (sheet feeders tractor feeds etc XC1404 14" Med Res RGB. IBM & BBC Taxan €5 (d) Monochrome £3.50 (d)
in stock. Senal. parallel. IEEE and other interfaces also available. Ribbons compatible £€219(a)  Touchtec - 501 £239 (b)
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices
Plain Fantold Paper with extra fine perforation (Clean Edge): UVERASERS
2000 sheets 9 5 X 11° £13(b) 2000 sheets 14.5" X 11" £18.50(b) g:f.-‘-tﬂ:?;’,’f;'{;f’;’-‘l.";"‘i;“"" mans ndcato EXT SERIAL/PARALLEL
d A 218" . it foc| void ac al exposure
Labels per 1000s Single Row 3,” X 1 7/16° £5.25(d) Triple Row 2-7/16" X 1 7/16 £5.00(d) 10 the harmiul UV rays Posu CONVERTERS
Itcanhandie up 10 Seproms ata ime withanaverage
MODEMS AT256 3 PORT SWITCHOVER erasing ime of aboul 20 mins £59 + €2 p&p. l\s/lams“po;veve? converers 48(c)
SERIAL INTERFACE UV1 as above but without ihe hmer €47 + £2 pap enalto Paralle (c
All modems carry a full BT approval 3 nputt oulpul or 1 nput3 output For Industnai Users we offer UV140 & UV141 era Parallelto Ser > £48 (c)
manual channel selection Input/ sers withhandhng capacity ol 14 eproms UV 141 ha: Bidirectional Converter £105 (b}
uiput baud rates, mdependentl builin th ofter full budtin s teature!
MIRACLE TECHNOLOGY WS Range sejleculaDl:7 b8 bt ool:evenm{)ne fv?d(;s‘;ﬂe:\/??‘h&:'p:"pzzs‘;‘ afely features
WS4000 V21/23 (Hayes Compatible B el
Intelligent. Auto Dial/Auto Answer £149(b) powered £375(b) Serial Test Cable Serial Mini Patch Box Serial Mini Test
WS3000 V21/23 Professlonal As WS4000 PB BUFFER Senal Cable swichable at both ends Allows an easy method Ic Moni i
and with BELL standards and battery back up Internal butter tor most Epson allowing pin options to be re-routed econfigure pin funct va4 v
for memory £245 (b) printers Easy to nstail inst inked ai ether end — mawing it possible withoul rewining the cabie ndicating status with dua
suppled 10 produce almost any cable assay Jumpers can be used our LEDs on S
WS3000 V22 Protessional As WS300 v21/23 PB128 128K £99(c) conhiguration on site and reused €22 (d) Grificant line nnects in
but with 1200 baud full duplex £450 (a) Avalabie as M/M or M/F £24.75 (d) Line £22.50 (d)
WS3000 V22 bis Professional As V22 and
2400 baud tull duplex £595 (a) CONNECTOR SYSTEMS
WS3022 V22 Professional As WS3000 but D AMPHENOL RIBBON CABLE
with only 1200/1200 £350 (a) I.D. CONNECTORS EDGE ~ CONNECTORS e, mete
WS3024 V22 Professional As WS3000 but Noof Viesser “hecte” Eage CONNECTORS pithee e Ny i < o
with only 2400/2400 £450 (b) 8. Fles) "o [Sona 2+ 6.way icommadore 3000 | 36 way ski Centromics 0an e B s
2.0 wa 150, er S50 C: 500 " e
WS2000 V21/V23 Manual Modem £95 (b) 2 ;;g: :gg; ;333 2412 b 2 ® 300 24 way DnugpIEE‘. s o: %-way 1209 6iway  280p
18w 140,
DATA Cable for WS series/PC or XT £10(d) }; ;ggg :ggg i‘?gz 22 _':: 2ngt 1rep 220; 4759“ i I»:E7§Ep .
DATATALK Comms Package 50 235 2000 3s0p BERD 330 % 1 so0p0c 500p DIL HEADERS
* It purchased with any of the above 2% 36 way 250p PCB Mtg Skt Ang Pin Solger
I “£70 () D CONNECTORS | . 4% 2600 4 way 700p 36 way 750p Ry 3: 129
22w p
. ; 2243w 398
;‘;gs;l"gh""ga'e Modem v21/v23 £75.(b) e o [ e “00p 5005 GENDER CHANGERS L o
x 50 way 600p - 5 way D type
) ) MALE 24pn 100p 150p
(Otter fimited to current stocks Angins 120 180 230 350 EURO CONNECTORS | Make 10 Mae co | 2o o [n
SOFTY 1I IDC 175 275 325 OIN 41612 Plug Skt Eoaar el bl
This low cost inleligent eprom programmer can program 2716. 2516, FEMALE I 2 X 32 way StPin 230p 27Sp Femaile 1 ale €10
2532 2732. and wilh an adaptor. 2564 and 2764 Displays 512 byte StPin 100 140 210 380 2x 2 way AngPin 275p 320p
page on Ty has a  senal and  par Ang Pins 160 210 275 440 3 % 32 way St Pin 260p 300p RS 232 JUMPERS ATTENTION
allel /O roulines Can be used as an emulator. casselie interface Solger g 30 195 290 3 x 32 way Ang Pin 375p 400p All prices in this double pege
Sony l £195.00(b) D¢ 195 325 375 I0C Skt A +B 400p 20 singie eng o ° ts.00 | advertisement are subject to
Adapror o :22:;0 StHoos 90 95 120 IDC Skt A +C 400p ;: Sing e end Femaie £5.25 change without notice.
S 0 B For2 X 32 way please spectty | 24 maremae ¢ 109 | ALL PRICES EXCLUDE VAT
spacing (A + B, A + C). 24" Male Female £9.50 Please add carmage 50p
PLEASE WRITE OR unless indicated as follows:
TELEPHONE FOR TEXTOOL ZIF MISC CONNS DIL SWITCHES {8) £8 (b) £2.50 (c) £1.50 (d)
SOCKETS 2400 €7.50 21 pin Scart Connector  200p 4-wa 90p b6-way 105p £1.00
CURRENT PRICES 2801 €9.10 40pn€12:10 8 pin Video Conneclor  200p 8 :a: 120p 10-way 150p
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RADIO COMMUNICATIONS

Cellular growth
problems

The extremely rapid expansion of
UK cellular radio since the intro-
duction of the Cellnet and Voda-
fone services in 1984, brought
about in part by aggressive and
sometimes misleading market-
ing by the competing retailers,
has resulted in a substantial
volume of complaints from users
that they are not receiving the
quality of service they had been
led to expect. According to a
survey by the Cellular Phone
Users’ Association., a pressure
group campaigning for improved
service and lower charges, prob-
lems can be experienced on up to
75% of calls, increasing costs to
users by hundreds of thousands
of pounds ayear.

Both Cellnet and Vodafone are
seeking to improve their services
by setting up additional base
stations, particularly in urban
areas, and by providing extra
channels to overcome conges-
tion. [ note. for example, that
Vodafone has recently installed
base-station antennas on the
roof of the IBA building in
Knightsbridge. Cellnet has some
400 active cells with a scheduled
50% annual increase. Neverthe-
less, the Users’ Association be-
lieves that with increasing con-
gestion the guality of service is
likely to get worse before it im-
proves.

For at least two years, business
users have been complaining of
what thev regard as excessive
costs involving the initial equip-

ment, installation charges.]

standing charges and connection
fees. in addition to the charges
for both completed calls and the
calls wasted when contact is lost.
R e G A TV RTI

Eavesdroppers

A few users of UHF/VHF mobile
radiophones, both network and
cellular, have become concerned
at the growing availability of
“scanning receivers”, some
covering frequencies up to over
1000MHz, that make it possible
for "radio freaks™ to intercept
private calls. In South London,
in a series of prosecutions, a
group of five enthusiasts have
been fined over £7000, plus
£10 000-worth of equipment for-
feited. for breaches of the Wire-
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less Telegraphy Acts.

According to a report in New
Statesman and Society “The case
against the South London five
began late in 1987 when radio
monitors working for the DTI
overheard group members ex-
changing details of ‘interesting’
frequencies by radio. For ten
months thereafter, relays of DTI
inspectors monitored and trans-
cribed every word the five and
their friends spoke on the air. . .
Twenty officials had spied on the
five and their friends, sometimes
rising before 5 a.m. to do so.
Finally, in July 1988, 25 police
and DTI officers arrested the five
in a co-ordinated series of heavy-
handed raids.” It appears that in
this case, the over-zealous en-
thusiasts were monitoring the
mobile networks of Government
agencies, including MI-5, and
were initially suspected of being
“spies” or subversives.

In this connection, one cannot
help feeling that few of the half-
million users of “cordless” tele-
phones are made aware of the
risk of their calls being over-
heard by local radio listeners
not only those with receivers
covering 1.6 to 1.8MHz but also.
due to “image” reception, on
ordinary broadcast sets.

European EMC
Directive

The DTI continues to express
reservations about the draft of

the proposed European Com- |

munity Directive on Electro-
magnetic Compatibility (EMC)
and has been lobbying for further
changes after the UK abstained
from voting last October on the
Directive as presented at the In-
ternal Market Council meeting.
On present timescales the Direc-
tive is due to come into force on 1
January 1992, with a transitional
period in the event of non-
completion of the necessary
standards at the date of its imple-
mentation but with a deadline
limitedto 31 December 1992,

A point of some interest to the
radio communications industry
and to radio amateurs in particu-
lar is the interpretation of the
latest form of Article 2. Para-
graph 3 and Article 10 Paragraph
5: Radio Equipment.

Article 2 Paragraph 1 states
that the EC Directive will apply

|

| “toapparatus liable to cause elec- |

tromagnetic disturbance or *.c
performance of which is liable
to be affected by such disturh-
ance"- a comprehensive descrip-
tion covering virtually all radio
and electronic equipment. Para-
graph 3. however, states: "Radio
equipment used by radio
amateurs within the meaning of
Article 1, definition 53, of the
Radio Regulations in the Inter-
national Telecommunications
Convention, is excluded from the
scope of this Directive, unless
the apparatus is available com-
mercially.”

This would seem to have the
intention of excluding all home-
built amateur transmitters, but
apparently this is not the inter-
pretation put on it by the DTI.
They interpret it to imply that
the Directive will apply “to all
transmiltters and receivers
placed on the market and
brought into service, including
commercially availakle amateur
apparatus. The only exception to
this coverage is home-built
amateur apparatus (though our
interpretation is that the compo-
nent part of the kit-built equip-
ment would need to comply if on
offer commercially). In addition
most transmitters, but not re-
ceivers, will need to be type-
tested by an independent accred-
ited test-house. Only amateur
transmitter apparatus which is
commercially available will fall
outside this requirement.”

I hesitate to interpret the

DTI's “interpretation™ but, on
the face of it, the notes provided
by J.F.C. Ketchell of DTI's Radio
Investigation Service suggest
that virtually any home-built
transmitter would need to be
submitted for type-testing by an
accredited test-house. This
would inevitably be a costly pro-
cess that would make it uneco-
nomic to design and build a
one-off experimental transmit-
ter. This, surely, is not the inten-
tion of the EC Directive.
@ The 8th International Zurich
Symposium & Technical Exhibi-
tion on EMC is being held at
Zurich, March 7 to 9. With three
parallel streams the preliminary
programme lists no less than 120
papers, two tutorial lectures (on
March 6) and six Oper Meetings
of URSI Commission E (also on
March 6).

Morse at sea

[ The decision of the International
Maritime Organization to en-
dorse the recommendations of

| WARC-Mob 87 ("Radio Com-

munications”, E€WW, January

1988, page 93) and formally to

mandate the push-bhutton satel-

lite Global Maritime Distress and

Safety System (GMDSS), gra-

dually phasing out the hand-

morse distress service has been
widely hailed as marking the
beginning of the end of manual
morse for maritime communica-
tions. Over the past few vears,

BTl have been closing most of

| their 500kltlz coast stations,

some after almost 80 years of
service.

Even the Roval Navv, in
which, since the adoption of
RTTY, morse has continued to be
used as the main fallback proce-
dure for HF communications,
has been publicizing its “low-
speed diversity modem™ de-
veloped during the 1980s at the
Admiralty Research Establish-
ment at Portsdown in conjunc-
tion with Redifon. According to
an article "Farewell to
Morse. . .?" in DTE Spotlight,
June 1988, published by Defence
Technology Enterprises Ltd, the
technology of this patented mod-
em is available for licensing
through DTE.

This system is designed to
achieve reliable HF communica-
tions under adverse propagation
conditions and in the presence of
co-channel interference, using
seven-unit ASCII code with low
data rates, frequency and time
diversity in conjunction with an
intelligent detection and decod-
ing algorithm. The system was
described at the 1985 “HF Com-
[ munication Systems and Techni-
ques” conference (IEE Confer-
ence Publication No 245 "Com-
parison of 10bps modem with
man-read morse™). But the para-
lel signals occupy a full 3kHz
bandwidth compared with a few
tens of hertz for manual morse at
an equivalent transmission
speed. The objective is to elimin-
ate the need to train morse oper-
ators, accepting increased com-
plexity.

Radio Communications is writ-
ten by Pat Hawker.
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Component
Source

USA Mil Spec
Transformers, Power Supplies, Fans
Connectors, Capacitors,

Semiconductors

UK Mil Spec
RF Power, JANTX, Diodes, Resistors,
Lamps, Crystals, Electron Tubes
Relays, Circuit Breakers, Fuses.

COMPONENT SOURCE -~ THE ONE
STOP SOURCE FOR ALL MIL SPEC
ELECTRONICS

5 Brougham Road, Worthing,

West Sussex BN11 2NP.

Telephone:

National — Worthing (0903) 208560
International — 44 903 208560

Telex: 878500 Source G. Fax: (0903) 211705

ENTER 37 ON REPLY CARD

RS LANGREX kst
SUPPLIES LTD

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

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

All from major UK & USA manufacturers.

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

LANGREX SUPPLIESLTD

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

ENTER 120N REPLY CARD
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ADVANCED
ACTIVE AERIAL

ADVANCED ACTIVE AERIAL -

‘o L%

The aerial consists of an outdoor head unit with a control

and power unit and offers exceptional intermodulation

performances: SOIP +90dBm, TOIP +55dBm. For the

first time this permits full use of an active system around

the If and mf broadcast bands where products found are

only those radiated from transmitter sites

® General purpose professional reception 4kHz
30MHz.

e —10dB gain, field strength in volts/metre to 50 Ohms.

