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Birmingham: Lynton Square, Perry Barr. Tel: 021 356 7292.
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Southampton: 46-48 Bevois Valiey Road. Tel: 0703 225831,
Southend-on-Sea: 282-284 London Road, Westclif-on-Sea, Essex.
Tel: Southend-on-Sea (0702) 554000.

For mail order enquiries, please do not call our shops as they will be

unable to help you.

Before you send your next order to us by post, take a
look and see if there's a Maplin shop near you. In our
shops you'll find that personal service that even the
best mail-order operations cannot match. And you
can look at the products before you buy. If you're
coming for a particular item, a quick phone call will
enable you to be certain the shop has everything you
want in stock.

Our shops are pleased to accept Access,
Barclaycard, American Express and also cheques up
to £50 with a cheque guarantee card. We'll even
accept ordinary money as well!

All our shops are close to excellent parking facilities,
meters in London and Manchester, and free
elsewhere.

The South
In the South our Southampton store is conveniently
placed for easy access from all parts of Hampshire

and surrounding counties, and is 15 minutes from
Portsmouth.

London

Our London store situated just to the west of the
pedestrian shopping centre in Hammersmith, is just
five minutes from the end of the M4 and only a short
walk from the District, Piccadilly and Metropolitan
lines' Hammersmith station.

The Midlands

in the Midlands our Birmingham store is just 5
minutes from the M6 on the A34, and only a little
farther from the M5 (junction 1) on the A4040.

South-East

Essex and Kent are served by our self-service
Southend shop which is right on the A13, just 2
minutes before you reach the centre of Southend.
And we're only 30 minutes from the M25 (junction
29) as well.

The North

Our self-service store in Manchester, now open 7
days a week, serves the North and is just off the
Mancunian Way, opposite the BBC, about 5 minutes
from the end the M602 or junction 10 on the M63.

All our shops are open from 9a.m. to 5.30p.m.
Tuesday to Saturday (9.30a.m. Wednesday) except
Manchester which is also open 9 to 5.30 on Sundays
and Mondays. Shops do not close for lunch. All
shops closed New Year's Day, Good Friday,
Christmas Day and Boxing Day extept Manchester
which is closed only on Christmas Day.

There's a friendly welcome in store for you at any
Maplin shop. Our helpful staff may often be able
to help with a technical problem or a
constructional difficulty.

Callin at a Maplin store and get what you want
today. We look forward to serving you.
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NICAM 728

BRITISH

DIGITAL

STEREQ

TELEVISION

by J.M. Woodgate

BSc(Eng.), CENG., MLERE , MAES, MIantSCE

By 1990, Britain will have the world’s
most advanced, high-quality stereo
sound system for land-based television.
Added to this will be facilities for a
number of new data services, either for
the public or for closed user-groups.
Experimental transmissions are already
taking place on the BBC programmes
from the Crystal Palace transmitter, and
these will be extended in due course.
First the Sutton Coldfield and Emley
Moor transmitters will be adjusted to
accept the stereo signals, followed by a
step-by-step conversion of the remaining
main transmitters of the UHF network.

New Equipment
and Training

Part of the reason for this extended
programme of conversion is the need to
equip all the studios with stereo audio
equipment, including a new system for
‘sound-in-syncs’ distribution of stereo
signals with their associated video, both
from within studios and from the studios
to the transmitters. It is also necessary for
programme producers to learn how to

2

The Crystal Palace Transmitter.
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handle stereo sound in conjunction with
the pictures so that viewers are not
presented with ridiculously conflicting
visual and audible images, such as a
distance shot of a band with close-up
sound, or a person centre-shot with
sound from far right. And not least of the
reasons is the need to spread the costs of
conversion over a number of years, to
avoid too great a burden on the
broadcasters’ finances, particularly the
BBC's.

Transmitting Stereo

We already have a perfectly good
method of transmitting stereo sound on
FM radio. In particular, it satisfies very
well the essential criterion of giving a
compatible mono sound signal, which is
required by the 20 million mono TV's
(and most of the so-called 'stereo’ TV's on
sale at present!) spread around Britain.
Unfortunately, without modification it
doesn't work when combined with a
television signal, and it has another,
inherent limitation that doesn't matter
when it is used for sound radio broad-
casting in this country.

The first problem is due to 'beating’
of the 19kHz pilot-tone and its harmonics,
(the vestigial sub-carrier at 38kHz and
sub-carriers at 5TkHz and 76kHz which
may be used for subsidiary services such
as 'store-casting’ and data transmissions),
with the 15.626kHz line-scanning freq-
uency and its harmonics. The slightest
non-linearity (distortion) in the trans-
mitter or receiver would cause these
beats, and a few moments with the
calculator, or a good look at Figure 1, will
show that beat-notes would cover the
audio band from 1.25kHz upwards. This
could be overcome by using the line-
scan frequency as the pilot-tone freq-
uency. This is the basis of systems in use
in the USA and Japan, where the line
frequency is 15.75kHz. However, this
means limiting the audio bandwidth to
about 12kHz at the most, and the practical
systems use a good deal of analogue
signal-processing, compression and
noise-reduction, to achieve acceptable
performance. Buzz on sound due to
cross-modulation from the vision signal is
still a problem.

The second problem with the pilot-
tone system is that the maximum real-
isable separation between channels,
measured over the whole transmission-
reception chain, is in the region of 40dB.
This is more than adequate for stereo, (a
reduction of separation from infinity to
40dB moves an extreme left or right
image by less than an inch in a typical
listening-room arrangement), but is not
sufficient to allow the two channels to be
used for different signals, such as two
different language sound-tracks for a
film. For this, at least 60dB separation is
necessary, and there is a definite
requirement for this feature from the
television programme planners. Perhaps
the radio planners will also ask for it (or
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Figure 1. Spectrum of 19kHz pilot-tone stereo signal with 15.625kHz line-frequency harmonics.

have already?), but there seems no way
of providing it for them until Band II is
replanned, perhaps next century.

The German System

One way of achieving more sep-
aration than the pilot-tone system can
offer is to use two sound carriers instead
of one. For the 625-line television
transmission systems B and G (which are
only slightly different) used in Germany
and several other Continental countries,
the sound carrier frequency is 5.5MHz
above the vision carrier frequency, and
the channel bandwidth is 7TMHz (8MHz
for system G). There is just room for
another sound carrier at 5.7421875MHz,
the difference between the carrier
frequencies being 15.5 times the line
frequency. A system like this is operated
in Germany on the second-programme
chain, but only a few stereo programmes
are broadcast each week. In Britain,
system I is used, with the sound camer
6.0MHz above the vision carrier, and
8MHz channels. There is room for a
second sound carrier at about 6.3MHz,
and the BBC have tested such a system,
but the high level of the additional
narrow-band signal makes much more
difficult the avoidance of video cross-
modulation in the transmitter or receiver,
leading to buzz interference on the sound
or patterning on the picture, or both. This
is particularly difficult to avoid when long
chains of relay transmitters are used, as
is the case in South Wales.

-

British Research

The BBC began to look at possible
stereo systems for television in the early
1970's, and a considerable amount of
testing was carried out on the Japanese
and German systems described above.
The US system has only recently been
defined, but earlier US proposals were
also evaluated. At the same time, the
possibilities of a digital system were
investigated, and the results of other
work, on digital systems such as teletext,
and satellite broadcasting, were noted
for the research on stereo transmission. It
was known from theory, and proved in
the field with teletext, that digital systems
are more sensitive than analogue sys-
tems to the effects of multi-path prop-
agation ('ghosting’ in television). This is
because receiving a digital signal req-
uires the very reliable detection of the
presence or absence of a pulse, and if a
‘0’ (no pulse) time interval is partly filled
by a delayed ‘I’ signal (the ghost), as
shown in Figure 2, detection of the ‘0’ will
be difficult or even impossible. On the
other hand, a digital system could give
better sound quality, less noise, no buzz
problems and more than adequate
separation for two different language
channels. By the early 1980's, a practical
digital system had been described by
engineers from BBC Research Depar-
ment, and, after consultation with the IBA
and the British receiver manufacturers,
final Government approval was given to
the system, known unofficially as 'NICAM
728, in September 1986.
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delay of the ghost signal due to a longer path length is 3ns per metre. For teletext the most
critical time delay is 288ns, corresponding to a path difference of only 96m and a ghost
displacement of 2.2mm on a 53V (22 inch) tube. This is only visible as a lack of horizontal
definition. For NICAM 728 the critical delay is 2.74.s, the corresponding path difference is
914m, and the ghost displacement is 2.2cm, clearly visible as a second picture.
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Providing Receivers

During the later period of research,
the British receiver manufacturers were
brought into the picture, and the prob-
lems of receiver design and supply were
addressed. The major consideration
involved the development of the nec-
essary IC's for the receiver. The digital
signal goes through an enormous amount
of processing at the transmitter, as we
shall see, and all this has to be
‘unravelled' at the receiver. It would be
incredibly expensive to do this without
LSI chips, and these just arent worth
designing, at household product prices,
unless there is a market in the million size
bracket. This in turn means that it is a
very important development if some
other countries decide to adopt the
system, thereby increasing the size of the
market for chips. Luckily, considerable
interest has been expressed by
Denmark, Finland, Norway and Sweden,
together with other countries outside
Europe, such as Hong Kong, and chip
development in Britain is now at a
reasonably advanced stage. The Euro-
pean Broadcasting Union (EBU) is likely
to adopt the British system as the
preferred system for digital stereo sound
for terrestrial television broadcasting.
Generating the

* [ *
Digital Signal

From all the technical articles and
arguments about Compact Disc, it is
generally well-known that for the highest
quality audio reproduction in the home,
16-bit digital encoding of the analogue
signal is required. This gives a signal-to-
quantisation noise ratio of about 96dB,
and means that in any likely household
hi-fi system the dynamic range will be
limited by the ambient acoustic noise
(flies stamping their feet, pins dropping,
etc.), rather than by the quantisation
noise reproduced from the loud-
speakers. It also means that it is a tough
job designing the (analogue) pre-amp
and power amplifiers so that they do not
degrade that 96dB ratio too much.

Sixteen bit coding is, however, too
much of a good thing for broadcasting. It
is too wasteful of radio spectrum space,
and in any case the ultimate 96dB signal-
to-noise ratio cannot be obtained without
very expensive receivers and/or a very
restricted transmitter service area. The
BBC has for a long time been sending
stereo sound broadcasting signals
around the country on microwave links,
. using a special form of 14-bit coding,
called 14/10 NICAM, in which only 10 bits
are actually used for the audio signal.
This uses a digital form of the principle of
compression/expansion noise-reduction
used by proprietary analogue noise
reduction systems.

NICAM

NICAM means ‘Near-Instantaneous
Companded Audio Multiplex'. Compand-
ing means COMPression at the trans-
mitter and exPANDING at the receiver.
What happens is that the audio signal is

4
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Figure 3. Compressor coding scheme. Bits in
the outlined boxes are not transmitted.

first of all encoded in 14-bits, and the
resulting 14-bit digital words are divided
into blocks of 32. These are then
processed digitally, word-by-word,
according to the following rules, leading
to the coding scheme shown in Figure 3.

Coding Rules

1. The most significant bit (the 14th bit) is
passed unchanged.

2. The 13th bit is dropped if it is the same
as the 14th.

3. The 12th bit is dropped if it is the same
as both the 13th and 14th.

4. The 11th bit is dropped if it is the same
as the 12th, 13th and l4th.

5. The 10th bit is dropped if it is the same
as the 11th, 12th, 13th and l4th.

6. If the above processes result in a word
length longer than 10 bits, enough bits
are dropped at the least-significant
end to reduce the word length to 10
bits.

Then ‘scale’ bits are added, together
with the parity, synchronising and error-
correction bits that have to be squeezed
into a practical digital signal. These
‘scale’ bits tell the expander in the
receiver how big the largest sample in
each block should really be. This
information only has to be sent at a rate
fast enough to allow the reconstruction of
the fastest audible loudness transition,
instead of at the sampling rate, which is
what the unprocessed digital signal does.
In other words, all the 32 words in a
block are assigned the same scalefactor,
although this will sometimes not be
optimum. Wrongly scaled words are
associated with increased quantisation
noise in the recovered analogue signal.

Actually, the scale factor information
is sent by modifying the parity bits

| according to a complicated rule which

very nearly results in getting something
(the transmission of scale factor data) for
nothing (no extra bits needed). This can
be done because the scale factors are
transmitted 32 times in each block, and it
is even possible to include additional
‘protection range' information which
allows receivers to correct errors in the
most significant bits of each sample.
These scale and protection data can be
extracted from the parity bit-stream in
the receiver by using majority-decision
logic.

In the receiver, the recovered signal
has only 10-bit resolution, giving a signal-
to-noise ratio of 60dB, but the reference
level for the 60dB (i.e. the signal voltage
corresponding to 0dB) tracks the peak
level of the signal in 1ms intervals.
Because the louder signals ‘mask’, and
thus render inaudible, the higher level of
noise that comes with them, the effective
signal-to-quantisation noise ratio is
nearer 84dB, as in a full 14-bit system.

Why NICAM 728?

For the practical system developed
by the BBC, the maximum audio freq-
uency that the system will pass was set at
15kHz, as for f.m. radio. The difference in
subjective quality between a 15kHz
bandwidth and the full 20kHz audio
bandwidth is very small. The digital
sampling frequency has to be at least
twice the audio frequency, with some
allowance to ease the design of anti-alias
and reconstruction filters, and 32kHz was
chosen. Thus the 32-word blocks in the
compression process have a time dura-
tion of Ims, and this is consequently the
maximum duration of non optimum
scaling due to the compansion. Such
effects appear to be subjectively accept-
able, even imperceptible. It is very
unlikely that a succession of blocks
would all contain large amounts of non-
optimum scaling, because the scale
factor is re-calculated for the largest
sample in each block.

To carry two digital audio channels
of 10-bit words with a sampling rate of
32kHz, we need a bitrate of 2x 10x 32 =
640k bit's as an absolute minimum.
However, at least one parity bit is
required per word, and it is helpful for
decoder design if the sampling freq-
uency can be recovered from the bit
clock by division, so a bitrate of 2x 11 x
32 = 704k bit/s is convenient. However, if
the digital audio is slightly time-comp-
ressed, to allow a further 24k bit/s for
synchronisation or ‘framing’, control bits
and some additional data, the signal
format can be the same as that adopted
for the C-MAC/packet system of sound
and data transmission developed for DBS
(Direct Broadcasting by Satellite). This
sets the data rate at 728k bit’s, and
explains, finally, the system name,
NICAM 728.

Snags
You might think that the signal had

already undergone more than enough
processing, but there are remaining

Maplin Magazine June 1987
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problems to be overcome. First of all, if
the digital signal were transmitted bit-by-
bit in order, multiple-bit errors would
certainly cause disturbing noises, and
might cause the receiver to lose sync or
falsely synchronise, leading to the re-
production of bursts of garbage, much
longer than the original error. This is
overcome by re-arranging the order of,
or ‘interleaving’, the bits, so that multiple-
bit errors affect one or two bits in many
words, instead of all the bits in a few. But
there is still more to be done.

As it stands, the digital signal has
strong harmonics, especially at multiples
of 728kHz, which would cause inter-
ference with the video signal and
possibly with signals on the adjacent
channel. There is only spectrum space
for a signal of 700kHz total bandwidth,
whereas, for example, normal amplitude
modulation would require a bandwidth of
at least 1456kHz. Clearly, something a
litle more clever is required. The
solution depends on two steps — using a
modulation system that is very econom-
ical in bandwidth, without being very
expensive to demodulate in the receiver,
and spreading the spectral energy of the
modulated signal by adding a ‘random’
component. This allows the higher side-
bands to be filtered off without losing too
much of the wanted information, and also
reduces considerably the visibility or
audibility of any interference from the
digital signal to the vision or mono sound
signals. In practice, it is not possible to
use a truly random ‘energy dispersal
signal, because there is no way of
subtracting it in the receiver. But it is
possible to generate digital signals which
have most of the properties. of random
signals, yet are totally predictable. These
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are called ‘pseudo-random binary seq-
uences’, and all you need to make one is
a clock oscillator and a shift register with
taps at the right stages, feeding back to
the input. These are cheap enough for
use in receivers.

The Modulation
System

Phase-modulation itself is not well
known, so we had better start at the
beginning. We can convey information
on an r.f. carrier by the familiar methods
of either varying its amplitude (a.m.) or
frequency (f.m.). We can also do it by
changing the phase of the signal, and if
the modulating signal is digital, these
changes will occur abruptly, and be-
tween them the carrier signal will be
sinusoidal, as shown in Figure 4a.
However, it turns out that we can filter out
all the sideband's energy except that
within half the symbol rate of the carrier
frequency (thus ‘smearing out’ in time the
abrupt phase-change), and still detect
that it has occurred, ie. detect the
modulation. Once detected in any form,
we can easily regenerate the original
rectangular digital waveform. If the
modulation process is linear, we can
obtain the same effect as with filtering the
sidebands with a band-pass filter by
filtering the modulation signal with a low-
pass filter. Such a filter converts a
rectangular wave-train (e.g. a data
signal) into a triangular wave-train. This
effect can be seen in Figure 4b, where
the carrier is shown with linear tri-
angular-wave phase-modulation. This is
not quite what happens in the real
equipment, because the real filter re-
sponse has not been used. In practice, it

is not possible to make the ideal filter, so
a larger bandwidth (700kHz instead of
364kHz) has to be accepted.

There are quite a number of
different ways of phase-modulating a
carrier with a digital signal, and they all
have their own strong and weak points.
The system chosen for stereo television
is called - wait for it — ‘Differential
Quadrature Phase-Shift Keying, or
DQPSK. No-one seems to find anything
odd about that word ‘keying’, which
really is a survival from Morse code.

We can explain what happens in two
stages. First, we divide up the bit-stream
into pairs of bits. Then we shift the phase
of the carrier at the start of each two-bit
period by a muitiple of 90°, according to
the following plan:

Input bits Phase shift (degrees)
00 0
10 90
11 180
01 270

Since the phase changes occur after
every two bits, and are Y-cycle changes,
we have moved the important first-order
sidebands in from 728kHz to 182kHz by .
using this form of modulation. It is not
possible to go on indefinitely saving
bandwidth in this way, by grouping the
bits into, say, blocks of four, with 45°
phase changes, because these smaller
changes are more difficult to detect, even
digitally.

The carrier frequency has to be
above the mono sound carrier at 6MHz,
and there are advantages in making it a
multiple of the bit-rate. Nine times

8



A e e R S+ P T L T T B S T T T S e T T e B e L R A R I T e AR
S PP S R o ST A T R T AR T € £ TR B - P AN T e A R O R IR T T S

728kHz is 6.552MHz, and this frequency
has proved satisfactory for System I. It is
not so easy to choose the carrier
frequency for System B, because 8 x
728kHz = 5.824MHz. This is too close to
the mono sound carrier at 5.5MHz to fit in
the digital signal, which has a half-
bandwidth of 364kHz, but 5.85MHz is
usable if the sideband filter is modified.

The bit-pairs could be made up of
any two bits, but in fact they are chosen
to be corresponding bits from the left
and right channels. When two different
languages are being broadcast, the two
language signals are sent in alternate
frames.

Sound Carrier Levels

It is usual for the (mono) sound
carrier to be transmitted at a lower
power than the peak vision carrier
power. This gives the same service area
for vision and sound (or rather better for
the sound, in many cases), while econo-
mising on transmitter power. The exact
relative power level is also affected by
the need to minimise intermodulation. In
this country, improvements in receivers
have led to the intention, quite apart from
the introduction of stereo, to reduce the
relative level of the mono sound carrier
from —7dB relative to peak vision carrier
to —10dB. With this level of mono sound
carrier, the digital carrier level can be set
at —20dB with satisfactory results. Inter-
ference between the sound signals, and
interference from and to the upper
adjacent channel vision signal (whose
vestigial sideband spectrum overlaps the
digital sound signal!) are predicted, on
the basis of laboratory and field trials, to
be imperceptible, or at worst not
disturbing, within the existing transmitter
service areas, and in many cases well
outside them. It has also been verified
that the digital signal will not significantly
worsen the effect of co-channel inter-
ference to or from the French television
transmissions using System L/SECAM,
which have an a.m. sound carrier at
6.5MHz. The system will also work for
cable television, with some slight pro-
cessing, easily done at the cable head
end.

[ ]
Complete Digital
*

Signal

We can now put all the parts of the
digital signal toegther, and the result is
shown in Figure 5.
Frame Alignment Word

This is the digital equivalent of a
synch pulse, and is always sent as the 8-
bit word 01001110. The energy-dispersal
signal is, naturally, not added to these
bits. The receiver PRBS generator is
synchronised by resetting it on the last
bit of this word.
Control Bits

These are five bits which tell the
receiver what kind of information is
being sent:

CO0 is set to 1 for eight frames, and
then to 0 for eight frames. This acts as
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Figure 5. Complete digital signal.

synch information for the decoding of the
remaining 4 bits, which may only be
altered at frame rate.

Cl, C2 and C3 form a 3-bit word,
with the following meanings:

000 Stereo signal, alternate left and
right channel samples.

010 Two different mono signals,
transmitted in alternate frames.

100 One mono signal and one data
signal in alternate frames.

110 One data signal at 704k bit/s. No
sound.

Note that one bit hasn’t been set to 1
in the above words. Setting it allows four
more options which are not defined yet.

CA4 is set to 1 if the f.m. modulation of
the main sound carrier is carrying the
same sound programme as the digital
signal (or as one of the two mono
signals), and to 0 otherwise.

Receivers can thus be designed to
switch to f.m. sound if the digital signal
fails, and to reject data signals or
restricted-access digital sound trans-
missions.

Additional Data Block

Eleven bits are available for future
applications, about which the broad-
casters are saying nothing at present.
Three eleven-bit words are enough to
give over 8.5 bilion TV's a unique
address code each, so your TV could be
disabled in less than 3 seconds if you
haven't paid the licence fee! (Not that
there is any suggestion to introduce such
a scheme.) It would also be possible to
stop off-air video recording, but for land-
based transmissions that isn't likely to be
politically acceptable now (unless the
record manufacturers create a precedent
by winning the battle to prevent digital
audio tape recorders actually recording
anything).

Sound or Data Block

704 bits, either all sound or all data.
We have dealt with the structure of this
block as far as sound is concermed, and
the format(s) for data is not decided yet.

The UHF Transmitter

Some changes are necessary in the
UHF transmitter in order to add in the
digital signal on its 6.552MHz carrier, and
to ensure an acceptably low level of
intermodulation between the output
signals.

The digital carrier is first frequency-
changed to the appropriate UHF, which
is added into the transmitter at a power
level of about 0dB(W). The sound and
vision signals are amplified by separate
klystron UHF tubes, and the sound
klystrons have to be tuned to a broader
bandwidth to pass both the new and old

sound signals. Furthermore, for the fm.
mono sound signal alone the klystrons
can be operated in a saturated (non-
linear) mode (similar to Class-C with
conventional tubes). Were the second
carrier to be just added in, there would
be a large amount of intermodulation due
to the non-linearity. So the operating
points of the klystrons have to be set for
more linear operation, and the f.m. sound
carrier level reduced by 3dB. A certain
amount of cancellation of intermodulation
products is possible with some trans-
mitter designs, and the end-result is a
satisfactory performance with the new
signal format.

This completes the description of
the digital signal and its transmissions
and we now go on to look at the receiver
requirements.

Basic Television

A Dblock diagram of the sound
section of a modern TV receiver is
shown in Figure 6. This employs what is
known as ‘quasi-parallel’ sound recep-
tion, where the sound if. carrier is
extracted after the first i.f. amplifier; thus
it shares the tuner and first i.f. circuits
with the vision signal. Older receivers
used ‘intercarrier’ reception, where the
sound sub-carrier is filtered off at the
video detector: this gives less problem
with tuner drift (corrected by digitally-
controlled a.f.c. in modem tuners) but
more video intermodulation. It may still
be possible to use it in digital-stereo
receivers, but the buzz level will com-
promise the signal-to-noise ratio. -

Adding the Digital
Decoder

Although it is not practicable to
modify many existing receivers, even
those with stereo audio stages, the
addition of the digital sound channel to
new designs is fairly simple. As shown in
Figure 7, access to the first if. stage
output is required, from which the digital

Aerisl AR
C Vision
WL i.t. Amp Receiver
Sound Audio
i.f. Amp Amp
Loudspeaker

Figure 6. Basic television receiver with
quasi-parallel sound.
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signal is extracted at intermediate freq-
uency (32.948MHz carrier). The stereo
audio outputs from the digital processing
are connected to the audio amplifier
inputs via the volume controls in the usual
way. Electronic switching between dig-
ital and f.m. mono sound will be normal.

The Digital Decoder

The stages of digital processing in
the decoder are shown in Figure 8. The
sound if. amplifier is similar to a
conventional f.m, if. and limiter, but the
QPSK demodulator is quite different.
These have already been developed in
IC form for the Japanese DBS system.

Spectrum Shaping Filter

This filter affects the noise-immunity
of the receiver, and for best performance
the combined effect of this filter and the
corresponding one at the transmitter
should be that of a band-pass filter with a
—3dB frequency offset of 135kHz, a zero
response beyond 364kHz offset and a
cosine-squared roll-off. Ideally, too, each
of the filters should contribute equally, so
the ideal receiver filter would have the
response shown in Figure 10.

DQPSK Decoder

One practical DQPSK decoder, for
recovering the modulation, is shown in
Figure 9, and the stages are described
below. The complexity of this device
shows why manufacturers are not keen
on developing their own devices when
the existing Japanese devices can be
used.

Modulators

These resolve the incoming carrier
into in-phase and quadrature comp-
onents with respect to the recovered
carrier. Resolving on two axes eliminates
phase error of the recovered carrier, and
allows the output components to be used

Aerial

—

‘ c.r.t.
[ |
[ Common Vision
i Tuner i.t. Amp Receiver
[ _—] Stereo ,
| Loudspeakers
Stereo Mono f.m. Stereo _ﬂ
Sound i.f. Sound i.f. Audio
| Afw _ﬂ
\
Digital Audio
Decoder Source
Selector

Figure 7. Adding the digital decoder.
directly for the following stages without
phase tweaking.

Carrier Recovery
This is achieved by means of a
phase-locked loop and a voltage-con-
trolled crystal oscillator (VCXO). Be-
cause the carrier component of the signal
may be absent during certain data
| sequences, a logic matrix effectively
restores the carrier component by
intermodulating the sidebands.

| Data Slicers
These slice the data signals between
set amplitude limits, thus converting the
noisy, more or less sinusoidal pulse
signals to flat-topped pulses with jittery

edge transitions. By incorporating a.g.c.,
the slicers can adapt to variations in input
signal level.

Clock Recovery

This is basically another phase-
locked VCXO running at a muitiple of the
bit-rate, and it produces a clean square-
wave at bit-rate, 728kHz. Dividing this by
2 gives a symbol-rate clock for the
phase-detectors. The differential de-
coder and the parallel-to-serial converter
also need clock signals.

Differential Decoder

Since the modulation is differential,
in order to recover a symbol it is
necessary to compare each pair of

Audio outputs
to control and
power amplifiers.

I ]
nx data rate (364kHz)
I_ilj,_l PRBS
Extraction
From common Stereo- Spectrum - A
i.f. amplifier Sound Shaping De -inter-
i1 Band Pass apsk Leaving
Amplifier Filter l—' '—]
6-552 MHz |
carrier frequency
Framing- Word Sync. PRBS
Separator Generator
[ SyL!c.
Mono audio Control data cO-c4 Diversion control
Audio ::m?izns:o“; NICAM Deta Operating - Error
Selector | o | " e Expander Diverter Detact Correction

—0 Data
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Figure 8. Block diagram of the digital decoder.
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. Serial data
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Shift I
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|
| [
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Figure 9. QPSK decoder.

i _ R —
symbols from the data slicers with the +0 ' : . : 0 —_—
previous pair, using D-type flip-flops or [ 1 -5 ‘
the equivalent as temporary stores. ‘ 0-84 . —10
2-Bit Parallel-to-Serial Converter 3 ~ 15 L

This is a standard building-block, £ o8- - 2 20/ i
which in principle is a two-way switch - 25
driven at bit-rate, looking at each symbol '.§_ oa | g I
alternately. =§ | 379 I
Frame Synch Word Detector < &35 |
This is also a standard function, 0-2+ 1 —40- I
which can be achieved with an 8-bit -454 - ‘
serial register and an 8-input exclusive- ol—— —— S -5 b———F+—+
OR gate. ) ° ; 8 g § . E ; g o g
Pseudo-Random Binary Sequence ~ 3 &

(PRBS) Subtractor

The energy-dispersal PRBS for this
system is 2° —1 = 511 bits long, and
there-fore runs through about one and a
half times in the 720 bit period between

[ Frequency (I;-gamhmic)

I
IR S i

Frequency (linesr)

| Figure 10. Receiver band-pass filter. Plotted on linear scales, the response can be seen to be
shaped like the first quarter of a cosine curve. On the more usual decibel/logarithmic
scales, it can be seen to have a very steep cut-off. The attenuation at and beyond 346kHz
should be infinite. The filter at the transmitter should be identical in response.
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frame alignment words. The generator is
synchronised to the framing word by
loading the shift-register with ‘all-1s’ and
starting the register clock pulses after
the last bit of the frame alignment word.
The generator output is then serially
subtracted from the bit-stream by means
of an exclusive-OR gate (in principle), as
shown by the truth-table in Figure 11.
De-interleaving

This function is similar to that in CD-
players, and uses what is in effect a
dedicated computer to re-arrange the
bits.

Error Correction

The error-correction process is very
complicated, and cannot be dealt with in
detail. While not the same as Compact
Disk error-correction, it is possible to use
some of the IC's developed for CD to do
the error-correction for this system.
Operating-Mode Detector and
Data Diverter

The detector looks at the control bits
C0 to C4, and determines what config-
uration the data diverter and audio
selector should adopt. The data diverter
may or may not have outputs for the
auxilliary data and main-channe! data,
whose purposes have not yet been
defined.

NICAM Expander

This reverses the compression pro-
cess by using the scale-factor bits and
the inverse of the compression rules to
reconstruct 14-bit signals. There may be
feedback of higher-level error-correc-
tion data to the earlier error-corrector, or
a second stage of correction may follow
the expander.

Digital-to-Analogue Conversion

This is by far the most well-known
step in the whole process, and can also
be carried out by IC's developed for
Compact Disk.

As an alternative to converting the
stereo audio signals to analogue at this
point, it should be possible to put them
into a form compatible with the ITT
Digivision sound chips, so that volume,
tone, balance and stereo base-line en-
hancement can all be carried out
digitally.

Chip-Set and Receiver
Development

There are now about nine com-
panies manufacturing TV's in Britain, two
and a bit of which are British-managed at
top level. Thom-EMI-Ferguson have
developed their own chip-set for all the
processing between the QPSK demod-
ulator output and the DAC's, and these
are being made by Texas Instruments.
While TEF may offer them eventually to
other setmakers, this will probably not
happen for at least 1 year. Meanwhile,
Philips-owned Mullard are developing
devices for those parts of the decoder
that existing CD chips will not reach. Both
of these companies will use existing
QPSK demodulator chips, presumably
Japanese.
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A = audio data

TP = PRBS at transmission end

T = transmitted signai

RP = PRBS at receiving end
(synchronised with TP by frame
alignment word)

R = recovered audio bits (should be
identical to A)

A TP T= RP R-=
ADTP T@®RP

0 0 0 0 0

0 1 1 1 0

1 0 1 0 1

1 1 0 1 1

@ means ‘Exclusive OR’

Figure 11. ‘Addition’ and ‘subtraction’ of the

pseudo-random binary sequence (PRBS)
using exclusive-OR gates.

Both Hitachi and Toshiba let it be
known within the industry that they
intended to launch receivers this year,
even about now, but subsequently
changed their minds. Any receivers
which are made available will receive the
programmes which are now being
broadcast on a daily basis. These are not
advertised in programme schedules for
fear of causing confusion, as the ‘stereo’
receivers on the market (which will
reproduce stereo from an audio source,
such as VCR), are not fitted with NICAM
728 decoders.

We have seen how the problems of
providing a stereo sound system for TV
broadcasting have been overcome by
the use of advanced digital technology.
Time was when the signal-processing
required for f.m. stereo was considered
complicated! While not much detail can
be given yet about receiver designs,
because of the fierce competition and the
need to protect patent rights, it is clear
that there will be receivers available for
all who want the new service, with the
prospect, too, of on-going innovation
through the introduction of new data
services, etc. to keep up the demand for
new receivers. This will counteract the
effect on sales volume of the very high
reliability now achieved in TV sets,
which implies a working life of around 20
years for a receiver made today. To stay
even in its present unhealthy (low
profitability) state the receiver industry
requires each TV to be thrown away (not
sold or used in the bedroom) after five
years’ use, (or a 20% increase in retail
prices, perhaps!).

