These equations are true for any
two-conductor system where the
resistance of the conductors can be
neglected and the medium between the
conductors is well-behaved. These con-
ditions are met by tracks on a printed
circuit board for any track width which
can be manufactured. The step which
we have just described is a transverse
electromagnetic disturbance. Since the
equation relating current and voltage
on a transmission line is V = iZ, it
follows that the effect of a transmission
line on the driving circuit can be con-
sidered in terms of a resistance R = Z
connected in place of the line. This was
the procedure followed earlier in calcu-
lating the current drawn from the sup-
ply rail by a gate as it switches.

The impedance Z, depends on the
cross-sectional geometry of the con-
ductors employed and its calculation is
extremely difficult except for very
simple cases. It is, however, a relatively
slowly varying function of the geome-
try? (usually logarithmic) and therefore
this need not worry us too much. For a
track on a printed circuit board laid out
according to the design rules evolved in
this paper a value of Z, of around 150
can be assumed.

One key feature of a board of logic
which distinguishes it from most anal-

ogue systems is that there are a multi-
plicity of signal paths from various
points scattered about the board to
various other similar points. It is essen-
tial that each of these signal routes has
an adjacent return path. The simplest
way, conceptually, to achieve this is to
provide a ground plane on one side of
the board. In practice this is difficult
since it usually requires multi-layer
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construction, with the increased cost
and complexity which this entails, in
order to accommodate the signal inter-
connexions. With Schottky t.t.l. it is not
necessary to go to this extreme; all that
is required is a ground grid laid out so
that a signal line is never more than one
inch away from its return path.

Ground loops. It might be argued that
this scheme leads to ground loops
which, from our experience with anal-
ogue systems (e.g. audio equipment) are
to be avoided. The plain fact is though,
that on a logic board, ground loops are
of no importance. The reasons for this
are somewhat complex but it is prob-
ably useful to note one simple argum-
ent. In a high-gain amplifier, induction
of a few millivolts at the input due to
ground loop pickup can lead to an out-
put of the same order as the signal. In
logic this is not the case; a few millivolts
into a gate input make no difference
whatsoever. Hundreds of millivolts of
noise are required before we will
significantly degrade the noise
immunity of a t.t.l. system.

It is probably valuable to examine a
situation where a logic board has been
laid out in order to avoid ground loops.
A possible layout of power and ground
connexions, which is quite commonly
adopted in the industry, is shown in Fig.
6. Now, if circuit A sends a step to
circuit B there is no adjacent return
path. In practice, since a fast step
requires a return path it will simply use
adjacent signal lines as returns, resul-
ting in the induction of transient noise

on these other si"gri-éil_-l'iﬁes. A further
consequence is that the input to B will
take a longer time to settle with a con-
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Fig. 6. A bad layout giving high
inductance and few adjacent signal
return paths, which leads to cross-talk.

system. As was explained earlier, the
layout of Fig 6 is also bad from the point
of view of placing excessive inductance
in the way of charge travelling between
i.cs and decoupling capacitors.

Recommended layout

A recommended scheme for laying out a
printed circuit board is shown in Fig. 7.
The power rails are run as close to-
gether as possible along the columns of
integrated circuit packages and are
interconnected at the top and bottom of
the board. These provide return paths
for logic signals travelling parallel to
them. To provide return paths for
signals travelling across the board the
ground pins of the packages are con-
nected together from left to right. Thin
track, of the same thickness used for
signal interconnexions can be used for
this. A tantulum bead 10pF decoupling
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sequent reduction in the speed of the

capacitor is provided between each pair
of i.cs. Notice also that ground con-
nexions are brought out at regular in-
tervals across the edge connector.
These provide return paths for signals
travelling on and off the board.

If all these design rules are followed a
reliable system will result and the con-
sequent savings in servicing and testing
will amply repay a little consideration
given to board layout at the design
stage.
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DIGITAL ELECTRONICS
LACKS SOUND THEORY

THE digital electronics industry has sprung
up so quickly in the past ten years that the
theoretical foundation required has not de-
veloped at all. It is impossible to cross the line
separating the analogue and digital worlds.
The sine wave is a periodic, time varying,
steady state phenomenon, whereas a digital
signal is a fixed amplitude step (shock wave).
Each change of state is a single event in time
and cannot be correlated with any other
change. A dubious connection, via Fourier
analysis, is merely a mathematical arpeg-
gio, guaranteed to be worth a few exam
questions at least. A leading edge of astepisa
shock wave, it is a transverse electromag-
netic wavefront which travels at the speed of
light. Of course, it is possible to take this
single step and analyse it using Fourier
analysis, but this would mean combining an
infinite number of sine waves which exist
from minus infinity to plus infinity. This can
be easily seen to be quite absurd and of no
practical use.