® Preselector and attenuators allow full dynamic range
to be realised on practical receivers and spectrum
analysers.

® Noise — 150dBm in 1Hz. Clipping 16 volts/metre. Also
50 volts/metre version

SURREY ELECTRONICS LTD,,

The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG.
Tel: 0483 275997

ENTER 14 ON REPLY CARD

PLUG-IN CARD FOR IBM PC
(OR AMSTRADS)

Capture pictures from video cameraor VTR
Comprehensive image processing software
Measurement

Histogram

Contrast stretching

Add/subtract pictures

Save pictures to disk.

Simultaneous storage of five pictures
Picture resolution 256 x 256

64 grey levels per pixel

PLUG-IN CARD AND SOFTWARE £850.00 + VAT

For tull specification consult the
IMAGE PROCESSING SPECIALISTS

* ok % % % % % % % % %

ELTIME VISION SYSTEMS

10/14 HALL ROAD, HEYBRIDGE, MALDON, ESSEX CM9 7LA.
Telephone: 0621 59500 Telex: 995548

ENTER 190N REPLY CARD
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Synchronizing the
digits

Russian broadcast engineers are
calling for co-ordinated efforts
by broadcasting organizations
and equipment manufacturers in
many countries to establish a
unified reference synchronizing
signal for use in future digital
television studio complexes. V.A.
Khleborodov (Gosteleradio) in a
paper “Signals for centralized
synchronization in digital televi-
sion” (OIRT's Radio and Televi-
sion 1988/4) points out that fol-
lowing the adoption of CCIR Re-
commendation 601 as a univer-
sal component-digital standard
and the introduction of digital
videotape recorders using this
12:4:4 standard, broadcasters are
now approaching the stage
where digital television com-
plexes are being planned.

Already. a variety of synchro-
nizing signals have been used or
proposed but Khleborodov
argues that the choice of a uni-
fied reference signal should be
made on the basis of broad-based
and comprehensive technical
and economic research.

The SMPTE experimental
digital studio assembled in San
Francisco in 1981 was synchro-
nized by means of conventional
“analogue” signals but SMPTE
has since proposed a universal
“component reference signal
(CRS)”" suitable not only for
digital but also for analogue-
component working, with one
luminance and two chromirfance
signals. This is seen by Khlebhor-
odov as “not without shortcom-
ings”.

Analogue synchronizing sig-
nals were used in the first oper-
ational digital television studio,
initially located in Rennes,
France. and since relocated in
Paris. For the experimental [TVA
digital studio at Thames Televi-
sion, a 4:2:2 video signal is fed
directly to the video sources or to
a special SPG which can be lock-
ed to the 4:2:2 signals. Khlebor-
odov considers that this method
would be uneconomical for ma-
jor studio complexes partly be-
cause of the expensive transmis-
sion links that would be needed
to transmit a full 4:2:2 digital
stream over the distances in-
volved.

The Russians have proposed to
CCIR (Doc. 11 (USSR) CCIR,
June, 1987) a “centralized digital
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synchronizing (CDS)” signal
based on a 3.375MHz clock sig-
nal although needing two
variants, one for 625/50 and the
other for 525/60 systems. This is
based on the premise that the
clock frequency should be lower
than the 27MHz clock frequency
of the parallel video interfaces in
order to facilitate distribution; it
should also occupy the greater
part of the line period to provide
high phase stability of the gener-
ated clock frequencies of 6.75,
13.5, 27 and 243MHz. The appli-
cability of the signal in analogue
TV complexes hinges on the need
to limit its bandwidth to 5 or
6MHz. It is claimed that an im-
portant advantage of the CDS
signal for the timing of video
sources is the simple realization
of digital delay circuits in the
decoder or coder: one IC with
64K memory can provide a delay
of almost one field period.

It is admitted that a possible
drawback is the need for two
variants for 625/50 and 525/60
systems with consequent small
differences between the respec-
tive coders and decoders. but it is
pointed out that this does not
rule out the possible use of a
rather different concept based on
a 2.25MHz clock which would
overcome this problem.

MASCAM digital
audio

Television Broadcast (April 1988,
E&WHW, page 409) drew atten-
tion to a digital stereo sound-in-
sync system for broadcast televi-
sion proposed by Russian en-
gineers at the A.S. Popov re-
search institute. This system re-
duced high-quality digital audio
channels to 192kbit/s by making
use of the Zwicker critical bands
of hearing described in “"Das Ohr
als Nachrichtenempfinger” {The
ear as a receiver of information)
by E. Zwicker and R. Feldtkeller,
published by S. Hirzel-Verlag
(Stuttgart., 1967). Zwicker
showed that there exist 24 audio
sub-bands within which the
most powerful component con-
ceals (masks) adjacent, less
powerful components. including
noise, making them impercepti-
ble to the ear.

These Zwicker critical bands
also form the basis of MASCAM
(Masking-pattern adapted sub-
band coding and multiplexing)

developed at the German broad-
cast research institute, IRT, and
used in conjunction with the
OFDM transmission system de-
veloped by CCETT (France) for
the European Broadcast Union's
demonstration of advanced digit-
al techniques for UHF satellite
sound broadcasting, at the
WARC-ORB88 Conference in
Geneva last September.

MASCAM reduces a high-
quality audio channel, sampled
at 32kHz, to 112kbit/s plus an
additional 24kbit/s for the trans-
mission of the associated scale
factors. Each complete stereo
channel, including ervor-
protection bits, is assembled as a
256kbit/s multiplexed digital
stream. In practice a number of
such stereo channels would be
further multiplexed for the
CCETT digital modulation sys-
tem for transmission via a satel-
lite operating in the 1 to 3GHz
range.

RDS pros and cons

The BBC will shortly extend the
services provided by the VHF/FM
RDS system to include an ex-
perimental traffic information
service based on five local sta-
tions: Bedfordshire; Kent; WM
(West Midlands); GLR (Greater
London Radio); and Essex Radio.
If the trials prove successful the
system will be adopted through-
out the BBC local radio network.
Any car radio equipped with an
RDS decoder. with its “traffic
button™ activated, will automati-
cally retune to receive any traffic
announcements made on the
local stations regardless of which
BBC FM station is being listened
to {see also page 284).

However, it was evident at a
recent IEE collogium “The RDS
system — its implementation and
use” that it is likely to be many
years before the full potential of
the RDS system is taken up by
listeners other than those with
top-of-the-range car radios. BBC
speakers stressed that they
would like to see RDS decoders
incorporated in most types of
domestic and portable receivers,
initially in high-quality tuners.
Undoubtedly a major problem
for battery powered portable re-
ceivers would be the extra power
consumption of integrated de-
coders. amounting to some 25 to
35mA continuously throughout
the period that RDS is in use.

Similarly, although RDS has
been adopted by 24 of the 46
existing ILR companies and has
already been implemented on 36
transmitters. there are still no
dynamic data links between the
studios and the encoders at the
transmitter sites. This limits the
service to Pl (programme identi-
fication), PS (programme service
name), AF (alternative frequency
lists) and, shortly ON (other net-
work). It would also be possible
to transmit CT (clock time) but
the motor industry is opposed to
implementation on the grounds
that most cars are already equip-
ped with a clock. The 1BA is
anxious that the motor industry
should voluntarily specify RDS
radios as standard equipment.

Theo Kamalski of Philips at
Eindhoven considered RDS from
the viewpoint of the receiver
manufacturers. While he stres-
sed that “RDS has the potential
to become very successful” he
drew attention to several prob-
lems arising from the EBU speci-
fication, which he urged should
be amended in some respects.
The main practical problem is
the occasional switching of re-
ceivers toan unwanted transmis-
sion due to multiple use of fre-
quencies by broadcasters and in-
adequate specification for adja-
cent programmes. He noted
there have also been some start-
up problems due to incompletely
equipped networks. incomplete
AF lists and wrong Pl codes. He
considers that the highest prior-
ity should be given to the prob-
lem of adjacent programme spe-
cification which the car-radio
maker cannot be expected to
solvealone.

RDS was introduced by TDF
throughout France in the au-
tumn of 1987 including a radio-
paging facility “Operateur” with
a capacity for 300 000 subscri-
bers. Some 300 encoders were
delivered by the Swedish firm
Teli Scandinavian. The pager
provides selective calling and
displays the telephone number
to be called. In practice there is
the problem that paging subscri-
bers expect the system to work
regardless of location and tend
not to recognise that the low-
level of RDS data modulation
presents severe reception prob-
lems inside modern buildings.

Radio Broadcast is written by Pat
Hawker.
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LOW COST PCB LAYOUT

O —~N ) Al
21730 SOFTWARE 2173
EASYTRAX is Powerful Affordable

Easy to use software tor laying out single
and mulu layer circuit boards.
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-—\_/—\J —_— N\
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Complete with Printer Output including
HP Laser plus a range of plotters
including Photo plotter, also includes a
large component Library. Works on most
MsDos Computers and supports a wide
range of Monitors.

JJAV. ELECTRONICS LTD, Unit 12A,
lleaton Street, Denton, Manchester M34 3RG.
Tel: 061-320 7210. Fax: 061-3350119.

UK Distributor for PROTEL. Advance System Centre tor
AMSTRAD. Main dealer for ROLLAND also dealer for
Brother, Oki Microline & Epson Plus VAT
ENTER 70N REPLY CARD
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Edicron, having over 3C years experience of
supplying electronic components and exporting to
some 40 countries worldwide, offers

@® High quality products

® The best prices

® Rapid delivery

@® Technical back-up

@® Comprehensive stocks

@® No minimum quantities
To find out more about what Edicron can offer you

or for details of any of the products shown
below — phone, fax, telex or write 1o us today
Redundant stocks also purchased.

iﬁ@:
(e | )
M fEd-lcron Limited v

9, Bethune Road, London NW10 6NJ
Tel: 01 961 2020
Telex: 265531 EDICRN G Fax: 01 961 2285 GRP 3

)
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FORTH INSTRUMENTATION
(COMPUTER

A powerful control computer based on the new Hitachi
6303Y and high level language Forth. 100mm x 72mm
30K bytes RAM. 16K dictionary RAM PROM. 236 bvtes
EEPROM. 16K Forth. You can attach 64 kev kevboard
LCD and I‘C bus peripherals. Built in are interrupts.
multitasking. time of day clock. watchdog timer. full
screen editor and symbholic assembler. 32 parallel and two
serial ports. Single power supply and low power 3mA
operational mode

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

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

Telephone 01-520 0442 Telex 262284 (quote MO775) Fax 01-509 3263
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THE NORTH'S LEADING USED TEST-EQUIPMENT DEALER
OSCILLOSCOPES SPECTRUM ANALYSERS
Fektronix 2445 4 Tra z 2 OMHZ 10 21GHz - N
MMz D/ T ¢ 8 oM
h ' . 00MH
25 5K
oM [ Sigr
ity OM! t Me
Bz 500W :
M M 110M
oM
-
SIGNAL GENERATORS RMS
Mz ON H OON -
M2 M M/FM v L
Ma OMHz MHz AMY iRz
e O 2GHz 86
QA' Mz A Power Meter 3 wan
" OMHZ 10 83MHz AM-F
Mg om0 SPECIAL OFFER ITEMS
LY OME ™M £ o
;:' N; . M Me .
MHZ 20Mb " o
GENERAL TEST EQUIPMENT
' Mu £40
s OMHz 12.4( £2
Wand, : M60 Leve! Me bie att 52C 2
F SMG
Syste P
X110 9 W. Dm Mont
M: Me
M Me AUDIO EQUIPMENT
Marcon TE 13194 p
Mz 1 dge yack st
Varce
" adiy i —
ALL PRICES PLUS VAT AND CARRIAGE
86 Bishopgate Street, Leeds LS1 4BB.
Tel: 0532 435649. Fax: (0532) 42681
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APPOINTMENTS

. DISPLAYED APPOINTMENTS VACAN'L: £27 per single col. centimetre (min. 3cm).
Advertisements LINE ADVERTISEMENTS (run on): £6.00 per line, minimum £48 prepayable).
(Please add on 15% V.A.T. for prepaid advertisements)
12 naOcOcneSZ$g 'I;Iepbtl’oual’ BOX NUMBERS: £15.00 extra. (Replies should be addressed to the Box Number in the
0 y advertisement, ¢ 0o Quadrant House, The Quadrant, Sutton, Surrey SM2 5A8S).
for Apr|| issue. PHONE: CHRISTOPHER TERO on 01-661 3033 (Direct Line).
£1eqztes and Postal Orders payable to REED BUSINESS PUBLISHING and crossed.

e

Test Engineers

Racal Detence Radar & Displays Limited is at the advantage. Applications from candidates with
forefront of detence electronics. and requires high. experience of the iesting and diagnostics of complex
calibre test engineers to maintain its market position electronic systems. or a relevant Forces background
into the 1990°s The main site is located at Chessington. will be particularly welcome.