We stopped our analysis of the
receiver at the low level audio stages.
What will happen to these high-quality
digital signals after that? All that remains,
of course, is to push them through 2W
amplifiers into ‘huge’ 3 inch elliptical
(side-facing?) speakers, as in current
receivers. Or do you think that better
power amplifiers and loudspeaker
systems will be fitted to real stereo TV's?
Has it happened with CD tower systems?
Will things ever change? Well, they
might. The increasing sophistication of
consumer electronic products is
provoking more enlightened design
engineers to strive for more equal levels
of performance in each functional block
of the system. But they are naturally still
vulnerable to the irresistible challenge of
making their designs ever cheaper.
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PART 1

* Fast 6 MHz CPU

* 64K/256K RAM

* 7 Decoded 1/0
Select Lines

by Mark Brighton
280-B CPU CARD

This article describes the first part of
a modular Z80 based micro-controller
system, designed to meet the needs of a
wide range of control monitor and display
applications, where it is often not
desirable to dedicate a home micro to a
single task. Some applications for the
system will be presented in future issues
of “Electronics”, the first being as part of
a video display for WEFAX weather sat-
ellite pictures, received by the “Mapsat”
Receiver/Decoder System, described in
previous issues.

Two expansion modules are under
development at the time of writing, a
parallel/serial I/O card using the Z80 SIO
and DART peripheral chips, and a high
resolution graphics card using the
Yamaha/Microsoft V9938 MSX graphics
processor. These modules will be
connected to the Z80B CPU card by
means of a common motherboard, the
whole system being in eurocard format.

The modules themselves will be
equipped for expansion, being supplied
as a basic kit, with optional extra parts to
bring them up to full capability. In this
way it is hoped that the system may be
tailored by the user to suit his/her
particular application (and finances!),
without the built in redundancy that often
results from using ‘off-the-peg’ com-
puters (high resolution colour graphics
and six octave polyphonic sound are a
little excessive for a central heating
controller or a home security system!).

The CPU card described here is no
exception to the expandable concept just
out-lined, being supplied in basic form as
a ‘bare bones’ minimum computer circuit
which forms the foundation module of
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any dedicated system built up by the
addition of a combination of expansion
modules. Optional parts for this board
consist of a number of logic chips which
provide all the multiplexed address and
refresh circuitry for dynamic RAMs, with
linking options to enabie the use of 64K
or 256K DRAMs. The operation of these
circuits will be covered at the end of the
following basic circuit description.
NOTE: Only the basic kit is required for
the WEFAX Frame Store.

Circuit Description

The heart of the circuit, shown in
Figure 1, is a Z80B CPU chip (IC6)
running at 6.144MHz, which makes it half
as fast again as its older brother the
ZBOA, still to be found in many popular
personal computers. The clock circuit is
formed by inverters IC1a and IC1b, R1,
R2, R3 and XT1, and provides a system
clock on the edge connector, as well as
clocking the column address strobe
(CAS) generator IC3 (if fitted). If an
external system clock signal is available,
Link 7 may be omitted and the external
clock connected to the system clock pin
on the edge connector (PA1.25). This
should be a single phase square wave
clock with a 50/50 mark/space ratio.
RESET for the processor (and any other
boards connected to the system) is
provided via inverter IC1e by RC network
R5/C1. An active high reset signal may
be input on reset pin TP4 to Cold Start
the system.

The four most significant address
lines out of the processor (A12-A15) are
buffered by IC8, a dual two Dbit
transparent latch clocked by the Memory
Request (MREQ) line from the CPU. The
buffered products BA12-BA15 are taken
to an address decoder chip IC2, which
provides two memory mapped ROM
select lines BS1, starting at $0000 and
BS2 starting at $2000. These blocks may
be 2K, 4K or 8K long, depending on the
positions of links 1 to 4 (see Table 1).
NOTE: If an external ROM/RAM is to be
enabled by BS2, the RAM disable line
(RAMDIS) should be connected to BS2
to avoid contention on the data bus
(BS1 is already so connected, being
used to enable the internal ROM).

The internal ROM position ICS5 is a
24-pin standard ‘byte-wide' pin-out and
will accept single rail 2716 or 2732
EPROMs. When buying ROMs for this
board, bear in mind that they will have to
have an access time less than or equal

— I

LINK

1 2 3 4
2K x V) J X
4K x J X J
8K J X X Vi

J=FitLink x = No Link

Table 1.
12

" —
' LINK
o 1. TP6 — TP8
T o2 TP6 — TP7
o 3. TP6 — SWITCH®
s 4 T™P6 — TP9
*See Text
Table 2.

to 250ns when running the system at the
maximum clock speed of 6.144MHz. In
practical terms this may mean that it is
not possible to use a 2716 at full clock
speed, since it is usually only available
up to about 350ns access time, but as
the board will function quite normally at
any clock speed less than maximum,
some lower speed applications will suit
the 2716 ROM's less frantic way of life
admirably.

The function of IC5, pin 21, varies
depending on the type of ROM fitted, and
several strapping options have therefore
been provided (see Table 2). For the
sake of clarity | will summarise the
options provided as folows:

1. When using a 2716 EPROM pin 21
(Vpp) should be connected to +5V
during normal use.

2. If using a 2732 for reasons of speed
alone, where less than 2K of space is
needed for the control program, pin
21 (A11) may be linked to OV and
Links 1 to 4 wired to select a 2K
ROM. Onty the low half of the ROM is
then used, which results in an extra
8K of RAM being available if 256K
DRAMs are fitted, since the ROM
overlays the first 2, 4 or 8K of each
64K block of RAM. This is
unavoidable, due to the 64K address
range of the Z80, and the need to
have the control program accessable
to the processor at any time,
regardless of which block of RAM is
selected.

3. When using a 2732 for programs less
than 2K in length, it is possible to treat
the two hatves of the ROM as
separate “SUBROMs”, as follows.
Two  separate programs  are
developed and bumt into the EPROM
along with their jump vector tables if
required. The first, in the lower half of
the ROM, is jumped to by means of
the cold start vector, at address
$0000, in the normal way. The
second program is bumt into the
upper half of the EPROM, from ROM
address $1000 onwards. The
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Figure 2. PCB Layout.

program is written to run from address
$0000 however, including the
duplicate jump vector table starting at
ROM address $1000. Pin 21 on the
EPROM is then wired to the centre
pole of a SPDT toggle switch whose
outer contacts are wired one to 5V
and one to OV. Whichever half of the
ROM is selected by this switch will slot
into the first 2K of the memory map,
and run on power up. in this way the
CPU board may fulfili two completely
different functions at the flick of a
switch, or run two different versions of
the same program for different
conditions.

4. The last option is simply to wire pin 21
on the 2732 to the processor A11 line,
and select a 4K space with Links 1
to 4. This allows for up to 4K of
control program/data.

The Z80 architecture allows the first
256 addresses to be used as /0 ports to
control or monitor external devices. It is
the common practice to interface all
peripheral devices to these special /0
locations, thereby leaving the maximum
space available in the memory map for
ROM/RAM. IC7 decodes these ad-
dresses into eight 1/O block select
signals (I/O 0 - 7, active low) which may
be used to enable external peripheral
devices. Each block is 32 bytes long, so
devices which have a number of
addressable internal registers can be
connected to a number of address lines
(A0 - A4) to /O map the individual
registers. IC7 is enabled by the I/O
request (IOREQ) line from the
processor, as opposed to the usual
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Memory Request control line, in order to
locate any devices selected by it in the
IO map instead of the memory map.
NOTE: If 256K DRAMs are fitted, 1/O7 is
used to enable the memory block select
circuitry, and is not, therefore, available
for external use.

The DRAM support circuitry con-
sists of several stages having the
following interrelationship:

Access to a memory location within
a static RAM is accomplished by
presenting the chip with a parallel binary
address, and enabling the chip by means
of a block select pulse, which is directly
compatible with the information coming
from the processor. Dynamic RAMs,
however, are not arranged as a long
linear sequence of locations, but as a
two dimensional matrix. They therefore
require a two part address to access any
one location, a row address and a
column address. To further complicate
matters, both addresses are input on the
same set of inputs to reduce the pin
count of the chip, so separate row and
column address strobes have to be
derived to clock the addresses into the
DRAMs. In this design, the processor
MREQ signal provides the row address
strobe (RAS) and IC3, a dual D-type
flip/flop, along with IC1d and IC4c,
derives the column address strobe
(CAS) from MREQ, CLK and RD. The
length of the CAS pulse depends on
whether the access to RAM is a write
cycle or a read cycle, CAS starting later
for write cycles to prevent the DRAMs
placing data on the bus at the same time
as the processor. The CAS signal is

gated to the DRAMs via 1C4b, which
blocks the CAS signal during ROM
access, thus preventing the DRAMs from
responding to a READ in the ROM
address space. Row and column
addresses are formed by splitting the
address bus into two groups, the eight
least significant bits being presented
during RAS time, and the most significant
during CAS time via multiplexer chips
IC9 and IC10.

Dynamic RAM chips must be
accessed at certain periodic intervals in
order to retain their contents. This
process is called ‘refresh’ and the Z80
has a built in refresh control line to
simplify the refresh circuitry required.
The refresh mode chosen for this circuit
is called 'RAS Only Refresh’, which
requires that all rows be accessed within
the stipulated refresh period (in the case
of the 41256 DRAM refresh cycle time is
4ms maximum). Fortunately the Z80 has
a built in refresh counter which
generates the row addresses, places
them on the bus when it is otherwise
unused, and outputs a pulse on the
refresh line, so it would seem that littie or
no external circuitry would be required.
Unfortunately, since the basic design of
the Z80 is getting a little long in the tooth,
the refresh address is intended for the
older generation of DRAMSs, which only
required a six bit refresh address as
opposed to the current generation which
requires a seven bit address. This
limitation is overcome by using the top bit
of the Z80 refresh counter to clock an
external one bit counter formed by IC20,
a dual D-type flip/flop. The output of this
counter, (FA7), is switched in to replace

13



§

BA14 during refresh time by IC1f, IC19a,
IC19b and IC4d.

NOTE: If using the WAIT input to
interface slow peripherals etc. it should
be noted that refresh of DRAMs will
cease for as long as WAIT states exist in
the processor. Use of BUSRQ will have a
similar effect.

It 64K DRAMSs are fitted, no block
switching of RAM is necessary, so IC21
and 1C22 may be omitted, and Link 6
wired in to select 64K RAM. Where 256K
DRAMs are used, Link 5 should be fitted.
Fit only Link 5 or Link 6, not both! IC22 is
an eight bit latch, /0 mapped between
$EO0 and $FF. The two least significant
bits of data written to this port determine
which RAM block is slotted into the
memory map  (%XXXXXX00 to
%XXXXXX11). This Block Select Add-
ress is then multiplexed onto the DRAMs'
MAB line by IC21.

Construction

Before commencing construction of
this unit, read the Constructor's Guide
which accompanies the kit. Referring to
the pcb legend and Parts List, insert and
solder all resistors, capacitors and IC
sockets. Special care should be taken to
ensure that no short-circuits are created
whilst soldering, especially around the IC
sockets. Links should now be fitted as
required; these are described in Tables 1
and 2. Link 7 should also be fitted if using
the 6.144 MHz internal clock.

Bolt the 64-way edge connector into
position on the pcb, and solder the pins
onto the board. Fit all ICs carefully into
their sockets noting correct orientation.
This completes assembly of the unit.

For reference purposes, Figure 3
shows the functions of the 64 pins on the
edge connector.

Testing and Use

Those of you who are building this
project as part of the WEFAX Satellite
Display System need not worry
overmuch about this section, unless you
have access to a Z80 assembler and
EPROM programmer, and are part-
icularly interested in getting to grips with
the working of the system. The Frame
Store Project will include a ROM which
will contain a program to input and
display picture information from the
MAPSAT decoder. This may be used to
test the complete system.

It is not practical to test all facilities
on a CPU system such as this without
specialised test equipment, and/or a
huge set of machine code test routines.
Therefore the test routine included here
in Listing 1 is a simple ‘go/no-go’ test
which, when run, will take the RAM block
select line at TP1 alternately high and
low, each cycle occurring at (approx.)
one second intervals. This may be
monitored with a multimeter, oscillo-
scope, logic probe or a light emitting
diode in series with a 470 resistor.
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NOTE: This test requires that a 74LS374
is fitted at 1C22.

Listing 1 was produced using the
Amstrad CPC128 and Hisoft assembler,
but it should not prove too difficult to
enter the program on any other Z80
assembler system providing the
following stipulations can be met.

1. The assembler should be capable of
assembling programs to run in the
first 2K, 4K, or 8K of memory (the host
machine will probably have a ROM in
this area and it will not therefore be
possible to assemble a program to
actually reside in it), either to disk or
tape or some other area of memory. If
this is not possible, the program will
have to be manually re-coded to
correct jump instructions, etc.

2. Those of you who are not using a full
blown development system, with on-
board EPROM programming or
ROMulation facilities, will know that it
can be very tedious entering a
hexadecimal version of your program
manually on EPROM programmers
such as the Softy. This can be
overcome on EPROM programmers
having an RS232 interface (Softy,
Gang-of-eight plus, etc.), by down-
loading the assembled program
directly into the programmer having
first converted the object code file
information into a format which the
programmer can accept. This
obviates the need for much laborious
typing, and makes the process of
testing and subsequent evolution of
programs far easier. Information
about the data formats required by
the programmers is usually included

- - - — in the handbooks accompanying
Figure 3. Edge connector pin-outs. them.
0100 10 ORG #0100
0100 20 ENT §
00FD 30 PORT: EQU #00FD
| 0100 3EFF 40 START: LD A, #FF
| 0102 D3FD 50 OUT (PORT),A
’ 0104 OlFFFF 60 LD BC, #FFFF
0107 OB 70 LOOPl: DEC BC
0108 78 80 LD A,B
0109 Bl 90 OR C
010A 20FB 100 JR NZ ,LOOP1
010C 3E00 110 LD A,#00
' 0l1l0E D3FD 120 ouT (PORT),A
0110 OlFFFF 130 LD BC,#FFFF
0113 OB 140 LOOP2: DEC BC
0114 78 150 LD A,B
0115 Bl 160 OR C
| 0llé6 20FB 170 JR NZ,LOOP2
I 0118 <C30001 180 Jp START
Listing 1.
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ROMulation facilities of some systems
on this Z80B card since their slower
clock speeds can cause timing problems
upon access.

While it is not possible to present
any further information about the use of
such an open ended system here,
application information will be included in |
this magazine as it becomes available. In
the meantime, | would be glad to receive
any comments conceming application
details or criticism (preferably construct-
ive) developed by readers or users of the
system. Application information received |
may, if of sufficient interest, be con-
sidered for inclusion in future issues of
this magazine; and should be addressed
to myself at the Magazine address.

NOTE: It is not possible to use the ‘

|

Z80B CPU CARD IS0 Bolt M2 x2mm 1Pe @RS
PARTS LIST ISO Shake M2.5 1Pla  (BF4SY)
RESISTORS: All 0.6W 1% Metal Film OPTIONAL (not in kit)
Rl 33k 1 (M33K) ics 2716 for 450ns 1 (QQOTH)
R238-9 1k 7 (MIK) or 2732 for 380ns 1 (QQ08])
R¢ 2kz ! (M2K2) or 2732 for 200ns 1 (UHB8V)
RI10-17 4k7 8 (M4K7)
RP1 SIL Resistor 2k2 1 (RA28F) In addition to the basic CPU the following
RAM extensions are shown below:
CAPACITORS = o ; S
Cl 10uF 50V PC Electrolytic (FFO4E) Decoupled Socket 16-pin (FP78L)
C2-11,20-23 1uF 85V Tantalum 14 (WW60Q) C24-27 47uF 16V Tantalum 4 (WWT8H)
C32,33 100uF 10V PC Electrolytic 2 (FF10L) 1C8,10 7418157 3 (YFSIR)
(Note C12 to C19 on circuit diagram are IC19 74LS08 1 (YF06G)
integral with sockets for IC’s 11 to 18) IC20 741S74 1 (YF31))
SEMICONDUCTORS OPTIONAL: 64K RAM version
D12 1IN4148 2 (QL80B) IC11-18 4164 8 (QQ06G)
XT1 6-144 MHz Crystal 1 (FYB3E)
IC1 741504 1 (YFO4E) OPTIONAL: 256K RAM version
1C2,7 7415138 2 (YFS3H) IC11-18 41286 8 (QY74R)
(o=} 74LS74 1 (YF31)) IC21 7415187 1 (YF6IR)
iC4 T4LS32 1 (YF21X) icaz 7415374 1 (YHI16S)
IC8 Z80B 1 (UF74R)
. e ! (rm A kit of parts for the basic Z80B CPU is available,
MISCELLANEOUS excluding optional and extension parts:
PL1 PCB Phug 1 (FISIF) Order As LM29G (Z80B CPU Basic Kit) Price £21.95
DIL Socket 14-pin ] (BL18U) Some items in the above kit list are also obtainable
DIL Socket 16-pin 6 (BL1SV) separately, but are not shown in the 1987 catalogue:
DIL Socket 20-pin 1 (HQ7T)) Z80B CPU Card PCB Order As GD35Q Price £14.95
DIL Socket 24-pin 1 (BL20W) EPROM 2732 200ns Order As UH88V Price £9.95
DIL Socket 40-pin 1 (HQS38R) Decoupled 16-pin DIL Socket Order As FP79L Price 68p
P.C. Board 1 (GD38Q)

The winner of the star prize, a beautiful Ford Fiesta,
was Mr Martin Buzzard from Byfieet in Surrey.

The 100 runners-up who won Digital Alarm Clock
Radios are as follows:-

C.F. Newby-Robson, Sawtry; G.T. Brooks, Tun-
bridge Wells; B. Robertson, Towcester; J. Torselli,
Basingstoke; T.G. Lloyd, Hereford; D.A. Harley,
Romsey; AW. Rayer, Edinburgh; M.S. Price,
Rickmansworth; AJ. Johnson, Sidcup; B.W.
Rodgers, Sheffield; D.A. Hollands, Dorchester; G.
Pugh, Stafford; E.B. Beard, Shrewsbury; G. Russell,
Polegate; Dr. G.G. Spence, Glasgow; C.P. Norfolk,
Penrith; R.J. Green, Chatteris; S. Parker, Leeds;
AJB. Buchanan, Leighton Buzzard; A. Smith,
Broadstone; P.T. Williams, Gillingham; C. Walker,
Skellingthorpe; S.P. Randall, Plymouth; M.B. Fraser,
Luton; R.W. Gregory, Gt Yarmouth; R. Leborgne,
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Sittingbourne; C. Abrahams, Brentwood; D.J.
Prosser, Swindon; T. Skinner, Hoveton; J.S. Baxter,
Letchworth; Dr. M.W. Hoimes, Skipton; D.
Baidwinson, Altrincham; B.A. Winn, St. Leonards-
on-Sea; Dr. J.B.L. Bard, Edinburgh; R.C. Smith,
Whitby: B. Mannas, Huntingdon; G. Paviour,
Melksham; A.A. Faulkner, Londonderry; R. Dowden,
Camberley; P. Bunney, Broughton-in-Furness; R.
Stevens, Orpington; A. Stuart, Musselburgh; K. Lord,
Luton; A. Willis, Farnborough; S. Sharpe, Headley
Down; W.C. Woodhouse, New Barnet; S. Bond,
Huddersfield; H.A. Bunn, Lincoln; C.P.L. Fillingham,
Benbecula; A. Gilbert, Fareham; P.J. Everest,
Thatcham; A.S.A. issufo, Dewsbury; L. Jurd,
Tadworth; B.W. Parkins, Kings Langley; H. Doherty,
Castlewellan; Mr. Semple, Hoit; N.J. Wadsworth,
Broadstone; M. Meswania, Luton; R. Haslehurst,
Northwich; D.M. Bull, Nottingham; A. Antoniou,
London; D. Howell, Barry; J.P. Brett, Newcastie-on-

Tyne; G.R. Pringle, Gt Yarmouth; J. Caulfield,
Bristol; G.H. Bradley, Ashford; E.P. Thomas, Carditf;
J. Loughridge, Manchester; K.E. Berry, Penryn; S.A.
Fletcher, Abergavenny; C. Gardner, Mariborough;
A.C. Hobbs, Welwyn Garden City; P. Teague, Stoke-
on-Trent; C.R. Paterson, Glasgow; A. Allen, Man-
chester; A. Stoddart, Brentwood; P.N. Paterson,
Holmes Chapel; J. Scaife, Broughton Astiey; C.
Espie, Wishaw; M.A. Bond, Godstone; Dr. P.M. Holt,
Welwyn Garden City; P.A. Rosbotham, Wigan; A.
Hurley, Fareham; A.P. Hume, Hitchin; P.J. Mills,
Cannock; HM. Humphreys, Belfast; A. Fisher,
Torquay; D. Greenwood, Bodmin; N. Ray, Ware; B.
Goodyear, Oswestry; R. Gould, Weymouth; P.
Phillips, Chepstow; K. Sunil, Roghampton; . Tutin,
Thatcham; N.K. Williams, Dunfermline; A. McGhie,
Isle of Whithorn; S.R. Hill, Loughborough; J.M.C.
Bassett, Nottingham; R.G. Scott, Giffnock; N.J.
Dupres, Powys.
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TEST GEAR AND
MEASUREMENTS

n part 4 we saw many different

ways in which AC voltage, current
and power could be monitored or measured
using meter movements operating on
electromagnetic or electrostatic principles.
Here we examine instruments using more in
the way of electronic circuitry.

Electronic Meters

Meters developed from the electro-
mechanical with magnetic sensor and needle
movement to the fully digital-electronic, i.e.
digital display with electronic sensor. In
between these two stages there was an
attempt at turning the electro-mechanical
device partly electronic by using an amplifier
to drive the needle. Rather like using a quartz
movement in an analogue wrist watch.

+Vee

Figure 1. DC coupled meter.

it a transistor is connected as one arm of
a bridge circuit, Figure 1, its input can be
limited to a safe value by an attenuator and
range switch. The attenuator and range
switch ensure that the input voltage is limited
to a safe value, i.e. the tum on voltage of the
transistor. Direct coupled amplifiers however,
suffer from drift and a better method of

measuring a low value of DC voltage is to turn ‘

itinto an AC voltage in order to amplify it, then
convert it back into DC. In this way, DC
voltages of a few microvolt can be measured.
Reed vibrators for converting DC into AC are
well known where car batteries have been
used during power strikes. Here a chopper
(vibrator) using photodiodes, will be
described.

Figure 2 shows how an oscillator is used
to illuminate neon lamps on alternate half
cycles. Neon Lamp A then illuminates
photodiode B and C and Lamp D illuminates
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photodiodes E and F. Two photodiodes are
required in the input and output to cope with
the positive and negative going waveform.
Photodiodes have low resistance (hundreds
of ohms) when illuminated and high
resistance (thousands of ohms) when not
illuminated. The photodiodes act as gates,
opening and shutting at a rate determined by
the oscillator, usually a few hundred Hertz.

( —

:C low
0CN i rOJUL o
% ik it

-

|

“—— Feedback |

Figure 3. Rectifier after amplifier.

by Danny Stewart
Part 5

Figure 4. Rectifier before amplifier.

This rate is limited by the photodiodes ability
to change states from low to high resistance
and back again. Thus when the input is
enabled, the corresponding output will be of
the opposite polarity taking the phase
inversion of the amplifier into account. The
higher output voltage is then able to drive the
meter needle and of course the scale
readings are reduced to compensate for the
amplification. The low pass filter in the output
removes any AC left in the signal.

As before, in order to measure AC, a
rectifier is required. However, there is a
choice of putting the rectifier before or after
the amplifier. Figure 3 shows that the signal is
amplified first, then rectified. In this
arrangement there is a requirement for large
quantities of negative feedback to
compensate for the non-linearity of the
diodes. This means that the open loop gain of
the amplifier must be large. The full wave
rectifier and bridge arrangement in the output
is then used to produce a reading.

Alternatively, the rectifier can precede the
amplifier, Figure 4, in which case a DC
amplifier with zero drift is required. Other
rectifier arrangements are possible. Figure 5
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shows that a half wave rectifier can be
connected to a DC amplifier. Instead of
reading the average value of the rectified
waveform, there may be a need to read the
peak value. In which case, Figure 6 shows a
peak rectifier where the capacitor charges to
the peak value.

Figure 7 shows a voltage doubler or peak
to peak rectifier, and the output is twice the
peak value. All the above arrangements apply
to sine waves, i.e. a form factor of 1.11. What
if the wave is not a sine wave or there are
several different waveforms? Then
thermocouples must be used to measure the
heating effect. This is calied anr.m.s.
responding meter. But thermocouples are
non-linear, so if two thermocouples are
connected in opposition, the non-linear effect
cancels.

Balanced-Bridge Amplifier

Instead of using a single DC amplifier,
two DC amplifiers can be used in a bridge
formation such as Figure 8, where T1 and T2
are two arms of a bridge and R1 and R2 the
other two arms. Bipolar transistors or field
effect transistors can be used as the active
devices.

With no DC input, the transistors operate
in the OFF region. But since transistors
cannot be exactly identical, there will be a
slight imbalance, causing current to flow
through the meter. Therefore, a zero adjust is
useful.

Differential Voltmeters

These use the principle of the
potentiometer and are sometimes called
potentiometric voltmeters. A potentiometer is
akind of bridge and both use a comparison
principle which is highly accurate.

Figure 9 shows a differential voltmeter
and an accurate meter is not required since
absolute voltages are not being measured
but a sensitive meter is required to detect the
slightest imbalance. The reference voltage is
usually a 2 voit DC laboratory standard or
Zener controlled supply. A rectifier is used to
convert the DC differential voltmeter into an
AC differential voltmeter. The main drawback
of a differential voltmeter is the loading effect
of the input divider.

Digital Voltmeters

Digital voltmeters can work on different
principles, one of which is the successive
approximation principle. The principle of

‘ AC DC
Input Amp.

Figure 5. Half wave rectifier.

| o—F -
AC DC
Input SZ Amp.

| S—

Figure 6. Peak rectifier.

. - -

Em

o

Em
‘ € To DC
' Amp, via
. AC & range
Input switch

L — —

Figure 7. Voltage doubler.

working is illustrated in Figure 10. Suppose a
voltage of 9.5V is to be measured, the
start/stop multivibrator of Figure 11 sets the
D/A converter output to half the reference
supply. If this is less than the input voitage a
digital one is retained as the most significant
bit in the control register. Subsequent
voltages are half the previous value and these
are compared with the residue from the input.
If they are greater than the residue they are
rejected. If they are less than the residue, they
set the subsequent bits in the control register
which then illuminates the digital display.

If the voltage being measured is nota DC
voltage, then the input will change constantly.
To overcome this a sample and hold circuit is
used. The sample and hold circuit can be
thought of as a switch and capacitor. The
switch is closed whilst sampling the voltage,
and open in the hold mode. During the hold
period, the voltmeter gets a chance to
discharge the capacitor and work out the level
of voltage.

Another method of digitally reading an

Input  Voits generated Input residue
95V 8V (Keep) 1-5V
1 4V (Discard) 1-5v
2V (Discard) 1-5v
1V (Keep) 0-5v
0-5V (Keep) [}

input voltage could, strange as it may seem,
employ a servo-controlled motor. Since this
method does not read the input in steps like
other methods, it is sometimes called the
continuous balance method. The reason for
this is because the servo-controlled motor
tries to balance the input against the
reference, continuously. This low cost
instrument is about 0.1 per cent accurate and
the mechanism takes about two seconds to
settle. The chopper is a mechanical device
(vibrator) for converting DC to AC. The AC out
of the chopper and into the amplifiers is a
square wave whose amplitude depends on
the difference in amplitudes and polarity of the
inputs to the chopper. The servo motor tums
in a direction to cancel this difference, and in
so doing tums the wheels of the digital
readout. The digital readout is a drum type
mechanical device.

The most obvious method of measuring
an incoming voltage electronically is to
generate a ramp and look for coincidence with
the incoming voltage. A ramp voltage may be
positive going or negative going. Figure 13
shows a negative going ramp, i.e. one that
falls towards zero or even below zero.

Let us say the input voltage is coincident
with the ramp at point X, and at point Y the
ramp has dropped to zero. Therefore the time
interval X to Y has to be measured, and this
interval has to represent the amplitude of the
voltage under measurement. The whole
operation represents an analogue to digital
conversion since the final display is digital.

l

Null meter

Reference
voitege
Unknown "5~ Precision *
voitage

rheostat

| — S —— —

Figure 9. Differential voltmeter.
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—

Figure 10. Successive approximation method.
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Figure 8. Balanced bridge DC amp.
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Figure 11. Successive approximation circult.
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Figure 12. Servo controlled voitmeter. Figure 14. Ramp type digital voltmeter.
- Figure 16a shows the symbol for an OR
T 7 | gate. Figure 16b gives an output when either
a) ‘ of the inputs are activated, according to the

input
-V

Gating
interval

Figure 13. Analogue to digital conversion.

Figure 14 shows a block diagram of a ramp
type digital voltmeter. If a start pulse opens
the gate of the counter as soon as
coincidence is detected, and a stop pulse
closes the gate of the counter as soon as the
ramp reaches zero, the count can be made to
represent the amplitude of the voltage under
measurement.

The sampling rate can be carried out by a
multivibrator in order to start the next ramp
voltage and also cancel the previous display.
The rate is adjustable from a few Hz to several
kHz. The display can be prevented from
‘blinking’ by outputting a reading only at the
end of each count.

The main types of digital voltmeter
examined here are based on the following
principles:

Successive Approximation.
Continuous Balance.
Ramps.

In general, digital voltmeters have input
ranges of 1 volt to 1000 volts with a good
resolution, e.g. 1.V can be measured on the
1V range. The input capacitance is about
40pF and the input resistance 10M ohms.

These instruments are usually accurate
to £0.005% with a stability of 0.008% over
half ayear.

Electronic Counters

The basic building blocks of an electronic
counter are:

a) Muttivibrators (fiip flops).
b) Logic gates to control the counting periods.

c) Atimebase for increasing the frequency or
time intervals.
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Figure 15. AND gate (a) symbol, (b) circuit,
(c) truth table.

Logic Gates

Before going into detail about how such a
counter does its input sampling let us
undertake a quick revision of logic gates. The
basic logic operations are: AND, OR, NOT.

Figure 15a shows the symbol for an AND
gate, and Figure 15b the circuit. There is an
output only when both inputs are activated.
Figure 15¢ gives the truth table.

a)

:

Output

c)

|

[

-0=0 @
—“a w0 0

Figure 16. OR gate (a) symbol, (b) circuit,
(c) truth table.

truth table of Figure 16¢.

An important logical operation is the NOT
gate or inverter, since it is sometimes
important to invert a pulse before applying it to
subsequent logic gates. An inversion is
achieved quite simply by a transistor. Since
the output is 180° out of phase with the input,
a positive going pulse applied to the input will
appear as a negative going pulse at the
output. Figure 17a shows the symbol for a
NOT gate, and Figure 17b gives the circuit
and Figure 17c shows the truth table.

-

{ a)
i |
| W
[ Output
; r
\ JL
‘ Input
|
|
‘ c) Input Output
4] 1
1 o]

Figure 17. Inverter or NOT gate (a) symbol,
(b) circutt, (c) truth table.

Timebase

Since the accuracy of a counter depends
on the frequency generated intemally, it is
important that this frequency is stable. For this
reason, the oscillator is usually enclosed in a
temperature controlled oven. Just as a
television receiver requires a timebase to
sweep the screen at regular intervals, a
counter requires a clock to open and shut the
gates at regular intervals. In addition, the
counting period needs to be increased or
shortened depending on the frequency of the
input.
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Figure 18. Gating puise verses period.

It's no use trying to measure a time
interval of T, if the gate shuts in interval t,
Figure 18. Alteration of the sweep, and hence
the gating intervals, is achieved by decade
divides. The clock rate, say 10MHz, canbe
divided by ten successively to give the ‘
required rate by a front panel control.

Multivibrators

There are three types of multivibrators;
the stable (free running), the monostable (one
stable state) and the bistable (two stable
states). Here we shall be concerned only with
the bistable. ‘
Figure 19 shows an emitter coupled \
bistable. Let us assume that transistor TR1 is
conducting, and that the collector of TR2 is
only slightly positive relative to the supplyrail, |
or for practical purposes it is at supply
potential. The base of TR2 is therefore at zero

Figure 20. Bistable waveforms.

shown in Figure 20. Notice there is only one
output pulse for every two input pulses and
the circuit divides by two. Since it works to the
base 2, itis a binary counter.

The diode assists in this by removing the
negative going spike in the differential
waveform. If the diode were not present, the
negative going spike would switch on the
transistor that was cut off and both transistors
would change states. Therefore there would
be an output pulse for every input pulse. C1
and C2 are commutating capacitors since
they speed up the transition. To ensure that
TR1is on and TR2 off, a reset terminal is
provided. If a negative pulse is applied to this
terminal, TR1 conducts and TR2 switches off.

Binary Counter

A symbol for the above ‘flip-flop’, as itis
known, circuit is shown in Figure 21. A

TR1 On
TR2 Off

| Input

Reset

TR2

‘ ‘ TR2
\ TR S

-

Figure 22. Binary counter.