The hard and fast rules laid down for
periodic sine waves must be cast aside and
new rules developed for the shock wave. An
obvious area to concentrate on is signal
distribution. We must have a basic under-
standing of the mechanism by which a block
or pulse of energy is transmitted in space.
This leads us into electromagnetic field
theory and it is here that the student will
learn and ultimately understand the subject
of digital electronics.

Unfortunately, nearly all the books written
on e.m. field theory are concerned with
steady state sine waves. There is no basic
theory written today which concentrates on
high speed digital techniques. How 1ns steps
propagate is known to only a few people. Yet
with the advent of emitter coupled logic and
Schottky t.t.l. this electrical phenomenon is
becoming widespread. Engineers today
attempt to put together fast, complex logic
systems which stand the risk of failure. The
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paper design might well be satisfactory but
the problems that arise during testing and
commissioning seem endless. The unfortun-
ate engineer just cannot understand the
“gremlins” that keep upsetting his system.
Nowhere is he taught the important fun-
damental principles necessary for competent
digital system development.

To have a complete understanding of high
speed systems one must apply certain tech-
niques which are not taught in any
educational establishment in the country,
nor written about in any text book. One must
go back to the turn of the century to find any
suitable material. Then the main subject was

telegraph signalling, which is analogous to

digital transmission today. A 10-millisecond
risetime step travelling 1,000 kilometres
(telegraphy) is based upon the same
theoretical principles as a 1-nanosecond step
travelling 10 centimetres (computers).
Around 1890-1910 Oliver Heaviside and his
contemporaries Lodge, S. P. Thompson,
Hertz and Maxwell had developed many
theories which should be used today. By
thinking of digital signais as small, discrete
packets of “energy current” flowing at the
speed of light betwe&n the wires (which
merely act as a guide) many of the present-
day design implementation problems could
be solved. The advent of the telephone and
wireless led to the predominance of sinu-
soidal time varying signals, so the concept of
“energy current” was lost as new theories

were developed to cope only with the
periodic waveform. We have now turned a
full circle and must look backwards before
we can advance.

The practical problems of digital systems,
such as cross talk (noise), power supply
decoupling, signal termination and drive
techniques, component pulse response, ear-
thing, and mains borne interference, need to
be studied. General models and original
concepts based upon Heaviside's “energy
current” idea can be used to tackle these
problems, making it possible to design com-,
plex digital systems in an orderly, scientific

fashion. Every practising engineer in digital
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having available “clearly defined design
rules” and “certain techniques which are not
taught in any educational establishment in
the country, nor written about in any text-
book™ not share this privileged knowledge?
Similarly one would have to conciude that
Mr Davidson's knowledge of educational
establishments and textbooks is significantly
less universal than he implies. It would also
seem that he has not heard of transmission
line theory, nor of those of its areas which are
particularly relevant to digital techniques,
such as line driving and Bergeron diagrams.
Further, he seems unaware of the connection
between risetime-based (time domain) digital
techniques and the corresponding Bode dia-
gram (frequency domain) analogue methods,
which is. for example, hinted in Mr Baxan-
dall's article in the same issue.

No doubt other readers will be able to
supply reading lists, including Wireless
World articles, which should demonstrate
that “the practical problems™ have indeed
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students and engineers do not have a

i set of design techmques to apply in:
1 er

A $n attempt to rectify this catastropmc,

¢. situation I am working with two

Mes under the title of CAM Consult-

ants and we regular!y give seminars on
digital techniques and we have written the
first vojume of a book on the subject toﬁ'
published in May 1978. .

The proof of the puddmg is always in
eating and 1 ask Mr Forcer to name pro;
or systems which do not suffer from’ catast :
rophic failures from time to time. I must
repeat that engineers today use analogue

. techniques (taught by the colleges) to soive

digital problems, and thus they cannot solve
them in a scientific fashion. For example, no
company | have ever visited knows how to
lay out a p.c.b. for high-speed logic applica-
tions. Because of this systems suffer from
data.d dent faults which one can only W‘.z-
by | of the system itself. e 3l

21




