Surrev. within easy reach of London and the southern Trainces without experience. but qualified to a
home counties. minimum of Technician Certificate in Electronics. or

As a member of our production test team. vou will Radar Maintenance Certiticate will also be considered.
gain a broad knowledge of our existing product and We offer an excellent benefits package. including
help tolaunch a new range of products. whilst working S weeks holidav. contributory Pension and Life
with the most sophisticated “state-ol-the-art” test Assurance Scheme. subsidised Restaurant and Sports
cquipment. Your work will involve the diagnosis of and Social Club
complex faults to component level. and at the higher Interested? Please write to Mary Mackay.
levels you will be involved in raising software Personnel Otficer, at the address below, giving career
programmes and overseeing projects from the history and current salary, or phone for an application
development laboratories into production form. Racal Defence Radar & Displays Ltd,

You should have a working knowledge of analogue 9 Davis Road, Chessington, Surrev KTY 1TB.
and digital circuitry. with software knowledge an Telephone: 01-397 5281 Ext. 2418,

World leaders in electronics

ALWAYS AHEAD

IN DESIGN, TEST & SERVICE
£10,000 - £30,000

With the most successful companies and consultancies - both large and small - throughout the UK: Offering first class salary/benefit packages - several include
company car - plus excellent career advancement opportunities.
Interest and experience in any of these fields:
DIGIiTAL SIGNAL PROCESSING; ADVANCED PROCESSOR ARCHITECTURES; IMAGE ANALYSIS; GRAPHICS / SPEECH PROCESSING; LASER /
FIBRE OPTICS; PARALLFL PROCESSORS: REAL-TIME CONTROL / C*l SYSTEMS; RADAR; SONAR; COMMUNICATIONS; OSI / X400 NETWORKS;
Al & IKB SYSTEMS; ANALOGUE & DIGITAL VLSI/ ASIC DESIGN; SIMULATION; MILLIMETRIC SYSTEMS; SOFTWARE - C, PASCAL, ADA, OCCAM,
68000 ASM, MODULA, UNIX / VMS; CAD TOOLS.
ECM offers confidential and professional guidance: we will listen to your requirements and identify opportunities to suit your plans.
Phone now for your FREE CASSETTE "Jobsearch Technology" and hear how ECM can help you to develop your career.
Call ECM on 0638 742244 - until 8.00 p.m. most evenings - or send your cv by FAX (0638 743066} or mal to:

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
THE MALTINGS, BURWELL, CAMBRIDGE, CB5 OHB.
TSRt ER R T s e
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N A T O Technicat
HEADQUARTERS ALLIED FORCES CENTRAL EUROPE Recruitment M“
Candidates are sought for the civilian post of: TEST ENGINEER Surrey

Fault find cellular telephones using

state of the art techniques 8K
PRINCIPAL TECHNICIAN
Fault finding and reparr of hi-tech digital

and RF equipment Three years

(MOblle Ca]ibration) experience including SMT work  €£13K
RF ENGINEER Varied | ti
Nato Grade B-6 Delau'::d design and devglr(;pm:rflaolons
at HQ. AFCENT, Brunssum, The Netherlands telephony. telecoms andradar ¢ 1317k
The successful candidate will have: . . I UL e i i —
- An MTS/Fachoberschule/A2/HNC/ONC-diploma, or equivalent. Design and developmentof il TE
. e . : . . ¥
- Thorough theoretical knowledge of electronics, including transistors, solid Drograms and test schedules. £12.16K
state device digital theory and data techniques. TEST ENGINEERS Hants
f . . . . . . Test and fault find microprocessor
- At least three years’ practical experience in major maintenance, regar, based PCB s and assemblies for
overhaul, modification and calibration of electronic and electncal B S e NC P T oK
ision measuring instruments. SENIOR/SERVICE
gre(f:. Sioncy i - gn l;ller | and standard test equipment ENSINEERS e
- ro ICIGnCY n: usl g g_e. a g a. q p ' Maintenance and service of computer
- supervising and direction of technical staft. l&r%ggg;;Bgu*;ggggaa;;glgoind
- experience in training statff. cE10-15K + car
- The incumbent must be prepared to travel and be away from base up to
80% of the working time. g e
. . . B oger Howard, L.teng, M.J.E.E., M.L.C.
Applicants who meet these requirements are invited to request an o ey T EGHISEAL B o
application form and further information from the Tel: 0344 489489 (24 hour)
CiVilian Pel’sonnel Section, tl; design urd c;m.struct a wide range
o specialise g [ ‘The
Headquartel’s AFCENT, Post Box 270, l)vpu_rllf:n(l'l(l;lIuI(rt;(l-:l(irlzi:::ulnllu;ll‘ch|n‘g
activities de av O L use
6440 AG BI’I.II’lSSI.Im, The Nethel’lands- 4:1' I}'\u'n:t ul(-rl.)e':'l'h:( :(\i:‘:l :“l:]dlldli.ll('
. - ) $ ave ad recognised
The completed application (with CV) must reach the Civilian Personnel Section no: later than :}l)pl'vntl:(\-.:hlp ;::d at least 2 yt:.!, of
6 Aprll 1989. varied  experience n o electronies
Knowledge of l‘ll‘lii(l') and [BM micro-
. H H H computers wol ¢ an advantage
Candidates may be expected to undergo a written test and interview. ' L e S RS
Application form aviulable from the

Personnel  Office. Umiversity of
Electronics workshop technician  Reading, Whitcknights, PO Box 217,
(Grade 5 required 1n Department of  Reading, RG6 2AH, telephone 107334
l’<ych--|ng.\,%'nwcrsrlv of Reading. 318751, Please quote Ref. T 01A.

A CAREER IN HI-FI ENGINEERING?

NAD Electronics Ltd, the world-renowned producer of specialist hi-fi
products is re-organising and expanding its Engineering Department As a
result a number of new posts. are being offered

RF Project Engineer

Service Engineer
£13.000-£16,000
You will be working on the design and development of state-of-the-art FM

Aged 26-40
and AM radio and TV tunars and all thewr associated circuiltry This will

A large international organisation is expanding 1ts equipment include FM demodulator, stereo decoder and frequency synthesiser design
together with microprocessar control of the whole system

Experience in RF cesign, up to at least 100MHz, 1s essential and some
experence n FM systems would be preferred Familianty  with

support activity and requires an additional Service Engineer to
work with a wide vartety of microprocessor-controlled electro-

mechanical equipment. microprocessor systems would also be useful

. . The candidate should be cualified to degree level and have three to four
Applicants should be qualified to TEC or ONC/HNC years relevant expenence He/she should be self-motivated and able to
standard in a mechanical or production related subject and should work with the minimum of supervision
have at least 5 years’ servicing experience on precision electro- A salary in excess of £20,000 1s on offer to the candidate who has the right

1. . mbination of experience. abilities and potential
mechanical equipment. Familianty with electronics  would Ul R Gt L

be a distinct advantage. The post is London-based (Holborn) senior Technician - Product

but there will be the possibility of occasional overseas

tamacl Evaluation and Quality Control

You will be testing and evaluating sample products from our factories around

) ) the world This will Involve operational, mechanical, electronic and listening

contributory pension scheme, free life assurance and staff tests on a varety of hi-fi roducts You will be responsible for helping to

restaurant. Salary will be determined by qualifications and martain NAD s reputation for Quality

A broad experience of Hi-Fi products and ther operation 1s essential

Expernience in product service would be very valuable

Applicants should write with full cv to: M.H. Boorman, Some electronics quahficazion (e g. ONC., HNC, TEC, HTEC) would be
preferred, but experience, enthusiasm and the "knack” to find the bugs that

17 Charterhouse Street, London ECIN 6RA. everyone else has m ssed are much more important Salary 1s likely to be in

the range of £12,000-£15 000. but there can be some flexibility for an

exceptional candidate

Further new posts may be created in the near luture Anyone with a

background in any aspect of electronic engineerng and who may be

Conditions of employment are excellent and include 2 non-

experience

co M Po N E N T s M A N AG E R interested in working with our engineering team is invited to get in touch
£ ] ol of d Please send CV to:-
f Chris Evans
| cording to expetierice Chief Engineer
Please write with CV to NAD Electronics Ltd.
COMMUNIQUE UK LTD Adastra House
7 O MUN’Q UE COMMUNICATIONS HOUSE 401-405 Nether Street
g PURLEY AVENUE London N3 1QG
LONDON NwW2 1SB or telephone 01-349-4034
Contact Mrs C_Webster 726 for further information.
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Wanted urgently
Practical people for the
Third World.

Many people want to help the Third World.

But relatively few can offer the kind of help
wanted most: the handing on of skills and

professions which lead to self-reliance.

You could make this priceless contribution
by working with VSO.

Current requests include:

Electronics Ultra-sound
Instructors (] Technician O

Studio Refrigeration/
Electronic Radio/

Engineer 0 TVEngineers OJ
Hospital Electrical Engineers
Electronics for instruction/
Engineers [ installation O
Lecturers in Maintenance

Power and and repair
Communication[] Technician O

For more details, please complete and return
to: Enquiries Unit, VSO, 317 Putney Bridge
Road, London, SW15 2PN. Tel. 01-780 1331.

Conditionsof work: e Paybasedonlocalrates ® Posts
are for a minimum of 2 years ® You should be
without dependants e Many employers will grant
leave of absence.

I'm interested. | have the following training/
experience:

32p S.A.E. appreciated.

L--l‘-----

THE SERVICES SOUND AND VISION CORPORATION
is a large, well-established organisation with a heavy
involvement in the electronic engineering industry. We are
currently seeking applicants with at least two years' detailed
practical experience in the repair and servicing of AVA, video or
television equipment and have vacancies inthe following areas:

OMAN -  AVA TECHNICIAN (Mobile)
WILTSHIRE/DORSET - VIDEO TECHNICIAN (Mobile)
NORTH YORKSHIRE - VIDEO TECHNICIAN/ENGINEER

{Mobile or Static)
BUCKINGHAMSHIRE - TELEVISION TECHNICIAN
(CHALFONT GROVE) - VIDEO ENGINEER/TECHNICIAN

Corporation vehicle provided for posts with mobile duties.

For an application form and further details, please contact:
Mrs. Anna Sive, Assistant Personnel Manager

S S V The Services Sound & Vision Corporation
L PO Box 903, Gerrards Cross, Bucks SL9 8TN

Telephone: 02407 - 4461 Extension 221

3 B\

N 4

RIVERSIDE HEALTH AUTHORITY

Charing Cross Hospital (Fulham)

ELECTRONICS TECHNICIAN (MPT IV)

For the Communication Aids Centre in the Speech Therapy
Department at Charing Cross Hospital.
The work includes the maintenance and development of
communication aids. Suitable applicant will have practical skills in
electronics and home computing experience would be an asset.
An ONC or equivalent qualification is essential.
Salary: £8,030 - £9.992 per annum inc. London Weighting.
We have excellent leisure facilities, creche and subsidised canteen.
For further information please contact the
Communication Aids Centre on 01-846 1057/8
For applicant’s pack phone
01-400 5550
(24 hour answering service)

Closing date: 6th March, 1989.

ARTICLES FOR SALE

IR  BILLINGTON VALVES

T T Soe . T TMERN AR AT T A
| When replying to classified |
| . |
| advertisement readers are ,
. - - I r to take st to protect !
Helping the Third World help itself. | eco.m.mended S RSLOIPIOTCTT
Charity no. 313757. I their interest before sending money. |
S D I D N e \. - ——— ————————_
TO MANUFACTURERS, WHOLESALERS,
BULK BUYERS, ETC.
HAVING DIFFICULTY OBTAINING AN LARGE QUANTITIES OF RADIO, TV AND
OBSOLETE VALVE/TRANSISTOR/IC? ELECTRONIC COMPONENTS FOR DISPOSAL
(or magnetron, Klystron, CRT, trav wave tube etc) SEMICONDUCTORS. all types. INTEGRATED CIRCUITS TRANSISTORS, DIODES
We specialise in obsolete types and stock all popular types at competitive RECTIFIERS. THYRISTORS. etc RESISTORS.C F.M F.W W. etc. CAPACITORS.
prices! All good quality brands. guaranteed by us. Special prices for orders SILVER MICA. POLYSTYRENE. C280. C296 DISC CERAMICS. PLATE CERAMICS etc
over £50. Official orders from gvt depts. military. PLCs, overseas etc welcome ELECTROLYTIC CONDENSERS. SPEAKERS. CONNECTING WIRE CABLES SCREENED
PHONE/FAX/TELEX FOR UP TO DATE PRICES ON YOUR WIRE SCREWS NUTS. CHOKES. TRANSFORMERS. etc ALL AT KNOCKOUT PRICES
Vaasiiec) RE?HREMENZS | Come and pay us a visit ALADDIN S CAVE
1sa-Barclaycard telephone orders welcome TELEPHONE- 445 0749/445 2713
WE WISH TO PURCHASE VALVES (esp EL34 KT66 KT88 PX4 PX25) R HENSON LTD
TRANSISTORS, I.Cs, PLUGS, SOCKETS, CONNECTORS 21 Lodge Lane. North Finchley. London N12
I possible send written list for offer by return ® mu;mes from Tally Ho Cov.ner) . o1t
Good quality -~ Low price — Rarities a speciality Micro-controlled frequency sweep generator with
39 Highlands Road, Sussex, RH13 5LS, UK. B-S weep o floftmgsgg Bfr%m i G SO
Callers welcome but by appointment only 50 Hz to 20KH plugged nto your GLARGIAL R
Phone: 0403 210729, Fax: 0403 40214. Telex: 87271 "50Hzto z
Ottice hours Mon-Fri 9am-5.30pm (+24 hr answerphone) . l‘.\lg :g %)Vc'gs"?’::f:r' |5 BuchrEtflgﬂgrR«i?IB?iag(\;Vood.
*Full listing details for easy A‘l l' | st Alba{\esl.el;'e‘r;'s‘.:u 3x4
modificatinns your own g
£115 includes: 40/80 544 disc [ s
VAT&P&P 721
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G.W.M. RADIO LTD

40/42 Portiand Road, Worthing, Sussex.
Tel: 0903 34897

Marcomi  equipment TF 23008
modulation meter am/fm 4-1200mhz
£275 TF modulation meter am/fm 5 5
1000mhz €175 TF 1064 am/fm
signal generator 68-185mhz  plus
450-470mhz checked £70 TF 2015
and TF 2171 siggen  and
synchromizer 10-520mhz am:fm sohd
state £575 TF 2016 and TF 2173
sig gen and synchromizer 10mhz to
120mhz am/fm solid state £575 Racal
850 Calibrators suitable for setting up
radio telephone equipment £28 All
prices include P&P and VAT
Ex.Govt receivers and AVO meters in
stock. Many bargains for callers

GOLLEDGE —
L {ELECTRONICS]

QUARTZ CRYSTALS OSCILLA-
TORS AND FILTERS of all types.
Large stocks of standard items. Spe-
cials supplied to order Personal and
export orders welcomed — SAE for lists
please. OEM  support thru: design
advice, protot\g(- quantities. produe-
tion schedules. Golledge Electronics,
Merriott. Somerset TALS 5NS. Tel:
0460 73718

Please
mention
Electronics
& Wireless
World
when
replying to
adverts

TEST EQUIPMENT
FOR SALE

contact:

COOKE INTERNATIONAL
Unit 4, Fordingbridge Site,
Main Road, Barnham,
Bognor Regis,

West Sussex PO22 0EB.
Tel: 0243 54 5111
Fax: 0243 54 2457

Wide range of items available
Send for lists

ARTICLES WANTED

WANTED

Test equipment, receivers, valves.
transmitters, components, cable
and electronic scrap and quantity

STEWART OF READING
110 WYKEHAM ROAD.
READING RG6 tPL
TEL.0734 68041
FAX: 0734 351696

Prompt service oo s TOP PRICES PAID FOR ALL
86 Bishopgate Street TYPES OF SURPLUS TEST
Leeds LS14BB. EQUIPMENT, COMPUTER
Tel: 0532 43554'9 EQUIPMENT, COMPONENTS
Fax: 0532 426881 ) etc. ANY QUANTITY.
SERVICES
MICROWAVE COUNTERS -
IMMACULATE
CONDITION!