Figure 23. Another way of representing this is
using Table 1. Stage A divides by 2, stage B
divides by 4, stage C divides by 8 and stage D
divides by 16. This counter counts up to
16(2%in binary, therefore an 'n’ stage counter
will countup to 2.

Decimal Counter

We ten fingered humans don't find it easy
to count in binary, therefore some means has
to be devised of converting the binary counter
into a decade counter. This is achieved by

—

potential, and the current through TR1 causes positive trigger has no effect on the transistor |
a voltage drop across R7, keeping TR2 thatis cut-off, it only affects the transistor that nput Stage
cut-off. | ison. In order to count in binary, several of Puse O C B A
In this condition, the potential divider these flip-flops can be connected in cascade, 0 0 0 o o
formed by R2, R4 and R6 keeps the base of asin Figure 22. The output of the conducting \ 1 o o ] 1
TR1 negative, i.e. forward biased. This means transistor is used to trigger the next stage. \ g g g } ?
that the circuit is stable with TR2 cut off and How this circuit is used to divide successively 4 o 1 o 0
TR1 conducting. To reverse the situation to by two is shown in the waveform diagram of g g : ? (‘,
TR2 conducting and TR1 cut off, a positive B - o 7 0 1 1 1
trigger pulse is applied to the base of TR1, ‘ 8 1 0 o o
driving the base-emitter junction to cut-off. At o : S
cut-off, the collector of TR1 is at supply 1 1 [ 1 1
potential. This in turn forward biases the Input TR2 — Output(s) - J 19 o
emitter-base junction of TR2, via R3, forcing it | Reset TR1 [—e Output (S) - : : ; >
into conduction. With TR2 conducting, its 15 1 1 1 1
collector drops to zero volts, therefore the [ | | N B RO ‘J
base of TR1 is at zero volts and cut off. The L e - | S — —
waveforms at different points in the circuit are Figure 21. Flip-flop symbol. | Table 1. Binary counter truth table.
— S . S
-Vee ‘
|
ﬁ w Input pulses
Rl R2
ovtout A3 R4 output O i 2345678091010 12131415716
(CP)U o = (D) ° Output A
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TR TR2 o Output B
= | VR S I S I R D A
Reseto {1} A Output C
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J l% ‘ o Output D
i B et o Y l [
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Figure 19. Bistable multivibrator.
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Figure 23. Binary counter waveforms.
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feedback and advancing the count by 6 at
some stage in a binary counter. The most
common commercial decade counter uses
four flip-flops as before with feedback as
shown by the dotted lines of Figure 24. The
corresponding waveforms are shown in
Figure 25. At the fourth trigger pulse, stage B
is switched on again, advancing the count by
2. Atthe sixth input pulse, the count is
advanced by another 4, giving the required
advance of 6. The next four input pulses bring
the count up to 10 and all the stages are reset,
ready to begin another cycle.

Itis useful to compare this diagram with
that of Figure 23 to see how feedback
prevents the switching off of stages B and C,
thereby advancing the count. Thatis, the
stages are controlled by the feedback and
ignore the input puises during these periods.

Universal Counter/Timer

A universal counter/timer usually has
facility for two inputs, A and B, and, as in an
oscilloscope, one of the signals can act as a
trigger for the other. Intemal triggers can also
be selected. These triggers can be AC or DC
voltages for activating the timebase. If an AC
waveform is chosen then the triggering can be
carried out on the positive or negative slope,
Figure 26. This choice improves the stability in
counting and displaying the count.

A function switch helps select frequency
or period depending on whether one wants to
measure the frequency of a signal or the
period of one cycle of a waveform. A
timebase multiplier switch is a rotary switch
which assists the above measurement by
expanding or compressing the scale. The
decimal point on the digital display is adjusted
automatically.

A good machine will also have a memory
switched on or off by a slider switch. In the
memory mode, the instrument makes one
count of the frequency (Hz) or period
(seconds) and displays it. With the memory
off, the instrument counts and displays

[ .
|
TR1 Conducting [
| Trigger T2 P Input
Reset 4 A 1 2 3458 782911
l Lo TRY +V
o
Stage A
| TR2 ' ° _l I_] [_] I_'I I‘] r
' [: TR1 8 g/
‘ — Stage B
| I | o
1 ‘ i -v
TR2 |54 |
r__c 3 c Stage C tanrdhand
=1 ™ | || |
I ‘ -V
: ’ ° Stage D
TR2 _
s _° !
' TR1
Output
|

Figure 24. Decade counter.

Amp
Input A o NS Schmitt
v Trigger
Amp
Schmitt Logic Decade Counter
Input 8 o - >_ Trigger Controt "1 and Display
Schmitt
Trigger
l TIMEBASE
I Crystal Schmitt
l Oscillator Trigger

Figure 27. Block diagram of universal counter-timer.

20

Figure 25. Decade counter waveforms.

Positive

% N—

|-

Figure 26. Positive and negative trigger.

continuously, and the display flickers as the
count proceeds. A signal lamp marked ‘Gate
Count' also flickers continuously, except in
the memory mode when it stops flashing at
the end of a count. Therefore, in the memory
mode, a reset button is required if a further
count s required. The advantage of the
memory mode is that one does not have to
watch the display all the time. A biock diagram
of a universal counter-timer is shown in Figure
27.

Frequency Measurement
This can be described as the number of
occurrences in one second. Therefore, if a
gate can be opened for one second during
which time the input signal can pass through
and activate a counter, then the frequency
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can be displayed. Figure 28 shows how a gate
would open and shut to measure 10 cycles in
one second or 10Hz.

Figure 29 shows how this would be
implemented using an AND gate to combine
the input with the gate open signal. The
Schmitt trigger converts the input signal to a
square wave which is then differentiated to
produce sharp spikes for gating purposes.
The space between the spikes is of course the
same as that between occurrences of the
original waveform.,

The timebase waveform is also applied
via a Schmitt trigger for the same reason. A
timebase of 1MHz produces spikes 1us apart.
This can be altered by the multiplier switch to
give larger periods up to 1 second.

Period or Time Interval
Measurement

In frequency measurement we are
interested in the number of occurrences in
one second. In period or interval
measurement we are interested in the time
taken for one occurrence. Therefore, with
reference to Figure 30, if a Schmitt trigger
starts a counter counting on the positive slope
and another Schmitt trigger stops the counter
on the negative slope, the counter reading
gives the period or time interval. Assuming the
time base is 1MHz, then the period would be
measured in microseconds. Since the counter
is counting in intervals of 1us, the lowest
period that could be measured is 1us. A
waveform shorter than 1us would require a
faster timebase, see Figure 18.

Sources of Error in Counters

The internal oscillator may not be
calibrated, and this can be accomplished by
tuning it to one of the standard frequencies
broadcast over very low frequency radio
(VLF) or a frequency transmitted by landline
from one of the frequency standards. In
England, it is Rugby radio station or by
landline from Kingsway, London. Also, a
portable instrument that is switched on and off

alot of the time may take a while to settie
down. Long term stability may also be
affected since the crystal in the oscillator is
under stress continually. This causes bits to
flake off the surface, leaving a thinner crystal
which gives an increased frequency.
Another source of error is in the gating of
the input. Since the gating pulses are not
synchronised with the input pulses, the count
could be out by one. Consider Figure 31, the
interval between pulses is the same for both
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Figure 28. Occurrences in 1 second.

L S

Amp
Schmitt
input ‘__D— Trigger

Decade Counter
and Display

Logic
Gate

Muttivibrator
(Gate Control)

Open Close

Trigger
Period

Crystal Schmitt
Oscillator Trigger

1
|
] } MHz
\

|

Figure 29. Frequency measurement mode.
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Figure 31. Error in gating.

the gating pulses and input pulses, but
because the two signals are not
synchronised, only six input pulses have been
counted instead of seven. Therefore, at the
low frequencies, a count can be out by as
much as 10%, and period measurements are
better than frequency measurements. The
frequency can then be calculated from the
period measured:

-
(=)
The crossover point between frequency
and period measurements can be derived:

Let fi = internal frequency of the instrument
fx = unknown signal

The number of pulses counted in a period
measurement: P = fi/fx

If the gate is set at 1 second, then the
number of pulses counted in a frequency
measurement: F = fx.
The crossover occurs when:

P=F

fi

or —— =fx
fx
Thatisfx = V'fi
The crossover is at the square root of the

internal clock. So if the clock frequency is
1MHz, the crossover is at 1kHz. Below this
frequency, period measurements are more
accurate and above this, frequency
measurements are better.
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his tester has been designed to

measure the performance of

servos and aid fault finding. It
allows manual adjustment of the servo
output and has two automatic modes. In
the first automatic mode the output
signal is slowly changed from one end of
the range to the other and back again.
This tests the slow response of the servo
(regulator response). The speed of
change is adjustable from about 0.2
seconds to 50 seconds for full travel. The
second automatic mode switches the
output signal from one end of the range
to the other. This tests the fast response
of the servo (servo response). The time
between switching is adjustable over the
same range as in the first automatic
mode.

The signal that has to be generated
is a train of positive pulses each of length
between 1ms and 2ms at a repetition
rate (frame) of 20ms. A 1ms pulse
represents one end of the servo travel,
and a 2ms puise the other. Pulses
in between these values drive the servo
proportionally between the two
extremes.

Circuit Description

The circuit is shown in Figure 1. Itis
built up from three sections. These are:
the frame generator, a voltage controlled
pulse width generator, and a waveform
generator.

The frame generator centres around
IC1band c. Thisis a standard CMOS

22

MODULATION
=

100nF

220k

oP3
12
13 0751
A
RV3b
By ¢9 5k
oo iCoa
AY2 406BBE 12
C8| 19 1IC4c 1 R7
100 8 4F a
TJ_-."F ] + 22k
CS5am E
R
1000uF ; L& [ soicen By 5l 2
RV4
vy n- o
ovo— IC6b

Figure 1. Circuit diagram.
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oscillator circuit. It generates a square
wave with a frequency which
corresponds to the desired 20ms frame.
The frame length can be adjusted by
RV1. However, this adjustment is not
critical, as will be seen later, and those
without access to timing equipment can
happily leave RV1 in its mid-position.

Both the pulse generator and the
waveform generator use the CA3080
operational transconductance amplifier
to generate triangular waveforms. This
amplifier is similar to conventional
operational amplifiers except that it is the
output current rather than the output
voltage that is proportional to the
difference in input voltages. Also, the
gain of the amplifier is set by the current
allowed into pin 5 (amplifier bias current).
The amplifier responds linearly for input
voltage differences up to 0.1V. At this
point the maximum output current is
achieved. This maximum current is equal
in magnitude to the amplifier bias
current.

A ramp waveform can be generated
by applying a fixed current to a capacitor.
The rate of rise is govemed by:

Voltage (V)
Time (s)

Current (A)
Capacitance (F)

A triangular waveform can be
generated by alternating the direction of
the fixed current. The CA3080 is a
convenient device to use to achieve this.
By alternating the input voltage
ditferential from +1V to -1V, the output
current is at the maximum (saturation)
level (equal to the amplifier bias current)
and the direction alternates with the
polarity of the input.

Now back to our circuit. The pulse
generator produces pulses of width
between 1 and 2ms. The length is
governed by the input voltage (from the
waveform generator), and the repetition
rate is governed by the frame generator.

IC3 is the CA3080 operational
transconductance amplifier. IC4d is a
voltage comparator, and IC2bis a ‘D’
type flip-flop. In its idle state Q is high
(5V) and Q is low (0V). Hence IC3 is
trying to discharge C2. However, when
C2 is completely discharged it can go no
further and it sits close to OV. When a
rising edge is received into the clock
input of the flip-flop, the Q output is set
equal to the ‘D’ input, i.e. OV.
Conversely, Q flips to 5V. This gives a
positive voltage to IC3 and it starts
charging C2. Initially the voitage on C2is
lower than the control voltage. Hence the
output from IC4d is low (0V). The voltage
on C2 rises at a steady rate set by R3
and C2. When this voltage exceeds the
control voltage, the output of IC4d goes
high (5V). This immediately ‘SETS' the
flip-fiop, i.e. Q = high (5V), Q = low
(OV). This in turn reverses the input to
IC3 and C2 starts to discharge.

The time that Q is low is set by the
rate of rise of the voltage on C2 and the
control voltage. The rate of rise of the
voltage on C2 is fixed. Hence the length
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Figure 2. Waveforms.
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Figure 3. More Waveforms.

of time that Q is low is proportional to the
control voltage. The output from Q is
inverted and buffered by IC1a, d, e, and
f, so that up to four servos can be driven
at once. Overall then, the output pulses
are of length governed by the input
voltage and the repetition rate is set by
the frame generator. The various
waveforms are shown in Figure 2.

The waveform generator produces
one of three outputs. These are all
generated at the same time but only one
is selected by S1. The outputs are:
manually controlled output, triangular
wave output (for testing the ‘regulator’
response) and a square wave output (for
testing the ‘servo’ response).

The manual output is adjusted by
RV3a. The low and high limits are
governed by RV2 and RV4. These are
normally set so that the minimum and
maximum voitages correspond to output
pulses of 1ms and 2ms. These limits also
set the high and low points on the
triangular and square waveforms.

The triangular waveform is
generated using the CA3080 IC (IC5) to
switch a fixed current in and out of a
capacitor (C4). The frequency of the
waveform generated is a function of the
time taken for the voltage on C4 to

change from the high limit to the low limit
and back again. This is governed by the
amplifier bias current, which is set by
RV3b. The slowest time is set by RV5.
The direction of the output current from
IC5 is governed by the ‘D’ type flip-flop
IC2ain a similar manner to the pulse
generator. However, IC2a is drivenin a
different way. Whilst the voltage on C4 is
in between the high and low limits the
outputs from |IC4b and IC4c are low.
When the voltage on C4 exceeds the
high limit the output on IC4c goes high
and resets IC2a. This then makes Q low
and Q high and C4 starts to discharge.
When the voltage on C4 goes below the
low limit IC4b sets |C2a and C4 starts to
charge. IC4ais purely a bufter amplifier.

The square waveform is generated
by a simple add-on to the triangular
waveform generator described above.
IC6a and IC6b are analogue switches.
The analogue inputs are connected to
the high and low limits, and the logic
inputs (pins 12, 13) are connected to the
Q and Q outputs of IC2a. Hence while
C4 is charging, the output ‘C'’ is
connected to the high limit, and while C4
is discharging, the output ‘C’ is
connected to the low limit. See Figure 3
for waveforms.
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Construction

This is straightforward. Refer to
Figure 4 for the pcb layout and legend.
Some care should be taken to avoid
static charges when handling the CMOS
IC's. Try to fit these last if possible, and
always fit them after the power supply
smoothing capacitors (C5 and C6) have
been installed. Solder the power rail pins
first (pins 7 and 14). Otherwise solder at
willt A good plan is to do resistors first,
then capacitors then the three wire links,
using cut off resistor leads, and lastly the
IC’s. It is not necessary to connect all the
4 outputs. These can be connected in
parallel if extra power is needed. When
connecting the output sockets make sure
that the correct wire goes to each pin.
Aiso take care when testing different
servos. There are some manufacturers
who use the same sockets but different
pin conventions.

Figure 5 shows box cut-out details.
Mount the completed board into the box
using M3 fixings as shown in Figure 6.
Cut the shaft of RV3 to approximately
12mm, and fit a knob. The tang of S1
should also protrude through the slot cut
in the side of the box. Fit the lid with the
power wires and output connections
protruding through the notches. To
finish, stick on the front panel.

Set-up and Testing

The Servo Tester was designed to
be powered by a 4.8V standard radio
control battery pack. Alternatively, a 5V
1A power supply could be used.

Start by positioning all the
potentiometers in their mid-positions,
and setting the selector switch S1to
manual. Connect the battery/power
supply. if an oscilloscope is available,
the frame can be set to 20ms by
adjusting RV1. This is not critical. Some
radio control systems have a variable
frame. Here the frame is set by the sum
of the pulse widths of all the channels
plus the ‘sync’ pulse, which is usually
about 8ms long. Hence on a seven
channel system the frame can vary from
15ms to 22ms.

Next set the high and low limits
(RV2 and RV4). A good starting point is
to adjust these so that the ends of RV3a
are at 1.8V and 2.8V. Final setting can
then be performed using an oscilloscope
or by using a servo on which the output
arm movement range has been noted
from its use on another radio control
system. Adjust RV2 to give 2ms with
RV3 fully clockwise and RV4 to give 1ms
with RV3 fully anticlockwise. There is
some interaction between these settings
s0 it will be necessary to alternately
adjust RV2 and RV4 several times.

Now connect a servo(if you have
not done so already). Movement of RV3
should give a corresponding movement
in the servo. Set S1 to triangular wave.
The servo arm should now be moving
from one extreme to the other at a rate
determined by RV3. With RV3 in the fully
anticlockwise position, adjust RV5 to
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1 give the slowest desired transit time. A
time of about 50 seconds is

) [PPSR 3 recommended.

(g_'f ,—,’-“;';—;"':—,4,.@@ Use of the Servo Tester

1. Servo Travel

It { Use the manual control to set the
' ‘ servo from one extreme to the other.
b | Then with a protractor measure the
‘ ©3:5 Cok O on reverse (| servo travel. Typical values are 70° -
b / 4 90° for regular servos or 180° for
;‘ j ‘retract’ servos.
1 k@—— e =4 2. Servo Resoilution (or Sensitivity)

. 905 N Set the selector switch (S1) to the
mid-position (triangular wave) and set

o ]

i Slot 4x6

1
|
|

i Note:Lid Wp to be notched 2 wide x 2 deep
corresponding with notches in box. AN

| e i /-MS Clearsnce spacer

M3 x10 Csk screw, nut ‘
& washer l
t —J L

Figure 5. Box drilling. Figure 6. Mounting pcb in box.
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RV3 fully anticlockwise. As the pulse
slowly changes the servo will respond
in small jumps. The servo travel '
divided by the number of jumps will
give the resolution (typically 0.5°). If
the slowest transit time has been set
to 50 seconds it will only be
necessary to count the jumps over 10 l
seconds and muitiply by 5. This test is
also useful for showing up any
problems with the servo feedback
potentiometer. |

3. Servo Transit Time [

Start with S1in the squarewave

position and RV3 fully anticlockwise. |
The servo will now switch from one
extreme to the other every 50
seconds. Slowly turn RV3 clockwise
while listening carefully for the gaps in |
the servo movements. When tRese
disappear the servo is moving at its
maximum speed. Measure the time
for 20 swings and divide by 20 to get
the transit time, (typically 0.3 to 0.5
seconds). This can be divided by the
servo travel to give the servo speed in
terms of seconds per degree.

4. Overshoot

With S1 in the squarewave position

and RV3 set to get the servo to move
full travel about once per second, use
a protractor above the servo arm to
measure the overshoot, (typical

Servo Mechanism

values 0 - 5°).

5. Compare Two Servos
Plug both servos into the tester and
run through all the tests. The
advantage of doing two at once is that
one can get a feel for their
differences.

One last thought. Before desc-

A servo mechanism supplied in kit form is available
complete with self contained 5k() potentiometer,
with end stops on the output shaft. Standard four
corner mounting, with four PVC grommets included
for insertion into the mounting holes to provide for
some insulation against shock and vibration. A
PVC cable strain relief is included for wires leaving
the servo case. The servo uses the miniature
motor YG12N which is retained in position with two

ending on your local model shop to test screws, and is supplied as part of the mechanism.
his servos, make absolutely certainthat | | Thesevois p"(’)v"'d":"m‘ f’ssé"'g"’ “ggs:T output
your tester is working correctly on each m"’?izg'cenz;s_ ‘:';31 1mn": : 6BA "\;v:ight-
of the outputs, and, of course, that the 30 grams with motor. ’ ’
pin conventions that you have used on Order As YG14Q (Servo Mechanism)

your sockets correspond to the pin Price £8.95

conventions of the servos being tested.

IC38 CA3080E 2 (YHB8N)
SERVO TESTER X4 LMa24 1 (UF26D)
PARTS LIST IC8 40B6BE 1 (OXa3a)
RESISTORS: All 0.6W 1% Metal Film MISCELLANEOUS
Rl 86k 1 (MB6K) s1 Switch R/A DT3T 1 (FV02C)
R2 220k 1 (M220K) Servo Tester PCB 1 (GD41U)
R3 47k 1 (MA4TK) Knob KI14A 1 (FK38R)
R4,5,78,10 22k 8 (M22K) Box MB2 1 (LH21X)
R6,9 10k - (M10K) M3 Spacer Yin. 1Pkt (FG32K)
RVI 47k Sub-min. Hor. Preset 1 (WR60Q) M3 x 10 Csk. Pozi-screw 1Pkt  (LRSTM)
RV2 22k Sub-min. Hor. Preset 1 (WRBSOP) M3 Washer 1Pkt  (BF82S)
RV3 4k7 Dual pot Lin. 1 M3 Nut 1Pkt  (BFSSN)
RV4 10k Sub-min. Hor. Preset 1 (WRS8N) Hook-up wire Black 1Pkt (BLOOA)
RVS 1k Sub-min. Hor. Preset 1 (WRSSK) Hook-up wire Red 1Pkt (BLOTH)

Hook-up wire White 1Pkt  (BLOSK)

CAPACITORS Sexvo Tester Front Panel 1 - (FPT85)
Cl 100nF Poly-layer 1 (WW41U) ’
c2 68nF Poly-la 1 (WW3SN)
C34 33uF 10V ‘l'::m 2 (WWT74R) A complete kit of all parts is available for this project:
Cs 1000uF 10V Axial Electrolytic 1 (FB8IC) Order As LM23A (Servo Tester Kit) Price £10.95
ce 100nF Mylar 1 (WW2IX) The following items in the above kit list are also
- available separately, but are not shown in the 1987 catalogue:
SEMICONDUCTORS Servo Tester PCB Order As GD41U Price £1.98
IC1 406SUBE 1 (QX25C) Servo Tester Front Panel Order As FP75S Price £1.20
ic2 4013BE 1 (QX07H)
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Once upon a time, there were
thermionic valves. A valve (for those who
have never had to use one) is a large,
evacuated glass bulb containing an
intricate structure of metal electrodes,
and which works on the principle of
controlling the flow of an electric current
by means of an influencing electric field.
In effect, the device is a voltage-
controlled resistor.

Thermionic valves grew to become
marvellously complex, and the systems
they made possible laid the foundations
of the modem electronics industry, but
they were far from ideal. They were
bulky, and inefficient. They had to be
‘warmed up’ before they would work, to
the point where they were too hot to
touch. Most important, they were so
unreliable (by modem standards at any
rate, though it is not unusual for a valve’s
useful life to be counted in years) that
each valve came with its own built-in
base pluig connector (which of course
did not actually improve reliability).

In the late 1940's, a group of
researchers at Bell Labs were
consequently trying to make a better
valve. It was known that semiconductors
had some interesting properties, and
they were experimenting with
germanium. Their idea was to pass a
current through a thin film of the material,
controlling the current by applying an
electric field via a third electrode which
was insulated from the semiconductor. It
didnt work very well and was
abandoned in favour of other lines of
thought which led to the point-contact
transistor and eventually to the p-n
junction transistor. By the time the
concept was tentatively revived a few
years later, junction transistors were
already firmly established.

But the idea refused to die. Field-
effect transistors; transistors whose
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FET?

by ]J.K. Hearfield

Drain

Figure 1. The channel in a JFET is
effectively surrounded by the gate.

current was controlled by an electric
field rather than by an input current,
began to be manufactured in the early
1960's. The first types used the field
across a reverse-biased p-n junction, and
were therefore known as Junction gate
Field-Effect Transistors, or JFETs’, and
sometimes ‘JugFETs'. Later it was
possible for the metal control electrode
to be fully insulated from the
semiconductor by a layer of oxide; this
process became known as Metal-Oxide-
Silicon, or MOS. Their intrinsically high
input resistance and good high-
frequency performance made FETs a
better choice for some applications,
though at that time they tended to be
unreliable and easily damaged. The
technology was gradually perfected
though, and eventually it became clear
that integrated circuits could be
manufactured much more easily if MOS
field-effect transistors were used instead
of bipolar transistors. It took over thirty
years, but the semiconductor version of
the valve has made possible systems so
complex that they literally could not ever

|
|

|

WHICH

have been built
thermionic valves.

JFETs

In order to describe how field-effect
transistors operate, it is necessary first to
explain briefly how the field is applied
and what it does.

Depletion Zone

Silicon is called a ‘semiconductor
because it doesn't conduct current very
well Current is carried by electrons, of
course, and silicon doesn't possess many
free electtons. So to improve its
conductivity, trace amounts of other
materials are added. If the result is a
surplus of (negative) free electrons, the
resulting material is known as ‘n-type’,
and if instead there are even fewer
electrons than there should be normally,
giving a surplus of ‘holes’, it is called
‘p-type’. A p-n junction is formed when
the semiconductor material changes
abruptly from n-type to p-type. Now,
some of the free electrons flying around
on the n-type side near the junction
inevitably find their way across to the
p-type side. Once there, they quickly
find ‘holes’ to hide in. The result of this
migration is that there are eventually
almost no free electrons near the junction
in the n-type material and almost no free
holes on the p-type side. The region
around the junction becomes effectively
a no-go’ area for both electrons and
holes, and is consequently known as the
depletion zone.

If now a voltage is applied across
the junction which makes it easier for the
electrons to cross it, more of them will
make the one-way journey, and the
depletion 2zone will expand. This
happens when the junction is reverse-
biased, that is, when the p-type side is
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deliberately made more negative than
the n-type side, and it is this effect which
FETs exploit.

Structure

A JFET consists of a conducting
‘channel’ through a ‘gate’, as shown in
Figure 1. The n-type channel and p-type
gate form a p-n junction which surrounds
the channel, and the junction’s depletion
zone naturally extends into the channel
on all sides.

Figure 2 shows the JFET in cross-
section. Connections are made to each
end of the channel The ‘drain’
corresponds to the collector of a bipolar
transistor, and the ‘source’ to the emitter.
The drain of an n-channel JFET is
normally kept at a more positive potential
than its source, so that electrons flow
from source to drainn The gate
contributes practically nothing to the
channel current, so the drain and source
currents are the same.

Operation

Suppose, to begin with, that there is
only a small voltage difference between
drain and source, and that the gate-
source voltage is also small. Some
current will be flowing down the channel
from drain to source. The channel is
really just a resistor, so increasing the
voltage across it (the drain-source
voltage) causes the current to increase
proportionally. Cwrrent cannot flow
through the depletion zone, of course, for
(by definition!) in this region there is
nothing to carry it. The current is thus
restricted to that part of the channel
unaffected by the depletion zone, see
Figure 3a. But the thickness of the
depletion zone depends on the gate-
source voltage. If the gate is made more
negative, the zone expands, narrowing
the channel and squeezing the current
more and more into the centre. The
channel's cross-sectional area is now
smaller, so its effective resistance is
greater, so less current flows for a given
applied voltage. The JFET under these
conditions behaves as a voltage-
dependent variable resistor. If the gate-
source voltage is made sufficiently
negative, the depletion zone extends
over the whole channel, and no current at
all can flow. The JFET is then said to be in
a ‘pinch-off' condition.

The voltage controlling the width of
the depletion layer is applied between
the gate and source. But the drain is more
positive than the source, so there is a
greater reverse bias across the p-n
junction at the drain end of the channel
than at the source end. It follows that the
depletion zone is wider at the drain end,
and that its width here depends at least
as much on the drain-source voltage as
on the gate-source voltage. As the
drain-source voltage is increased, the
depletion zone bulges inward towards
the centre of the channel until pinch-off
occurs, see Figure 3b. Electrons can still
drift through the pinched-off region

June 1987 Maplin Magazine

|

1

!
l

Source Drain
Oxide __ Zl{'lﬂ TN
N )
R\ p+\ [':] & " N \
N n PN
AR RN ae X
p
\ T
Gate
L — ~ _

Figure 2. N channel JFET structure.
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Figure 3. The depletion zone width depen
on V, and V. (a) The depletion Zone is
small when V, and V,, are small. (b) The
channel is pinched off when V, is large
enough, but drain current still flows.

however, so channel current continues to
flow, but the current does become
(almost) independent of the drain-source
voltage.

The output characteristics of a
typical JFET are shown in Figure 4. At
low values of Vpg (Drain-Source Voltage)
each characteristic is a straight line
whose slope depends on Vgg (the
Gate-Source Voltage). When Vp is
greater than about 2V, I, is almost
constant for a given Vg and independent
of V. Ip becomes larger as Vg is made
more positive.

Transfer Characteristic

The transfer characteristic (Ip
against Vgg) can be inferred from the
output characteristics, and is shown in
Figure 5. It is clearly far from linear,
especially when V is close to pinch-off.
In fact, it is an almost perfect square-law
function. This limits the usefulness of the

|
|
|
t

JFET as an amplifier, since it can only
handle small signals without distortion
becoming too much of a problem, but
makes it a good RF amplifier or mixer.

The device gain is the slope of the
transfer characteristic, that is, the ratio of
the output change (in drain current)
resulting from an input change (in
gate-source voltage). Current divided by
voltage is an admittance, Y, (the
reciprocal of impedance, Z) and has the
units of l/ohms, or Siemens (S). JFET
manufacturers usually specify gain as Y,
the FET's forward transfer admittance. A
typical Y,, of 5 mS means that an output
current swing of 0.1mA would require an
input voltage swing of (0.0001/0.005)
volts, or 20mV.

Measurement of
Pinch-off Voltage &
Zero-bias Drain

Current

Though apparently identical devices
will probably have much the same gains,
their pinch-off voltages may be wildly
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Figure 4. Output characteristics
(N channel JFET).
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Figure 5. Transfer characteristic
(N channel JFET).
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different. Figure 6 illustrates the possible
values the pinch-off voltage (V) and
zero-bias drain current (Ipgs) can take for
a 2N3819. It is sometimes useful to be
able to measure these parameters
quickly, and Figure 7 shows how this can
be achieved using just a multimeter and a
voltage source. The measurement of Ingg
is self-evident, Vg must be zero if the
gate and source are connected together.
To measure V; the meter is switched to a
voltage range, so that it behaves as a very
high resistance. A minute drain current
flows, as the JFET is almost (but not quite)
in pinch-off, and the meter reads the
gate-source voltage at which this occurs.

Absolute Maximum
L 3

Ratings

JFET manufacturers warn users
against overstressing the p-n junction by
specifying limits for the highest tolerable
forward current and reverse bias. Since
the device is almost never operated with
the junction forward-biased, the most
important practical limitation is that the
gate-source voltage must not be too
large. The maximum allowable voltage is
specified on the data sheet as, for
example, Vggises o Viggo or BV, and
is typically 30 volts or so. It is perhaps
less obvious that a similar limit applies to
the drain-source voltage. Yet since the
gate is often at almost the same potential
as the source, the drain-source voltage is
close to the drain-gate voltage. The
reverse bias across the junction is
highest at the drain end of the channe), so
the junction will break down here if the
reverse bias becomes too great.

Manufacturers also specify the
maximum power dissipation and channel
current their devices are designed to
withstand, and it is sensible not to exceed
them.

Temperature Effects

As the temperature goes up, so does
the leakage current of a p-n junction. The
leakage current in this case is of course
the JFET's gate current, and it can be
expected to increase by a factor of 10 for
every 40° rise in temperature.

P-channel JFETs

There is no reason why the channel
cannot be made of p-type material
instead of n-type, and many such devices
exist. They must be biased such that the
source is more positive than the drain,
and the gate is more positive than the
source, exactly the opposite conditions to
those needed by an n-channel device,
but otherwise their behaviour is very
similar to that of n-channel JFETSs.

Models

A simple low-frequency model for a
JFET is shown in Figure 8a. Indeed, since
it consists of just one component, a
current generator, it couldn't really be
much simpler. The model assumes that
the device is operating in pinch-off,
a8
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Figure 6. A JFET’s transfer characteristic is
often not tightly defined, Lpgs for a 2N3819
may be anywhere between 2 and 20mA.
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Figure 7. Measuring I,z and V..

where the drain current depends almost
solely on the gate-source voltage. In
effect, it assumes that the output
resistance is negligibly high compared to
the load. The ‘gain’ g,, is the slope of the
transfer characteristic (I, against V) at
the operating point. More precisely, it is
the resistive part of the forward transfer
admittance (Yy), but since this model
applies only at low frequencies, there is
no great harm in ignoring the effects of
internal capacitive feedback.

Using the model is easy. The first
step is to establish g, by choosing the
drain current at which the device will
operate. The higher the current, the
higher g, will be. Then choose a load, R;.
All the generator current flows through
the load, so the stage voltage gain is just:

A=ngl..

High-frequency
Behaviour

Designing JFET circuits that work
well at high frequencies is a difficult and
demanding task, and one quite outside

a) 6 «—ip

——0

Figure 8. JFET models, (a) Low frequency,
(b) High frequency.

the scope of this article. JFETs (and
MOSFETs) are used extensively in
receiver front-ends, as their inherent low
noise, large gain-bandwidth product and
low cross-modulation and inter-mod-
ulation distortion performance make
them superior to bipolar junction tran-
sistors. Comparing the high-frequency
model of Figure 8b with its low-freq-
uency counterpart, the main differences
lie in the inclusion of input and feedback
capacitors. The input capacitance (C;, or
C.,) is typically 4pF, whilst the feedback
capacitor (C,, or C,,) may well be rather
less than 1pF.

Choosing a JFET

The Maplin catalogue lists seven
JFETs, all of them n-channel In
ascending order of price, they are:

2N5459, BF244, MPF102, 2N5458, 2N3819,
2N4393, BFW10.

Different  applications demand
different strengths. The BFWI10, for
example, is designed for use in wide-
band amplifiers, though it has low noise
too at audio frequencies. The BF244 also
has low noise, but is intended for use in
audio amplifiers. The 2N4393 by contrast
is optimised for use as a switch, able to
dissipate substantial amounts of power
and with an ‘on’ resistance of less than
100 ohms. Of the general-purpose types,
the 2N5458/9 have very low input
currents.

JFETs separate the gate from the
channel by means of a reverse-biased
p-n junction. MOSFETSs use a thin layer of
insulating material instead, usually silicon
dioxide. As a result, the input (gate)
current of a MOSFET is much lower even
than that of a JFET.

The properties of an MOS transistor
depend more on its geometry than on its
actual size, so devices have been steadily
getting smaller as the technology has
advanced. This in turn has meant that
more and more of them can be
accommodated on a single integrated
circuit, and the results of this revolution
are all around us.

Operation
Like JFETs, MOSFETs work on the
principle of controlling the device
current by varying the depth of a
depletion zone inside a conducting
channel. But unlike JFETs, the depletion
zone in MOSFETSs is created by applying
an electric field across the channel
between the gate and the substrate.
Figure 9 shows the structure of an
n-channel device. When the gate is made
more negative than the substrate, the
electric field pushes electrons away from
the gate and so creates a depletion zone
extending downwards from the gate
oxide layer into the channel. The
effective depth of the channel thus
depends on the gate voltage, just like a
JFET.
Maplin Magazine June 1987



This type of device is known as a
Depletion-Mode MOSFET, because the
action of the gate voltage is to deplete the
channel of current carriers. But consider
for a moment what would happen if the
gate were made more positive than the
substrate. Extra electrons would be
attracted towards the gate, and the
channel would effectively become even
deeper. It is quite possible to operate a
Depletion-Mode MOSFET like this
(though not a JFET) as the characteristics
of Figure 10 illustrate.

Taking the argument to its logical
conclusion, what would happen to a
device with no built-in channel when its
gate is made more positive than its
substrate? The answer is that when the
potential difference becomes sufficiently
large, a channel magically springs into
being out of nowhere and the current
flow along it depends once again on the
gate-source voltage. This type of device
is known as an Enhancement-Mode
MOSFET, and its structure and char-
acteristics are shown in Figures 11 and
12. Enhancement-Mode MOSFETSs are in
fact very commonly used in integrated
circuits. For example, CMOS circuits are
built from a combination of n-channel

and p-channel enhancement-mode
devices.
Characteristics

The characteristics of a MOSFET
are, not surprisingly, quite similar to
those of a JFET. Suppose the drain-
source and gate-source voltages are both
small. The gate-source voltage controls
the depth of the depletion zone, the
greater the voltage, the wider the
depletion zone and the higher the
effective resistance of the channel. Now
suppose the drain-source voltage is
increased. The depletion zone gets wider
at the drain end of the channel and
eventually the channel is pinched off.
After this, the channel current (I)
remains almost constant.

The models of Figure 8 apply also to
MOSFETs.

Temperature Effects

Unlike bipolar transistors, a rise in
temperature causes the device current to
fall. This means that thermal runaway
cannot happen, and allows MOSFETs to
be connected in parallel without the need
for current-sharing resistors.

Electrostatic Damage

Static charge can accumulate on the
gate because the gate leakage current is
so small If the resulting potential
difference between gate and source
becomes sufficiently large, it will punch a
hole straight through the insulating oxide
layer and the device will in consequence
be permanently damaged or destroyed.
Manufacturers do their best to prevent
this by building in clamp diodes and
shipping the parts with all their pins held
at the same potential, either by being
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o Choosing a MOSFET
e atics A common application for MOS
» small-signal transistors is as RF
o amplifiers or mixers. Their low noise and
| excellent high frequency performance
5 make them ideal as front-end amplifiers.
. Such devices often have two in-
S s 5 3 e dependent gates, Gl and G2. The

incoming signal is applied to Gl, whilst
the voltage applied to G2 is derived from

[
(ma) Output the receivers Automatic Gain Control
characteristics  vgg=+10 line and is used to modulate the Gl
transfer characteristic. Four such devices
‘5 . are listed in the Maplin catalogue. In
o ’ ascending order of price, they are:

+7 | 3SK88, 40673, 35K 124, 3N140.
° +5 Each offers a slightly different

o 43, price/performance trade-off.

E y oS

L B e % | If your problem is switching a high
Figure 12. N channel enhancement-mode current efficiently, the 2N7000 ‘Fetlington’
MOSFET transfer and output | may be the answer. It can switch over
characteristics. 100mA with an ‘on’ resistance of less than

5 ohms given an input voltage swing of §
volts.

VMOS Power Devices

It is perhaps surprising that one of
the most important application areas for

29

inserted in conductive foam or bound in a
common wire ring. Nevertheless, it is still
embarrassingly easy to accidentally |
destroy an MOS device, just walking
across a nylon carpet and touching it can
be enough.



MOS transistors is as power switches.
VMOS FETs do however combine the
advantages of bipolar power transistors
(the ability to handle large currents and
high voltages) with those of MOS
transistors (high gain and freedom from
thermal runaway) and as a result they are
rapidly becoming the preferred choice.
The structwre of a typical device is
illustrated in Figure 13.

Current flows vertically through the
transistor from source to drain, instead of
horizontally just below the gate as in
other MOSFETSs, through short channels
created on each side of the V-grove. This
novel approach has led to devices that
outperform many conventional power
transistors and at the same time simplify
system design by interfacing directly to
TTL and CMOS logic circuits. Since a
VMOS FET (like any other FET) draws
practically no gate current, the device
driving it need only provide a relatively
small voltage swing. But it should be
remembered that the FET does have an
input capacitance of perhaps 500pF or
more which must be charged and
discharged quickly by the driver if the
FET is to switch at high speed. With
proper driver design, a VMOS FET can
switch several amps on and off in a few
nanoseconds.

Figure 13 shows that the source
contacts overlap both the n+ and p
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Figure 13. Structure of a VMOS FET.

areas. In consequence, VMOS FETs all
have a parasitic diode between drain and
source. This doesn't usually cause
problems, since the drain is normally
held positively of the source, but it can be
useful in some applications (switching
inductive loads, for example) to have a
built-in snubber diode. Some devices
also possess an internal protective zener
diode connected between gate and
source.

Choosing a VMOS
Power Fet

If you are looking for a device to

control power, you presumably already
know how much current it has to handle,
the maximum voltage it must withstand,
and its worst-case power dissipation.
The only real remaining trade-off is
between the transistor’s ‘on’ resistance
(Rpsiony) and its cost. High-current
devices cost more, but have a lower
RDS(,ON) (and usually a mgher Ciss)- The
devices in the Maplin catalogue,
arranged in ascending order of price are:

VNIOKM, VN46AF, VN66AF,
and

25]48 & 2SK133, 2S]49 & 2SK134, 2SJ50 &
2SK138.
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1. (1) Loudspeaker Enclosure Design and
Construction. (WM82D) Cat. P60.

2. (2) MIDI Projects, by R.A. Penfold.
(WP49D) Cat. P61.

3. (4) Power Supply Projects, by R.A.
Penfold. (XW52G) Cat. PS6. ]

4. (5) International Transistor Equivalents
Guide, by Adrian Michaels. (WG30H)#
Cat. PS2. ;

5. (20) Introductionto Electronics, by Pam
Beasant. (WPS0E) Cat. PSS.

6. (7) Electronic Security Devices, by R.A.
Penfold. (RL43W) Cat. P57.

7. (10) Mastering Electronics, by John
Watson. (WM60Q) Cat. P55.

8. (16) IC555 Projects, by E.A. Parr. (LYO4E)
Cat. PS8.

9. (-) Questions and Answers on Electric
Motors, by AJ. Croker and P.
Chapman. (RR02C) Cat. PS0.

10. (13) More Advanced Electronic Music
Projects, by R.A. Penfold (WP44X)
Cat. P61.

11. (11) How to get Your Electronic Projects
Working, by R.A. Penfold (WAS3H)
Cat. PSS.

12. (17) Practical Electronic Calculations &
Formulze, by F.A. Wilson. (RQ23A)
Cat. P§3,

13. (12) How to Use Op-amps, by E.A. Parr.
(WA29G) Cat. P54.

14. (6) How to Design and Make Your Own
PCB’s, by R.A. Penfold. (WK63T)
Cat. P5S.

15. (8) 30 Solderless Breadboard Projects
Book 1, by R.A. Penfold (WASI1F)
Cat. P5S.

16. (15) Audio Amplifier Construction, by R.
A. Penfold. (WM31)) Cat. P59.

17. (9) 50 Simple LED Circuits Book 2, by
R.N. Soar. (WG43W) Cat. P59.

18. (-) Audio Projects, by F.G. Rayer.
(WG46A) Cat. P59.

19. (18) Easy Add-on Projects for Commodore
64, VIC-20, BBC Micro & Acomn
Electron, by Owen Bishop (WP29G)
Cat. P70.

20. (-) Computer Music Projects, by R.A.
Penfold. (WP38R) Cat. P61.

These are our top twenty best selling
books based on mail order and shop sales
during January, February and March 1987. Our
own magazines and publications are not
included. The Maplin order code of each book
is shown together with page numbers for our
1987 catalogue. We stock over 250 different
titles, covering a wide range of electronics and
computing topics.
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YJISS  Bro Qual 8495
RAKS2A  Unive: £25%
Page 184
FYI0L  Microphone Bese €120
WF37S Bkt For Gank Stand @©res
MUSICAL & EFFECTS
Page 186
AFS00  Equaliser GXI8 DIS
Page 188
XGE7U Grphc Equakiser GX4S €144 95
XGS3E G. Equisr + Analyser DIS
Page 187
XB33L. Echo Chamber DIS
LB8TX Echo Chamber Tape DIS
OPTO-ELECTRICAL
Page 191
XYTIN Caraven Lamp DIS
YB29G  Spot Holder [}
Page 200
QYS20 Intrered Sensr TILBY [=1 ]
ORGAN COMPONENTS
Page 204
XL08J  Short Spring Line €7 96
XB884F Long Spring Line me
Page 205
X817T  WMid Kbd 49-Note C-C £2495
PANEL METERS
Page 207
HAXSA Charger Ammaeter [>%
PCB EQUIPMENT
Page 210
FLOBK  Vero 10047 DIs
Page 211
YLIIM  Vero Plugblock €1%
Page 215
FP&T Daic Pen (4R
PROJECTS & MODULES
Page 218
LW3IM Burglar Alerm Kit £84.96
LWS8P Break Contact Kit 650
LWS8G Progrmble Timer Kit 0%
Page 219
LW74R Radar Ch/PSU Module. €17.95
LW7SS ¢ Extr Ch Module £5.50
LWESE Uumc Xcewer Kit 1298
Page 220
LK73Q  Floodhght Alarm K me
Page 221
FMB7U  Gas Detector Sensor (15 ]
Gas Alrm Knt £25 9%
LK14Q Codetock Kit £229
Page 222
LKO7H  Entarger Timer Kit £47.96
LK44X Entarger Expsr Kit £0.50
Page 223
LKSON  Flash Meter Kit 1798
HOSSG  Mwncon Plug 10-Wey .
LWS4C  Universal Timer Kit £54
Page 224
LMOIB  L/Acid Bat Chrge Kit. £44.95
YMO0Q UAcid Chrgr Assmbid .09

Catslogue
Page No.

Page 225
GBOH T/E PSU PCB
LW820 Digr-Tel Main Kit

Page 226

GA7SS Tram Recerver 2 PCB
LWSIR Tremn Common/PSU Kit
LWE82S  Train Control Kit

Page 228

GAZ3A Strobe HWT PCB

Page 229
LK7SL  Car Digti Tacho Kit

Page 230
LK75S  U/Somc Coer Alrm Kit
LK54)  PWM Motor Drive Kat

Page 231

LK4SY  Servo & Driver Ka
270z Transminr Kit

YO70M LM1872 Recerver PCB

LK53H  TUI000 RTTY Knt

Page 232
GDIBU  Active Aenal PCB

Page 233
GBSOE  TDA 7000 Redio PCB

Page 234
GA9SH Sto Amp IR Contriler

Page 235
LKS2D  Gen Purp I/P Str Kit
YMI8S  Gen Purp I/P Str Ass

Page 238
LKS08  Low Z Mic Prasmp Kit
YM140 Low Z Mic Preamp Asm
FD2OW Lo-z Mic Preamp Case
Tone Cntrl Stero Knt
YMITT  Tone Cotrl mono Ass
YMIOU Tone Cntri Stero Ass
LRI5Q  HQ Muxer PCB N 25

Page 237
LR248 uu Mixer PCB No 9

Onnud "
MV P'll Overioad Assbid
LR25C  HQ Mixer PCB No 10

Page 238

LKSOX  Muxer PSU Kit
YM248 Muer PSU Assembied
Page 240

XG37S Mk N/R Un Case
Page 241

LX70M 3 cumm Amo Kn
LWIP SW Am

Page 248

BYSSW Synth Binery Encoder
Page 247

LMO4E  ADA Digr Echo Kit
Page 248

LK526  Computadrum Kn
Page 250

LWESW Auto Swell Kkt

Page 251

LWS1Y Hermony Gen Kit
Page 252

LKOSK  Minilab Kt

LKS3T  Live Wire Det Kit
Page 253

LKO8G Sweep Dsc Kn
Page 254

GB4OT Francy Mtr Adptr PCB
Page 258

GBOBK Modem Main PCB
FAS1Y  Mapset Front Panel
Page 257

FDOSF  Mapsat Decoder Fipnl
YMSBN Aerisl Rod

Page 258

LK95D Digrrser Knt.

LKSSE  Digmser Cotrir Kt
Page 280

GBH  Amstrad Extendiboard
LKS?F  Amstrad RDM Cord Kit
Page 281

GDOBG  Amstrad 6x8 bit PCB
Page 262

LKiSU  Dragon /O Port

Page 283
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1987

Catalogue

Page No.

Page 264

LK21X  Spctrm/AS232 Intt k.

Page 285
LK29G  Spectrum Kybd Kn

Page 268

LK22Y WVIC20 Extendiboard
LKOOA  VIC 20 Talkback Kit.
LK1IM  VIC/ASZ32 Intfce PCN
Page 267

LW72P  ZX81 Keyboard Kit
Page 268

I.'D‘B 2X81 Telkback Kit .£14.
X8 Modem Intfce Kt

PROTECTION

Page 272
WRSSD Fuse ) 1/4 SOMA

Page 277
YNSOQ Touch-Key Car Alarm .96
YNSSN  Big Mouth Car Alarm €198

RECORD, TAPE & VIDEO

FQ17T  Cs je Side MP8O 2.
YWSSN 8SR D Beit [ =]

Page 283

«FVIBR  Stylus Clesnr Fluid

Page 284
FRASD  Stylus Balance PX1

Page 285
RB018 Cassetts Fast Winder

€180
Dis
DIS

SEMICONDUCTORS
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avisP LMISSIN

29
174

§
e

QRSTM
QRSeN

YHEST M1 a
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QL22Y uA741C 8-pin DIL

Page 300

Q008J 2732 350ns
Page 301
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3

7a4MCY
UB3A  74MCH
T4MC157
UBAOT  74MCI158
T74HCI8Y
74HCI63
UBAIW T74MC184
UBASY 74MCITS
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1987 VAT 1987 VAT 1987 VAT 1987 VAT 1987 VAT
inclusive  Catalogue inclusive  Catalogue Inchssive  Catslogue inclusive  Catalogue Inclusive
Page No Price  Page No. Price Page No. Price  Page No. Price Page No. Prizo
eaae ncan %o Page 321 SPEAKERS & SOUNDERS Page 433 Page 450
oot b= % ussIC 7eHCTITS £240 XB82D Crotec HOAE
UBSK TencIm e UBIIG rancsw. £l Page 333 IXBRE Crommenaniz TR MM Dawmgery i
UBSSL  74NCTZ8 . .. TOp VBTOM 7aHC259 €190  FMSSP  Min Piezo Sounder T80 YBI4R  Sikcone Gresse ... £1.98
P 434 YK91Y  Sateciens 40
88:‘:&‘ ;m% 3 ::g‘: %clﬁ ~ :‘9. “A‘ V:)’!: Quick Mams Connactr 95 YHTB  Permagard £1.98
UBMOA JeCTMY £he  UBAIW TaHCied 95 TaSE 13vDome Bek. Tour Page 451
. 98p YJ4AX  Agrosol Mech OH ... £240
£180 P.g. 396 FLAIW  impact Adhesrve ... %p
98 £140  vJ056  Stereo Mic Hdphone cses TOOLS
..£180 -£140  YM3BR Low-cost Stereophone 595
0% U 7eHCA017 G Tt S mreosmone " S :"m: s WOUN M
. ep UBAIU TeHCiel 805 VMAZV SCAdwetSterophons | .CB#5 FRIEK  Dewaers W PL e 17 e P.?.uu? COMPONENTS
ban UBazv  74HCIS3
X g UBATB  74HCI9) :m Page 397 Page 436 HXDSK  Type 3 Core £195
£1.80 UB4SD 74HCIY 800 FM3IN  3-Way H/Phone Adept DIS sz Dwidars W Pk of 12 20p -
z UBSG  74HCI 0p EPsaL  Dwders A PKof 12 .. %0p Page 454
RS0 ot Trimmes -
T8 page3zs rz: ”r:m o o B coogs BKMX 11 Pca SDriver Set. =T E:.:g E':'E:',:‘,",';:,:é,,',.__ I“SE
N gg UFDOA  74HCAG20 £120  page 399 Page 437 mni gm: z2uh . 35p
. 98p UFOBK  74NCa080 ZZI:: YNATB  Hi-Fi Spkr SOW 8 EB. €n9s ;{g,% Uu'l';vm&l’g‘r:v,-sv'::t ,u’: i cnon: ° m: E %o
. 98p FYi0L Guwum Oriver 78mm._.......£1.20 WHIOH Choke ) SuH
£240 page 326 FY1I2N  Gen/Purp Drive 150mm. £1.50 WH31J Choke 22uM
80 ,p3cq 74HCIZ9 S0p £21.95 Fva’B m.m?:-mm. £1.98  WHI2K Choka 3.3uH
8% UgaIy  7aHCIY 80p £2195 BKasa Screw Gnp Drrver £150 WHISL Choke 4 7uH
J%  Uszk ancniy sto 2698 BKP FlexDriver 230 whaaM Choke 88u
rosspownt Drrver WHISQ 8 10.0uH. ... ...
€180 UBMM 74MCTI3e £120  Page 401 FVSOE  Ci t Drver 1 £120 WHISP Choke 15.0uM
£180  nion renczy a0 x;gw Speaker Bin 100W 88 sees FVSIF Crosspont Drrver 2 £18 WH3IS Choke 22 OuH.. ..
) UBS4J 74HCT237 98p  XGA4X Sphkr 10l SOW TC S8R [29. WHIIN Choke 47 0uM. ...
- _%8p  UBS5K 74HC2M .. .50p  XGASA Spkr 10in 100W GP SR £34.95 Page 438 WH4IU Choke 100uH....
. £180  UBseL T4HCT23e . 70p  XGATB Sphr 12in SOW GP SR . £2995 BK37S Crosspoint Grp Drvr £150 WHASY Choke 470uH
.. S0p XG48C  Sphr 12in SOW GP 18R £29. Bi c Flex Drvr £250 WHAIB Choke ImH
%5 Page 327 XGA9D  Spkr 12in 100W GP OR...........£34.95 Swe 0 Pozudnver €180
UB38R 74HCIS4 .. £140 XGSOE Spkr 12in 100W TC BR £3995 FYISR  Size | Pozidriver £220 Page 455
€120 figy  74HCASIA €150 XGSIF  Spkr 12 100W TCI8R £3995 FYI7T  Size 2 Pozidriver €280 £po3a  Mic Xtmr 600720 —Y )
: =: *UFITT  74HCASTI €140 BR7IN Mains Tester . nm ) e
N S0p P.o. 402 19V Min l.lﬂ-!otﬂl utter £795 p.g. 458
..50p Page 326 XG52G  Spkr 15in 100W 8R EU795  DResy Mo St Bane e fl05  LAOSG M Xt Typ2 2008008 .. _£14.95
g S ey B BB BESNE MR AW MITIvv W2 R Rehes s
. k UBESA  74HC257 00  AFSIL aﬁ:a'su.m System .. DiIs FY2IX  Std Lap-joint Cutter 350  YNIZN Sub-MmTraV. .. ... £14§
€180 UBITS 74HCISY 98p BR74A  Std Strippar Cutter £895  WBOIB Sub.Min Tr 3V €170
‘€140 UBISS 7anCos2 %0 page 403 RS s A 0% C Sub-Min Tr 12V a7
fso  UBXNPR TaMCist 28 vusR  skgWambracker oIS LD YNI3P  Sub-Mm Tr 18V €188
.Bn’g UB71J  74HCIse. o0 yLI8S 9 Walibracket Dis qu. 439 P". a7
T YWE7X T:
" puge 29 £ o dF U mmyesen o am
age SWITCHES & RELAYS Voo, e Laa e YKZBF  Tr12V05A 4.70
p Jt Phars £8 95 ' .
wp URSG  7aHCAOS) 0% pace 404 FVBL)  Min Long Nose Pliers £1095 *LYBSD Tr10VA 15V 6380
Sl :m" 3;;"0“1 > ;&: Sub-Min Toggle € £ ROV T R E
Page 313 age Ly le 120 ppo2a €595 VYJS2G PCB Tr0-50-505A 0%
UBIIM 74HC20 . asp  UDMG TaHCADIS B e RO ORLA LD £220 BRoty Elactricians Phors (595 TJSH PCBIr0-90-9034. 8%
- R 7 UROL Tencatee. cis0  Page 405 YJ55K  PCBTr0-18x202A ‘0
Lsis 20 FHITT  H/D Toggle DPST Chrm €295 ::,';: 4:0 . 227 Te3aVHP 9%
Page 314 Page 331 Page 406 BRIC Wire Sinpoers B 85 X6 inventer Transtormar caw
UBSIF  74HCA002 . 50p UB22Y 74HCES. A8p age BRYSE  Singl A Strippr €1295 WB12N Tr20V 1A ) '.7.“
s::; ;::g m UB73Q 74MC283 80p m :Mlnrv gmaﬂ 3 BR97F  Blade L8381 €095 WBI7T Tr28Vv 1 12A Y3
otary B
Page 333 FF75S  Rotsry SW48 0p  Pgge 441 YKO2C  Tr32-0-322A. . £1295
Page 315 UB2ED  74HC12) sop FEISN Rotary Swal 3P FYaIS M Spenner es crgp 0% TRIMREBLZA e
veLIM - Tancaors sp UBSIC 7anCz2) w o wp AMW Meinc Spamer set D% page ass
Z3A  74H .35 CA538 HAIW 3 FY39N panner i
UBTIN 74HC208 80p Em :o'-rv Ssm 80p LW33L  Tr 240V Isctran £4.95
S Pege 335 L s, &% Page &2 v o iiese
age RAJ4R  OP-27GNB €480 rrgIM  PCB AVA Rotary 4x2 €270 FY4OT  Box Spanner 2BA €150  vJSeP  Auto Tr 250VA £24.96
UB29G T4MCIX2 .3sp QL2ZY uATHICE-pin DIL 750 crean  PCB RA Rotsry 2x6 g270 FYSSL  Box Spanner M5 £150  vyKO8) Toroidal 30VA 8V . £996
UBIOL  74HC14 % page 350 FISSF  PCB /A Rotary 30 20 DAl Boxghennerie €150 YKOSK Torows! 30VASV. . ..£B95
Page 317 yHoeT  M1I2 4%  page 409 E 28 £150 T Torowdal 30vA 15V 1]
8030 FYA3W Box S 4BA £150 "1
UBTOK 7encoes . % Page 351 YWary Sauare Pah Lok Black o ML $2-piece Socket Set 299  YKMO Torolel SOVA DY it
vsTw Tencoer Qo wizow TOAIOZ2 DIS  YWAIW Squere Psh Lok Red 61720 Fyeof  Neade File Flat Wrd 220 YKISR  Torowal SOVA 12V €109
UBZIE  74HC125 % page 353 Page 410 s gesieiEiSTHE NG B el VA oV, fiee
age FY526  Needle File Round 20 i
UB28F  74HC128 % pagox  Av-3-e912 £495  UFSP 6V Lamp + Holder B0p FAGTX Cemire Punch Dlw VI Toroidaleva 2 Hi
Page 318 URIR 28 Lamp < Hotder’ % Page 443 YIS Toroual Va0V i
UBBIR  7aHC242 - % page 358 FYOID  Retracteble Knd, £250 VKDL Toroidal 26/100V £1398
i ancras fhey  ORSIM Muszs 95 Page 411 FGOSK  Hand Nibblar. €095 YK2IX Toroue! 180VA 35V.. . £18.98
UBS CT243 £180 QRSEN ML927 £395 UNSEN Mod Sw Button Red 12p FGIOL  Nibbler Spere Blade £595 YK23A Torolda! SOOVA 38V £28.
UBS7M 74HC240 80p gnm aﬁ g: g::g: oy :;g YMA4SA Toroide! SOOVA 45V, £20.98
UBSEN  7eHCT240. .s0p  Page 383 FPSIH  Mod Sw Piain Bezel i3, Pagedds ; EIR] sl sava sy =2
UBSP  74HC241 80p  UHE2S CS2012 DIS  FPS4)  Mod Sw LED Bezel 12p FVSBN  Spiral Hand Drik £895
sm ;:: ?“u n.: FF8IR  Kayboard Swiich p YNSSL  Hand Dt €1095  Page 459
0esv C244 . Page 367 YJ8IR  Transformer Kit 20VA. ..£5.70
UBSSW 7eHCT244 €180 Page 445
UBSAC  74HCTSA1 sgp  WOIN LM £1%0  Page 413 FVE7X  Musonry Drin 38 £9120  Page 480
UBSTX 74HC245 ....80p BWISR Latchbush Blue DIS
UBESY 74HCT2S. “wp Page 368 LQOOA Beginners Morse Key 250 page 448 Y6140 Servo Mechanism £0.98
UBYSE  74HCBAY £180 QY3eP LMIBSIN DIS L00IB Protessl Morse Key £596 m‘g: - -
Sucksolder
Page 319 Page 378 Page 415 FI280  Desorder Tour % MISCELLANEOUS
. . YHaSY a8 £295 FXZ3A  Dpen Relay 6V €298 MoV [ g
8:15’3 m&& B 3 Poge 381 FX248 o::ﬁ n:u; v £298 :msu 3::3:::: r'-‘:x'ﬁ'::‘ ﬂ ﬁ Page 481
age BKOT  Repiacement D nin, s0p HQIOH  Wiper Control £1298
Page 320 Q008 2732 350ns 59 TEST GEAR e .
usr2P ;::& .. g YHOSY 27128 250ns 0% Page 418 Page 449 age 4?2 N -
usezd ™ FESSL t odute .£8.98
ek, Tt 55 Pegeses P Pmrssecwsn e [ Sz g o
UBSOX  74HCTS34 | £140 YHIR 8038 CCPD £595 FPIBP  Pipemastr 1Smm Heeds €995 Page 484
Page 430 e S mestrZemm Hesdy £395  YO0SF  UNF Modulator UMYI 11 o
B Taen ~Say  Page 392 ¥K018  F Fraquency Meter ISR e sV [Elemt £17% L Bkeew UM1208 Moduimor... . 396
v 74HC107 - 58p FL4ZV  Flat Hestsink £395 YJO2D  MF100 Freq Counter .£119.95 LHOID  Switch Cleaner €198  XJ08G Robot Kit (> 1"
NEW ITEMS PRICELIST | HARDWARE st R e
FP69A Bolt 8BA x %in. (Pk of 10) Price LM 19V 4% Digit Counter Kit Price £25.95
The following is a list of all items introduced since ' 60p LMZO:' z?lﬁm Cabinet Kit Price £35.95
the 1987 catalogue was published, excluding new LM21 tre Cabinet Kit Price £29.95
iterns in this issue. OPTO-ELECTRICAL LM22Y Aerial and Pre-Amp Kit Price £64.95
FP61R 4% Digit Display Price £5.95 UHBTU EPROM 2732/M12 Price £9.95
BOOKS X]J08] Baffle SW40L Price £2.95
WP60Q An Introduction 1o CP’/M  Price £2.95NV ‘ PROJECTS & MODULES XJOSK Baffle 2W23L Price £2.75
WPGIR TV-DXer's Handbook ~ Price £5.95NV | FPOSF Notch Filter Front Panel Price£2,95 | YPI2N PA Pre-drilled Case Price £5.95
WP62S 6502 Reference Guide  Price £10.95NV FPS7M Screening Can High Price 68p YP14Q Plastic Tube 180 Price 60p
WP63T 68000 Reference Guide Price £12.95NV | FP58N Screening Can Low Price 60p YPISR Plastic Tube 130 Price 48p
WP64U Modern Wiring Practice Price £12.95NV FPS9P PA Front Panel Price £2.95 YPITT Down Converter Module ~ Price £79.98
WP8SV Using your Amstrad CPC Disk FP63T Keypad Cableform Price £3.95 YP18U Pre-Amplifier Module Price £35.95
Drives Price £2.95NV GD30H Notch Filter PCB Price £11.95
WP66W Electronic Circuits for the Computer | GD31J PA Printed Circuit Board Price £2.95 SEMICONDUCTORS
Control of Robots Price £2.95NV GD40T Keypad PCB Price £11.95 FP62S ICM7224IPL Price £11.98
WPE7X Electronics Pocket Book Price £8.95NV GD44X 4V2 Digit Counter PCB Price £8.95
WP68Y Further Practical Electronics Calculations LM16S Notch Filter Kit Price £29.95 SPEAKERS & SOUNDERS
and Formulse Price £4.95NV LMI7T PA Kit Price £19.95 YP13P 70W 3Viin. Speaker Price £1.95
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Radio Wave Electronic Circuits for | Computer Engineer’s €
Propagation the Computer Control | Pocket Book G
(HF Bands) of Model Railways by Michael Tooley o
by F.C. Judd by R.A. Penfold To be able to fully exploit the potential o
Successtul long distance radio Modern home computers may easily of microprocessors and

communication on the amateur radio
HF bands, as well as the art of short-
wave listening, does not always
depend on having the best equipment.
The ionosphere plays the most
important role, it being the principle
agent in re-directing short wave
frequencies around the curvature of
the Earth, and without it there wouid be
no long-range radio communication. Its

| properties are not, however, constant.