TURN YOUR SURPLUS

ICs transistors etc into cash.
Immediate settlement. We also
welcome the opportunity to quote
for complete factory clearance
Contact
COLES, HARDING & Co
103 South Brink, Wisbech, Cambs.
Tel: 0945 584188 Fax: 0945 588844

« ESTABLISHEDOVER 15 YEARS « 692

CYBERSCAN INTERNATIONAL

2 01-866 3300, FAX: 01-429 0950
3 Eastcote View, Pinner,

Middlesex HAS 1AT.

PLATINUM., GOLD, SILVER
SCRAP. Melted assaved and pand for
within 21 hours relay cuntaets, thermo
couples, erucibles. Also printed circurt
boards, plugs, connecters, palladium.,
rhodium. tantalum and ruthenium. We
have the technology to do the difficult
reflining jobs that others can’t handle.
Totally free samphing service. Send
samples or ,)arcels (Regd posty or
contact Eric Henderson, 0773 570141,
Steinbeek Refineries (UK Ltd,
Peasehill Industrial Estate. Ripley.
Derbyshire DES5 3JG. No quantity too
large or =mall. 495

VALVES TRANSISTORS 1.Cs
WANTED also IC sockets, plugs. con
nectors, factory clearance ete. Valves
types PX4 P X25 K166 & KT8R espe
cally wanted. Billington Valves Sec
above

SUBSTANTIAL SUM OFFERED
for following WWII British military
radio nstallation manual:- W.0
Code No. 4237 Wireless Station No.
19 for Car 4x1 Light Reconnanssance
Humber Mk 3A, April 1944 ZA
reference nember unknown). Please
tel 058086366 evenings. 2

FOR MORE
INFORMATION

CALL.:
CHRIS TERO ON

661-3033

—CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW
To “Electronics & Wireless World" Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

@ Rate £6 PER LINE. Average six words per

line. Minimum £48 (prepayable).

@ Name and address to be included in charge if

used in advertisement

@ Box No. Allow two words plus £15.

@ Cheques, etc., payable to “Reed Business

Publishing™ and cross “& Co." 15% VAT to

be added

REMITTANCE VALUE

ENCLOSED

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION

NUMBER OF INSERTIONS
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ELECTRONICS
& WIRELESS WORLD

Index to Volume 94 (1988)

Abbreviations: AS, Applications Summary; CI, Circuit Ideas; II, Industry Insight

A and mu-law companding with digital signal
processors (AS), June 544

ACTS satellite, Dec. 1205

Advancedf.s.k. modemi.c., Feb. 199

Advanced television systems, see |1.d.tv

Aeronautical satcoms, Apr. 353, Aug. 780

Aether theory, see Perpetual motion

Air navigation, see Goniometer in. . .

A.l.us, see More efficient a.l.us (C1)

Alvey’s final phase, summary (I1), Dec. 1237

Amateur radio licence, DTI's officialese, Dec. 1248

Ampex’s D2 video recorders, May 437; comment
Apr. 323

Amplifier, 200W Class D (AS), Jan. 73

Amplifier, Broadband instrumentation, Sep. 937

Amplifier, programmable, wide dynamic range
(Cl1),Feb. 129

Amplifier, simple remote-controlled (Cl), July 649

Amplifiers, High-speed (AS). Dec. 1167

Amplitude from phase, see Phase from amplitude

A.m. broadcasting, What price? Mar. 296

A.m. broadcast radio, see also Quality in. . .

A.m. stereo, July 728, Sep. 936; letters Feb. 134,
Apr. 415, Oct. 984

Analogue circuits for automotive uses, Sep. 915

Analogue delay using 12-bit a-to-d (Cl), July 648

Analogue i/o for PC compatibles (AS), May 456

Analogue-to-digital converters, Interfacing (AS),
Jan. 73

Antenna. Biggest in the universe, Mar. 270

Antenna. broadband fan dipole for h.f.. July 726

Antenna, combiner for cars, Feb. 204

Antenna, flat plate for d.b.s.. May 513

Antenna radials, buried or elevated? Aug. 832

APL, international programming language,
Feb. 136

Applications-specific integrated circuits, Feb. 198

Applications summary, Jan. 72; Feb. 113; Mar.
288; May 455; June 543; July 663; Sep. 871;
Oct. 959; Nov. 1105; Dec.1167

Ariane-4 rocket, July 698

Arithmetic logic units, see More efficient a.l.us

Armstrong, E.H. (Pioneers), letter Jan. 28

Artificial intelligence in silicon, May 469

Asic design centre, Motorola, Oct. 990

Asics, Feb. 198; see also Industry insight, June 585

Asics. VMEbus interface (11), Aug. 808

ASSERT competition, Mar.219,247: Apr. 364;
June 573; July 702; Sep. 918

Astra, Multi-MAC for, May 504

Astra’s PAL signals, Dec. 1205

Astra uplink, Apr. 354

Atomic fission, see Electromagnetically
induced. . .

Atoms in a benzene molecule, photograph,
Oct. 971

Atom-sized holes never forget, Dec. 1242

Audio engineering, see Science v. subjectivism. .

Audio noise reducer, 20dB (Cl). Nov. 1073

Audio oscillators using c-mos inverters. Feb. 187

Australian outback radio by satellite, Nov. 1142

Autocorrelation, see Linear systems and random
inputs

Automatic line matching using resistive couplers
(Cl), Mav 448

Automotive serial bus, Bosch (11), Aug. 816

Automotive uses, Analogue circuits for, Sep. 915

Autorepeat with delay, One-gate (Cl), May 449

Bach, iBM's Choral program. Dec. 1241

Balun, Isolating wideband, Aug. 767

Band 3 trunked radio goes live, Jan. 71

Bardeen, John, Mar. 273

BasicCAN (11), Aug, 818

Battery advance for cordless communication (11),
Apr. 397

322

Battery discharge manager, NiCd, see What shall
we doabout. . .
Battery failure, nickel-cadmium (letter),
Dec. 1188
BBC, digital sound for Hong Kong relay, Feb. 181
BBC External Services, change of name,
Nov. 1142
BBC frequency changes, see Frequency changes
BBC h.f. radio, Jan. 90, July 728; letter, Jan. 28
BBC-tv, New teletext computer, Jan. 32
BBC portable radio project, June 610
BBC World Service, sibilant distortion, (letter),
Jan. 28
BBC \ls\’orld Service, Tech Talk programme, May
44

Benzene molecule, photograph, Oct. 971

Beverage, Harold H., biography, July 728

Biological effects of radiation, Feb. 173, July 729,
Oct. 1037

Biosensors for diagnosis, Dec. 1186

Bit-slice, see Microcoding and bit-slice techniques

Black broadcasting, Feb. 206

Blood pressure sensor (AS), Feb. 113

Blowing a network (11), Apr. 399

Blumlein, A.D., Feb. 184

BNC connector, naming, (letters) Aug. 860

Bog standard (Research Notes), Sep. 930

Books, Jan. 8, 12; Feb. 110, 198; Mar. 255, 284,
303; Apr. 360; May 443, 485; June 550;
July 671; Aug. 750, 772; Sep. 869; Nov. 1066:
Dec. 1172

Boot, Dr Harry, May 486

Boron nitride semiconductors, see
Semiconductors

Bowers, John (obit.), Mar. 308

Brain, see Word-processing in the brain

Brattain, Walter (obit.), Jan. 97, 98; Pioneers,
Mar.273

Bridgewater, T.H., 80th birthday. Oct. 1035

British Electronics Week preview, May 514

Broadband instrumentation amplifier, Sep. 937

Broadcast radio, Quality ina.m., Feb. 188

Broadcast radio, h.f. audiences, Nov, 1142

Broadcasting, IEE summer school, July 646

Broadcasting satellites, seed.b.s.

Broadcasting, see Radio Broadcast; Television
Broadcast; and IBC 1988

Broadcasting, see also Single-sideband on h.f. -
but when?

Broadcasting, Whither UK radio? Apr. 415

Brown, George H. (obit.). Apr. 415

Bruch, Walter (Pioneers). Nov. 1101

Bubbles, see Spotting faulty memories, Feb. 172

Building for the future (comment), Nov. 1051

Building with atoms, May 452

Bus, evolving peripheral bus scene (11), Aug. 809

Bus, Fieldbus, the field narrows (11), Aug. 814

Bus proposals, War and Piece (11), Aug. 811

Bus, Single concept unifies three system buses
(1), Aug. 820

Bus systems (1), Aug. 793

Bus wars, cartoon (1), Aug. 811

Butterworth filters, see Fiiter design

C, see Input/output handling using C

C, see Interfacing and signal processing with C

Cable tv, licence to lose money? Sep. 932

Cable tv expands slowly, Nov. 1140

Cad/cam, job opportunities in, Jan. 99

Cadmium-mercury telluride transistors, Feb. 173

Calculus of Indications, see Aug. 769

Camera, c.c.d. studio camera. Dec. 1178; see also
Multi-standard h.d.tv. . .

CAN (11}, Aug. 818, 819

Cancer, Silent keys and, July 729

Candle flame, weightless, May 453

- CD factory inarecord shop, Apr. 417

Can hardware prices continue to fall? (11),
Dec. 1214

Capacitors, thermal shock in surface-mounting
(AS), Feb. 114

Car antenna, combiner, Feb. 204

Car theft protection system, see State machines
and reliability

Catt's anomaly (letters) Jan. 29, Feb. 134,
Mar. 245, Aug. 756, Oct. 983, Dec. 1188

Cavity magnetron, May 486

C.c.d. position sensor, Feb. 208

CD life span, Sep. 936
CD-rom, see Music database on CD-rom
CD sound effects library, May 505
CD test record, EBU, Sep. 936
CeBIT 88, June 569
Ceefax, New computer for BBC-tv, Jan. 32
Cellular radio, pan-European demonstrator,
Sep. 919
Cellular radio’s next phase (11), Apr. 380
Ceramic transformers, Aug. 752
Chebyshev filter, see Filter design
Chip-kit, Low-cost teaching package, May 435
Choral, expert system, Dec. 1241
Chu, Dr Paul, see Wu, Chu and superconductors
Circuit ideas, Jan. 63; Feb. 128; Mar. 240; Apr.
344; May 448; June 553; July 647; Aug. 767,
Sep. 864; Oct. 970; Nov. 1071; Dec. 1195
City fibre network, BT, Apr. 361
Clandestine radio, Feb. 206
Clarke, Arthur C. at 70, Mar. 307
Class D power amplifier, 200W (AS), Jan. 73
Closing the loop, Jan. 44
C-mos speech encryption (AS), Dec. 1167
Coaxial cable, see Piezoelectric coaxial cable
Collins, Arthur {obit), Apr. 415
Colour encoding, constant-luminance, May 513
Comment, Jan. 3; Feb. 107; Mar. 219; Apr. 323,
379; May 427; June 531, 587; July 635; Aug.
739, 795; Sep. 843; Oct. 947, 1003; Nov. 1051;
Dec. 1155
Communications, see Industry Insight, Apr. 377
Communications barometer (I1), Apr. 404
Companding (AS), see A and mu-law. . .
Competition, see ASSERT
Competitiveness of UK industry (11), Dec. 1211
Component or composite (comment). Apr. 323 |
Components, The future of leaded, Jan. 68 |
Component video for film storage, Feb. 203
Computable numbers, On, see Turing |
Computer reliability (in offices), AS, Dec. 1168 |
Computer viruses, Vaccination against, May 522 |
Computers, language and logic, letter, Nov. 1069
Conferences and exhibitions, see Events
Confessions of a frustrated inventor, Mar. 276:
letters, June 539, Oct. 984, Dec. 1188
Congquest of thought (letter) Feb. 135
Congquest of truth, Jan. 48
Constant-current stepping-motor drive (AS),
Sep. 871
Constant luminance colour tvencoding, May 513
Contact lubrication (AS), July 664
Controlier, Bosch automotive bus (11), Aug. 816
Control systems, PC-based, Mar. 231
Convolution — time-domain signal processing.
Feb. 109; Mar. 302; letter June 539
Cordless future, A {cordless telephones),
Dec. 1198, 1212
Cordless telephone receiver (AS), June 543
Cordless telephones, see also Cellular radio’s next
phase
Corrections: Moving coil head amplifiers,
Feb. 133; Enhancing IBM PCs, Feb. 136;
Programming p.l.ds. May 503; Introduction to
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d.s.p, Oct. 956, Piezoelectric coaxial cable,
Oct. 956; crossover filter (Cl), Nov. 1071

Correlation, see New technigue ino.t.d.r.; see also
Linear systems and random inputs

Cosmic time, Experiments with, Mar. 270

Cost-effective instrumentation control (11),
Dec. 1232

Coupling coefficient (letters) Jan. 28, Feb.134,
May 458

Cross-correlation, see Linear systemsand random
inputs

Crossover filter (C1}), July 650, correction
Nov. 1071

Crossover network, three-way, (C1) Jan. 63; letter,
July 681

Cryptography, “British intelligence in the Second
World War”, May 518

Cryptography, see also C-mos speech encryption
(AS)

Cryptology developments, Nov. 1135

Crystal oscillator circuits (AS), July 664

Crystal oscillator, Sensor (Cl), Jan. 66

CT-2, CT-3telephones, see Cordless. . .

Current-conveyor sine-wave oscillators, Mar. 282

Current-sensing, see Designing and using slotted
cores. . .