Itvaries according to the time of day,
the seasons and the sunspot cycle.

be applied to the control of mode!
raitway layouts offering quite
sophisticated automatic control and
authentic timetable simulations which
would be very complex to do using
purpose built controt logic. Only simple
programming is necessary to provide
some impressive realistic effects. As
usual, the major problem in doing this
is interfacing the computer to the
layout, but it is not too difficult or
expensive to construct suitable
interfaces, which this book shows you

microcomputers it is becoming
increasingly necessary to abandon the
old boundaries which have until now
existed between what has been called
‘hardware’ and ‘software’, simply
because it is becoming impossible to
work exclusively with one without
getting involved somehow with the
other. This has given rise to a growing
demand for ‘software engineers’, who
are neither purely electronics
engineers nor solely software writers,
but have to juggle two disciplines which

This book explains why there are good how to do. are insepqrably jnterdependent ina praes: |
and bad days for short-wave listening. The projects comprise various designs real, practical microprocessor system.
Based on the author's own daily of controller, including a sophisticated This invaluable book contains a wealth

observations, and supplemented by
information from the World Data
Centre, the Royal Belgian

| Observatory, and the USA Department

of Commerce.

| A special chapter deals entirely with

ionospheric radar systems, and in
particular the hitherto largely
undocumented Russian system known

pulse type, as well as train position
sensors and signals and points control
circuitry. Moreover you do not need to
be the proud owner of a massive,
complicated model raitway layout
before you feel you may be entitied to
add computer control; just as much fun
can had with any, more modest, layout.
178 x 111mm, 88 pages, illustrated.

of information and neatly combines
software and semiconductor reference
material, including popular CPU
instruction sets, character sets, CMOS
and TTL {C pin-outs with internal
schematic diagrams, logic symbols,
connectors’ wiring and a host of
glossaries, in fact everything you need
to quickly and accurately make up your

to short-wave enthusiasts the world Order As WP7IN fo veroboard add-ons. *
over as the ‘Woodpecker' Rallway: ) 7 (Cctspﬂ;fggsu'tve{l 196 x 95mm, hard-cover. 206 pages,
3 205 x 137mm, 146 pages, illustrated. illustrated.
2 | Order As WP70M (Radio Wave Order As WP69A (Computer Eng.
Propagation) Price £8.95 NV Pocket Book) Price £8.95 NV
-
£ '
o MAPLIN’S TOP TWENTY KITS
B
= THIS LAST ORDER KIT  DETAILS IN
& MONTH DESCRIPTION OF KIT CODE PRICE PROJECT BOOK
2 1 (1) e Live Wire Detector LK63T £3.95 14 (XA14Q)
b 2. (3) e U/Sonic Car Alarm LK765 £17.95 15 (XA15R) ~
g 3. {2) e Partylite LW93B £995 Best of E&MM
£ 4. (4) e 150W Mosfet Amplifier LWS1F £17.95 Best of E&MM
& 5. (1) o 8W Amplifier LW36P £5.95 Catalogue
6. (5) « Car Burglar Alarm LW78K £7.95 4 (XAO4E) |
5 7. (7) e Ultrasonic Intruder Detector LWB3E £12.95 4 (XAQ4E)
: 8. (6) = IR Prox. Detector LM13P £10.95 20 (XA20W)
=3 9. (15 e PWM Motor Driver LK54J £8.95 12 (XA12N)
10. {17} e Servo and Driver LK45Y £11.95 11 (XA11M)
11. (13) e 27MHz Receiver LKS6L £8.95 13 (XA13P)
12.  (8) e 27MHz Transmitter LKSSK £8.50 13 (XA13P) 2
b 13.  (9) =« 15W Amplifier YQ43W £6.50 Catalogue
) 14. (10) « TDA7000 Radio LK32K £12.95 9 (XA09K) &
i 15. (18) & Noise Gate LK43W £10.95 Best of E&MM
5 16. (16) 48 Light Pen LKSIF  £9.95 12 (XA12N) <
17.  {-) e Car Digital Tacho LK79L £21.95 Best of E&MM
3 18. (20} e Xenon Tube-Driver LK46A £11.95 11 (XA11M)
19. (14) e« Stepper Motor and Driver LK76H £15.95 18 (XA18U)
20. (-} e Musical Announcer LKS7M £13.95 13 (XA13P)
22 Over 150 other kits also available. All kits supplied with instructions.
B The descriptions above are necessarily short. Please ensure you know
exactly what the kit is and what it comprises before ordering, by checking the ks
appropriate Project Book mentioned in the list above - see inside back cover ,
for details. 3 e
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<" Weather Satellit

Down Gonverter

This is the second article describing
a Down Converter for use with the
MAPSAT VHF Receiver and Decoder.
The previous article covered the
Meteosat System with a technical desc-
ription of the Down Converter and Pre-
amplifier, as well as the requirements
necessary for the sighting of the aerial
system. This article describes the instal-
lation and testing of the complete system
and also the circuit description and
construction details for the Channel
Switching Unit.

Aerial and
Pre-amplifier

The aerial kit (LM22Y) is supplied
with all metalwork pre-drilled and cut to
length, all necessary screws, nuts and
washers are also included together with
full assembly instructions. The ready-
built and pre-aligned Pre-amplifier is
also included with this kit. Note: This kit
does not include a mast or lashings, and
something suitable should be chosen for
your particular installation, bearing in
mind the sighting requirements des-
cribed in the previous article. The system
should, if possible, be tested at ground
level before the aerial is installed in its
final position, see ‘Pre-Installation Tests'
below.

Down Converter

This unit is ready-built and aligned
and requires no action at this stage other
than roughly determining its final position
in order to find the approximate length of
feeder that will be used, as this is
required during testing.

Channel Switching Unit

This unit is required in order to
change the channel being received by
the Down Converter. The unit is con-
nected in series with the aerial cable that
exits from the Down Converter, and then
connects to the aerial socket of the
Mapsat Receiver.

When the Receiver and Down
Converter are first powered up, channel
1 is automatically selected. Channel 2 is
selected by operating the toggle switch
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by Robert Kirsch Part 2

Channel Switching Unit.

located on the front panel of the control
unit in the appropriate direction. This
causes a short break in the power supply
which is detected by the channel
switching logic in the Down Converter,
and switches the channel 2 crystal into
circuit. The toggle switch, when moved
to the channel 1 position, causes a longer
break in the supply to the Down
Converter and the switching logic will
now select the channel 1 crystal.

Circuit Description

Figure 1 shows the circuit of the
Channel Switching Unit. Figure § of the
Down Converter article includes the
channel switching logic and crystal
oscillator circuits.

The radio frequency signals from
the Down Converter enter the unit via
SK1 and are directly coupled to the
Receiver via C6 and SK2. The supply
from the Receiver (positive on the coax
centre conductor and negative on the
screen) is separated from the RF signals
by L2 which provides a high impedance
to the signals at 137.5MHz, but has a low
resistance to DC. This supply is con-
nected via the contacts of RL1, L1 and SK1
to the Down Converter.

When the toggle switch is moved to
channel 2 position, the input of the
inverter ICle is pulled high, the output
goes low and the pulse caused by C8
charging is inverted by IC1f, turns on TR3
and operates RL1 for a short period. The
contacts of RL1 are normally made and
thus this pulse causes a short break in the
supply to the Down Converter. When the
switch is moved to the channel 1 position
the same sequence of events occur but in
this case the pulse length is determined
by C1, this being a higher capacity, the
pulse is longer and the supply is
interrupted for a greater period of time.

The circuit formed by ICla, b and ¢
is used to mimic the channel switching
logic in the Down Converter in order to
drive the LEDs that show which channel
has been selected. The input to this
circuit is via D1 and C3, which are
connected to the switched side of the
unit. When a short duration interruption
occurs C3 produces a short positive
going pulse at the point when the power
is restored, this causes the latch formed
by ICla and ¢ to change state. During this
process, Cl has remained charged and
the output of the inverter IClb remains
low and has no effect on the latch. When
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Figure 1. Channel Switching unit circuit.

the longer duration channel 1 pulse
occurs (generated at initial switch on),
the same sequence occurs but this time
Cl has discharged. The pulse from C3
still tries to switch the latch it has held in
the opposite state by the output of ICla
being high due to the slow charging time
of C1 via Rl. The two indicator LEDs are
driven by TRl and TR2 from the
appropriate latch outputs.

The channel switching logic in the
Down Converter works in the same way,
but in this case as the whole power
supply is interrupted, it is necessary to
maintain the power to IC2 (Part 1, Figure
5) during the switching period. This is
accomplished by C18 which is charged
via D4. The short duration pulse is
produced by C19, and C17 determines
the long charge time. In this case the
output from the latch is used to bias
either D6 and D8 or D9 and D7 on, thus
grounding either XT1 or XT2 in the
crystal oscillator circuit.

Construction

Referring to the Parts List and the
circuit board layout shown in Figure 2,
ingert and solder all components. Note:
The two chokes, L1 and L2, are only
soldered to the board at one end as the
other ends connect to the centre terminal
of the input and output sockets. C6 is not
mounted on the circuit board, but is
connected directly between the centre
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terminals of the sockets. Drill the die-cast
box as shown in Figure 3, and fit the
stick-on front panel. Mount the two LEDs
and the toggle switch to the lid of the box
and terminate about 10cm. of ribbon
cable to them whilst following the wiring
diagram in Figure 4. Terminate the other
end of the ribbon cable in the IDC
connector, ensuring that the wires are in
the correct order. Each wire should be
carefully laid in its groove and then firmly
pressed into position using an IDC
insertion tool.

Fit the two coax sockets to the box
with the solder tags on the inside using
the screws, spacers, lock washers and
nuts provided, and terminate L1 and L2 to
the centre pins of the sockets. Connect a
short length of tinned copper wire to
each of the Veropins on the lower edge
of the board, and solder the other end of
these to the solder tags on the sockets.
The IDC connector may now be plugged
onto the circuit board and the lid secured
with the four countersunk screws
provided. The control unit is now ready
for testing.

Modifications to the
MAPSAT Receiver

The Mapsat Receiver requires a
minor modification in order to supply the
extra power required of it by the Down
Converter and Pre-amplifier. Remove the
top cover from the Receiver to gain
access to the circuit board. Locate the
resistor R1 near the aerial input coil, and
carefully solder a short length of tinned
copper wire across this resistor, being
careful not to make contact with the earth
plane surrounding the resistor pads!

Pre-Installation Tests

For these tests the assembled aerial
should be attached to a temporary mast
in a position that will enable adjustments
to be carried out on the pre-amplifier.
The aerial should be pointed at un-
obstructed sky in the direction of the
satellite, see previous article. Connect
the F type plug on the end of the cable
attached to the Pre-amplifier to the
appropriate socket on the Down
Converter (SK1). After determining the
approximate length of the down lead,
prepare this length of cable with coax
plugs at each end. Connect this lead to
the remaining socket on the Down
converter and to the right-hand socket of
the Channel Switching Unit. Make up the
short coax lead that connects the
Channel Switching Unit to the MAPSAT
Receiver, using two coax plugs (shown
as optional in the Channel Switching Unit
parts list). Connect the Receiver to the
left-hand socket of the Switching Unit.
The MAPSAT Receiver may be powered
from batteries for these tests, if it is more
convenient than using a mains operated
power supply. For these tests the
Receiver should be located near the
aerial system so that the effect of
adjustments can be observed.
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Figure 4. Wiring and assembly.

Switch on the power to the Receiver
and check that the channel 1 LED on the
Switching Unit is illuminated. Move the
toggle switch to the channel 2 position
and check that the channel 2 LED is now
illuminated, and that the channel 1 LED
goes out. Note: The toggle switch is
centre-biased and must be held in the
required position for a short time until the
switching sequence is complete. (No
more than 2 seconds.) Repeat the test in
the opposite direction and check that the
LED’s return to their starting condition.

Signals are transmitted by Meteosat
2 on channel 1 most of the time, but, it is
advisable to check the Prediction Chart
(Table 1) to ensure that signals are
available. Set the volume control to a
convenient level and tune the receiver
until signals from the satellite are heard.
(Approximately 5 on the tuning dial;
137.5MHz). The position of the aerial
should be adjusted for maximum signal
strength. Very carefully adjust the screw
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maximum signal strength. This trimmer is
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noise free signal is obtained, the unit is
now ready for installation in its
permanent position.

Using the System

Signals from orbiting weather
satellites are usually recorded before
being decoded and displayed, as they
are only receivable for short periods
during the day. The majority of pictures
transmitted by Meteosat 2 on channel 1
are updated every hour, so it is often
unnecessary to record them, as they may
be displayed as they are received. To
operate the MAPSAT system without a
tape recorder connected, a by-pass plug
must be inserted in the socket at the rear
of the Receiver in place of the recorder,
see Figure 5. The audio level out of the
Receiver may be found to be too low to
operate the Decoder in this mode; if this
is the case, resistor R57 on the Receiver
board may be reduced in value or
shorted out altogether. All pictures
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METEOSAT DISSEMINATION SCHEDULE

Hrs 00 UT 03 Ut 06 UT 09 UT 12UT 15 UT 18 UT 21 UT Hrs
Mins CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 Mins
2 E3 47 E3 11 WEFA 2 E3 2 — S WEFA 4 E3 34 2
6 - = - = - = 6
10 D2 48 BW 48 D2 6 BW 6 D2 12 BIVW 12 B2 18 BIivw 18 D2 24 BIVW 24 D2 30 BIVW 30 D2 36 BIVW 36 D2 42 BW 42 10
14 D1 48 D1 6 Co2 12 DTOT 12 co2 18 Co2 24 OTOT 24 co2 30 D1 36 OTOT 36 D1 42 14
18 D3 48 Al 48 D3 6 Al 6 Co3 12 AWVH 12 Co3 18 AIVH 18 | CO3 24 AIVH 24 Co3 30 AIVH 30 D3 36 Al 36 D3 42 Al 42 18
22 D4 48 — — D4 6 — — D1 12 — —_ D1 18 — - D1 24 — — D1 30 — o D4 36 — S D4 42 — - 22
26 D5 48 LY 48 D5 6 DTOT 6 D3 12 — = D3 18 — S D3 24 — S D3 30 — o D5 36 LY 36 D5 42 DTOT 42 26
30 D6 48 LR 48 D6 6 D4 12 LY 12 D4 18 DTOT 18 D4 24 Ly 24 D4 30 DTOT 30 D6 36 LR 36 D6 42 30
34 D7 48 DTOT 48 D7 6 D5 12 LR 12 D5 18 CTOT 18 D5 24 LR 24 D5 30 ETOT 30 D7 36 WEFA 5 D7 42 34
38 D8 48 D8 6 D6 12 ETOT 12 D6 18 ETOT 18 D6 24 CTOT 24 D6 30 D8 36 — S D8 42 38
42 D2 1 BwW 1 D2 7 BW 7 D2 13 BIV 13 D2 19 BIV 19 D2 25 BIV 25 D2 31 BV 3 D2 37 BIVW 37 D2 43 BW 43 42
46 D9 1 X 48 D9 7 Co2 13 LX 12 co2 19 Coz 25 LX 24 coz 31 D9 37 X 36 Dy 43 46
50 D1 1 — - D1 7 Al 7 co3 13 — = co3 19 co3 25 — — co3 31 D1 37 — S D1 43 Al 43 50
54 D3 1 Al 1 D3 7 — - C3ib 13 A 13 CiD 19 A 19 CiD 25 Al 25 CiD 31 Al 31 D3 37 A 37 D3 43 — = 54
58 - — cab 13 — S c2b 19 — — | CD 25 — S cab 31 — S - — 58
Hrs 01 uT 04 UT 07 UT 10 UT 13UT 16 UT 19 UT 22UT Hrs
Mins CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 Mins
2 Cib 19 C3iD 25 ETOT 24 C3ib 31 2
6 C4D 19 C4b 25 L2 24 c4D A 6
10 D2 2 Bw 2 D2 8 Bw 8 D2 14 BIVW 14 D2 20 BIVW 20 D2 26 BIVW 26 D2 32 BIVW 32 D2 38 Blvw 38 D2 44 BIW 44 10
14 D1 2 D1 8 co2 14 co2 20 co2 26 DTOT 26 coz2 32 D1 38 D1 44 14
18 D3 2 Al 2 D3 8 Al 8 Co3 14 AIVH 14 C03 20 AIVH 20 | CO3 26 AIVH 26 Co3 32 AIVH 32 D3 38 Al 38 D3 44 Al 44 18
22 — — E1 8 — — Cs0 14 — S cs0 20 — — | C50 26 — S csD 32 — S E1 38 — = o = 22
26 AW 2 E2 8 AW 8 ceb 14 — - ceD 20 — — | C6D 26 — - céb 32 — - E2 38 AW 37 AW 44 26
30 - — E3 8 — = D7 14 D7 2 D7 26 D7 32 AW 32 E3 38 — = S S 30
34 E4 8 D8 14 D8 2 D8 26 C8D 26 D8 32 — = E4 38 34
38 E5 8 D9 14 D9 20 D9 26 C9D 26 D9 32 E5 38 38
42 D2 3 BW 3 D2 9 BwW 9 D2 15 BV 15 D2 21 BV 2 D2 27 BV 27 D2 33 BV 33 D2 39 BIVW 39 D2 45 BW 45 42
46 D1 3 D1 9 co2 15 coz 21 coz 27 AW 27 co2 33 D1 39 D1 45 46
50 D3 3 Al 3 D3 9 Al 9 Co3 15 Al 15 co3 21 co3 27 — — co3 33 Al 33 D3 39 Al 39 D3 45 Al 45 50
54 — — E6 9 — - csb 15 — — C7 21 A 21 CD 27 Al 27 Ch 33 — = E6 39 — S = - 54
58 WEFA 1 E7 9 Cdb 15 csb 21 — — | Cc8D 27 — S csD 33 E7 39 58
Hrs 02 uT 05 UT 08 UT 11 UT 14 UT 17 UT 20UT 23UT Hrs
Mins CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 CH1 CH2 Mins
2 — - E8 9 WEFA 3 CoD 21 CcoD 27 CoD 33 E8 39 2
6 E9 9 . S E9 39 6
10 D2 4 BW 4 D2 10 BW 10 D2 16 BIVW 16 D2 22 BIVW 22 D2 28 BIVW 28 D2 34 BIVW 34 D2 40 BW 40 D2 46 BIW 46 10
14 D1 4 TEST 4 D1 10 ADMN 0 Co2 16 TEST 0 Co2 22 ADMN 0 Co2 28 TEST 4 C02 34 ADMN 0 D1 40 TEST 0 D1 46 ADMN 0 14
18 D3 4 Al 4 D3 10 Al 10 C03 16 AIVH 16 Co3 22 AlVH 22 Co3 28 AIVH 28 C03 34 AIVH 34 D3 40 Al 40 D3 46 Al 46 18
22 TEST 0 — — ADMN 0 — S TEST 4 — S ADMN 0 — — | TBST 0 — S ADMN 0 — — | TEST 4 — — ADMN 0 — — 22
26 o S = S S S S o WEFA 6 26
30 = = 30
34 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 34
38 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 RANG 0 38
42 D2 5 BW 5 p2 11 BW 1 D2 17 BiV 17 D2 23 BV 23 D2 29 BV 29 D2 3 BV 35 D2 41 BW 4 D2 47 BW 47 42
46 D1 5 D1 " co2 17 Coz2 23 AV 23 coz 29 D1 35 D1 41 D1 47 46
50 D3 5 Al 5 D3 11 Al " co3 17 Al 17 co3 23 — S co3 29 Al 29 D3 3 Al 35 D3 41 Al 41 D3 47 Al 47 50
54 — — E1 " — — TEST 4 — S E1 2 — S —_ S E1 4 — S = —_ E1 47 — S 54
58 CTH 0 E2 " TEST 4 CTH O E2 2 — — CtH o0 E2 34 CTH o0 E2 47 58

Table 1. Prediction Chart.
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Figure 6. WEFAX visible formats.

transmitted by Meteosat are preceded
by a 5 second burst of peak white signal,
the Input Level control on the Decoder
should be adjusted to give a full scale
reading on the level meter during this
tone.

Types of Pictures

Meteosat transmits the following
three types of picture:

1. Visible (C format).
2. Infra-red (D format).
3. Water vapour (E format).

All pictures include date, time and
format information and by using the maps
shown in Figures 6 and 7, as well as
Table 1, it is possible to identify the area
of the Earth covered by the picture being
received. Thus the visible image that
covers the largest area of the British Isles
is labelled C02. (An infra-red picture of
the same area would be labelled C2D).

Channel 1 also transmits test pic-
tures and administrative (ADMN) inform-
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ation. Channel 2 transmits pictures of the
whole of Earth’s disk (TOT) and also
meteorological charts (WEFA).
Information about Meteosat and
NOAA satellites may be obtained by
calling UK Weatherwatch on 0256 83448,
between 1715 and 0845, Monday to
Friday or all day Saturday and Sunday.

Final Installation

The aerial may be attached per-
manently to a standard television aerial
lashing kit in a convenient position that
enables the sighting requirements to be
met, but bear in mind that for the final
positioning it is best to adjust the aerial
direction and angle whilst monitoring the
signal strength on the Receiver.

The Down Converter may be mount-
ed up to 4 metres from the aerial; this
could enable it to be located inside a
building but if this is not possible the unit
should be installed in a weather-proof
box (YM92A). Cable entry should be at
the bottom of the box and any gaps

E—

Figure 7. WEFAX IR (formats D) and WV (formats E).

around the cables sealed with silicon
rubber (Y]J91Y). Avoid locations where
the Down Converter may get too hot and
mount it in a shady position if possible.

The down lead from the Down
Converter to the Receiver should be kept
as short as possible to minimise signal
losses, although the system has been
found to work well with feeders of 15
metres and over. Avoid running the
down lead close to sources of electrical
interference such as computers, printers,
disk drives or video monitors. Longer
down leads may be used by inserting an
inline 137.8MHz amplifier close to the
Down Converter. This extra unit will also
help where high levels of interference (at
VHF) cannot be avoided. (Details next
issue.)

As a matter of routine, a regular
check should be made on all external
units and the aerial elements should be
cleaned from time to time, taking care
not to damage the protective varnish
applied during construction.

Down Converter mounted on a wall.
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Due to a forthcoming redevelopment of the
Perry Barr shopping centre, Maplin have been forced
to find new premises from which to serve their
Birmingham customers. Having to move from one
shop to another is inconvenient at the best of times
for both Maplin and our customers, but we believe
this move should be recognised as an advantage, as
it provides the company with an opportunity to
modernise the sales approach at Birmingham.

As soon as we became aware that Maplin would
need to find new premises, the hunt began for a new
site which needed to be reasonably close to the
current shop to ensure that the staff and customers
suffered the least inconvenience possible. Well, we
are proud to say that we think an excellent shop has
been found which will admirably serve the West
Midiands area. Only 2 or 3 miles from Perry Barr, the
new Birmingham shop is a short distance from
Spagetti Junction on the M6. The site is on the
southern end of Sutton New Road, and only a few
steps from the High Street in Erdington.

While looking for new premises, one of the
prime considerations was that suitable parking
should be available within the vicinity. At Erdington

we have acquired a shop with an adjoining private
car park with up to 50 spaces. Naturally, we hope
that the free, convenient access will contribute to the
new stores success, but to make the store even
more worth a visit we will be changing to the self
selection sales format which has become so popular
with both the Southend and Manchester customers.

At present it is hoped that the new shop will start
trading on Tuesday 16th June, with the Perry Barr
branch closing down on the preceding Saturday,
13th June. Although we hope the changeover goes
smoothly and according to plan, we recommend that
it you are intending to travel to the Birmingham shop
around the middle of June, then a telephone call
might well be worth considering, just in case any
unforseen circumstances speed up or delay the
move. The telephone number of our current shop is
0213567292, and providing the Post Office doesn't
let us down the new number will be 0213848411,

In the next issue we will try and include some
pictures of the new shop, but in the meantime we
hope those customers who currently visit Perry Barr
are not inconvenienced too much and we look
forward to seeing you at Erdington.

i

Following close on the heels of the new
Birmingham shop, Maplin have decided to refit the
Hammersmith branch, bringing it in line with the
company's move towards a more modern shopping
environment. The self selection shops provide
customers with an opportunity to browse amongst
the products and see the things which until recently
have been just a picture on the Maplin catalogue

Unfortunately, because of some essential
building work, we think it will be necessary for the
Hammersmith branch to close for a few days.
Naturally, we will wish to keep this inconvenience to
customers to an absolute minimum. Providing
everything goes to plan we will be commencing this
work on the 30th June, which means the shop will be
closed for at least the first week of July, but possibly
the first two weeks. We suggest, if you are
contemplating a long journey to the shop, around the
beginning or middle of July, that you give the
Hammersmith shop staff a ring to ensure the shop is
open for business. Finally we apologise to all
customers inconvenienced at this time, and hope
you will ali visit us again when the work is complete.

CHANNEL SWITCHING UNIT o

PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
R1,12 M
R2 2M2

4.8 100k
R6,789,13 10k
R10,11 1k
CAPACITORS
CL8 180nF Poly Layer
C2,10 2n2F Monores
(o< 180nF Poly Layer
C48 100nF Minidisc
(o] 10nF Minidisc
C7 560nF Poly Layer
(o] 23uF 168V PC Electrolytic
SEMICONDUCTORS
IC1 40106BE
TR1,2 BC327
TR3 BC337
D1-D8 1IN4148
L12 1mH Choke
LED1,2 Red LED
MISCELLANEOUS

Veropin 2145

SK1 HQ Coax Socket
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Micro-min Relay 12V 1 (BE4TB)
Sl Sub-min Toggle Switch D 1 (FHOSD)
TB1 Minicon Plug 8-way 1 (YWI2N)
Minicon Socket 6-way 1 (YWasr)
Minicon Terminal 6 (YW2sC)
2 (MIM) LED Clip 2 (YY40T)
1 (MaM3) Case DCMS007 1 (LHT72P)
3 (M100K) Channel Switch PCB 1 (GDs4))
8 (MI10K) Channel Switch Front Panel 1 (FPT6H)
2 6BA Cl/snk Head Screw %in. 1Pkt (BF12N)
a :'m Washer 1 Pkt (BF26D)
1 Pkt (BF18U)
: mg 6BA Spacer Yin. 1 Pkt (FW33L)
Cable 1 Mtr
: 10-way Ribbon (XR08G)
2 (YR78S) OPTIONAL
1 (YR73Q) HQ Coax Plug 2 (FD88G)
1 (WWSOE) Low-loss Coax White AsReqd (XR8TU)
1 (FF06G)
; ((w A complete kit of all parts, excluding optional items,
1 (QB88Y) is available for this project:
8 (QLS0B) Order As LM26D (Channel Switching Unit Kit) Price £17.95
2 (WH4TB) The following items included in the above kit list are also
2 (WL3TE) available separately, but are not shown in the 1987 catalogue:
Channel Switch PCB Order As GD54) Price £2.95
Channel Switching Front Panel Order As FP76H Price £2.95
1 Pkt (FL24B)
2 (FE10L)
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MACHINE CODE
PROGRAMMING WITH THE Z80
“

cu

by Graham Dixey C.Eng., M.LLE.R.E. Part Seven

The Z80 microprocessor chip has
associated with it a number of peripheral
chips that allow it to communicate, in
various ways, with a variety of different
devices, e.g. keyboards, displays,
printers and so on. Two of the most useful
form the subject of this article. A proper
understanding of how to use their
facilities is essential to getting the most
out of the Z80 in connection with control
applications.

The Z80 PIO

This member of the Z80 family
provides two 8-bit, TTL compatible,
parallel input-output ports that are
capable of being controlled by software
so as to be configured in various ways.
Interrupt logic is also included. Figure 1
shows both the pin-out for this chip and
its block diagram. The ports are known
as Port A and Port B and there are four
modes in which they can operate. Data
transfers between the CPU and the PIO
make use of separate input and output
registers, known collectively for
programming purposes as the Data
Register (DR); the control registers
associated with each port are also known
collectively to the programmer as the
Control Register (CR). The PIO operating
modes are:

Mode 0: As an 8-bit output port, with
‘handshaking’.

Mode 1: As an 8-bit input port, with
‘handshaking’.

Mode 2: As a bi-directional port (applies
to Port A only), a mode in which the
port responds to both input and output
commands. It is used where the PIO is
connected to an external input-output
bus, as in data-logging. Handshaking
is provided.

Mode 3: In the bit’ mode, in which all bits
of either port may be either inputs or
outputs. No handshaking.

Interrupt Control

An interrupt may be generated
either as the result of some input or on
the successful completion of an output
transfer. Daisy-chaining is possible and is
shown in Figure 2, where the PIO is one
of a number of peripheral chips in the
‘daisy chain'. To effect the action of this
chain, there is an input interrupt line IEI,
(Interrupt Enable Input) and an output
interrupt line IEO, (Interrupt Enable
Output). If interrupts to a peripheral are
enabled the Interrupt Enable line is high
but, if an interrupt is in progress
anywhere in the chain then that particular
chip takes its IEO line low, thus disabling
the following chips in the daisy chain. In
Figure 2 peripheral B has an interrupt in
progress and has disabled the following
chips, C and D. This establishes an
interrupt priority structure as discussed
in Part Six.

[

Iniﬁclising the Poris

Before use can be made of the ports
they must be ‘initialised’, i.e. set up for the
required modes. This is achieved by
writing a segment of program right at the
beginning. For either Port A or Port B this
must specify the following conditions:

(a) The operating mode to be used.

(b) If 'bit’ mode is selected, which bits are
to be outputs and which are to be
inputs.

(c) Whether interrupts are to be used or
not.

(d) The interrupt conditions.

(e) The interrupt table address low byte,
which forms the interrupt vector
together with the contents of the Z80 I
register (see Part Six).

It is obviously necessary for the PIO
to be able to distinguish between data
which forms a command for setting up
and an actual data word to be
transferred. This is carried out by means
of the control line C/D select (pin 5 of the
PIO). When this is high the data is a
set-up command word and when it is low
it is data. The easiest way to select C/D
high or low is to feed it from one of the
address lines such that different
operands are used for the OUT command
in the COMMAND and DATA cases, i.e.
the latter have separate port addresses.
In a similar fashion the A/B select line
(which selects either Port A or Port B) is

D2 61 [J 4 )D3 | connected to an address line, so that the
GND 8 D7 ¢ ¢ D4
’5v| i é‘ozzml PortA m Data Cgs: 1b
Data Bus Logic ' L 170 | ARDY %g 4 ¢ -
caﬁ CPU i l AST A7 ¢87
Bus 1/0 — g 8¢
{
L J L | Gl'\‘%: zeo pi0 $84 & B8 _ c o ‘
e T | Port B BSTB A3 ¢ : Bg —liE1 q“' L PO (L1 PN T PN - 1
Interrupt 170 BRDY A> ¢ ¢ B3 o~ = S —
Control | AT ¢ eB )
L | A Data A ¢ poy -
: it sz | wwer T
el ARDY n !E; 1 PIO
L
09 320 214BROY | J ‘
e L S

Figure 1. The Z80 PIO block diagram and pin-out.
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Figure 2. Daisy-chaining the PIO.
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ports have separate addresses; this line
is high when Port A is selected and low
when Port B is selected. In practice the
following arrangement can be used for
addressing the PIO:

(i) The A/B select line is taken to A,
(ii) The C/D select line is taken to A;.

(iii) Address lines A, to A; are decoded
to select the PIO (CE pin of PIO).

The following examples should
make this clear:

(a) Any port address with A; = land A,
= 1 will select a ‘command word to
Port A, e.g. &07.

(b) Any port address with Ay = land A,
= 0 will select ‘data to Port A', e.g.
&05.

(c) Any port address with A; = 0 and A,
= 1 will select ‘command word to
Port B, e.g. &06.

(d) Any port address with Ay = 0and A,
= 0 will select ‘data to Port B, e.g.
&04.

r

by _ . bg

|‘ | |L I | 1 1 || 1 1 i

I Y R identities
" Control word
——Don’'t cares

— Mode Select Code
0 0 ModeO &0OF
1 &4F

01
t0 2 &8F
11 3 &CF

S ——

Figure 3. The PIO Control Word for
Mode Selection.

Now to look at the content of the
commands used to initialise the ports
according to the list above. The
operating mode required is established
by bits 6 and 7 of the Control Word.
Figure 3 shows the form of the Control
Word and tabulates the bit values
needed for each of the four modes.

As an example, suppose it is
required to initialise Port A as an input
port and Port B as an output port; the
program segment required for this
initialisation, in assembler, would be:

LD A &4F ; Get code for input
mode (control word).
OouT &07 ; Send to Port A
Control Register.
LD  A&OF ; Get code for output
mode (control word).
OuUT &06 ; Send to Port B
Control Register.

This is straightforward enough, but
suppose that Port B was actually to
operate in the ‘bit' mode. It is now
necessary to define which bits of the port
shall be inputs and which outputs. This
requires a second control word to be
sent. The bits of this control word must
have a 1:1 relationship with the bits of the
port concerned. A logic 1 in the control
word sets up the corresponding bit to an
input while a logic 0 sets it to an output.
For example, if bit 7 of the control word is
logic 1, then bit 7 of the port will be an
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input line, and if bit 3 of the control word
is logic 0 then bit 3 of the port will be an
output line, and so on. Those familiar with
the 6522 VIA, the interface chip for the
6502, will appreciate that this is the exact
opposite situation. It's actually easier to
remember since one readily identifies 1
with Input and 0 with Qutput.

Suppose that the lower five bits, bits
0-4 inclusive, are to be inputs and the top
three bits, bits 5-7 inclusive, are to be
outputs, then the control word will be
00011111 = &IF. Thus, to initialise Port B
in the bit mode with this particular bit
pattern, the following program would be
needed:

LD  A&CF ; Get code for bit
mode.

ouT &06 ; Send to Port B
Control Register.

LD  A&IF ; Load A register with
required bit pattern.

ouUT &06 ; Send to Port B
Control Register.

Before going on to discuss how to
program the PIO for interrupts, it is as
well to understand what is meant by
‘handshaking’. Handshaking is the rather
colourful term to describe a means of
making the slow speed of most
peripherals compatible with the high
speed of a microprocessor. To put this
into perspective, take the example of a
typical dot-matrix printer with a speed of
80 c.p.s. (characters per second).
Compared with a human typist plodding
along at a mere 40 words/minute, this
seems ultra fast. After all, it only takes
12.5ms to print out a single character!
However, 12.5ms is 12,500 micro-seconds
and if 4 micro-seconds per instruction is
allowed (and that's being generous), it is
obviously possible to execute 3,125 Z80
instructions in the time of a single printer
character. When a peripheral operates at
a totally different speed from the
microprocessor, it is said to operate
‘asynchronously’.

In order to operate handshaking,
each port has two handshake lines, a
READY line and a STROBE, known as
ARDY and ASTB; BRDY and BSTB, for the
two ports respectively. They are used as
follows:

STROBE: This is an output from the
peripheral that either acknowledges data
received from the PIO or latches data
into the PIO input register.