Current source and sink, Power (Ci), Mar. 240

Current transfer decay in optical couplers (AS),
Nov. 1105

Custom silicon, see June Industry Insight, 585

Custom silicon, The 1990 approach to (1),
June 588

Cut-out for a.c. supplies at waveform peak (Cl),
Aug. 768

Data acquisition for processor interfacing (AS),
May 455

Data communications, helicopter interference,
Apr. 354

Data communication techniques (11}, Apr. 388

Data Encryption Standard, Nov. 1135

Data relay satellite, Aug. 779

Data satcoms, Aeronautical, Apr. 353

Data storage, see Seven-per-cent rule

Datatrak, see L.f. navigation revival

D.b.s., Astraand TDF- 1. Oct. 968

D.b.s., BSB's uplink station, Feb. 181

D.b.s., D-MAC decoder chips, May 504

D.b.s., IBA test transmissions, Dec. 1207

D.b.s. in Japan, Dec. 1205

D.b.s., new front-end transistors for, Nov. 1140

D.b.s. receiver, Alba/STS, Dec. 1205

D.b.s., Scrambling for UK service, Dec. 1207

D.b.s., steerable flat plate antenna, May 513

DECT, Dec. 1199

Defence mechanisms (comment), June 531, letter
Aug. 755

Delay using 12-bit a-to-d converter, Analogue
(Ch), July 648

Demonstrating spectra and radiation, Oct. 1025

Dentist, identifving rotten teeth, Sep. 930

Dependent source theorem, Sep. 900

DES, see Data Encryption Standard:
Cryptography

Designing a high-speed modem, Apr. 325.
May 482

Designing and using slotted cores for current
sensing (AS), Nov. 1105

Designing 68030 into VME (l1), Aug. 804

Digital array processor, parallel computing,
June 626

Digital audio, four-bit, Sep. 932

Digital audio, Russian, Oct. 1035, Nov. 1142

Digital circuit design, see Aug. 769

Digital-delay echo (C1), Nov. 1072

Digitally-controlied high-Q notch filter with
memory (Cl), Dec. 1196

Digital multimeter, Self-calibrating, May 439

Digital opto-coupling for analogue signals (AS),
June 543

Digital paper. optical storage technology,
June 626

Digital routing networks in broadcasting,
Dec. 1248

Digital scope for £400? (11), Dec. 1220

Digital signal cleaner (Cl), Mar. 241

Digital signal processing, Introduction to,
Aug. 741

Digital signal processors, see also A and mu-law
companding (AS)

Digital sine wave synthesis (AS), Nov. 1106

Digliézlssound broadcasting, July 728, Dec. 1178,

Digital stereo, MSC, Feb. 206

Digital storage oscilloscope with 100Msample/s,

onaPC expansion card, Dec. 1194, 1218; for
£4007 (11), Dec. 1220

Digital tendency indicator (C1), July 648

Digital-to-analogue conversion step removal (Cl),
May 448

Digital volume control (CI), Mar. 241

Digitally-multiplexed telemetry link (CI),
June 553

Dimensional approach to a unified theory,
Sep. 882: letters, Nov. 1069

Disabled, [EE prize for helping, Feb. 209

Discs, denser, Mar. 270

Distribution, Increasing role int&m (1), Feb. 171

Distributor’s role, Asics (11), June 600

D-MAC decoder chips, May 504

D.m.m., Will your DMM cost as much to keep as it
does to buy? (11), Feb. 148

Doherty at u.h.f. {(modulation method), Jan. 90

Droitwich frequency changes, see Frequency
changes

D.s.p., Introduction to, Aug. 741

D.s.p., Log-linear conversion routines (AS),
Jan. 74

D.s.p. sine wave synthesis (AS), Nov. 1106

DTl officialese, Dec. 1248

Dual-channel television sound, see Nicam

Dual-port memory (Cl), May 449

Dual-wavelength time-domain reflectometer (I1),
Dec. 1238

EARN, European Academic Research Network,
Oct. 1031

E-beam technology (11}, June 590

Echo. digital-delay (Cl), Nov. 1072

Education (comment), see Words and pictures

Education, Engineering Council’s proposals
rejected by IEE, June 627

Education, OU’s “Space at work" video for schools,
Feb. 181

Education, see Lego Logo

Education, see Lost in thought

Education, see Open letter toa school leaver

Einstein and the ether, Mar. 238

Electricity supply, domestic hot water, Oct. 993

Electroluminescent panels (AS), Mar. 290

Electromagnetic theory (Ivor Catt’s tutorial
software), Oct. 998

Electromagnetically induced atomic fission,
Jan. 15; letters, Mar. 243, Apr. 332, June 542,
July 681, Oct. 982

Elec(t,‘r)omagnetism. disc and videa casette, May
4

Electromagnetic waves, see also Radiant century

Electronic cali switches (letter) Jan. 28

Electronic message handling (1), Apr. 386

Elements, new transuranic species, June 622

E.lf. submarine communications, Sep. 934

Eliptic filter design, May 444

E.m.c. and heart pacemakers, Jan. 71

E.m.c.. DTl radio lab’s annual report. Feb. 203

E.m.c., letter Jan.28

E.m.c.. test centres, Jan. 40, Sep. 934

E.m.c., Tighter regulations, Mar. 306, May 518

E.m.c., Universities EMC group, Jan. 92, Feb. 204

E.m.c., vehicles, June 620

E.m.i., IEE report on, Mar. 308

E.m.i. suppression (AS), Sep. 871

Employment, Open letter to a school leaver
(letter), Apr. 331

Engineering workstations (Il), Dec. 1222

Engineers and management (comment), May 427

Enhanced instruction-set processor, Nov. 1111

Enhanced logic probe (CI), Oct. 970

Enhanced pulse measurement using VXI-based
instruments (1), Dec. 1234

Enhancing IBM PCs, XTs and clones (correction),
Feb. 136

Environmental test summaries, IEC, Apr. 418

Eprom board, VMEbus, (CI), Feb. 129

Equivalence principle, June 623

Erasable CD, June 620

Ether, Einstein and the, Mar. 238

Eureka 95 - a world standard? Sep. 845; see also
IBC 1988

Even more switched-on Bach, Dec. 1241

Events. Mar. 236; Sep. 854, 881, 889,918

Evolving peripheral bus scene (I}, Aug. 809

Expert index searcher, May 522

Expert system for harmonizing chorale melodies,
Dec. 1241

Faraday, Michael, Aug. 825

Fast, flexible digital storage oscilloscope,
Dec. 1189

Fast Fourier transforms of sampled waveforms,

Nov. 1122
Fast Fourier technigues. see Spectrum analyser

using. . .

Fast logic probe, Sep. 867
Fast risc processor, see Risc
Fax transmission in PC background mode.

Apr. 361

Fear of flying (prototype chip design), (II)
une 60°
Feedback, Jan. 28: Feb. 134; Mar. 243; Apr. 331

May 457; June 539; July 681; Aug. 755;

Sep. 860: Oct. 982; Nov. 1067; Dec. 1188
Feedback (article by Joules Watt), May 476
Ferranti sells semiconductor business, Feb. 209
Fets, see Voltage controlled resistors (AS).

Nov. 1105
FFT, see Fast Fourier transform
Fibre blowing (11), Apr. 399
Fieldbus, the field narrows (11), Aug. 814
Fifth force — the evidence grows, Nov. 1137
Fifty years of computer science (Turing). letter,

Apr. 334
Film storage, see Component videofor. . .
Filter, Crossover (Cl), July 650, correction

Nov. 1071
Filter design. Butterworth low-pass filters with

equalization, Oct. 997
Filter design, Elliptic, May 444
Filter design using a microcomputer, July 652
Filter. see also Digitally-controlled high-Q notch

filter (CI)

Fiitering, see Kalman filtering
Fiitering, see Mains supply problems {AS) and

Computer reliability (AS)

Filter, programmable bandpass (AS), Mar. 288
Filter, Stop-band pilot (C!), Jan. 65

Filter tuning, Sensitivity-based. May 429
Finding linear network instability (AS), June 544
First VXI products emerge (11). Feb. 139.

Dec. 1225
Fission, Electromagnetically induced atomic,

Jan. 15
Flame, weightless, May 453
Flammable liquids, handling. Feb. 173
Flat-Earthers in US schools, Aug. 753
Flow-charts, letters, Apr. 331, May 460, June 541,

Nov. 1068
F.m. broadcasting, letter Sep. 860
FM guadrature i.c. works as a p.l.1. detector (CI).

Sep. 866
FMX taking off in the USA? May 520
Frequency addition/subtraction made simple (C!).

Nov. 1072
Frequency changes (Droitwich), letters, May 457,

June 541
Frequency measurement, Apr. 335; (CI) Apr.345
Frequency synthesizer with analogue phase

detector (AS), Mar.289
Fuel cells, see Methanol fuel cells
Futurebus, see [EEE 896
Future for UK Electronics? (1), Dec. 1211
Future of Futurebus (11}, Aug. 795
Future satellites, see Intelsat’s. . .

GaAs i.cs, resistors for, Feb. 173
GaAs front end transistor for d.b.s. reception,

Nov. 1140
GaAs-silicon hybrid chip, Oct. 994
GaAs space switch, June 570, 583
Gallium arsenide on silicon (11}, June 609
Games computers play (comment), Dec. 1155
Gamma rays and v.1.f. propagation. May 452
Gas flow measurement by ultrasonics,

see Aug. 775
Gate array design. In-house (11}, June 608
Gate array, Plessey ultra-high speed, Mar. 307
GC1iQ secure processor, Oct. 1031
GEC-Plessey Telecoms, Feb. 183
Geostationary orbit, full up? May 488
Geostationary orbits, 25 years of, Nov. 1126
Getting to grips with Asics (11), June 597
Glasses improve your hearing, letter, Jan. 29
Glitch filter, digital signal cleaner (Cl), Mar. 241
CI(;ssak;y, see Radio engineering terms in satellite

in
Goniometer ifi electronic air navigation. Mar. 220
Government data network, Aug. 773
GPIB, see |EEE 488
GPS receiver, July 697
GSM, see Pan-European cellular demonstration,

Sep. 919
Gyroscopes, see Relativity, Einstein and the ether
Hall-effect sensors, see Designing and using

slotted cores.

Hardware prices, can they continue to fall? (11}
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Dec. 1214

Harmonics and intermodulation in the long-
tailed pair, Feb. 190

HARP camera tube, Nov. 1140

I-l.d.]t\;gMar. 226,294, July 724, Sep. 845; Dec.
1

H.d.tv camera, see Multi-standard. . .

H.d.tv, HARP camera tube, Nov. 1140

H.d.tv, Prospects and politics, July 711

H.d.tv studio, July 710

H.d.tvwill be price-sensitive, Nov. 1140

Helicopter interference to datacomms, Apr. 354

H.f. amplifiers, see Inductive peaking circuits

H.f., beefing up, July 728

I I.f.;ievelopments (IEE conference report), July
644

H.f. ground-wave radars, Oct. 1033

H.f., new Voice of America. BBC transmitters,
Oct. 1033

H.f. receiver front ends, Mar. 296

H.f. revival, Apr. 414

H f. role changes, July 726

H.f.s.s.b. — but when? Dec. 1246

Hearing aids, Speech transposer for, Feb. 174

Hertz, Heinrich, Jan. 34, Nov. 1061

High-definition television, see H.d.tv

High-Q notch filter with memory (CI), see
Digitally controlled. . .

High-quality digital volume control (CI), Mar. 240

High-speed amplifiers (AS), Dec. 1167

High-temperature semiconductors, see
Semiconductors

Holes of atomic dimensions, Dec. 1242

1BC 1988, Dec. 1175

IEE prize for helping disabled, Feb. 209

IEEE microprocessor standards committee
projects (). Aug. 805 .

IEEE488 control using an IBM-compatible PC
(H1), Feb. 154

IEEE488-t0-Z80 interface, Sep. 852

IEEE896 bus. What is the (1), Aug. 800

IEEE896, The future of Futurebus (il), Aug. 795

Ignition, Multiple spark, Maif]434

lmage movement in stereophonic sound systems,
May 491

Image recognition, Liguid-crystal light
modulator (AS), Mar. 290

Improved limit detector (Cl), Dec. 1195

Improving stereophonic image sharpness. Jan.
18, May 491

Indicator, Digital tendency (Cl), July 648

Inductance synthesis (Cl), Aug. 767

Inductive peaking circuits, May 471

Inductor, see Reversing a “constant” current in

an. ..
Inductors, see Designing and using slotted
cores. . .
Industry review 1988 (11), Dec. 1209
Inflammable, see Flammable liquids
Injection-synchronized oscillators, May 520
Inmarsat, Jan. 97, Apr. 354, 400, Nov. 1095, 1128
Innovation for irrigation (comment), Jan.3
Input/output handling using C, Mar. 258
Input/output for PC compatibles, Analogue (AS),
May 456
Insat-IC, Jan. 57
Intelsat’s future satellites, Jan 23
Interference, see E.m.i.
lnte;gglional Broadcasting Convention, see IBC
1
Institute of Broadcast Sound, May 520
Insllél(x)?entation. Industry Insight, Feb. 137, Dec.

Instrumentation amplifier, Broadband. Sep. 937

Instrumentation amplifiers? — see Single op-amps
or...

Instrumentation, VXI bus and its impact (11), Feb.

Instrument control systems, PC-based. Mar. 231

lnstnément, Rapid repair and recalibration, Apr.
34

integrated circuits, Will future i.cs be metal? (11),
June 603

Integrated tendency, CAT (H). Feb. 161

Integrating space and ground navaids, July 697

intelligent power devices, Aug. 782

Intelsat's future satellites, Jan. 23

Intelsat traffic hand-over, Dec. 1205

Interface asics, VMEbus (11). Aug. 808

Interfacing and signal processing in C, Oct. 948

interfacing a-to-d converters (AS), Jan. 73

Interference, helicopter blades, Apr. 354

Interference. reducings.h.f. . ., Dec. 1248

Intermodulation in the long-tailed pair, Feb. 190
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International programming language, APL, Feb.
136

Interrupt generation (Cl), Aug. 767

lntrgguction tod.s.p., Aug. 741; correction Oct.
9!

Inventor, see Confessions of a frustrated inventor

Inventors, see Variations on a theme of patents

Vohandling using C, Mar. 258

Irrigation, see Innovation for. . .

ISDN, see Industry Insight, Apr. 377

ISDN, see also Telephone and terminal i.cs

ISDN, Toward, (1) Apr. 382, Aug. 774, Sep. 908

Isolating wideband balun (CI), Aug. 767

ITT satellite chips for BSB, Aug. 778

JET, Joint European Torus, July 730

Kalman filtering — noise-corrurted signal
processing. Nov. 1083

Kao, Charles K., Apr. 395, 406

Keyboard design, Sep. 910

Killer bees have had their chips, Oct. 994

Lans, see Industry Insight, April 377

Laser-beam chopper, Nov. 1109

Laser considerations (AS), Oct. 960

Laser frequency multiplication, Apr. 347

Laser links between satellites, Mar. 280

laser smps uses fast switch, Oct. 1008 (I1)

Laser soldering, June 626

Lasers, blue, Oct. 994

L.c.d., see Liquid crystal

Leaﬁtbigg on s.m.cs, soider problems (AS), Nov.