READY: This is an output from the PIO
that either tells a peripheral that it has
data for it or tells the peripheral that the
PIO’s input register is empty and it is
waiting for another data byte.

Some idea of the role of these
signals may be seen from the simplified
timing diagrams of Figure 4.

Taking input handshaking first, the
peripheral starts the ball rolling by
placing its data on the input port and then
taking the STROBE line low; the data is
then ‘latched’ into the port. As the
STROBE signal ends, returning to logic 1,
the READY line goes low, generating an

l

interrupt. The CPU now reads the data
input to the port and signals to the
peripheral that it has done so by using
the end of the READ signal to take the
READY line high again. This signals to
the peripheral that it can now send
another data byte.

Now consider the output case. At
point A, WR goes low, indicating the
presence of data to be latched into the
PIO. When this data appears on the port
lines WR goes high, followed by the
READY signal also going high, which
tells the peripheral that the data is
present (point B). The peripheral now
accepts the data and generates a short
negative-going pulse on the STROBE line
to signal this fact. This clears the READY
line and generates an interrupt.

With bi-directional operation there
is obviously a problem since this mode
requires ‘four’ handshake lines, two for
inputs and two for outputs. The only way

.to obtain these four lines is to use both
READY lines and both STROBE lines for

Mo = ———

) Data in X T

| Ready ——~ =
Interrupt ———— L o

| T A~

‘ (a) IN

vﬁ_\‘—/—

Dataout >

Ready P— N—
Strobe \_/
Interrupt

(b)

— - e 3

Figure 4. Simplified PIO Timing Diagrams
for Handshaking, (a) on inputs,
(b) on outputs.

ports A and B but use them all for just one
port, Port A. Thus, ASTB and ARDY are
used as the output handshake lines, while
BSTB and BRDY are used as the input
handshake lines. This imposes the
limitation that, when Port A is being used
in this mode, Port B can only be used in
the bit mode, since this requires no
handshaking.

As far as the latter mode is
concerned, any bit pattern at the port is
the sum total of all the input and output
lines together. It is possible to generate
an interrupt by ‘recognising’ a given bit
pattern.

The Z80 PIO usually uses the Z80
Mode 2 type of interrupt, in which the I
register of the Z80 is loaded with the high
byte of the interrupt vector and the PIO
supplies the low byte; there is one
restriction on this low byte and that is,
that bit zero must always be a ‘0’, since
this is the means by which the PIO
recognises that this control word is
actually part of the interrupt vector. Thus,
in addition to sending a control word that
specifies the mode, it is also necessary to
send an Interrupt Vector Word.
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Whether interrupts are enabled or
disabled depends upon another control
word, known as the Interrupt Control
Word, shown in Figure 5. The low nibble
of this word is always 0111 binary (&07)
to identify the byte as the Interrupt
Enable Word. The highest bit, bit 7, is
used to enable or disable interrupts such
that:

When bit 7 = 0, interrupts are disabled.
When bit 7 = 1, interrupts are enabled.

This leaves three bits b, - bg, which
are only used in Mode 3 and whose
functions are as follows:

Bit 4 specifies whether a ‘mask’ word
follows (=1) or not (=0).

Bit 5 specifies whether the input lines to
be monitored will generate an interrupt if
they are all logic 0 (bg = 0) or all logic 1
(ba = l).

Bit 6 allows the programmer to decide
whether all the bits of the specified bit
pattern have to be present to initiate an
interrupt (AND operation) or whether just
any one of the specified bits being
present will generate the interrupt
instead (OR operation). The AND
operation is selected when the bit is 1
and the OR operation when it is 0.

If Mode 3 is not the mode being
used, then the above three bits are of no
importance. If it is wished merely to
enable or disable interrupts then there is
an alternative control word that can be
sent. In this alternative word the low
nibble is always 0011 (&03) and bit 7
determines whether the interrupts are
enabled or disabled in the same way as
before. Thus, the control word could
always just be either &83 (enabled) or
&03 (disabled) since the other three bits
are ‘don't cares’.

|

NEREsnoDo

l — ldentifies
Interrupt

|
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Control Word
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| Interrupts

|
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Figure 5. The PIO Interrupt Control Word.

The bit mode is obviously more
complex than the others, and so a fully
assembled and commented program is
shown in Listing 1. The object of this
program is to monitor the top four bits of
Port A and to generate an interrupt when
they are all at logical 1. Notice the
number of times that the Control Register
CRA has to be written to. Five times in all.
Taking these write operations one at a
time:

On the first, &CF is the word that
selects the bit mode, Mode 3.

On the second, &FF is the Control
Word that defines all of the port lines as
inputs.

On the third, &CO is the low byte of
the interrupt vector (&5DCO).

On the fourth, &F7 is the Interrupt
Control Word. The ‘T part of it is fixed
and the ‘F' part means that all four high
bits are 1's, setting - Interrupts Enabled;
AND function; Active High, Mask Work
Follows.

Finally, the fifth write to CRA sends
the Mask Word &0F, which means that
the four high bits of an input will be
monitored (since these are all zeros in
the mask word).

On receipt of any input in which
these four bits are all logical 1's, an
interrupt will be generated. Lines 19 and
20 are a loop which will be active until
this interrupt occurs. When it does so, the
interrupt vector, &5DC0, supplied by the
I register and the PIO, will direct the
program to the Interrupt Service Routine
resident at &5D20. A dummy routine is
shown here since the actual routine could
obviously be almost anything.
Nonetheless, it is correctly terminated
with EI (to enable further interrupts) and
RETI, to pop the stack and return to the
main program.

The Z80 Counter Timer
Chip (CTC)

The CTC is a particularly useful chip
in many control applications because of
its ability to handle routine counting and
timing operations on its own, once
instructed to do so by the 280. A
schematic diagram and pin-out are
shown in Figure 6, from which it can be
seen that the device contains four
‘channels’ each of which is able to
operate in either timer or counter mode.
A schematic for any of the three
channels, 0-2, is shown in Figure 7, the
only difference between these and the
remaining channel, 3, being the absence
of a zero counttime out pulse on the
latter. All four channels are daisy-
chained to establish an interrupt priority,
with channel 0 being the highest and
channel 3 the lowest. A channel functions
as follows.

The principal block is an 8-bit down
counter, which has to be loaded with an
initial value from the CPU, via the Time
Constant Register. This initial value is
progressively decremented either at

)
QOUOZ  S000 (S000) ORG ¥©5000
QOOOE  S000  (OO00S5) DRA ECU 205 iData Register A
Q0004 S000  (OO07) CRA ECGIU 807 :Control Register A
VOOOS 5000 FH EI iEnable Z80 interrupts
WOOLSL 5001 ED SE It 2 1Set up Mode 2 interrupts
OOVO7  S003  3E SD LD A, %3SD $tHE ot interrupt vector
QOO0E  S005 ED 47 LD I.A iSend it to I Register
QOOOY 5007 3ZE CF LD A, &CF itode for Mode 3
00010 5009 DI 07 ouT (CRA) ,A iSend to CRrRA
Owoll S00B  3IE FF LD A, %FF iControl word
00012 500D D3I 07 ouT (CRA) ,A iSend to CRA
DOOL3  SVOF  3IE Lo LD Ay &C0 iLE ot interrupt vector
ouOl4 5011 D3 07 ouT (CRA) ,A iSend to CRA
0OO1S  SulE ZE F7 LD A, &F7 sInterrupt Control Word
o016 5015 D3I 07 QuT (CRA) ,A ;Send to CRA
QUOL7  SOL7  EE OF LD A, 8LOF i Mask word
00018 S019 D3I o7 ourt (CRA) A iSend to CRA
0OOL?  S0LB AR 05 00 LOOF L A, (DRA) iGet Fort A 1nput
00020 SOlE 18 FH JR L OOF iWait for interrupt
Q0021 SDCYO (SDCO, URG L5DCo slnterrupt vector
Q0022 5D20  (SD20) ORG L3SD20 slnterrupt Service Routine
00023 SDZO 00 INTVEC NOF :Dummy routine
00024 SD21 FER EI
00025  SD22 ED 4D RETI
Listing 1.

Maplin Magazine June 1987



GND

sy & Internal

Control

8 ‘ i Logic

beta (29 cpu [
iﬁ Bus 1/0

Controt g =

Interrupt

(:ontml|

bLogi(:

3

dCik/TrgO
MCIk/Trgt
Tt
9
CS1

Z80 CTC

4
b
3

Interrupt Control |
‘E’ Channel
3

|e—Cik/Trg

g —=iPre. L Down
scaler :ﬁCounhrJ Time Out

Ext. CIk/Timer Trig.

-}

Figure 1. Block Diagram of a CTC Channel.

clock rate or at a rate determined by
some external event. The two
alternatives are shown in Figure 7, where
it can be seen that the CPU clock rate
may be stepped down by a pre-scaler
value of either 16 or 256, programmable
by the CPU. This is generally used in the
timer mode. What happens when the
down counter eventually reaches zero is,
that an interrupt is generated for
whatever purpose you like and the down
counter is reloaded from the Time
Constant Register. The process keeps on
repeating; this is the counter mode of
operation.

Another important register is the
Channel Control Register (CCR), which
exercises control over the mode of
operation on receipt of an appropriate
control word from the CPU. Each channel
has its own CCR,; indeed each channel is
totally independent of the other three. A
channel is selected according to the
control signals CS0 and CS1, as follows:

Csl CS0
Channel 0 0 0
Channel 1 0 1
Channel 2 1 0
Channel 3 1 1

A channel is selected in practice by
giving it an input/output address. For
example, if CS0 is connected to address
line A, and CS1 is connected to address
line A, then any addresses whose lowest
two bits are 00, 01, 10 and 11 could select
the four channels. However, to narrow
down the choice, as it were, the address
lines A, - A, together with the control
line IORQ are decoded to select the CTC
chip, to place these channels at four
specific, consecutive addresses on the
input/output map.
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Figure 6. The Z80 CTC block diagram and pin-out.
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Figure 8. The CTC Control Word for
Mode Selection.

Selecting an
Operating Mode

To select an operating mode for a
channel it is necessary to write a control
word into the channel’s control register;
to effect this, bit 0 of the word must
always be a 1 otherwise it will be
mistaken for an interrupt vector. The
format of this control word is shown in
Figure 8, with the explanation being
shown in Table 1.

Loading a Time
Constant

If a channel control word with bit 2
set is sent, the CTC will expect the next
word to be the time constant to be used
in the down counter. This can have a
value in the range &0l - &FF, giving the
normal denary range 0 - 255, plus &00,
which does not signify zero but 256.

|

t
\

Figure 9. The CTC Interrupt Vector Word.

Loading an

Interrupt Vector

The CTC uses the Z80's Mode 2 for
the interrupts and, therefore, as for the
PIO, must be supplied with the low byte
of the interrupt vector. This byte is
loaded by writing into channel 0 with a
zero in bit 0 of the word. The situation is.
complicated by the fact that there is a
priority system within the channels of the
CTC and each must therefore have its
own unique interrupt vector. This need
not worry the programmer though; as
long as he ensures that bit 0 is zero and
supplies bits 3-7, the CTC will supply bits
1 and 2 according to which channel has
interrupted. The format of this word,
together with the values of bits 1 and 2, is
shown in Figure 9.

As an example, suppose that it is
required to allocate an interrupt vector
for channel 0, then the lowest three bits
must all be 0's. One of many possible
addresses is &5DF0. This and the next
location, &5DF1, would hold the start
address for the channel 0 Interrupt
Service Routine. Interrupt vectors for the
other channels would then automatically
be:

Channel 1 &5DF2
Channel 2 &5DF4
Channel 3 &5DF6

All of which can be verified by
checking bits 1 and 2 against the table of
Figure 9. To set this up it would be
necessary to:

(a) Set the Z80 to operate in Mode 2.

(b) Write the interrupt vector word &F0
to the Channel Control Register.

(c) Load the interrupt vectors in memory
with the start addresses of the ISR’s.

L—'L 1. lL'Ll_’lﬂ Identifies

as vector
word

![ b7 bgo

3

1

1 —— baby Channel
o

.Y
-0=0
WK -

L

Bit7=0 Channel interrupts disabled.

Bit7 =1 Channel interrupts enabled.

Bit6 =0 Select timer mode.

Bit6 =1 Select counter mode.

Bit5=0 Timer mode only; pre-scaler = 16.

Bit5 =1 Timer mode only; pre-scaler = 256.
Bit4 =0 Negative edge operation in either mode.

{ Bit4d =1 Positive edge operation in either mode.
Bit3=10 Timer mode only - automatic triggering.
Bit3 =1 Timer mode only - CLK/TRG pulse starts timer.
Bit2=10 Timer mode only - no time constant follows.
Bit2 =1 Timer mode only - time constant follows.
Bit1=0 Operation continues.

Bit1 =1 Software reset.
Bit0=0 Signifies interrupt vector word.
Bit0 =1 Signifies control word.

Table 1.

Continued on page 57.
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by Robert Penfold

Practically every constructional
project includes a number of capacitors,
and the ability to test these components
is a decided assett for any electronics
constructor. Unfortunately, testing
capacitors properly is something that is
beyond the capability of most
multimeters and other items of test
equipment that are likely to be found in
the average amateur electronics
workshop. It is possible to make a few
rough checks on capacitors using many
analogue multimeters, and some modem
oscilloscopes have a built-in component
tester function that can be used to give
some idea of a test capacitor’s value, but
for accurate measurement of capacitance
a proper capacitance meter is required.

This design has a three digit LED
display, and it covers five ranges which
are as follows:—

Range 1 0to 9.99nF
Range 2 0to 99.9nF
Range 3 0 to 999nF
Range 4 0to 9.99uF
Range § 0to 99.9uF
This coverage includes all the

common values, but the unit cannot
measure very low values of just a few
picofarads, or high value electrolytic
components. In practice this is not likely
to matter too much as very low value
components are little used in modern
circuits, and large values can be
checked by using two components wired
in series, as will be explained more fully
later in this article. An overflow indicator
LED is included so that misleading
results are avoided if an unsuitable range
is selected. The unit is powered from an
internal 9 volt battery, and is in
consequence fully portable.
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Figure 1. Block schematic.
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In common with most capacitance
measuring devices, this one operates by
using the test component as the
capacitive element in a C-R timing
network. In this case the timing network
forms part of a monostable multivibrator,
and the higher the value of the test
component the longer the output pulse of
this circuit. There is a linear relationship
between the value of the test component
and the output pulse duration, and this
makes it relatively easy to employ the
pulse in controlling a display circuit that
gives a reading directly in nanofarads or
microfarads (nF or uF). The block
diagram of Figure 1 helps to explain the
way in which the unit functions.

A low frequency oscillator controls
the rate at which readings are taken, and
this gives readings at just under one
second intervals. The output of the
oscillator drives a simple control logic
circuit, and this provides pulses that
sequence the rest of the circuit correctly.
The first operation in the sequence is for
atrigger pulse to be sent to the
monostable multivibrator, and this then
generates an output pulse that is used as
the gate pulse for a clock oscillator and a
three digit counter circuit. The longer the
gate pulse, the higher the count value that
the display will reach at the end of the
gate pulse, where the count is ‘frozen’. In
practice, the clock frequency is adjusted
so that the display readings are accurate
capacitance values. With a three digit
counter only a rather restricted range of -
values can be accommodated with good
accuracy, and so the monostable is
equipped with five switched timing
resistors. These give the unit its five
measuring ranges, and enable a wide
range of values to be catered for.

The counter circuit is of
conventional design, having latches and
seven segment decoder/drivers. The
value held within the counters is
therefore not displayed immediately, but
is held in the counters until the control
logic circuit provides the latches with a
48

displayed, and remains displayed even
when the control logic circuit sends a
reset pulse to the counter circuit. This
reset pulse is essential as it is needed to
ensure that the counter starts at ‘000’
when the next gate pulse commences.
The point of including the latches instead
of driving the decoder/drivers direct
from the counters is that it permits a
continuous display to be provided.
Without the latches the reset and
counting action would be displayed,
which would give unacceptable results in
practice.

If the test capacitor has a value
which is beyond the full scale value of the
range in use, the counter circuit will go
through one or more complete cycles,
and will display an erroneous result. To
prevent the user from being misled, an
overflow indicator circuit is included,
and this simply switches on an LED
indicator if a complete output cycle is
produced by the final decade counter
stage. A full output cycle is only
produced from this stage if it cycles
through a complete 0 to 9 count and then
back to zero again.

Circuit Operation

Figure 2 shows the circuit diagram
for the clock oscillator, low frequency
oscillator, control logic, and monostable
stages of the unit. The counter/driver and
overflow circuit is shown separately in
Figure 3.

Starting with Figure 2, ICS5 is a 5 volt
monolithic voltage regulator which gives
a well stabilised 5 volt output from the 9
volt battery supply. All circuitry is
powered from the stabilised 5 volt supply
rail. The battery needs to be a fairly high
capacity type (such as six HP7 size cells
in a plastic holder) as the cwrent
consumption of the circuit is quite high at
around 85 mA. The current consumption
can exceed 100mA when most or all of
the display segments are driven, and for
this reason a low power voltage regulator
is inadequate for the ICS position.

based on IC2a and IC2b which are CMOS
NOR gates. However, in this circuit they

| are wired as simple inverters and are
used in a standard CMOS astable
configuration. Note that the operating
frequency of the oscillator is much higher
than the frequency at which readings are

| taken, since ten output cycles are

| needed from this oscillator in order to

complete one reading cycle.

IC3 and IC4a form the control logic
block. IC3 is a CMOS 4017BE one-of-ten
decoder, and this has ten outputs (‘'0’ to
| '9") which each go high, in sequence, for
| asingle input cycle. In this circuit output
| ‘0’ provides the reset pulse to the
| counters. Output ‘!’ then goes high and

triggers the monostable which generates

the gate pulse for the clock/counter

circuit. OQutputs ‘2’ to ‘8’ are unused, and
| the period during which these go high
provides time for the gate pulse to finish
and the count to be completed. Output ‘9’
provides the pulse that latches the new
reading onto the display, but a negative
latching pulse is required. IC4a is
therefore used to invert the signal so as to
give a suitable pulse. The timing
diagram, Figure 4, shows the sequence of
events and may help to clarify operation
of the unit.

The monostable multivibrator is a
conventional CMOS type which is formed
from two 2 input NOR gates (IC4b and
IC4c). Although a very simple form of
monostable, it has characteristics which
make it well suited to the present
application. It is a non-retriggerable
type, and consequently it can provide an
output pulse that is shorter than the
trigger pulse from IC3. This is important,
as with a retriggerable type the minimum
| display reading would be quite high. The

self capacitance of the circuit is quite
[ low, and this is important as a high level

of local capacitance would upset the
linearity of the circuit, and would give a
large minimum display reading. On the
prototype the display reads ‘000’ on all

five ranges with no test capacitor connected.
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Figure 4. Timing diagram.

RS to R9 are the range resistors, and
by reducing the timing resistance in
decade steps the timing capacitance
needed for a given reading is boosted in
decade increments. Provided the range
resistors have a tolerance of 1% or
better, this arrangement seems to give
consistent results, and there is no need to
have each range individually calibrated.
R1 and Sla are used to drive the decimal
point segment of the appropriate display,
except on Range 3 (999nF) where no
decimal point indication is needed.

The clock oscillator is a standard 5§55
astable circuit. RV1 controls the clock
frequency, and this is used to calibrate
the unit. The output of the monostable
drives pin 4 of IC1, and the clock
oscillator is only operative during the
gate period. This avoids the need for a
separate signal gate.

Turning our attention to Figure 3
now, the counter circuit is based on three
CMOS 40110BE devices. These are
perhaps not the best known of the CMOS
logic family, but they are very versatile
components which deserve greater
usage. They are actually up/down
counters with separate clock inputs and
carry/borrow outputs. As it happens the
ability to operate in a down counter mode
is of no value here, and the down clock
input is simply tied to the negative supply
rail. The three counters are wired in
series to give a standard three digit
display, with IC9 providing the least
significant digit and IC7 furnishing the
most significant digit. The 40110BE
contains a decade counter, a seven
segment decoder, and a latch/display
driver circuit. Each chip can therefore
replace a standard three chip TTL style
counter/driver/latch arrangement. The
outputs can directly drive a common
cathode seven segment LED display and,
unusually for a CMOS logic device, a
high drive current is available from each
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output. Even with a supply potential of
just 5 volts it is essential to drive each
display segment via a current limiting
resistor in order to keep the current
consumption of the unit downto a
reasonable level.

The ‘carry’ output of IC7 is fed to the
clock input of IC6, which is a dual D type
divide by two flip/flop, but in this circuit
only one section of the device is utilised.
The output of IC6 changes state in the
event of an overload, but with a severe
overload there could be several output
cycles from IC7. Directly driving the LED
indicator LED] from IC6 would not be
totally satisfactory, since this output is
transitory and the LED might only give
one or two brief flashes which could
easily be missed. To avoid this the output
of IC7 is used to drive a simple set/reset
bistable circuit formed from two
otherwise unused gates of IC2, and the
latch drives LED indicator LED1. Both IC6
and the latch are reset from IC3 so that
the overflow circuit starts afresh when a
new reading is taken.

Safety First

Simple but important additions to the
circuit (in Figure 2) are the two extra
sockets at the input (SK3 and SK4) and
capacitor C6. The purpose of SK3 is to
enable test components to be discharged
between SK1 and SK3 prior to connecting
them across SK1 and SK2 and making a
measurement. This applies only to
components which have been in use ina
circuit and might contain a residual
charge prior to testing. Higher value
types which have been used in fairly high
voltage circuits are the ones which are
most likely to cause problems. Of course,
in extreme cases capacitors must be
slowly discharged through a ‘bleed’
resistor before removing them from the
circuit. This is as much for your own
protection as for that of the capacitance

11 111 o111 1

|

meter, and great care must be exercised
when dealing with charged, high voltage
components of other than very low
values. Building a protection system into
the meter input circuit was considered,
but it is difficult to produce a really
effective circuit that does not impair the
performance of the unit. This simple
alternative was therefore considered to
be the more practical solution to the
problem.

C6 is a built-in calibration capacitor.
This is not an essential part of the unit,
but it is handy when initially calibrating
the unit, and therafter it is very useful to
have a calibration component that is
always immediately available for testing
purposes. If a test component gives a
slightly erroneous reading it is then just a
matter of switching to range 1,
connecting SK2 to SK4 to connect C6 into
circuit, and then checking that a valid
reading is obtained (4.70nF). A word of
warning is due here though, and this is
simply to point out that the meter itself is
only likely to be accurate to within a
couple of percent or so, except at values
equal to or close to the calibration value.
Another point to bear in mind is that the
values of capacitors are dependent on
temperature and other factors. If a test
component should happen to give a
reading that is in error by slightly more
than its tolerance, this probably means
that it is perfectly satisfactory rather than
faulty.

Construction

Virtually all the components fit onto
the printed circuit board, and details of
the board are provided in Figure 5.
Construction of the board is not
particularly difficult, but there are a few
points which should be borne in mind
when assembling it. The main point to
note is that, apart from IC1 and ICS5, the
integrated circuits are CMOS types, and
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are therefore vulnerable to damage by -
static charges. To avoid this they should
be fitted in integrated circuit holders, but
not be plugged into circuit until the board
has been completed and wired to the
off-board components (see Figure 6).
Until then they should be left in the
anti-static packaging. Handle the devices
as little as possible when fitting them into
the holders, and be particularly careful
with the three counter ICs, which are not
the cheapest of CMOS devices. If in any
doubt, or you are not an experienced
constructor, then read the Constructor’s
Guide leaflet supplied with this kit.
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ICS is mounted horizontally on the
board and it is a good idea to use a short
6BA or M3 screw and matching nut to fix
it securely to the board.

The three seven segment LED
displays are mounted in holders which
help to raise them to a suitable height
above the surface of the board as well as
reducing the risk of heat damage when
connecting them. Suitable ten pin holders
seem to be unavailable, but it is not
difficult to improvise suitable holders
from three ordinary 14-pin DIL integrated
circuit holders. First the holders are cut
in half lengthwise using a hacksaw to

”;111 Lul sz.z. LLf 1

give six seven pin SIL types. The pins at
each end of the holders are then pushed
out using pliers or sirply trimmed off
using wire clippers. This leaves six 5-pin
SIL holders which can be used for the
displays. The spacing between the
displays is sufficient to make it
unnecessary to trim off the excess pieces
at each end of the holders.

Pins are fitted to the board at the
positions where connections to off-board
components will be made. There are a
number of link wires (sixteen in fact) and
these are made from about 22 s.w.g.
enamelled copper wire, or trimmings
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Figure 6. Wiring.
from resistor lead-out wires can be used. panel. The display window must

A Verocase having approximate
outside dimensions of 205 by 140 by 40
millimetres makes a good housing for
this project. It is used vertically witha
display window cut in the front panel
(which would normally be the top panel),
while the controls and sockets are
mounted on the top panel (which would
usually be the front of the case). The
printed circuit board is mounted on the
rear panel using one inch long 6BA
screws and half inch spacers, which are
needed to bring the fronts of the displays
close to the display window. The board is
positioned well towards the bottom left
hand comer of the unit so as to bring the
display close to the middle of the front

June 1987 Maplin Magazine

obviously be positioned accurately in
front of the display, and it can be cut
using a fretsaw, coping saw, or a
miniature round file. A piece’of red
display filter is glued in place over or
behind the cutout, and any general
purpose material is suitable for this. Note
that the Maplin display filter material has
an anti-glare finish on one surface, and
this less reflective surface should be the
one that faces forward or outwards.

On the prototype SK1 to SK4 are 1
millimetre sockets mounted with about
9.5 millimetres spacing. C6 is mounted
| direct across SK3 and SK4 so as to
minimise stray capacitance, and
preserve good accuracy at low readings.
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Most capacitors will plug straight into
SK1 and SK2 satisfactorily. However,
some types, especially miniature printed
circuit mounting polyester types will not,
and a set of test leads should be made up
so that these can be accommodated. All
that is needed here is a pair of short
insulated leads fitted with 1 millimetre
plugs to connect to SK1 and SK2, and
small crocodile clips which connect to
the component under test.

Sl is a six way switch having an
adjustable end-stop which is set for five
way operation. Details of the wiring to S1
are shown in Figure 6. LED1 is specified
as a panel mounting LED, but if preferred
it would not be difficult to utilise the
otherwise unused decimal point segment
of display 3. If six HP7 size cells in a
plastic holder are used as the power
source, the connection to the holder is
made by way of a standard PP3 style
battery connector. It has to be
emphasised that a reasonably high
capacity battery is needed due to the
high current consumption of the circuit,
and a small type such as a PP3 is not
adequate.

Calibration

In order to calibrate the unit it is
necessary to have a close tolerance
capacitor of a value that represents about
50 to 100% of the full scale value of one
range. Assuming that C6 has been
included in the unit and will be used to
calibrate it, set the unit to range 1 (9.99nF
full scale) and place a shorting link
across SK2 and SK4. Then carefully adjust
RV for the correct display reading of
4.7nF. The unit should then give
appropriate readings if it is tried with a
range of capacitors, but do not expect

CAPACITANCE METER
PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

Rl 56002

R28 10k

R3 33k

R4 470k

RS oM

R6 IM

R7 100k

RO 1k

R10-31 4700

RV1 47k Hor Sub min Preset
CAPACITORS

Cl InF Poly Layer :
ca 470uF 16V PC Electrolytic
c3 100nF Poly Layer

C48 100nF Minidisc

cs 4n7F 1% Polystyrene
SEMICONDUCTORS

IC1 NEBS8

ICa4 4001BE

Ic3 4017BE

IC8 pAT808

ICs 4013BE

readings to be absolutely spot on. The
capacitance meter itself is reasonably
accurate, although, as explained
previously, it will almost certainly
produce small errors. Most capacitors
have quite high tolerances though, with
few types having an accuracy of better
than 5%, and 20% being quite typical.
With electrolytic types a tolerance of
+50% and —~20% is quite normal. Really
the inclusion of a third digit in the display
is not justified in terms of the required
accuracy, but it is useful in that it
effectively extends the minimum
capacitance which the unit can read by a
full decade. If you hold a capacitor in
blace across the sockets you may well
find that the displayed readings steadily
increase. This does not indicate a fault in
either the capacitor or the capacitance

meter, it is simply due to heat from your
fingers causing the value of the capacitor
to rise slightly. When holding a capacitor
in place across SK1 and SK2, always hold
the body of the component and do not
touch either of the lead-out wires.

High value capacitors can be
checked by wiring them in series with a
lower value type and then measuring the
series capacitance of the two
components. For example, a 470uF
component could be checked by wiring
itin series with 100uF capacitor. The
series capacitance is equal to (Cl x
C2)/(C1 + C2), which in this example is
(470 x 100)/(470 + 100), which gives
47000/570, and a final value of 82.5uF. The
capacitors will presumably be
electrolytic types, but the polarity of both
components is unimportant.

IC789 40110BE 3 (QwWesY)
Display 1,23 0.8 inch Common Cathode Display3 (FR41U)
LED1 LED 1 (YY60Q)
MISCELLANEOUS
1 (MB6OR) sl 6-way 2-pole Rotary Switch 1 (FH43W)
2 (M10K) s2 SPST Ultra-Min Toggle 1 (FHS7F)
1 (M33K) SK1-4 Imm Socket 4 (WLBSP)
1 (M470K) 8-pin DIL Socket 1 (BL1TT)
1 (M10M) 14-pin DIL Socket 6 (BL18U)
1 (M1M) Case type 201 1
1 (M100K) 16-pin DIL Socket 4 (BL1SV)
1 (MIK) Printed circuit board 1 (GD59P)
22 (M470R) Control knob 1
1 (WR60Q) Knob cap 1 (QY03D)
Battery connector 1 (HF28F)
Display filter 1 (FR34M)
1 (WW2a2y) Bolt 6BA lin 1Pkt (BFOTH)
1 (FF15R) Nut 6BA 1Pkt (BF18U)
; (WW41U) 6BA spacer Yin 1Pkt (FW34M)
i m( YR76S) Pin 2145 1 Pkt (FL24B)
A complete kit of all parts is available for this project:
1 (QHBEW) Order As LM28F (Digital Cap Mtr) Price £29.95
2 (QX01B) The following item in the above kit list is also
1 (QX08K) available separately, but is not shown in the 1987 catalogue:
: (QL31) Digital Cap Meter PCB Order As GD59P Price £3.50
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The Apache

A superb ready-built scale-model off-road racer complete with a
2-CHANNEL DIGITAL PROPORTIONAL RADIO CONTROL SYSTEM
- for the price of the RC system alone!

All this is included in the price:

Ready-built 14 scale model car (overall size 325 x 186 x 130mm, 12.8
x7.3x5.1in.).

Front and rear low-profile semi-pneumatic rubber tyres.

Front wheel independent suspension.

High or low gear selection.

Sealed box with differential gearing.

Powerful motor gives scale speeds up to 140 mph.
EVEN MORE SUPER Front and rearcol-spring shook absorbers.
, , 2-channel digital proportional radio controt transmitter (and receiver).
SUMMER SA VERS. )~ (Standard 27MHz AM - no licence required in UK).

) ) o Servo-controlied proportional steering.
If you are already a Maplin customer, soon you will be receiving (if you Proportional motor speed control in forward and reverse.
haven't already) a bumber bundie of smashing Summertime specials,
plus the chance to win a beautiful, sleek, Ford XR3i (if you register in the

prize draw before 1st July 1987).

“Battenies and ni-cad charger not included. Car requires 8 AA cells (ni-cad
) ’ recommended YGOOA £1.35 each). Transmitter requires 6 AA celis, (alka-
If you are not a Maplin customer, but would love to know more about the | line SX69A 55p each or ni-cad as above). NB — and if you have a collision at

special offers and have a chance to win the car, fill in the coupon below [ 100mph or more, you'll be pleased to hear that spare parts are available.
with your personal details, tick the appropriate box, and post it now. : S

PLL BE RACING THIS SUMMER WITH MY SUPERB APACHE CAR!

Please rush me my Apache model racer, with 2 channet digital proportional radio { Ihave neverbeena Maplin Customer, but | would be pleased
control system. | wish to receive: | toreceive details of the super Summertime special offers. D Tick box.
Code | Qty T Price If you have aiready received the Summertime special offers,
Apache model racer sxo8J | I please use the Order Coupon supplied with that.
AA ni-cad battery YGOOA | | } A
AA alkaline battery SxeoA | 1 Please register me in the prize draw. D Tick box.
—
Afl prices inciude VAT. Plesse sdd 50p fowerds postage. Total | authorise you to debit my Credit Card account for the cost of goods despatched.
i order below £5.00, please add 50p handling.
| enclose cheque/postal order made payabie to Maplin Electronic Supplies Ltd., or
s00 crock caro deiaks cregtcaramumeer | | | [ [ [[[[[[[]]]T]
Here are my personal details:
Customer Number ... e .| Access.American Express/MapCard/VISA/ ...
l Delete as required
Note: Goods will be despatched only if the address given is the cardhoider’s address.
If ordening by Credit Card please sign:
Signature: ... ExpiryDate ...

Maplin Electronic Supplies Ltd.
P.O. Box 3, Rayleigh, Essex, SS6 8LR. Telephone, Credit Card Sales (0702) 554161 Enquiries (0702) 552911
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The Story

of Radio

ith the coming of the Second

World War, the science of radio

assumed enormous importance.
One aspect of it, that played a vital role in
the defence of this country in 1940, was
‘radar’. This was an acronym apparently
derived from the phrase, RAdio Detection
And Ranging, though there are slight
variations onthis theme.

FEarly Radar

The need for radar arose from the
necessity of being able to put fighters in the
right place at the right time, in order to be
able to intercept the streams of enemy
bombers. Because of the time taken to reach

by Graham Dixey
C.Eng, MIE.R.E.

Part Seven—
The Second World War

operational altitude, sufficient advance
warning of the enemies approach was vital.
Standing patrols were not feasible because
of the limited endurance of a fighter (e.g.,
maximum flying time for a Spitfire would
have been only some fifteen minutes) and
also because of the need to rest air crews

between sorties. Some research into early
warning systems had been done as far back
as 1934, but based on acoustic techniques,
using giant, 200 feet wide concrete ‘mirrors’
along our coastline, acting as parabolic
sound collectors. However, in the few years
available, radar (at first called R.D.F. for
Radio Direction Finding) developed to the
point where, in the Battle of Britain, it was
possible to detect enemy aeroplanes at
distances of 50 - 100 miles from our shores,
and even to see the bombers circling their
airfields in Normandy as they formed up for
araid.

Returning to 1934, it was in that year
that the Committee for Scientific Survey of
Air Defence was formed. Wimperis of this




committee wrote to R. A. Watson-Watt, of
the Radio Department, National Physical
Laboratory, Teddington, about the so-called
‘death ray’. The outcome of getting Watson-
Watt interested in the project was most
significant.

This ‘death ray’ was a weapon beloved of
fiction writers of the time and there were
any number of unauthenticated claims for
‘black boxes’ that could kill rabbits at short
range. The Air Ministry offered the sum of
£1000 to any inventor who could
demonstrate the killing of a sheep at 100
yards range with one of these devices.
Needless to say, the sheep population of the
British Isles was not one bit reduced by this
offer!

However, what this piece of nonsense
did achieve was to focus attention on the
idea of energy concentrated in a ray of some
form and, although this would not melt the
aeroplane or even incapacitate any of its
crew, Watson-Watt thought that by such a
means it ought to be possible to locate the
plan position of an aeroplane by measuring
its distance from two reference points. The
secret of this technique lies in timing a wave
of known velocity. In the Imperial units of
the day, this velocity was expressed as
186,000 miles per second, for radio waves.
Energy reflected back from the aeroplane (a
radio echo) gives a measure of the distance it
is from the transmitter. For example, if the
time between the transmitted wave and its
received echo is measured as one
millisecond, then the total distance travelled
by the radio wave is given by:

Distance travelled = velocity x time
=186x10°x1x1073
= 186 miles

Therefore, the object reflecting the radio
wave lies at half this distance from the
transmitter, namely 93 miles. An obvious
way of displaying the result would be on the
face of a cathode ray tube which, since it had
hitherto been under development for
television, was available at that time (see
Story of Radio, Part Six). The type of display
that would be presented is shown in Figure
1. The large ‘pip’ at the origin indicates the
time of the transmitted pulse and the
weaker pip to the right is the echo received
from the target. Since there is a direct
relationship between time and distance, the
X scan can be calibrated directly in miles.
Furthermore, the speed of the timebase can
be switched to give different ranges. For

example, it might initially be set at 200
miles to give an initial warning of enemy
aeroplanes and then switched to 20 miles to
give more accurate range as they drew
closer. This principle was not entirely new
as it had been used earlier to locate
thunderstorms by detecting the presence of
electrically charged clouds.

Initial tests on aeroplanes were carried
out in the beam of the 50m Daventry
transmitter, these simply proving that
sufficient energy could be reflected from an
aeroplane in flight for it to be possible to
make measurements of range. From this
small seed, sown in the spring of 1935, radar
grew. Much of the credit for this pioneering
work goes to Robert Watson-Watt, who was
later knighted in recognition of the fact.

A team, under the leadership of the
above, was set up and a suitable site found at
Orfordness, on the Suffolk coast. Here the
terrain was flat, ideal for the job. Tests
began at the end of May 1935 and progress
was rapid. Within six weeks, the equipment
was detecting aeroplanes at ranges of 17
miles and, by July, the range had been
increased to 40 miles.

Radar Improves

The more specific aims of the radar
being developed were to give:

(a) plan position of hostile aeroplanes to an
accuracy of within one or two miles,
sufficient to be able to guide in a fighter
in daylight in good visibility. There were
two possible ways of doing this. In the
first, two stations were used, the range
from each being computed and the
hostile being then located at the
intersection of their arcs. In the second
method, one station provided both range
and bearing. These methods are
illustrated in Figure 2.

(b) The approximate height of the enemy.
This was obviously vital as it was no
good sending in fighters to the right spot
only to find when they got there that the
enemy were 10,000 feet above or below
them!

(c) The approximate size of the formations,
since this dictated how many fighters to
send in.

(d) Whether the aeroplane detected was
friend or foe. This would be particularly
important at night.

Received
Transmitted echo from
Pulse ‘target’
\ e

|t e T i

o >
V2 I'd
) I'd
)
- AL
(a) (b)

Figure 1. The basic principle of RADAR; the time T,
the return journey time of the radio wave, is a direct
measure of the distance to the target.
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Figure 2. (a) The ‘hostile’ is located at the inter-
section of the beams from two stations, A and B.

(b) A single station fixes both the range and bearing
of the ‘hostile’.

The identification of friend or foe was to
elude the team for some time but, of the
others, by the end of September 1935, a
height of 7000 feet + 1000 feet had been
measured, and the problem of range
measurement had been overcome.

It was now a question of putting theory
into practice. An experimental system was
constructed, using a low power transmitter
and 70 feet masts. What was needed was
very much higher power and taller masts.
What was also needed was a whole ‘chain’ of
such stations along the entire coastline
facing Europe, together with some
organisation to gather and distribute the
information obtained to Fighter Command
so that they could make the best use of it. A
problem that was anticipated even at this
stage was the likelihood that the enemy
would attempt to jam’ the radar with
transmissions of their own. To avoid total
loss of the radar facility under these
conditions, there had to be several switched
frequencies. The estimated cost ran into
millions of pounds, even in the 1930’s.
However, the money was forthcoming
because of the vision of those involved.

This nucleus of the Royal Radar
Establishment (as it was later known)
needed a new home and one was found at the
mouth of the River Deben, Bawdsey Manor,
still in Suffolk. This desirable site was
bought from the owner by the Air Ministry.
The new station opened in May 1936 and it
continued in this role until September 1939,
by which time a chain of radar stations
stretched from Ventnor on the Isle of Wight
to the Firth of Tay. The first operational
radar station was the one at Bawdsey, and
this was handed over to the Royal Air Force
in May 1937. In August of that year, radar
played its first active part in an R.A.F.
defence exercise but this tended to reveal its
weaknesses rather than its advantages, not
the least being a certain ambiguity in the
results obtained from different radar
stations.

Credit should also be given to the firms
that made the equipment of our first radar
defence system. The transmitters were the
work of Metropolitan-Vickers, the receivers
were made by messrs. A.C. Cossor Ltd, while
the Marconi Company made the transmitter
antenna ‘curtain’ arrays.

Preparing for War

In September 1938 came the Munich
crisis; from then on, through the inclement
weather of the following winter, work went
on to meet the war that was inevitable.
From Good Friday of 1939, well before the
actual start of World War Two (3rd
September 1939), Britain's radar stations
went on a 24-hour watch.

Radar stations were not only buiit to
defend the British Isles. In those days,
Britain exercised much influence abroad
and needed radar to watch over strategic
points overseas. The island of Malta is a
good example where radar was later to play
a vital part in the island’s defence against
the unceasing attacks of the German
Luftwaffe and the Italian Regia
Aeronautica.



The early radar system that gave
warning of impending air raids was known
as Chain Home (C.H.). This radiated an
enormous amount of power in attempting to
‘floodlight’ the area to the east of our
coastline. It would obviously have been a
more efficient use of power if it could have
been concentrated into a beam, and the
beam swung about to find the enemy
aeroplanes. However, this was impossible
because of the enormous size of the masts.
Those for the transmitter were 350 feet high,
and those for the receiver topped 240 feet! It
is the difference between trying to find an
object in a darkened room by either
switching on the room lights, or standing at
the door and swinging a torch about to locate
it. The power of the torch bulb is a lot less
than that of the room lighting.

The answer to this problem lay, of
course, in the choice of wavelengths. As
stated earlier, the initial tests used 50m, but
this was reduced, first to 26m and then to
13m, giving improved results in detection.
The C.H. stations used shorter wavelengths
still, but they were still of the order of
several metres. A further problem that arose
with the long wavelengths and the design of
the masts was the ‘gap’ that existed under
the radar curtain. It was possible for a wave-
skipping aeroplane to reach the coast
undetected until the very last minute.
Dover, and other coastal towns, received a
number of unexpected visits in this way. It
was obviously necessary to concentrate
development on reducing the wavelength
further while maintaining high power for
good range. This development led to a power
of 1kW coupled with a wavelength of 10cm,
and to the birth of the ‘magnetron’, a special
valve that was capable of generation at
these high frequencies (a wavelength of
10cm corresponds to a frequency of 3GHz).
This was in July of 1940. Later still it would
be possible to generate hundreds of
kilowatts at the same high frequencies. To
use these short wavelengths effectively, the
length of the pulse transmitted had to be
very short. Whereas Chain Home used pulse
lengths of the order of 10-25 microseconds,
the pulse lengths on the centimetric waves
were more like 0.25 microseconds in length.

Airborne Radar

The accuracies mentioned earlier were
fine for daylight but not good enough for
night interceptions where the defending
aeroplane had to be almost on top of the
intruder before there was any chance of a
visual sighting. Obviously effort now had to
be put into developing airborne radar. With
this it would be possible for the defending
pilot to be informed of the intruder’s
presence and probable location by radio and
then use his own radar to get close enough to
see it. Radars of this type were called A.I. for
Airborne Interception.

The new A.l. radar in the air was allied
with a new type of ground radar called G.C.1.
for Ground Controlled Interception. This
latter used a type of display called P.P.1.
(Plan Position Indicator). P.P.1. showed a
radius of about 50 miles, centred ona
circular cathode ray tube. The ‘pips’
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GCI Receiver 1941.

representing both the ‘target’ (enemy
aeroplane) and the interceptor were shown
on this display, their relative range and
bearing being particularly easy to determine
especially as the face of the display was
marked out in grid squares. A display of this
type is shown in Figure 3. The instructions
from the ground controller were aimed at
bringing the two pips mentioned into near
alignment, at which point the defending
pilot should be able to pick up the intruder
on his own ‘scope’. The fighter also carried a
‘black box’, known as L.F.F. (Identification
Friend or Foe - the problem had at last been
solved), which caused the ‘friendly’ pip to

““Rotating beam

" PPI origin

- s -

Figure 3. Typical return from PPl display. The
rotating beam illuminates both the target and the

main topographical features, e.g. coastline and towns.

In this case the PPl equipment is on a ship in the
Thames estuary.

)
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Photo coartesy of the Trussees of the Science Mussum (London )

give a characteristic signal every few
seconds.

The basis of P.P.1. was a rotating aerial
system, giving a rotating beam. This type of
scanner can now be seen at any airport, used
with the airfield radar. The sweep time of
the beam was about 20 seconds. A rotating
line, like the spoke of a wheel, represented
the radar beam. This was at quite low
brilliance. However, when it picked up a
reflection, perhaps from an enemy
aeroplane, it glowed momentarily in a small
arc. The persistence of the phosphors used
was very much longer than that used with
CRO’s or television, in order to hold the
image long enough for it to be picked up
again on the next sweep. This was virtually
the standard type of radar display during
the war.

Electronic Warfare

As is now ancient history, radar played
a vital part in the Battle of Britain.
However, many other fascinating aspects of
the story of radar could be told. One of these
is the ‘electronic warfare’ that followed. The
following gives a brief idea of what this
involved.

Germany, in her attempt to find targets
in Britain, was using a modified form of her
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Lorenz beam system, known as ‘Knickebein’
(crooked leg). To counter this, we used
jamming, which was at first generated using
modified diathermy apparatus produced by
Marconi and other companies, this being
originally a sophisticated form of heat
treatment equipment used in medicine.
Later, powerful jamming transmitters were
used. To combat these quite successful
countermeasures, the Germans developed a
new type of radar called ‘X-Gerat’. This led
in turn to more intensive jamming by the
British. At the third level of development,
the Germans produced ‘Wotan', which was
so effective that it had us scratching our
heads for a time. But along came a solution
in the form of ‘beam-bending’, by which the
guidance beam apparently changed
direction, causing the bomber to wander off
on a wrong course. As a result, the poor old
Luftwaffe expended their valuable
armaments on the open countryside or even
tried to make holes in the sea! And soit went
on, each side gaining a temporary
advantage.

Wartime Radio

As for ‘radio’ itself, perhaps one of the
most famous pieces of equipment to be
produced during the war was the
development of a Marconi project begun in
1937. This was an airborne MF/HF
transmitter-receiver known originally as
the AD67/77. This subsequently became the
T1154/R1155, of which more than 80,000

The Wartime civilian receiver.

were made during World War Two. They
were fitted in all aeroplanes of Bomber and
Coastal Commands and were still in service
in the 1950’s.

At the outbreak of war all experimental
licences were withdrawn. The role of the
receiver was seen as a means of informing
the public on the news and Civil Defence
matters and providing entertainment to
help boost morale. Programmes were often
relayed in factories where many of the
nation's women worked. A popular
programme that began at this time and
continued long after the war was 'Music

Photo courtesy of the Trusees of the Scrence Museurs (Losdon)

While You Work’. On 1st September 1939,
the Home Service, operating on a single
nationwide frequency, replaced all National
and Regional Programmes, this avoiding the
possibility that the Regional transmitters
might act as ‘beacons’ for enemy aeroplanes.

By November 1939 the BBC was
transmitting two services for overseas
listeners, the European Service and the
World Service. At home, there was a great
demand for receivers, especially portables.
Shortage of spares, especially valves,
brought the crystal set back into use, as a
stand-by set at least. Home constructions
became popular, particularly when the new
‘battery valves’, with their 1.4V heaters
appeared. On 7th January 1940, the Forces
Programme was introduced in order to cheer
up the British Expeditionary Force in
France.

On the ‘home front’ the demands of war
meant that little effort could be spared for
producing radio receivers to amuse the poor
old civilians. Nonetheless, the British radio
industry jointly produced a ‘War-time
Civilian Receiver’ or ‘Utility Set’. This was
not, however, until July 1944 when the
spares situation for existing sets, as well as
the lack of trained personnel to service
them, had made some form of replacement
necessary. It was a fairly basic looking set
and had only two stations marked on its
dials, Home and Forces. It was to be a long
time before effort was once again available
for the pleasures of peace.

MACHINE CODE PROGRAMMING WITH THE Z80 Continued from page 45.

Interrupt Priority

It is usual to make the CTC a higher
priority device than the PIO in the Z80
daisy-chain. The IEI input on the CTC is
pulled up to logic 1 and the CTC's IEO
output is then connected to the PIO's IEI
input.

An Application
Program

To show one possible way of using
the CTC and illustrate some of the points

gives a fully assembled and commented
program that performs the following:

(a) Interrupts are enabled.

(b) Timer mode is selected.

(c) Pre-scaler is set to 256.

(d) Triggering is automatic.

(e) Time constant is set to &FF (255).
(f) Operation continues.

At the end of the timed interval, an
interrupt will be generated that will call
an Interrupt Service Routine. Because this
could literally do anything it is not

|
|

illustration, its vector is assumed to be
&5DEO.

Finally, it is obviously useful to be
able to compute the length of the timed
interval. This is found from the product:

System clock period x pre-scaler value x
time constant.

For example, for a 1IMHz clock, a
pre-scaler value of 256 and the maximum
time constant of 256, the interval is 1.107®
x 256 x 256, which equals 65.536ms.

The next part of this series will be
the final one and will be concerned with a
general look at writing machine code for

made about programming it, Listing 2 included though, for purposes of the Z80.

[B1NTRIN P S0 (S5000) ORG e SO00

QOOOI  S0u00 [qBIT=IRY] CCROQ ECU X0 s #AL 1s address ot CCRW

O0O0ud SOOn FR B L sEnable Z80 interrupts

OOOOS  SH001 ED SE i bl :5et up Mode 2 interrupts

QOO0s S0l Ik SD L.L A, %SD sHE of i1nterrupt vector

VOOO7  S005  ED 47 LD 1,A ssend 1t to 1 reqister

0000l S0/ EE AL LD A, ¥AD sControl word

uD009 S00% DA AL gul (CLRO)Y oA ;Send to CCRO

QOO0 S008 SR OFF LD A, “FF s lime constant

00011 Seob DA Ao OuTt (CCRW) 4K ;1 Send to CCRO

OOy SO0uF  IZE Eu LD A, REO ;LB of interrupt vector

wOOLI 5011 D3 A0 ou1 (CCRO) A sbend to CCRo

0o0ld4  SO1EL 18 FE LOUF JK LOGH sWait for i1nterrupt

0Q01S HBbhEo (SDEO) URG LSDEV sinterrupt vector

woLs Lhoo (SDO0) ORG LHDOV sinterrupt Service Routine

ovOl/  SDOO OO INTVEL  NOF ;Dummy routine

wootyg  Sbotl FB El

OU019  SLO2?  ED 4D RET1 Listing 2. |
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Stepper Motor Driver

The Mullard SAA 1027 seems to have
become the standard stepper motor
driver device for home constructor
designs, and it certainly offers good
performance at relatively low cost. It is a
fairly basic driver though, and it has the
shortcoming of continuously driving the
stepper motor with power even when it is
not being stepped from one position to
the next (for the uninitiated, with stepper
motors it is the switching of power
between its coils and not simply the
application of power that operates the
device). The continuous application of
power is not likely to cause any damage
to either the motor or the driver circuit,
but it will often result in the motor
running quite warm, and in an application
where battery power is used it
Tepresents a terrific waste of the battery’s
capacity.

It is not difficult to incorporate some
form of power economy circuit, and
there are several possible approaches to
the problem. The one used in the circuit
shown here probably represents the best
method as it does not require the use of
any additional control lines from the
computer or other controlling circuit, and
it is totally ‘invisible’ to the user. It
nevertheless cuts down the current
consumption of the circuit to something
very close to the minimum that can be
achieved.

ICl1 is the stepper motor driver, and
this is really just the standard SAA1027
configuration. Pulses applied to the
‘CLOCK' input step the motor, and the
logic level applied to the ‘"MODE' input
controls the direction of rotation.
Although pin 2 is shown as connecting to
positive supply rail, this can be used as a
reset input if required, and it sets the
outputs to their reset states (Ql and Q3
low, Q2 and Q4 high) when it is taken to
the low state. Note that the input signals
must be between 7.5V and V+ for a
‘high’, and OV to 4.5V for a ‘low’. A simple
level shifting circuit is therefore needed
for control by ordinary § volt logic
levels.

88
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The current economy is obtained by
having the ‘common’ terminals of the
motor normally left open circuit, and only
briefly connecting them to the positive
supply rail when a clock pulse is
received and ICI's outputs change state.
This is achieved by having IC2 operate
as a simple monostable multivibrator
which is triggered by the clock pulses.
Its output pulses activate TRl which
connects power through to the ‘common’
terminals of the motor. RV1] controls the
monostable's output pulse duration, and
this should be set for the minimum value
which gives reliable operation of the
circuit. Apart from minimising current
consumption, this ensures that the
monostable can provide output pulses at
a rate which can match the stepping
speed of the clock signal and the motor.
The optimum pulse duration depends on
the particular motor used, but the
adjustment range of RV1 is sufficient to
accommodate any normal type.

The reduction in static current
consumption is likely to be quite large,
but it is obviously dependent on the coil
resistance of the motor concerned
(which should have a resistance of about
7541 or more through each coil). On test
with a Maplin stepper motor (type No. 1)
the prototype had a quiescent current

STEPPER MOTOR DRIVER

PARTS LIST

RESISTORS: All 0.6W 1% Metal Film unless specified

Rl 22000 1W 1 (C220R)

R2 10002 1 (MI00R)

R3 22k 1 (M22K)

RV1 220k Hor Sub-min Preset 1 (WR62S)

CAPACITORS

Cl 100nF Ceramic 1 (YR75S)

c2 470nF Poly Layer 1 (WW49D)

SEMICONDUCTORS

IC1 SAA1027 1 (QY76H)

ic2 4001BE 1 (QX01B)

TR1 BC337 1 (QB68Y)

MISCELLANEOUS

M1 Stepper Motor Size 1 1 (FT73Q)
DIL Socket 14-pin 1 (BL18U)
DIL Socket 16-pin 1 (BLI1SV)

consumption of just over 50 milliamps,
which compares with about five to six
times this figure without the power
economy circuit. Of course, the amount
of power saved in use depends on how
often or otherwise the motor is stepped,
but the saving will normally be quite

Only two gates of IC2 are utilised in
this circuit, and the only connections to
the other two are to tie their inputs to
ground to protect them against static
charges. Note that in the monostable
configuration the 4011BE is not a suitable
substitute for the 4001BE.

substantial.

Movement Alarm

This simple but versatile alarm is
triggered by movement of the unit, and it
can be used in a variety of ways. As a
burglar alarm it could be mounted on a
door so that the unit is triggered when
someone opens the door, and this could
be the door of a car or caravan and not
necessarily that of a building. The
self-contained and portable nature of the
unit also makes it well suited to
applications such as a suitcase or
television alarm, where the alarm will be
activated if someone tries to remove the
protected object. The unit could be made
quite compact, making it suitable as
protection for practically anything val-
uable which cannot be reliably screwed
down.

There are various types of sensor
which could be used, but a mercury
switch is the obvious type to opt for. This
type of switch is basically just two
electrodes in a container made of an
insulating material, and partially filled
with mercury, where at some orientations
the mercury only comes into contact with
one or neither of the electrodes so that
there is a very high resistance between
them, but at other orientations the
mercury touches both electrodes and
completes electrical contact between the
two. In an application of this type the
switch should be set so that it is just off a
point where it provides electrical con-
tact, so that any slight movement or
vibration at least momentarily activates
the switch and triggers the alarm circuit.
June 1987 Maplin Magazine
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Basically, all that the circuit has to do
is to provide a latching action from what
might only be a momentary switching
action from the sensor, and then use this
signal to drive some form of audible
alarm generator. If the unit is to be
battery powered, it must also have an
extremely low stand-by current con-
sumption so that it can be left operating
for long periods of time without
significantly discharging the battery. In
this design the latching is provided by a
conventional set/reset flip/flop formed by
ICla and ICI1b. The other two NOR gates
of ICI are left unused, but their inputs are
tied to the negative supply rail in order to
protect them against static charges, and
also to ensure that the unused gates have
an insignificant current consumption. In
fact, by using a CMOS latch the quiescent
current consumption of the circuit is kept
down to just a fraction of a microamp,
and it was found to be immeasurably low
with my test gear. C2 provides the initial
‘reset’ pulse, to set the flip/flop to the
correct output state at switch-on, while Sl
is the mercury switch which sets the
output to the high state when it is
activated.

The output of the latch controls the
alarm generator circuit via emitter
follower buffer stage TR1. The latter is a
silicon device with a low leakage level so
that when the alarm is switched off it
does not consume a significant amount of
current. The alarm generator circuit is
based on two 555 astable circuits with

MOVEMENT ALARM
PARTS LIST
} RESISTORS: All 0.6W 1% Metal Film
R12 47k 2 (M47K)
R3 8k2 1 (MBK2)
R4,8 IMQ 2 (MIM)
[ RS 4M7Q 1 (M4MT)
RS 100k 1 (M100K)
R7 330k 1 (M330K)
CAPACITORS
cl 470nF Poly Layer 1 (WW48D)
ca 100nF Poly Layer 1 (WW41U)
c3 22nF Poly Layer 1 (WW33L)
c4 470pF Polystyrene 1 (BX32K)
‘ SEMICONDUCTORS
‘ IC1 4001BE 1 (QX01B)
123 ICM7555 2 (YH63T)
1 TRI BC549 1 (QQISR)
|
| RERC
Mercury Switch 1 (FAT6H)
‘ LS1 Piezo Sounder 1 (FM59P)
f DIL Socket 8-pin 2 (BLI7T)
1 DIL Socket 14-pin 1 (BL18U)
|

IC3 providing the audio tone and IC2
frequency modulating it. The modulation
is obtained by loosely coupling the
output of IC2 to the control voltage input
of IC3 via R8, and this gives a simple but
effective two tone ‘warbling’ alarm
sound. LS1 is a cased ceramic resonator

which gives high efficiency and a
penetrating output at the relatively high
audio frequencies involved here. If
optimum volume is important, R7 can be
replaced by a 1M preset which can then
be adjusted to find the two frequencies
which provide the greatest output.

Pink Noise Generator

‘White noise’ is a well known term in
the electronics world, and it is generally
thought of as the ‘hissing’ background
sound produced by audio circuits. White
noise has a more precise definition
though, and it is a noise signal which has
equal amplitude at all frequencies. In
other words, there is the same energy in
(say) any 100Hz wide chunk of the
spectrum, and would therefore be the
same energy from 100Hz to 200Hz as
there would from 20000Hz to 20100Hz.
Logarithmic scaling is normally used on
the frequency axis in frequency response
charts, etc., and this is a more realistic
way of looking at things. This has equal
energy in octave or decade frequency
bands, or to take a simple example, there
would be the same amount of energy
from 100Hz to 200Hz as there would from
20000Hz to 40000Hz.

The noise generated by audio
circuits is generally of the genuine ‘white’
variety and is free from any significant
colouration unless the circuit includes
de-emphasis or some other form of
frequency response tailoring. While
white noise is ideal for many applications
where noise is a help rather than a
hinderance (percussion synthesisers,
etc.), there are occasions when the
altemative of ‘pink’ noise is required.
60
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Pink Noise Generator Circuit.
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This type of signal has equal energy over
octave or decade bands, and could be
regarded as noise having logarithmic
scaling rather than the linear scaling of
white noise. As far as the sound is
concerned, white noise has the familiar
high pitched ‘hissing’ sound, whereas
pink noise is a deeper ‘rushing’ sound
which is often likened to the sound of rain
falling.

Pink noise is primarily used in audio
testing, and in particular it is used in
conjunction with an audio analyser as a
very quick means of displaying irreg-
ularities in the frequency response of
audio equipment. The main point here is
that with the noise signal fed direct to the
input of the analyser, all channels should
indicate the same input level. Any lack of
flatness in the frequency response, or
anything interposed between the noise
source and the analyser will be instantly
and clearly displayed on the analyser.

It is probably impossible to directly
generate pink noise, and it is therefore
produced by first generating a white
noise signal and then applying top cut
filtering. This is the method adopted in
the circuit shown here which uses zener
diode DI as the noise source, TRI as a
high gain amplifier to boost the noise
signal to a usable level, and IC] as an
inverting amplifier with frequency sel-
ective negative feedback to provide the
tailoring of the frequency response. The
required slope is 3dB per octave, which
is awkward in practice as a single stage

PINK NOISE GENERATOR
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film g
Rl 100k 1 (M100K)
R2,10 2M20 2 (M2M2)
R3,7 4Tk 2 (M4TK)
R456 4k7 3 (M4KT)
R8 180k 1 (M180K)
RS 820k 1 (MB20K)
CAPACITORS
Cl 100uF 35V Axial Electrolytic 1 (FB4SD)
Ca7 470nF Poly Layer 2 (WW48D)
C3 390pF Ceramic 1 (WX863T)
C4 InSF Poly Layer 1 (WW23A)
(o} 3n3F Poly Layer 1 (WW25C)
(o) 10uF S0V PC Electrolytic 1 (FFO4E)
SEMICONDUCTORS
IC1 LF351 | (WQ30H)
TRI1 BCS549 1 (QQISR)
D1 BZYB8CEV2 1 (QHOSK)
MISCELLANEOUS
JK1 3.8mm Jack Socket 1 (HF82D)
DIL Socket 8-pin 1 (BLITT)
C-R fiter provides double this. output level is around 2 volts peak to

Consequently a three stage feedback
network is required, with a resistor
added in series with each filter capacitor
to prevent it from ever providing the full
6dB per octave roll-off. C3 provides the
high frequency roll-off, with C4 and CS
providing the filtering at middle and bass
frequencies respectively. The typical

peak from a low source impedance, and
the current consumption of the circuit is
only about 4 milliamps. When con-
structing and using the unit, bear in mind
that it has a substantial voltage, par-
ticularly at low frequencies, and it is
therefore quite sensitive to pick-up of
mains ‘hum’.

Opto-Port

The standard approach to con-
trolling external devices from a computer
is to either use a built-in port such as a
user or printer port, or to add a few
latches onto the expansion bus. If a
number of output lines are required this
is certainly the most practical method,
and probably represents the only prac-
tical way of doing things. If, on the other
hand, only one or two output lines are
required and operating speed is not of
prime importance there are simple
alternatives. The main two are to use
either the sound output or the screen to
control a simple switching circuit, and
the circuit shown here is a simple screen
operated switch (which is more gen-
erally applicable than the sound
activated type).

In principle this type of circuit is
very straightforward, with a photocell
aimed at a small area of the screen. A
simple software routine lights up that
area of the screen to switch on the
controlled device, or blanks out that part
of the screen in order to switch it off.
Things are complicated very slightly by
the fact that the scanning process which
is used to build up the television or
monitor display results in a strong 50Hz
ripple on the output from the photocell,
and the circuit must smooth this out in
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order to give a clean output signal. It is
this factor which gives very limited
operating speed in comparison to a
conventional computer output port, but
performance is still adequate in this
‘respect for the majority of applications,
including the obvious one of a relay
driver.

TR1 is the photocell, and the TIL81
phototransistor is a fair choice for this as
it offers good directivity, reasonable
sensitivity, and is cheap (but more
expensive devices such as the BPX25,
which is the device shown in the circuit
and Parts List, and the BPY62 will work in
the circuit just as well, as will virtually any
silicon npn phototransistor). It is used
here as a sort of light dependant resistor
with no connection being made to its
base terminal. When subjected to dark-
ness only minute leakage currents flow
through TR1, giving virtually zero volts at
its emitter terminal. When subjected to a
reasonably strong light source quite high
leakage currents flow, resulting in the
voltage at its emitter approaching the
positive supply voltage.

This gives roughly the required
switching action, but the noise infested
and high impedance output of TR]1 needs
to be both cleaned up and buffered in
order to give a useful output signal. Cl
smooths out much of the noise on the
output signal, but its value has been kept
low enough to keep the switching time
down to a fraction of a second. This
leaves a significant amount of noise on
the signal, but this is counteracted by the
large amount of hysteresis in the trigger
circuit based on IC1.

OPTO-PORT PARTS LIST

RESISTORS: All 06W 1% Metal Film

Rl T 100k 1 (M1008)

R2 MO 1 (M1M)

R34 10k 2 (M10K)

RS aM10 1 M2M7)

RS 3k9 1 (M3K9)

RVI IMQ Hor Sub-min Preset 1 (WRe4U)

CAPACITORS

cl 100nF Poly Layer 1 (WW4IU)

c2 100uF 38V Axial Electrolytic 1 (FB43D)

SEMICONDUCTORS

IC1 CA3140E 1 (QH29G)

TRI BPX25 1 (QF30H)

TRZ BCS49 1 (QQISR)

DI IN4148 1 (QL8OB)

MISCELLANEOUS

RLA Ultra-min Relay 12VDPDT 1 (YX95D)
DIL Socket 8-pin 1 (BLITT)

TR2 operates as the relay driver, and
the relay can be any type with a coil
resistance of around 30002 or more, and a
suitable operating voltage. The supply
voltage can be anything from § to 12
volts, and must be chosen to suit the
particular relay used. If a TTL compatible
output is required it is merely necessary
to use a 5 volt supply, omit D], and to
replace the relay with a 1k} resistor.
Note though, that switching on the
on-screen character sends the output low
and not to the high state.

The circuit is quite sensitive and TR1
does not have to be fitted right up against
the screen, although it will probably need
to be no more than about 30 millimetres
away. It is not necessary for the
on-screen character to be a solid block,
and something like a ‘@’ symbol should
suffice. TRI is quite directional and must
therefore be aimed at the character quite
accurately. RV1 is adjusted by trial and
error to find a setting that gives reliable
results, and the exact setting will be very
critical.

Metal Pedal

While not perhaps to everyone's
taste, the so-called ‘metal’ sound is now
an established electronic musical effect.
Technically it is produced by mixing two
signals creating sum and difference
frequencies, neither of which are nor-
mally harmonically related to the original
input frequencies. The result can be very
discordant, or with the two input freq-
uencies spaced at suitable musical
intervals the result is a very rich sound,
like bells, gongs, and similar metalic
instruments (hence the ‘metal’ name).