Leaded components, The future of, Jan. 68

Leetronex '88, July 661

Lego Logo, Nov. 1085

Letters to the editor, see Feedback

Level, see Tiltmeter, Mar. 264

L.f. navigation revival, Sep. 897

Light, squeezed, Oct. 993

Light modulator in image recognition, Liquid
crystal, (AS), Mar. 290

Light, see Thirty six nanoseconds faster than. . .

Lightning strikes, Oct. 1037

Limit detector, Improved (Cl), Dec. 1195

Linear array design manual (AS), Mar. 288

Linear network analysis with a PC, see Finding
linear network instability

Linear systems and random inputs, Apr. 356

Lirle rgatching using resistive couplers (Ci), May

4

Link budgets, Radio frequency, Jan. 10

Linn Smart Computing, see Rekursiv chip

Liquid crystal, Cheap displays on the way, May 453

Liquid-crystal light modulator in image
recognition (AS), Mar. 290

Liquid level, see Tank-level limit monitor for
battery operation

Log-linear conversion routines for d.s.p. (AS),
Jan. 74

Logic analyser speeds development, STEbus (11),
Aug. 806

Logic analyser, VMEbus (il), Aug. 812

Logic design. see State machines and reliability

Logic probe, Sep. 867, (CI) Oct. 970

Logo. see Lego Logo

Long-tailed pair, harmonics and intermodulation,
Feb. 190

Long-term R&D - who cares? (comment) Oct. 947

Lo%ss)x4ells for pie tea, Jan. 37; letters. May 457, July

Loudspeaker colour, May 453

Loudspeaker protection (Cl), Mar. 242

Low-frequency signal, interrupt generation (C).
Aug. 767

Lubrication, contact, July 664

M*VDS, Dec. 1249

MAC. and Astra, May 504

Magnetic heading sensor, Oct. 1023

Magneto-optical storage, June 626

Magnetostriction. New buzz for, Dec. 1241

Magnetron, Cavity, May 487

Magnets (Joules Watt), Nov. 1087

Mag‘\sl control interface, Proportional (C1), Mar.

Mains supply problems (AS), Oct. 960, Dec. 1168

Making waves (*Joules Watt”), July 699

Marecs comsat, Apr. 353

Marlget trends. Test and measurement (11), Feb.
150

Marx generator. see Aug. 748

Mast collapse, US, Sep. 932

Mast hazards, Dec. 1246

Matching networks, see Lossy ells for pie tea

Maxwell, James Clerk, Oct. 1040

MC88100 risc, Julv 637

Mealy and Moore models, see State machines
explained

Measuring by ultrasound, Aug. 775

Measuring 100 million degrees, July 730

Mechanical laser-beam chopper, Nov. 1109

Medical effects of power lines, see Biological
effects of radiation

Memories - dothey radiate? Dec. 1242

Memories, experimental ferroelectric. Sep. 929

Memories, faulty, Using bubbles to spot, Feb. 172

Memory, Dual-port (CI), May 449

Memory shortage, May 521

Mercury level, see Tiltmeter, Mar. 264

Mercury's Earth station, May 488

Message handling, see Electronic message
handling

Meteor-scatter propagation trials, Nov. 1135

Meteor-scatter, Short-range, Mar. 306

Methanol fuel cells, July 730

Micro channel: see PC bus performance

Microcoding and bit-slice techniques. Jan. 59,
Mar. 266, May 467

Microcomputer as transient analyser, Nov. 1076

Micu&controller development system, Soft, Mar.

Microprocessor, IEEE standards committee
projects (11), Aug. 805

Microprocessor, see also Rekursiv chip

Microprocessor, Viper, RSRE (11), Dec. 1209,
1211, 1226

Microprocessors, V-series, Mar. 256

Microscope. see Scanning tunnelling microscope

Microwave dish, UK’s highest, letter, Jan. 28

Microwave propagation, Oct. 1037, Nov. 1142

Microwave testing complex, HP and Ferranti,
Nov. 1116

Millimetre-wave satcoms, Personal, Mar. 279

MilILmetre-wave television broadcasting, Dec.
1249

Miniature broadcast receiver, Sony, June 615

Minimal but fast SCS| control using a p.1.d. (AS),
Oct. 959

MNP Class 6 protocol, Apr. 362

Mobile data communications, Apr. 400. Nov. 1117

Mobile radio, Sep. 897,919

Mobile radio planning bureau, see Network
planning service

Mobile radio, see A PLL for 900MHz, Dec.1156

Mobile radio, see also Stretching the spectrum

Mobile radio spectrum, Jan. 93, Apr. 414

Mobiles winv.h.f. argument, July 726

Modem, see Designing a high-speed modem

Modem i.c., Advancedf.s k., Feb. 199

Modem routines (AS), Feb. 113

Modular network analyser, July 706

Molecular Beam Epitaxy Centre, Apr. 411

Molecular wire, Aug. 753

Molecule, benzene, photograph, Oct. 971

Mood indigo, loudspeaker colour, May 452

More efficient a.l.us (CI), Oct. 970

Mosmarx voltage multiplier, Aug. 748

Motors, Reversible proportional control for smail
d.c.(Cl), Jan. 66

Moving coil head amplifiers (Self), correction,
Feb. 133; letters, Feb. 135, Apr. 333, June 541,
Aug. 755. Oct. 983

MPT1327 for Europe, Aug. 773

MSC digital stereo at 256kbit/s, Feb. 206

Multibus, the standard standard (I1), Aug. 797

Multimeters, Muiti-function (Fluke), Dec. 1160

Multiple-output power supplies, Mar. 234, {letter)
May 457

Multiple-spark ignition, May 434

Multiplexing, see Sequency-division multiplex

Multi-processor parallel computing, June 626

Mulitiprocessor systems, Jan. 42; Feb. 176; June
534; July 703; Sep. 875; Nov. 1052; Dec. 1190

Multi-standard h.d.tv camera, July 708

Music database on CD-rom, July 688

Music. expert system for harmonizing chorale
melodies, Dec. 1241

Music recognition, Optical, Nov. 1137

National Radio Science Colloquium, Oct. 1037

Naval radar, early (letter) Jan. 28

Navigation. see also Goniometer in electronic air
navigation

Navigation aids, see Integrating space and ground
navaids

Navigation revival, L.f., Sep. 897

Network analyser, modular, July 706

Networking for the nineties (11), Apr. 382

Networking, small-area (AS), Sep. 872

Network management through quality analysis,
Apr.342
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Network planning service, Jan. 87

Network response, see Phase from amplitude and
Amplitude from phase

Neural networks, Sep. 929

Neural simulation, letter, Apr. 331

New products, Jan. 78; Feb. 162, 193; Mar. 297,
Apr. 370; May 506; June 577; July 713; Aug.
786, Sep. 920; Oct. 971; Nov. 1129

New technique in o.t.d.r., May 496, June 557

Nicéag digital sound for television, Jan. 92, June

1

Nickel-cadmium battery failure, letter, Dec. 1188

Nickel-cadmium batteries, see What shall we do
about. . .

Nickel-cobalt battery, see battery advance. . .

Noise-corrupted signal processing, see Kalman
filtering

Noise reducer. 20dB (CI), Nov. 1073

Notes for potential authors, see Writing for
E&WW

Novel p.1.d. programming sequence generator
(CI), Sep. 865

Novel power supply needs sponsorship, Sep. 885

Nubus: see PC bus performance, Sep. 856

Numerically-controtled oscillators (AS), Jan. 72

Obituary: Ernst Ruska, Aug. 784; Harvey
Schwartz, Sep. 918

Object-oriented programming, see Enhanced-
instruction set processor

Obolensky circuit, see Thirty six nanoseconds
faster than light

Observer in science, The, Apr. 340; letters June
540, Aug. 755

Offigelay timer without auxiliary supply (Cl), Apr.

4

Office computers, reliability (AS), Dec. 1168

Ohm, Georg Simon, Dec. 1202

On computable numbers, see Turing

Op-amps or instrumentation amplifiers? Feb. 123;
letters Apr. 333

Open letter toa school leaver (letter), Apr. 331

Open Systems Interconnection, see 0S|

Operating systems, see 0S-9. . .

Optical cabling, see Progressin, . .

Optical catastrophe, fibre failure, Apr. 411

Op(t:\c;)l couplers, see Current transfer decay in. . .

Optical disc drive technology, New, June 569

Optical disc, erasable, June 620

Optical fibre, BT's city fibre network, Apr. 361

Optical fibres into homes, Jan. 92

Optical fibre: prognosis and economic impact (11).
Apr. 395

Optical music recognition, Nov. 1137

Optical plastics, Apr. 362

Optical position sensor, June 627

Optical shaft encoder with five-second resolution
(AS), Sep. 872

Optical space-Earth link, Dec. 1205

Optical storage media, new, June 626

Optical switch matrix, experimental, Ericsson,
July 673

Optical time-domain reflectometry, see New
technique in. . .; and Dual wavelength time-
domain reflectometer

Opto-coupled link, see Two-way opto-coupled link

Opto-coupling, see Digital opto-coupling for
analogue signals

Oscar-111, July 698

Oscillator, Sensor crystal oscillator (C1), Jan. 66

Oscillator design, 4GHz synthesized, Mar. 251

Oscillators, current-conveyor sine-wave, Mar. 282

Oscillators, injection-synchronized, May 520

Oscillators, see also Crystal oscillator circuits
(AS); Sinewave oscillators using c-mos
inverters; Remotely controlled RC oscillators

Oscillators, Microwave crystal, Apr. 410

Osciilators, Numerically-controlled (AS), Jan. 72

Oscilloscope architecture (I1), Feb. 156

Oscilloscope, see also Digital storage oscillosope

08I, see Easier access to international networks,
Oct. 1030

0S-9: winning the real-time race? (1), Dec. 1216

0.t.d.r,, see New technique in. . .; and Dual
wavelength time-domain reflectometer

Outside broadcast vehicle trends, July 724

Overload cut-out for a.c. supplies at waveform
peak (CI), Aug. 768

Packaging (semiconductor assembly), see Secure
packaging at home

Pan-European cellular demonstration, Sep. 919

Paper batteries, Apr. 410

Paréazl%el computing, digital array processor, June

Particle accelerator, Los Alamos. Sep. 930

Patents, see Variations on a theme of patents

Payphone monopoly abolished, July 674

PC-based instrument control systems, Mar. 231

PC-based test equipment (I1), Feb. 153

PC bus performance: Nubus vs microchannel:
Sep. 856

PC compatibles, Analogue i/o for {AS), May 456

PC, Custom i.c. design with a (I1). June 607

PC dso eases smps manufacture (11), Dec. 1218;
see also Digital storage oscilloscope

PCs as low-cost tools. see Cost-effective
instrumentation. . .

Peak-detecting data acquisition for processor
interfacing (AS), May 455

Peltier effect, see Thermoelectric temperature
controlier .

Peripheral bus scene (11), Aug. 809

Peripheral sharing (Cl), Jan. 64

Perpetual motion,letter, Oct. 984

Personal miilimetre-wave satcoms, Mar. 279

Phase from amplitude, June 547, July 721

Phase-locked loop, see p.1.l.

Phase shifter for single sideband (Cl), July 647

Philip Smith’s chart, see Smith Chart

Phobos, Tracking, Nov. 1128

Phonezones, see Cordless. . .

Pi, value of, Oct. 994

Picor, What happened to, June 620

Piezoelectric coaxial cable, Sep. 905; correction
Oct. 956

Piezoelectric polymers, Feb. 172°

Pilot fiiter, stop-band (CD), Jan. 65

Pioneer 10 spacecraft, Oct. 993

Pioneers: Armstrong (letter) Jan. 28; Zworykin

(letter) Jan. 29; Hertz, Jan. 34: Blumlein, Feb.
184; Shockley, Bardeen and Brattain, Mar. 273;
Kao, Apr. 406; Randall and Boot, May 486:
Siemens brothers, June 574; Strowger, July
677; Faraday, Aug. 825; Reeves, Sep. 873;
Maxwell, Oct. 1040; Bruch, Nav. 1101; Ohm,
Dec. 1202

Pirates, catching (letter) Jan. 30

Plastic chips are here, Dec. 1241

P.1.ds, see Programming p.].ds

P.l.ds, see also Using programmable logic

Pl 8% 5programming sequence generator (CI), Sep.

P.1.1. detector (Cl), Sep. 866

PLL for 900MHz, A, Dec. 1156

Position sensor, c.c.d.. Feb. 208

Potential, defining the unit of, Aug. 753

Power amplifier, 200W Class D, Jan. 73

Power current source and sink (C1), Mar. 240

Power devices, intelligent, Aug. 782

Power line disturbances (AS), Feb. 114

Power lines, Medical effects of, see Biological
effects. . .

Power supplies, see Industry Insight, Oct. 1001

Power supplies, see also Multiple-output. . .

Power supplies, present and future, Oct. 1004

Power supply needs sponsorship. Sep. 885

Power supply, 600W uninterruptible, Jan. 50

Power supply, see Mains supply problems (AS) and
Computer reliability (AS)

Power without wires, Apr. 414

Poynting the way, Feb. 115; letter, July 682

Pr%&igting the unpredictable (comment), Sep.

Pressure sensor, Blood pressure {AS) Feb. 113

Prime numbers, record-breaking, July 730

Printer simulator (C1), Mar. 242

Programmable amplifier with wide dynamic range |
(Cl), Feb. 129

Progrmmable bandpass filter (AS), Mar. 288

Programmable logic devices, seealso P.1.ds

Programmable pulse generator (C), Jan. 65

Programming p.l.ds, Jan. 4, Feb. 132, (correction) |
May 503

Progress in optical cabling (11), Apr. 392

Propagation, sporadic E, Oct. 1037

Proportional control for small d.c. motors,
Reversible, (CI), Jan. 66

Pro;;ortional mains control interface (CI), Mar.
241

Psychokinesis, Dec. 1242

Pulse generator, programmable {Cl), Jan. 65

Pulse measurement (VXI), see Enhanced pulse
measurement. . .

Pulse train generator (CI), Sep. 864

QNBFAM for v.h.f. mobiles, Oct. 1037

Quality in a.m. broadcast radio, Feb. 188; letters
Apr. 331, May 457

Radar, early naval (letter) Jan. 28
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Radar, h.f. Oct. 1033, 1037
Radials, see Antenna
Radiant century, A. (Heinrich Hertz), Nov. 1061
Radiation hazards. Apr. 415. July 729, Dec. 1246
Radiation, see also Demonstrating spectraand
radiation
Radioactivity levels in food and water, Apr. 417
Radio, see also Quality in a.m. broadcast radio
Radio astronomers, frequency sharing, Oct. 1037
Radio audiences on h.f., Nov. 1142
Radio broadcast, Jan. 90; Feb. 206; Mar. 296 Apr.
415; May 520; June 620; July 728; Aug. 882;
Sep. 936; Oct. 1033; Nov. 1142; Dec. 1246
Radio broadcasting, Digital, July 728, Dec. 1178
Radiocommunication through rock (letters), Jan.
30, May 458, Nov. 1067
Radio communications, Jan. 93; Feeb. 204; Mar.
306; Apr. 414; May 518; July 726; Aug. 827; Sep.
934; Oct. 1037; Nov. 1135; Dec. 1248
Radio data system, see RDS
Radio engineering terms in satellite links. Apr.
354, May 489, June 584, July 698
Radio frequency co-channe! interference and
modelling at 1-30GHz, Dec. 1248
Radio frequency heating, power supplies for (11),
Oct. 1013
Radio frequency link budgets, Jan. 10
Radi7o hearing aids, Speech transposer for, Feb.
174
Radio Show, back after 22 years, Apr. 417
Radio Society of Great Britain, see RSGB
Radiotelescope baseline in space. Aug. 779
Ramp generator, Precision digital (Cl), July 647
Randall, Sir John, May 486
Random inputs, see Linear systems and. . .
RDS. see alsq BBC portable receiver project
RDS in France, Nov. 1142
RDS, What is happening to RDS? Nov. 1096
Rez;)lsthoughts on the imaginary axis, letter Oct.
2
Real-time operating systems, see 0S-9: winning
the real-time race?
Receiver, see also BBC portable receiver project
Receiver, see Cordless telephone receiver (AS)
Rexeiver front ends, H.f.. Mar. 296
Recordings restored, Feb. 206
Reducing s.h.f. interference, Dec. 1248
Reeves, AlecH., Sep. 873
Regulator, step-up switching, Sep. 891
Regulator, Switching. low drop-out voitage (AS)
Jan. 74
Rekursiv chip, May 469, Nov. 1111
Redativity and engineering, letters. Mar. 243, May
459, June 542, July 682, Oct. 985, Nov. 1070
Relativity and gravitation, conference for
opponents of Einstein, Mar. 308
Relativity, Einstein and the ether, Mar. 238;
letters May 459, July 682, Aug. 756, Oct. 985,
Nov. 1070
Relativity. Einstein rules OK {Research Notes).
June 623
Relativity — joke or swindle? Feb. 126: letters, July
682, Oct. 985
Relativity, see also Thirty-six nanoseconds faster
than light, Dec. 1162
Relational analysis, letter Aug. 755
Reliability, office computers, Dec. 1168
Remote-controlled amplifier. Simple (Cl), July

9

Remotely-controlled RC oscillators, Oct. 987,
Nov. 1064

Repair and recalibration, instruments, Apr. 348

Research and development (comment), see Long
termR&D. . .

Research notes, Jan. 74; Feb. 172; March 268; Apr.
410; May 452; June 622; Aug. 752; Sep. 929;
Oct. 993; Nov. 1137; Dec. 1241

Resistors, surface-mounting (AS), Feb. 114

Resonant converters (AS), Oct. 960

Reversible proportional control for smalid.c.
motors (C1), Jan. 66

Reversing a*“constant” current in an inductor,
June 571

R.f. heating, Advances in solid-state power
supplies for, Oct. 1013

R.Li. test centre, see E.m.c.

R.f.i., see also Rusty bolts exonerated

R.f. power generator, 100W (Cl), Dec. 1195

R.f. testing, microwave, Nov. 1116

RGB to composite monochrome video converter
(CI), Feb. 130

Risc processor, see also MC681000; Second
generation risc processor

Risc processor (Am29000), May 503, July 689
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Risc processors (HP, Tektronix), June 627

Risc tutorial (AS), May 455

Robots (Research Notes), Jan. 76

Rosen, Dr Harold, Nov. 1126

Rotor blade interference, Apr. 354

Rou:tzeing network in broadcasting, digital, Dec.
1248

RSGB 75th anniversary, Sep. 9.

Rupert and his PALs (comment) Aug. 739; letter
Oct. 982

Rural radio projects, Aug. 827

Russian super television, June 622

Rusty bolts exonerated, Nov. 1138

Safety-critical computing, see Viper

Satcoms on the move, Nov. 1095

Satellites, see also Laser links between satellites

Satellite navigation trials, Jan. 58

Satellites, see Intelsat’s future. . .

Satellite systems, Jan. 57; Feb. 181; Mar. 279; Apr.
353; May 489; June 583; July 697; Aug. 779;
Sep. 903; Oct. 967; Nov. 1127; Dec. 1205

Satellite tv, ITT chips for BSB, Aug. 778

Satnav, Jan. 97; see also Integrating space and
ground navaids

School leaver. Open letter toa. Apr. 331, Sep. 860

Scanning tunnelling microscope, May 452, Oct.
971

Science v. subjectivism in audio engineering, July
692; letters, Sep. 860, Nov. 1067, Dec. 1189

SCSi, see Minimal but fast SCSI control using a
p.ld. (AS)

Second-generation risc processor (AMD), July 689

Secure packaging at home (I1), Dec. 1224

Selectivity, see Quality in a.m. broadcast radio

Self-calibrating digital multimeter, May 439

Self-repairing computer for space, Jan. 31

Semiconductor assembly, Dec. 1224

Semiconductors, Cadmium mercury telluride,
Feb.172

Ser;;ionductors. GaAs-silicon bybrid chip, Oct.

Semiconductors, High-temperature, Mar. 269,
June 622, Nov. 1137

Semiconductors, polyacetylene. Dec. 1241

Semi-custom linear array design manual (AS),
Mar. 288

Seminars and training courses, Sep. 889

Sensitivity-based filter tuning, May 429

Sensor crystal oscillator (Cl), Jan. 66

Sensor for blood pressure (AS), Feb. 113

Sensors, see also Biosensors for diagnosis

Sequency-division multiplex, July 659

SES, see Astra

Seven-per-cent rule, The, Apr. 350; letters, June
540, July 683

Shaft encoder with five-second resolution,
optical, (AS), Sep. 872

Shockley, William, Mar. 273

Short-range meteor-scatter, Mar. 306

Sibilant distortion (letter) Jan. 28

Sidebands, by “Mixer”, Oct. 1029, Nov. 1086

Siemens brothers, June 574

Signal cleaner, digital (Cl), Mar. 241

Signal processing, see Convolution; Kalman
filtering; Introduction to digital signal
processing; and D.s.p

Silicon carbide, sce Sem:conductors High
temperature

Sinzes-évave oscillators, Current-conveyor, Mar.

Sinewave oscillators using ¢c-mos inverters, Feb.
187; letter, July 683

Sine wave synthesis, Digital (AS), Nov. 1106

Single concept unifies three system buses (11),
Aug. 820

Single op-amps or instrumentation amplifiers?
Feb. 123; letters, Apr. 333, June 539

Single-sideband on h.f. — but when? Dec. 1246

Single sideband, Phase shifter for (Cl), July 647

Slotted cores (AS), see Designing and using. . .

Small-area networking (AS), Sep. 872

Smith chart, Aug. 759, Sep. 887 letter, Nov. 1069;
obit (P.H. Smith), Apr. 441

Soft microcontroller development system, Mar.
268

Solar cycle, Aug. 832

Solar power systems in spacecraft, Oct. 967

Solar radio, Unesco project setback, Sep. 936

Solar-terrestrial monitoring, Oct. 1037

Soldering, laser, June 626

Solid-state broadcast transmitters, Apr. 409

Sound effects library, CD, May 505

Sound-in-sync, stereo, Apr. 409

Source theorem, dependent Sep. 900

b

Epac:at work (OU video lecture), see

Education. . .

Space-Earth optical link, Dec. 1205

Space invaders (satellite environmental hazards),
Oct. 967

Spectra and radiation, see Demonstrati nf]. -

Spectrum analyser using fast Fourier techniques,
Dec. 1169

Speecsl; encryption, see C-mos speech encryption
(A

Speech therapy, Electronic, Sep. 929

Speech transposer for radio hearing aids, Feb. 174

SporadicE., Oct. 1037

Squeezed light, Oct. 993

S.s.b., see Single sideband

Standards, IEEE microprocessor committee
projects (11), Aug. 805

Standing waves, see V.s.w.r. enigma

State machines and reliability, Nov. 1108

State machines explained (AS), July 663

STEbus logic analyser speeds development (Ii),
Aug. 806

STEbus looks to the global market (11), Dec. 1228

Stepping-motor drive, constant-current (AS),
Sep. 871

Step-up switching regulator, Sep. 891

Stereophonic image sharpness, Improving, Jan.
18, May

Stereo, see alsn A.m. stereo; FMX taking off in
USA?

Stereo sound for television, Aug. 830; see also
Nicam

Stereo sound-in-sync, Apr. 409

Stretching the spectrum, June 613

String, cosmic, Aug. 752

Strowger, Aimon B., Pioneers, July 677

Stop-band pilot filter, Jan. 65

Subjectivism in audio engineering, see Science v.
subjectivism. . .

Superconducting dipoles, Sep. 934

Superconductive j-fets, Sep. 850

Superconductivity, Mar. 269, July 752

Su;lxlarscapnductor sandwich (new materials), Nov.

Superconductors, discovery of, see Wu, Chu and
superconductors

Superconductors, Government backing for
research, Apr. 418

Superconductors, Nobel prizewinners, Jan. 97

Sup:rconductors. Terabit transmission lines, Jan.
7

Submarine e.l.f. communications, Sep. 934
Surface mounted components, solder problems
(AS), Nov. 1105
Sutl‘face-mounting resistors, capacitors (AS), Feb.
14

Swanage Railway telecomms, July 673

Switching regulator, step-up, Sep. 891

Switching regulator with low drop-out voltage
(AS), Jan. 74

Switch-mode power supplies, see Resonant
coon)\lzerters (AS); and Industry Insight, October
1

System integration achievements and
opportunities {II), Dec. 1230
TACS in Japan, Jan. 71

Talking books for the blind, repairers wanted, Apr.

Tank level limit monitor for battery operation
(AS), May 456

Taxis, mobile datacomms for London, Nov. 1117

Teaching package, Chip-kit, May 435

Tech Talk on BBC, May 445

Teeth, see Dentist

Telecom pocketbook (Philips), July 673

Telecom ‘87 report, Jan. 70

Telecomms topics, Jan. 70; Feb. 183; Mar. 291,
Apr. 361; May 463; June 569; July 673; Aug.
773; Sep. 908; Oct. 1031; Nov. 1117

Telemetry, see Digitally multiplexed. . . (CI)

Telephone and terminal i.cs (AS), July 663

Telephony, Stop-band pilot filter (Cl), Jan. 65

Telepoint takeoff. Dec. 1212; see also Cordless. . .

Tel;éext. New teletext camputer for BBC-tv, Jan.

Teletext written off in USA? Mar. 294

Television, see also H.d.tv

Television broadcast, Jan. 92; Feb. 203; Mar. 294;
Apr. 409; May 513; June 618; July 724; Aug.
830; Sep. 932; Oct. 1035; Nov. 1140; Dec. 1249

Television camera, c.c.d. studio, Dec.1178; see
also Muiti-standard h.d.tvcamera

Television, mechanical (letter), Feb. 134

Television, millimetre-wave distribution, Dec.

1249
Television viewing habits, Nov. 1140
Temperature controller, see Thermo-electric. . .
Temperature, see Measuring 100 million degrees
Tendency indicator, Digital (CI). July 648
Test and measurement market trends (1), Feb.

Test equipment, PC-based (11), Feb. 153

Thermal shock in surface-mounting capacitors
(AS), Feb. 114

Thermionic displays, Oct. 1035

Thermo-electric temperature controller, July 687

Third World and technology, see Irrigation and
innovation

Thirty six nanoseconds faster than light, Dec.
1162

Thoughts for the future (comment), Mar. 219

Tiltmeter, Mar. 264

Time-domain signal processing, see Convolution

Time, Experiments with cosmic, Mar. 270

Timer, Off-delay, without auxiliary supply (CI),
Apr. 344

Tone decoder with noise-chatter immunity (Cl),
Nov. 1071

Toward ISDN, see ISDN

Transducers, ERA survey, June 627; see also
Sensors

Transformers, ceramic, August 752

Transformers, low flammability, Jan. 71

Transient analyser, see Microcomputer as. . .

Transmission lines, see Poynting the way; and
V.s.w.r. enigma, The

Transmitter efficiency, television, Dec. 1249

Transmitters, powerful solid-state, Apr. 409

Transputer, Self-repairing computer for space,
Jan.31

Transputer, miscellaneous news items, Jan. 98,
May 521

Transuranic elements, artificial, June 622

Trunked radio goes live, Band 3, Jan. 71

Truth, The conquest of, Jan. 48

Turing (letters) Apr. 334, Oct. 982

Two approaches to risc, July 637, 689

Two-way opto-coupled link, Oct. 963

Ultrasound, Measuring by, Aug. 775

Underground communciations, see Radio
communication through rock

Ung;ezd theory, adimensional approach toa, Sep.

Uninterruptibie power supply, 600 watt, Jan. 50

Uninterruptible power supply (1), Oct. 1011

Upgrading from 68000 to 68020/68881, July 665

U.p.s., see Uninterruptible. . .