The effect is simple in theory, but in
practice it can be more difficult to get
.really good results. The usual set-up is to
have a variable frequency oscillator
feeding one input of the mixer (or ‘ring
modulator’ as it is generally known in this
application), with the output from a guitar
or other instrument feeding into the
second input. The ring modulated signal
is then mixed into the straight-through
signal in the required quantity. The usual
problem is that of breakthrough of the
oscillator signal at the output, and even if
the ring modulator gives a respectable
40dB or so of carrier suppression this still
leaves a clearly audible signal under no

63

input conditions. A noise gate is
therefore normally required in order to
render the breakthrough inaudible.

In this design, the need for a noise
gate is avoided by having a very high
degree of carrier suppression in the ring
modulator, and the latter is actually the
phase comparator of an NES65N phase

locked loop (IC2). The VCO stage of this
device acts as the carrier oscillator, and
it provides a frequency range of
approximately 100Hz to 2kHz with RV1
acting as the frequency control. RV2 is
the carrier balance control, and this is
carefully adjusted to minimise the carrier
breakthrough at the output. It is a front
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panel control rather than a preset, as the
optimum setting varies very slightly with
changes in the carmrier frequency, and
ithough a good compromise setting can
be found it was felt to be better to have
the ability to null out the carrier as much
as possible. The maximum degree of
carrier suppression seems to be quite
high, with around 80dB being achievable

with the prototype.

IC1 simply acts as an input buffer
stage which provides the unit with an
input impedance of about 100kf). Its
output is direct coupled to the input of
IC2, for which it provides with the
necessary input bias voltage. IC3 acts as
a conventional summing mode mixer
circuit which combines the modulated

and straight-through signals. RV3 con-
trols the amount or ring modulated signal
that is mixed into the unprocessed signal.
Signal levels of up to about 8 volts peak to
peak can be handled using a 12 volt
supply (the use of a 9 volt battery supply
is not recommended). The current con-
sumption is about 10 milliamps.

278 10F 50V PC Electrolytic 3 (FFO4E)
METAL PEDAL PARTS LIST & T e B S
RESISTORS: Al 0.6W 1% Metal Film ca 2nF Poly Layer 1 (WWSSL)
R1,289 10k 4 MIK)  C86 14F 100V PC Electrolytic 2 (FFOIB)
R3,67,10 100K 4 (MI00K)
R4 47 1 (MK7)  SEMICONDUCTORS
RS 56 1 (MSKE)  IC13 AT41C (8-pin DIL) 2 (Qua)
RVI 100k LIN Pot 1 EWoSH) 12 NES6S 1 (WQseL)
RV2 47k LIN Pot 1 (FWO4E)
RV3 100k LOG Pot 1 (FWa5C)  MISCELLANEOUS

1K1,2 Standard Jack Socket 2 (EPeIY)
CAPACITORS DIL Socket 8-pin 2 (BLI7T)
c1 100uF 38V Axial Electrolytic 1 (FB49D) DIL Socket 14-pin 1 (BL18U)

AMENDMENTS TO 1987 CATALOGUE

BLUE SEAL BATTERY R03B (Page 42).
This is no longer available. FK54] is now
being supplied as Silver Seal R03S.
SLOPING FRONT CASE XYG60R (Page
78). Please note that this case does not
have ventilation holes as described in the
1987 catalogue.

0.1in. PC EDGCONN 2 X 20-WAY (Page
129). In the order code list, this should be
stock code BKI7F and not BKSTF.

VIDEO COPYING KIT RK71N (Page
136). The second lead in the audio list
should be 5-pin DIN socket to 2 phono
plugs.

SOLID ALUMINIUM KNOBS K8A
YR64U (Page 178). The fixing nut on the
pots sold by Maplin will not fit inside the
recess provided in the knobs. This also
applies to knob K10A (RKBIW).
PLASTIC LENS FA93D (Page 201). This
lens is not ‘clear’ but coloured red.
STYLUS CLEANER FLUID FV38R (Page
283). This is now supplied in a larger, new
style bottle with an integral brush, but no
4K7 ENCLOSED PRESET UH15R (Page
293). In the deacription following the stock
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code for this item in the catalogue this is
referred to as being horizontal mounting,
whereas it is in fact vertical mounting.
ZTX17S0 to ZTX753 (Page 300). In the
semiconductor list, these devices (UHSO0E
to UHS3H) are shown as NPN i

note that the input is not ‘Mains Supply’ but
should be ‘Main supply’ - do not connect
340V AC to this chip.

ICL7660 VOLTAGE CONVERTER
YY15S (Page 370). Last line of description

they are in fact PNP types.

14HC4511 (Page 3237), cannor drive

common anode LED's directly. it will drive
cathode LED's directly via a

series resistor (same as the 451 1BE).

However for driving common anode LED's

inverter/buffers are needed.

14HC4351 8-WAY ANALOGUE SWITCH
UF14Q (Page 329). This is a 20 pin device,
and not 18 pin.

LM1037 (Page 346). There are some
changes to the diagram of the Dual 4-
channel analogue switch (QY33L).
Externally pin § is connected to Cl and
+Vs. However, in the internal schematic
representation of the IC, pin 5 should not
connect to anything.

ICL76213 BATTERY BACKUP IC UH36P

(Page 370). In the diagram for the high
current system for the ICL7673, please

hould read ‘a supply voltage of + 5V the
output voltage will be —4.3V.’ (not 15V).
MAX232C (Page 379). The 22uF capacitor
which is shown connected between pin 2
and earth should instead be shown to
connect to + 5V (pin 16) with the capacitor
positive to pin 2.

SQUARE 3%in. MYLAR SPEAKER
(Page 395). YNOZC has an impedance of
441, and not 80,

| FOOT SWITCH FH92A (Page 410). The

descTiption of the terminals and their
operation for this switch are no longer
correct. The description should be: SPDT
switch. The common terminal is the centre
of three solder tags. Rated 2A at 250V AC
Body size: 36 x 12 x 15mm. Bush and knob
length: 28mm.

AUDIO OSCILLATOR MA204 YM6EW
(Page 429). Third sentence states external

| frequencies can be connected. Although

prototypes had this feature, production
models will not. Frequency counter will
function from internal source only. Stock of
this item & YM68Y, Function Generator
MG208, will not be with us until mid-May
1987.

1SV MINIATURE TRANSFORMERS
WBI15R & LY03D (Page 457). Please note
that the descriptions of these two items
heve been transposed. WBI1SR is the 6VA

| version and LYO3D is the 10VA type. This

also applies to the phymcal dimensions
given.
UHF MODULATORS UM1233, UM1286,
FT30H & BK68W (Page 464). Types
UMI1233 and UM 1286 have a mider and
more linear bandwidth to cater for the

h sub ier from a video

they do not the

chroma subcarriers internally. Same
applies to the 6MHz sound carrier for the
UM1286. The terminal designation letters
A - D in the lower table apply to all units
where the unit is tumed label upwards and
terminal wires are at left-hand side -
UM1111 & UM 1233 will have phono socket

| pointing away at top.

63



VARIOUS FOR SALE

SECOND HAND COMPONENTS for
sale - send SAE to 23 Dickens Court,
Newthorpe, Nottingham, NG16 3RG for
a full price list. Relays, Potentiometers,
Bulbs, IC holders, etc., included. Send
now!

DIGITAL IMPEDANCE METER ESI
28], as new, £75 o.n.o. Tel: Brighton
(0273) 738825 Evenings.

FOR SALE second hand components,
good condition. Please send SAE to 48
Queens Road North, Eastwood,
Nottingham NG16 3LB for more
information. Sale due to change in
hobby. Send soon!

TEKTRONIX T932A 35MHz Dual
Trace Oscilloscope in good working
order with manual, £200 o.n.o. Leader
LSG17 RF Sigmal Generator (100kHz to
180 MHz) new £100 o.n.o. Maplin
MF100, 100MHz Frequency Counter, 4
months old, £80 o.n.o. Tektronix 547,
S0MHz Four trace oscilloscope with
extra plug-in unit, leads, rolley and
manuals £250 o.n.o. Tel: 01-471-0669.
DUE TO ILLNESS HAVE FOR
DISPOSAL all manner of items,
components, valves, boxes, old
projects, displays, old wireless parts,
motors. Enquire Hopwood, 54 Water
Lane, Middlestown, Wakefield, West
Yorkshire.

FOR SALE AVO 8 Mk IT £35;
Oscilloscope S54A £30; 2 MHz Signal
Generator £18. All three in good
working order. Tel: Glynneath (0639)
T20429.

TWO LWS3E U/s INTRUDER
DETECTORS plus two LWB4F U/S
interface boards, assembled and
working. Incompatible with new
spaniel. Offers? 0912 537213,

ALARM BOXES containing: 8V PSU
and 5V nicad standby, 37TMHz receiving
board (triggered by miniature Tx). For
details tel: 0289 216721 after 6pm.
PHILIPS N1700/1702 video service
manual, as new. £18 +p & p. Tel Mick
09086 316082.

TRANSFORMERS 240 volt pri. S0V
sec. £2; 240 volt isolating £2; various
others £1. Lab microammeter analogue
£3. Other meters 75p. PSU volts, amps,
£8. Tungar charger 0-50 volt 6A, £8.
3-phase motor £2; 3-phase wattmeter
£1; computer cards 20p. H.L. Blackburn,
87 Friern Watch Avenue, North
Finchley, London N12 9NY.
ELECTRONICS COURSE cost £130,
plus everything for beginner; meter,
drill, etching equipment, iron, etc. Plus
some books. Offers to C. Mislimmin, 37
President House, King Square, London
EC1V 8DB.

SPECTRUM SOUND AMPLIFIER
hardy used, still in packaging. 3W
sound output, £7. Tel: A. Fowler,
Kibworth (083753) 2100 after 4.00 pm.
MAPLIN PROJECT BOOKS nine and
seventeen, brand new still in packing
£1.20 the pair. Tel: (0892) 28389.
LARGE CAPACITY 250 A/h lead-acid
batteries, 2 volts each, 12 available, ex
telephone exchange. Buyer collects.
Offers tel: (Telford) 095276216.

COMPUTER PSU 5V at 6A, fully
regulated etc., £10. Many keyboards
cheap, moetly for keys only, Also lots of
photographic equipment, Olympus,
Tamron, W.H.Y. Mel Saunders, 7
Drumcliff Road, Thurmby Lodge,
Leicester LES 2LH.

FOR SALE 18 x 256K DRAMSs £28. 27 x
84K DRAMs £28. Also the following;
Cromemco S100 boards: 280 CPU, 2 x
SQKRAM.'I‘umh\terhce(qumIZx

input/output

Phone (0742) 700441 after 6.30 pm.
FOR SALE 48K ORIC ATMOS plus
software, books, cassette recorder and
Jeads, only £60 o.n.o. Tel: Welford 346
after 6.00 pm.
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CLASSIFIED

1f you would like to place an

| advertisement in this section, here's

your chance to tell Maplin’s 200,000
‘ customers what you want to buy or
sell, or tell them about your club’s
activities - absolutely free of
charge. We will publish as many
advertisements as we have space
for. To give a fair share of the
limited space, we will print 30
words free of charge. Thereafter
the charge is 10p per word. Please
note that only private individuals
will be permitted to advertise.
| Commercial or trade advertising is

|

i

strictly prohibited in the Maplin t
Magazine.

Please print all advertisements in [
bold capital letters. Box numbers |
are available at £1.80 each. Please
send replies to Box Numbers to the
address below. Please send your
advertisement with any payment
necessary to: Classifieds, Maplin
Mag., P.O. Box 3, Rayleigh, Essex
§S6 8LR.

For the next issue your
advertisement must be in our hands
by 3rd July 1987. [

SPECTRUM + COMPUTER, disks,
printer, recorder, monitor, 4 interfaces,
motherboard, full documentation,
cables. May be viewed working.
Would split. Offers? Tel: Lovelock
(0392) 73896, 14 Knightley Road, Exeter.
AMSTRAD DMP-1 PRINTER
(Seikosha GP100- A equivalent) perfect,
in box, cost £200; £90. Microecript,
Microspread, Micropen disks, no
copies made, £30 each. P. Murray, 91
Killingworth Drive, High Barnes,
Sunderland SR4 8QS.

ZX81 COMPUTER 16K memory,
motherboard, video inverter, stabilised
power supply in case with full-size
keyboard. Seven tapes including flight
books. Offers to L.G. Brown, tel: 0329
232454.

ZX81 WITH 16K memopak and games,
£30 o.n.o. Tel: Steven on Wisbech
(0954) 64861, Monday to Friday
evenings only. Buyer collects.

ATARI 810 DISK DRIVE £70.
Typewriter keyboard for Atari 400 £16.
‘Fastchip’ for the 400800, £12. Seikosha
Centronics printer £78. Speech
synthesiser for micros £29. Original
Atari cassette adventures £8 each.
C.C.T.V. camera £85. Reverberation
unit for organ, £32. Tel: 0502 66026.
COMMODORE C16 service manual
including parts list, diagrams and
troubleshooting guide £8. Contact T.
Murphy, 1B Station Terrace, Bedlinog,
DEC 14 INCH 25 MBYTE HARD DISK
drive model RK0S complete with
manual. Full of precision components.
Working? Tel: Mr, Scott 01-281 1184
weekdays, 01-692 9109 otherwise.
Offers around £50.

MAPLIN MODEL 54 32 NOTE
Pedalboard in polished beechwood,
self-contained circuits to give 8 stops,
own power supply. Fully assembled
and working. £150. Tel: 0742 305182
(Sheffield).

MAPLIN ELECTRONIC PIANO 61-
note, touch sensitive, professionally
built, as new condition. Offers around
£180. Malvern (06848) 66938.
MAPLIN 5600 STEREO
SYNTHESISER recently completed to
professional standard. Fully working.
All Maplin components. Also Maplin
stereo S0W amp. and two 100W
speaker cabinets. Has to go, hence
£350 for the lot. Will separate. Tel:
035477 838 (Benwick, Cambridgeshire).
MATCHED PAIR GRAMPIAN GR2
ribbon mics, low Z, complme

polar pattern. £80. Tel: Stonehouse
(Gloucestershire) 3687.

THOMAS TRANSISTOR ORGAN
needs attention. Good tone. 2 manuals

(keyboards), pedals etc. with stool.
£100. Buyer collects. Tel: 01 769 0263
after 8.00 pm.

MAPLIN MATINEE ORGAN
February 1986 (purchased after
deletion from Maplin catalogue) no
modifications - performance to
specification - nearest £300 - tel:
Bedford (0234) 771849.
PROFESSIONAL STUDIO
EQUIPMENT for sale: Tascam 80-8
8-track, AHB 16-8-16 desk, GBS reverb.,
Graphic EQ., many other items. Sold

| separately or together. Offers?

Darlington, Co. Durham (0328) 466826.
MAPLIN 56005 SYNTHESISER new
patchboard with pins, £99. Completed
modules at less than component prices,
ie. oscillators £10 each. Tel: Haslemere
(0428) 2188.

E & MM STEREO COMPRESSOR plus
Tantel Stereo Gate mounted in 18-inch
rack case with external PSU, £60.
Spring-line and driver module uncased,
£10. Tel: Clive 01-299 0867.

ELEKTOR ELECTRONIC PIANO 8
pcb's with major IC's, keyboards 4 and
8 octave no contacts, £48 the lot or will
split. Tel: Cardiff (0223) 638473.
MAPLIN 3800 synthesiser in home
built case. £120 o.n.0. Abandoned

Will accept £300 o.n.o. Tel: 0249 650926.
MAPLIN AUTOCHORD CHIPS
M284B1AD, M25181AC, MOS7B]; the
three £16 post paid. Also for sale 4
rhythm PCB's. Seon Smith 67 East
Princes St, Helensburgh, GB47DG. Tel:
0436 71181.

6X(C)XX CLUB members receive a
club magazine (mostly in English). We
have our own UNIX like 8802 DOS.
Hardware and software. Members in
many countries. Write to: W.L. van Pelt,
De 6502 Kenners, Jacob Jordaensstraat
18, NL - 2923CK Krimpen a/d [Jssel, The
Netherlands.

RADIO CLUBS/SOCIETIES
Shropshire/Staffordshire area; have ten
old valve radios 1930 onwards,
amplifiers, 100+ unused, mostly boxed,
valves, similar vintage Mullard valve
tester. Are you interested - free. Tel:
095 276216.

SERVICE MANUAL or circuit diagram
for Texas instrument data terminal type
743KSR, EIA/TTY (UK). Write to D.J.
Looker, 202 Farmers Close, Witney,
Oxon OX8 6NS.

PENSIONER WOULD LIKE TO BUY
TV magazine June 1984, or photostat of
component tester, signal generator 5.8
- 85MHz, wavemeter. Offers, collect.
E.E. Matthews, 63 The Oval, Otley,
West Yorkshire LS2] 2EE.

WANTED ALL PCB's FOR
SPECTRUM synthesiser, and/or full
circuit diagrams, component suppliers,
construction details for TV dishes,
receivers, etc. Reply to: A Trstenjak, 48
Deacon Ave., Kempston, Bedfordshire
MK42 7DU.

WANTED CX1441 MODULES for
Solartron CD1400 ‘scope; also CX1443
module. Write to Mr. Guppy, Flat 8, 27
Lansdown Place, Cheltenham,
Gloucestershire GLS0 2HX. Tel: 0242
575346 (evenings).

WANTED FET TRANSITORS 2 off
2N4859 required to rebuild aging
monophonic synth. Tel: Mick on
Dorking (0306) 884737 evenings only.
WANTED INSTRUCTION MANUAL
for Grundig TK149 reel to reel tape
recorder. Contact Mr. S. Gough, 68
Days Road, Swanage, Dorset BH19 2JW
or 'phone: Swanage 425994,

WANTED 21 PIN TO 21 PIN SCART
LEAD PLUGS to fit Toshiba 180R6B TV
and MSX JVC HC7GB computers’ 21-pin
Scart sockets. Altermatively socket
wiring details for the above will be
appreciated. Contact S. Douglas, 9
Durham.

LOAN OR BUY circuit diagrams and
manual for Televet model 877. Also
circuit diagram for ‘Beamec' CRT tester
made by Griinther. W.T. Moorby, 83
Kellet Road, Canforth, Lancashire LAS
SLR.

ANY INFORMATION on Mael 4000
computer. Write to Mr. J. House,
Church View, i

Umberleigh, Devon EX37 9HY. Tel:
Barnstaple (0271) 79073 before 5.00 pm.
CIRCUTIT DIAGRAM OR SERVICE
SHEETS for Harvard 410T Handheld.
Can photocopy and return plus
postage. Wanted for charity CB group.
Write to B Shelford, 17 Fleetwood
Close, Minster, Sheerness, ME12 3LN.
WANTED RTTY UNIT and video
digitiser with software for C-64. Please
contact G. Modi, Ackerstrasse 144,
D-4000, Dusseldorf 1, West Germany.
Tel: (0211) 66 48 44.

COMPLETE CIRCUIT DIAGRAMS or
photocopies with parts specification
wanted for Theremin, musical
instrument. Sensible prices paid. Write
details and prices to Misha
Milovanovic, 32 Orchard Court,
Portman Square, London W1,
CIRCUIT DIAGRAM for Jupiter Ace
wanted, would also be interested in
buying an Edukit 1802 micro in working
order. Offers to ]. Flores, 14 Mendip
Drive, Washington, Tyne and Wear
NE38 OPN.

RESEARCH MACHINES 380Z wanted,
must be reasonably cheap and in good
condition, send details to N. Jowsey, 9
Ribstone Grove, Appletree Village,
Burnholme, York, Y03 ONX.

CORRIGENDA

Vol. 6 No. 22
Test Gear & Measurements: Page

12; the second equation in the first ‘

column should read: ‘N = V2 + P
— 2Vlcos O

| Hi-Fi Loudspeakers and Enclo-

sures: Page 21; at the bottom of the
centre column the text should
read: “squaring F,, multiplying this
by V,,, dividing the result by V,,
etc.”

};Aphn Magazine June 1987



DID YOU MISS THESE ISSUES?
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Project Book 1 Universal Timer. Programmable
mains controller. Combo-Amplifier. 120W
MOSFET power amp. Temperature Gauge. 10°C -
100°C, LED readout. Pass The Bomb! Pass-The-
Parcel with a difference. Six easy-to-build
Projects on Veroboard. Car batt. monitor; Colour
snap game; CMOS Logic Probe; Peak Level
meter; Games timer; Multi-colour pendant.
Order As XA01B (Maplin Project Book No. 1}
Price 85p NV.

Project Book 2 Digital Multi-Train Controller.
Controls up to 14 model trains. Home Security
System. Six independant channels. Digital MPG
Meter. With large LED display, a must for more
economical motoring.

Order As XA02C (Maplin Project Book No. 2)
Price 85p NV.

Project Book 3 ZX81 Keyboard. 43 keys, plugs
directly into ZX81 with no soldering. Stereo 25W
MOSFET Amp. 25W r.m.s per channel; Disc,
Tape, Tuner & Aux. Radar intruder detector. 20
metres range, may be used with our security
system, Remote Control for Train Controller.
Remote control by infra-red, radio or wire.
Order As XA03D (Maplin Project Book No. 3)
Price 85p NV.

Project Book 4 Telephone Exchange. Up to 32
extensions on 2-wire lines. Remote Control for
Amplifier. Volume, balance and tone controlled
via infra-red link. Frequency Counter. 8 digit
DFM, 10Hz - 600MHz range. Ultrasonic Intruder
Detector. Areas up to 400 square feet can be
covered.

Order As XAO4E (Maplin Project Book No. 4)
Price 85p NV.

Project Book 5§ Modem. 300 baud transmission
speed over normal telephone lines. Inverter.
240V AC 60W from 12V car battery. ZX81 Sound
Generator. 3 tone generators fully controlled
from BASIC. Central Heating Controller.
Optimised performance with this advanced
system, External Horn Timer. Exterior intruder
alarm. Panic Button. Add on to our Home
Security System, Model Train Projects. Add on to
our Multi-Train Controller. Interfacing Micro
Processors. How to use parallel /O ports, with
circuits,

Order As XA0SF (Maplin Project Book No. 5}
Price 85p NV.

Project Book 6 VIC20 & ZX81 Talkbacks.
Speech synthesis projects. Scratch Filter.
Tunable active circuit ‘reclaims’ scratched
records, Bridging Module. Converts two 75W
MOSFET amps to one 400W full bridge amplifier.
Moisture Meter. Finds damp in walls and floors,
ZX81 TV Sound and Normal/inverse Video. TV
sound and inverse video direct. Four Simple
Veroboard Projects. Portable Stereo Amp; Sine
Generator; Headphone Enhancer and Stylus
Organ.

Order As XA06G (Maplin Project Book No. 6)
Price 85p NV.

Project Book 7 CMOS Crystal Calibrator. For
amateur radio receiver calibration. DX'er’s Audio
Processor. Improved sound from Comm-
unications Receivers. Enlarger Timer. An
accurate timer for the darkroom. Sweep
Oscillator. Displays AF frequency response on an
oscilloscope screen. VIC20 and ZX81 Interfaces.
RS232 compatable.

Order As XA07H (Maplin Project Book No. 7)
Price 85p NV.

Project Book 8 Spectrum Modem/RS232
Interface. 2400 baud self contained operating
system. Synchime. Simulates bells, gongs and
other chiming sounds. Dragon 32 RS232/Modem
Interface. Plugs into ROM expansion port.
Codelock. Programmable electronic lock. CMOS
Logic Probe. Digital display shows logic states.
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Minilab Power Supply. Versatile unit for the test
bench. Dragon 32 /O Ports. Two 8-bit ports.
Doorbell for The Deaf. Flashing lamp attracts
attention.

Order As XA08J (Maplin Project Book No. 8)
Price 85p NV.

Project Book 9 Spectrum Keyboard. 47 full
travel keys. VIC Extendiboard. Three expansion
ports, one switchable. Oric Talkback. Speech
synthesiser for the Oric 1. TDA7000 FM Radio.
Complete FM receiver on a chip. ZX81 High
Resolution Graphics. 256 x 192 fine pixel display.
Nine Projects! Personal Stereo Dynamic Noise
Limiter; Logic Pulser; TTL/RS232 Converter;
Pseudo Stereo AM Radio; and more.

Order As XA09K (Maplin Project Book No. 9)
Price 85p NV.

Project Book 10 Spectrum Easyload. Helps
cassette loading with the Spectrum, 80m
Receiver. Simple SSB direct conversion receiver.
Fluorescent Tube Driver. 8W 12V for camping
and caravanning. Auto-Waa. Automatic waa-waa
effects unét. Digi-Tel Expansion. Expands Maplin
Telephone Exchange to 32 extensions. Oric 1
Modem Interface. Adapts the Oric 1 to the Maplin
Modem. Dragon 32 Extendiport. Makes the
Dragon's cartridge socket more accessible.
Order As XA10L (Maplin Project Book No. 10)
Price 85p NV,

Project Book 11 Mapmix. Six channel audio
mixer. Xenon Tube Driver. Xenon flash tube
module with strobe. Enlarger Exposure Meter.
Simple inexpensive tool for the darkroom.

8 Channel Fluid Detector. Check/control fluid
level in up to 8 containers, Servo & Driver
Module. Servo mechanism with driver module
kit. Mk Il Noise Reduction Unit. Improves signal,
noise ratio of tape recordings. Cautious Ni-Cad
Charger. Controlled charging of ni-cad cells.
Motherboard for The BBC Micro. Gives easy
access to ports.

Ordsr As XA11M (Maplin Project Book No. 11)
Price 85p NV.

Project Book 12 RTTY Unit. The TU1000
receives/transmits Radio Teletype; connects to
computer via R$232. Computadrum. Use your
computer as a drum synthesiser. Light Pen. Draw
onto the TV screen or select menu options. PWM
Motor Drive. Reversible model motor driver for
6V and 12V.

Order As XA12N (Maplin Project Book No. 12)
Price 85p NV.

Project Book 13 Explosive Gas Alarm.
Flammable gas detector. Flash Meter. Get your
exposure right when using your flash gun.
Musical Announcer. A doorbell with a difference.
Mains Controller. An add-on for the 8-Channel
Fluid detector.

Order As XA13P (Maplin Project Book No. 13)
Price 85p NV.

Project Book 14 Live Wire Detector. Invaluable
aid for the handyman, Trundle. The line follower
robot as featured on Channel 4. 4-Channel PWM
Controller. Digital control of motors and servos.
Display Driver Module. How to use our LED
bargraph display ICs. Control-A-Train. Full inertia
control of model trains. Spectrum /O Controller.
Buffered 2-way 8-bit data bus and 8 control lines.
Order As XA14Q (Maplin Project Book No. 14)
Price 85p NVV.

Project Book 15 Z80 CPU Module. Expandable
CPU based controller. Sharp MZ-80K Serial
Interface. Get into communications with this
project. Ultrasonic Car Alarm. Stop car thieves.
Active Crossover. Includes matched output
power amplifiers. Guitar Equaliser. Specifically
for six string electric guitatrs. Fabulous Five. A
selection of interesting circuits.

Order As XA15R (Maplin Project Book No. 15)
Price 85p NV.
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Project Book 16 Floodlight Controller. Both
power supply and mains switching unit for the
Infra-red Intruder Detector Kit. Spectrum
Parallel/Serial Interface. Provides 8-bit I/P and
O/P parallel or serial transfer with programmable
UART. Mains Tx/Rx Data Communications
System. Sends or receives data via the mains
wiring. 16-Channel Logic IC Tester.
Simultaneously displays logic states for any logic
IC of up to 16 pin-outs on your oscilloscope.
Order As XA 16S (Maplin Project Book No. 16)
Price 85p NV.

Project Book 17 Video Digitiser. Interface a TV
camera to your computer. Mixing It. A
comprehensive range of audio amplifier
modules. Hobbyist's Temperature Controller.
General purpose electronic mains power
thermostat. ASCII Keyboard. Professional
computer keyboard with standard ASCIl output.
Play Along Mixer. Play along to your favourite
records and tapes on your own instrument,
Order As XA17T (Maplin Project Book 17)

Price 85p NV.

Project Book 18 Weather Satellite Receiver.
Display regional weather systems on your TV or
monitor. Mixing It Part 2. Mono/stereo Hi-Z mic
input, mixer and line amplifiers; VU/headphone
driver. Stepper Motor Driver. How to build and
start using the Stepper Motor Kit featured in the
Catalogue. Amstrad Expansion System. The
Maplin Amstrad External ROM Card System for
the CPC 464, CPC 664 and 6128. Sealed Lead Acid
Battery Charger. Special high stability output
with automatic trickle charge mode for sealed
lead acid batteries. Fantastic Five. Veroboard
projects comprising HF tremelo unit, crystal
checker, clap switch, low-Z ohmmeter, snooze
timer.

Order As XA 18U (Maplin Project Book 18)

Price 85p NV.

Electronics Issue 19 Active Aerial and Aerial
Tuning Unit. Get more from SW. Amstrad
Expansion System. 6 x 8-bit parallel /O card and
PSU. ADA Digital Echo. RAM based low cost echo
machine. Mixing It. Mixer Modules’ PSU.

Order As XA 19V (Maplin Magazine Volume 5
Issue 19) Price 75p NV.

Electronics Issue 20 Weather Satellite
Decoder. Displays output from Satellite Receiver
on TV or monitor. Infra Red Proximity Detector.
Short range heat or movement detector. Fibre-
Optic Link. Sends AF signals over up to 20m of
fibre-optic cable. Low-Z Microphone Pre-amp.
For 200-600(2 mics plus gain adjustment.

Order As XA20W (Maplin Magazine Volume 5§
1ssue 20) Price 75p NV.

Electronics Issue 21 6 Channel Burglar Alarm.
Develop a complete security system. Six Circuits.
Bass Fuzz, Voice-Over Unit, Noise Gate, Envelope
Tremolo, RTTY Decoder and Scratch & Rumble
Filter on veroboard. Notch Filter. AF processor
for communications receivers, 12V Public
Address System. 10W per channel from car
battery. Tungsten Lamp Controller. AC phase
control for mains lamps.

Order As XA21X (Maplin Magazine Volume 6
Issue 21) Price 85p NV.

Electronics Issue 22 MIDI Interfacing
Techniques. Connect MIDI instrumdnts to the
VIC20 or CBM64. Hi-Fi Speakers & Enclosures.
Two high quality loudspeaker cabinet designs.
Keypad for 280 CPU. At last a keypad |/F & ROM
for the Z80 CPU kit. 4% Digit Counter. Versatile
basic counter module to 4% digits. Weather
Satellite Down Converter Part 1. Aerial & freq.
converter for MAPSAT Receiver to tune into the
Meteosat satellite. Mini Circuits. Veroboard
Audio Level Tester, Sound Triggered Flash, In-
Circuit Resistance Meter, I/R Audio Isolator.
Order As XA22Y (Maplin Magazine Volume 6
Issue 22) Price 85p NVV.



ALCOHOL FREE

THERMOMETERS!

b i otao zecs < Dual Scale Thermometer

A neat digital thermometer with internal and
external sensors displaying °C or °F. The
external sensor is a waterproof probe {(max.
length 3m). Temperature range —5°C to
50°C (internal), — 20°C to 70°C {external).
Includes a 12 hour clock.

Order Code FD25C Price £9.95

Pocket Thermometer . §
A well made temperature meter displaying 4}mu E5TS
°C and a 12 hour clock. Temperature D 2
range —5°C to 50°C (internal), —20°Cto IGITAL

70°C using external probe {max. length THEHM[]MH'EH
900mm). High and low temperatures can be
set and an alarm sounds when these are
reached. A setlock switch prevents
accidental resetting.

Order Code FD26D Price £14.95

a
W Temperature Module
Versatile thermometer module displays in °C or °F,
includes a 12 hour clock and serial data output.
4 Temperature range —5°C to 50°C {internal),

—20°C to 70°C with external probe. Overall size
68 x 35 x 23mm deep. Probe (max. length 3m) and
bezel also available.
Module Order Code FE33L Price £6.95
Probe Order Code FE34M Price £2.50

b 2 Bezel Order Code FE35Q Price 15p

u All prices Include VAT. Please add 50p towards postage.
W Prices firm until 15th August 1987. Subject to avallability.
-

If order below £5.00, please add 50p handling.
) ]
L/ 4utetellls | ELECTRONIC SUPPLIES LTD.

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tet: Southend (0702) Sales: 554161,
Enquiries: 552911; Trade sales: 554171, Trade enquiries: 552961.

Shops

Birmingham: Lynton Square, Perry Barr. Telephone: 021 356 7292.

London: 159-161 King Street, Hammersmith W6. Telephone: 01 748 0926.
Manchester: 8 Oxford Road. Telephone: 061 236 0281.

Southampton: 46-48 Bevois Valley Road. Telephone: 0703 225831.
Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000.
All shops except Manchester closed all day Monday.

Pick up a copy of our 1987
catalogue from any branch of
W.H. Smith for just £1.50%
Or to receive your copy by
post just send £1.50 + 40p

p & p to Mail Order address.
if you live outside the

UK. please send £2.50 or 11
International Reply Coupons.