Uranium, US battle tanks built of. . ., July 730

URSI, National Radio Science Colloguium, Oct.
1037

Using programmable logic, June 563

Van de Graaff generator, see Particle accelerator

Variations on a theme of patents, Mar. 263; letters
July 684, Oct. 983, 985

Vehicle e.m.c., June 620

Vehicle tracking, Sep. 897

Video real-time computers, Sony, Dec. 1177

Video converter, RGB to composite monochrome
(CI), Feb. 130

Video recorder, domestic, HD-MAC, Dec. 1176

Video recorders, Ampex D2, May 437; comment,
Apr. 323

Videotape format rivalries, Oct. 1035

Viper microprocessor (I1), Dec. 1209, 1211, 1227

Viruses, computer, May 522

Vision aid, Space-age. Sep. 929

V.Lf. propagation, May 452

V.ls.i. process summary, Alvey (11), Dec. 1237

VMEDbus eprom board (CI). Feb. 129

VMEDbus interface asics (I1), Aug. 808

VMEDbus logic analyser (11), Aug 812

VME, Designing 68030 into VME (i1), Aug. 804

Voice of America, new transmitters, Oct. 1033

Volt, defining the, Aug. 753

Voltage-controlled resistors (AS), Nov. 1105

V.s.w.r. enigma, The, Dec. 1185

VXi-based instruments, see aiso Enhanced pulse
measurement. . .

Vleus, an emerging industry standard (11), Feb.

44

VXIbus and its impact on instrumentation (11),
Feb. 140

VXI, l;irst products emerge (1), Feb. 139, Dec.
1225

Voltage multiplier, Mosmarx, Aug. 748

Vol?nme control, High quality digital (Cl), Mar.
40

V.42 protocol finalized. July 674
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Wagner, Debussy and electromagnetism (letters),
July 681, Sep. 862, Dec. 1188

Walsh functions, see Sequency-division multiplex

War and piece, bus proposals (11}, Aug. 811

WARC-Mob. '87, Jan. 93

Waveform distortion by switch-mode power
supplies, How to combat, Oct. 1016

Wave motion, see Making waves

Waves in an elastic medium, letter July 684

Weather satellites, Europe’s new, Jan. 58

Weightless candle-flame, May 453

What is the IEEE896 bus? Aug. 800

What shall we do about those batteries? Oct. 978

Wiener-Khintchine theorem, Apr. 356

Will your DMM cost more to keep than it does to
buy (11), Feb. 148

Wires plus switches equal digital circuits, Aug.

769; letters, Nov. 1069

Word-processing in the brain, June 623, letter
Oct. 963

Words and pictures (comment), Feb. 107; letter
Apr. 334

Workstations, Engineering (1), Dec. 1222

World-scale mobile data communications (I1),
Apr. 400

Writing for E&WW: notes for potential authors,
July 696

Wu, Chu and superconductors, Dec. 1165

X-ray flash photography, Oct. 993

X-ray lithography for semiconductors, Nov. 1138

X-400, see Electronic message handling

Ye:il'zcégthe viper, The (1), Dec. 1226, see also Dec.

280 bootstrapping and communications interface

{CH), Apr. 344

100W 4.5MHz r.f. power generastor (CI). Dec.
1195

29000, see Second-generation risc processor

36 nanoseconds, see Thirty six nanoseconds faster
than light

4GHz synthesized local oscillator design, Mar. 251

5V rail for telephone circuits (CI), Jan. 64

600W uninterruptible power supply, Jan. 50

68000, see also Upgrading from 68000 to 68020/
68881

68030, see Designing 68030 into VME

7% rule. see Seven-per-cent rule, The

8048 switch-reading and interrupt tips (C1), Mar.
241

88100 risc processor, see MC88100 risc
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R.F. EQUIPMENT MANUFACTURERS

TAYLOR

PERFORMANCE
& QUALITY

19" RACK MOUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATOR
PRICES FROM £214.13 (excluding VAT & carriage)

Prices CCIR/3 £21?.13
. CCIR/3-1 £273.67

[ 4

é
L

19" RACK MOUNT VHF/UHF

TELEVISION DEMODULATOR
PRICE AT CNLY £198.45 (excluding VAT & carriage)

<

‘.

[

CCIR/3 SPECIFICATION
240V 8 Watt (available other voltages

Power ‘equirement

Video nput IV Pk-Pk 75 Ohm

Audio nput 8V 600 Ohm

FM Sound Sub-Carrier 6MHz (available 55MHz]
Meduletion Negative

IF Vision 38.9MHz

IF Sounc 32.9MHz (available 33.4MHz)
Sound P-e-Empaasis 50us

Ripple on IF Sawv Filter 6dB
Output (any channel 47 860MHz) +6dBmV (2mV) 75 Ohm
Vision tc Sound Power Ratio 10 10
Equal or less than 60dB
40dB (80dB if fitted with TCFLI filter or
combined via TCFL4 Combiner/Leveller

Intermodulation
Spurions Harmanic Outout

CCIR/31 Specification as above but output level
60dBmV 1000mV [ntermodulation 54dB

WALLMOUNT DOUBLE SIDEBAND

TELEVISION MODULATOR
PRICES FROM ONLY £109.76 (excluding VAT & carriage)

Other Jptions available LF. Loop/Stereo Sound/Higher Power Qutput

CCTV Surveillance up to 100 TV channels
down one coax, telemetry camera contiol
signals, transmitted in the same coax in the
reverse direction

Alternetive Apmication:

8(2 DEMODULATOR SPECIFICATION

Frequency Ranae 45-290MHz, 470-860MHz

A FC. Control +/- 18 MHz

Video Jutput IV 75 Ohm

Audio Jutput 75V 600 Ohm unbalanced

Audio Monitor Dutput 4 Ohms
Tunable by internal preset
Available for PAL System | or BG

Options Channel selection via remote switching.
Crystal Controlled Tuner.
Stereo Sound.

CCIR/S MODULATOR SPECIFICATION

Power Raquirenent 240V

Video (nput 1V Pk-Pk 75 Ohms

Audio (r.put IV rms 30K Ohms Adjustable 4 to 1.2
Vision to Sound Power Ratio 10to 1

Output 6dBmV (2mV) 470-860MHz

Modulaton Negative

Audio Sub-Carr er 6MHz or $.5MHz

Frequency Stahlity 25 Deg temperature change 1S0KHz
Intermadulatior less than 60dB

Sound Pre-Empnasis 50us

Double Sidebard Modulator{unwanted sideband can be suppressed using TCFL4
Combiner/Levedler)

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulators

TCFL2 2 Charmel Filter/Combiner/Leveller. Insertion loss 3.5dB
TCFL4 4 Chamnel Filter/Combiner/Leveller. Insertion loss 3.5dB
Price< TSKO Enables up to 4 x TCFL4 or TCFL2 to be combined

CCIR/5-1 | Modulator £109.76

CCIR/5-2 2 Modulators £167.99 TAYLOR BROS (OLDHAM) LTD.
CCIR/5-3 3 Modulators £237.59 BISLEY STREET WORKS, LEE STREET,
CCIR/5-4 4 Modulators £307.19 OLDHAM, ENGLAND.

CCIR/5-5 5 Modulators £376.79 ENTER2 ON REPLY CARD TEL: 061-652 3221  TELEX: 669911  FAX: 061-626 1736



“OK, I’m curious. What is it?”

S3 is an Electronic Engineer’s Tool-kit. Since
1978, Softy 1 and Softy 2 have been used to
develop millions of pounds’ worth of new
products. S3 is Softy 3.

S3 could be the only programmer you will ever
need. S3 could also be the only development
system you will ever need. S3 is a set-of-
tools for designing, modifying and manu
facturing products which contain Micro
processors, EPROMS, EEPROMS,
RAMS, EPLDS — programmable
memory and logic of all kinds.

That is what you do for a living isn't it?
Or did they send you this magazine by mistake
instead of Practical Beekeeping?

“I think I have all the tools I need”

Engineers have discovered lately that they are
more productive in a windowing, multitasking
computer environment. The PC workstation is
now fashionable. Coffee-stained notebooks,
boxes of tangled wire and two-legged-transistors
are going out-of-style. Today you can sit down at
a computer keyboard and tackle everything from
design to documentation. At a keystroke you can
re-assemble your source-file, download to your
memory-emulator and run your program. The

“Unbelievably good, obviously
designed by working engineers for
working engineers”

prototype of your new product will work exactly
like the real thing, except that you can set break-
points, examine variables and stack, debug the
code and so forth. Logic Analysers, Storage
Scopes, lots of instruments these days have
RS232 or IEEE interfaces, and can be con-
trolled in another task-window, to provide insight
into what's going on. 83 fits in well, needing only
a single RS§232 port for complete remote control.
In short, if you value your time, isn’t it time you
bought yourself some proper equipment?

“I wonder — would I use it much?”

S3 is a small computer which uses PROMS for
storage like other computers use disks. A PROM
in the front panel socket can be loaded as a work-
ing program or as data. S3 can make this data-
memory externally available, taking the place of
any 25 or 27 series PROM in your prototype. If
the Flying Write Lead is connected to the
microprocessor’s write-line, it can emulate
RAM too, by providing the WRITE input miss-
ing from PROMS. This is a real advantage over
simple ROM-emulators, because variables and
stack can be inspected and the target system can
feedback data. Memory is permanent, in effect,

“I wouldn't dream of parting
with it”
because in standby mode only a tenth of a
milliamp is drawn from the battery. S3 is ready
for work next morning or next month — even if
you’re not.

h
\
o

You could poss-
ibly put together a
set-of-tools equival-
ent to 83, from several

other products on the
market and you might even

get them to work together.
But you could waste a lot of
time and spend a lot of money doing it. S3 is a
solution, ready-made, here-and-now and cheap
enough for engineers to have one each.

“Why should 1 spend hard-earned
cash?”

Presumably to help you make some more cash, a
little easier.

“What’s it like as a programmer?”

S3, as it comes, will program any 24/28 pin
EPROM/EEPROM that goes in the socket. Of
course, the manufacturers, bless their little
hearts, are always bringing out PROMS which
use new programming methods. But not-to-

“I'll bet you sell thousands of these”

worry, upgrading is usually a simple matter of
installing the latest software which takes only a
few seconds. We supply up grades at nominal
costina PROM — or you can get 'em FREE by
calling our Bulletin Board.

“It’s a bit of a risk. Does it work?”

Yes! Do be careful; other makers go on about
performance, yield, dire-consequences and
peace-of-mind to frighten you into buying their
big, expensive Prommers. Why not buy one of
these on approval and compare it with S3? The

“It beats the socks off the two ****s
we've got”’

PROM makers supply free data-sheets which
set-out the way to program their devices. You
can check voltages and signals with an oscillo-
scope. Speed comparisons — theirs, not ours

prove S3 to be faster. 14 secs to Program an Intel
27C256, 3 secs to Load or Verify. Compare fea-
tures, price, performance, decide which Prom-

mer you like best and send the other one
back.

“What are the odds I will like it?”

Better than 100 to 1. We know that because our
products have a 28 day money-back trial-period
and we get less than 1 in 100 back.

“Best bit of kit we've bought this
year”

ENTER3 ONREPLY CARD
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£495 buys S3,
a programmer

with knobs on

S R B e e S e 95
DISPLAY: 80 character Liquid Crystal Display.
KEYBOARD: 45 “real click keys™ — metal-domes with buttons.
PROGRAMS: 28/24 pin 25/27 series (E)JEPROMS to 512k.
EMULATES: 28/24 pin 25/27 series (E)EPROMS to 512k.
PROGRAM RAM: 8k bytes — program loads from socket.

| EMULATION RAM: 64k bytes of 100ns static CMOS RAM.

INTERFACE: Bidirectional remote control by seriat RS232
300, 600, 1200, 2400, 4800 or 9600 baud DB25
socket with CTS/DTR handshake. (Actually, S3
will recetve files at 9600,N,8,1 at full speed
without handshake).

SIZE: 7.3 x 4.4 x 1.8 ins. WEIGHT: 180z. approx.

BA RY: 8.4 volt 500ma/hr rechargeable nicad.

WORKLOAD: With malns-supply connected you can edit or

program contlnuously. A fully charged battery will

do several days’ work ¢.g.

EDIT for 45 hours.

EMULATE for 6 hours.

PROGRAM 1000 fast or 100 slow PROMS
or RETAIN program & data for several weeks.

CHARGING: 3 hrs on BOOST or 14 hrs on TRICKLE.
Charging ends when battery-temperature rises $°C.
You can use 83 when charging.

INCLUDES: Mains-Charger, ROM Emulator Lead, Flying Write
Lead and Help ROM.

S3 Editor/Assembler .........£195

Runs on IBM type PC/AT. Deveiopment Environment i.c. Two-

Window Editor, Very Fast Macro-Assembler, Linker, Loader, S3

Remote-Control Senal Interface. AVAILABLE IN UK ONLY.

Choose your micro from the following list:
05

1802 70 TMS32010
TMS320C15 TMS320C17 TMS32020 TMS320C25
F8/3870 COP400 COP440 HMCS400
64180 65C02 6502 65C812
65C816 6800 6801 301

6802 6803 6303 6804

6805 6809 6309 68HCI11
68000 68010 TMS7000 uPD7500A
uPD7500B wPD7800 uPD7806 uwPD7810
uPD7811 M740 77P20 8048

8039 8035 8051 8031

8080 8085 8086 8088
80188 80286 TMS9900 TMS9995

TS94110 z8

780
$3 Developer’s Package....... £195

Inside information for engineers wishing to change $3 and develop
their own a;glications. Environment as above, with 78C06 Assem-
bier, 83 BIOS calls and Circuit-Diagram.

EPROMS 32 or 40 pins... £75 each

Two moduies cover 1meg and 2meg 8 & 16 bit EPROMS.

8748/8749...................£125
XICOR 2212 ..................£45
EPLDS) L st e ol s o 8295

Handles Erasable P ble Logic Devices. Works with
PLPL and other manufacturer’s design software (mostly frec on
request) to provide complete development package. Receives,
translates, creates and transmits JEDEC files. Loads, bums and
copies:

22V10, 16R4, 16R6, 16R8, 16L8, 20G10, EP300, EP310,
EP320, EP600, EP900, EP910, 18CV8, 50C30, 50C31, 50C32,
-5r0C60, 60C90 from MMI, Awmel, Cypress, Altera, Gould, Intel,

exas, etc.

Quotations in italics are typical
unsolicited customers’ comments

28 days money-refund trial period
Guarantee — both parts & labour
3 yrs on 83, 1 yr on other hardware
UK customers please add VAT

DATAMAN

Lombard House, Cornwall Rd, TR0 ENGIVEERING
DORCHESTER, Dorset DT1 IRX

England

Phone .......... 0305 68066
Telex........... 418442 DATAMN G
Fax............ 0305 64997
Modem......... 0305 251786

V21, V22, V23, V22bis N 8 1 24hr



