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PROJECTS

SOLDERING [RON
STATION

B Build this high performance
unitand save money!

P

¥ Part onein a series of
projecis thal comprise a high
quality modular mixing
system.

SYSTEM

i Protect your home or
business with fiis easy
to install alarm system.

4 8 MAPLIN SECURITY

INFRA-RED
REMOTE CONTROL

i For use with the praviously
published digital
preamplifier project.

J

79 WTELLGEAT
COMPUTER
MOTHERBOARD -

Ul A versalile input/output
gxpansion system that can be
used with any computer thal
hasa serial RS232 port.

FEATURES

THEHISTORY OF
AMATEURRADIO

i lanPooletellsthe
interestingfale of ine history
ofthis fascinaling hobby.

7 HOWPCBS ARE
MANUFACTURED

B Industrial preduction of
PCBsisafarcry from‘home
elching’, thisin-depihariicle
revealsall ing secrels.

BUILDAROBOT
FORYOURPC

N 1BMPCsand compalibles
formihie idzal basefor

/
developing robots.
35 UNDERSTANDING

FRAMERELAY
NETWORKS

B FrankBooly explainsine
importanceof framerelay
networksinmoderndala:
communications.

40 VIRGINATLANTIC-
THEINSIDESTORY

B Alan Simpson jelsaway
withabehind ihe sceneslook
atiransallantictravel.

7 4 wezon

GENERATORS

1l Ray Marston reveals some
ingenious ways ofpraducing
SqQuarewaves.

HOW A SUPERHET
RADIO WORKS

I Thesupeshel principleis
employed inmostmodamn
day radio receivers.

SATELLITETV
SYSTEMS
EXPLAINED

i Residenisatellitequru
Martin Pipeleamsup with
Chris Yalestobring youthis
much requested series!
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IT Supporis Mickey
Bouse

if you are thinking of wvisiting the new
Euro Disney, near Paris; watch out for
the lighting. Philips have supplied no
lass than 135000 lamps. 33,000
luminaries as well as equipping elec-
tronic producis throughout the theme
parks. Apart from supplying over 5,000
hotel rooms with advanged TV sets,
Philips has a display of wids-screen
TV sets as well as CD-Interactive
products. Also the main parade light
show is a Philips enterprisa.

Also, IBM can hardly be missed at
Euro Disney: The IBM 'Star Tours' is
an inter-galactic adventure which takes
place aboard a robot-piloted race
through space. Thanks to the synchro-
nising of a stunning film, spectacular
special sfiscts and the virually limit-
less actual motion of the simulator, you
can feel what you see! (If it's anything
like the Disney World ‘Star Tours” you'll
be in for a real treat — Ed.)

Rentokil, experis in pest elimination.
have announced a mouse trap aptly
named 'Mouse Alert, that will hood-
wink even the wises! rodent. Not only
does the device calch your mouse but
it informs you of the fact.

The basis of Mouse Alert is a series
of strategically sited. metal boxes each
fited with two miniature infra-red
break-beam detectors and a radio
transmitter. When a mouse enters and
breaks both beams the transmitler
passes word 1o a central control unit
and swiftly closss the trap’s doors. On
receiving a signal, the conirol unit —
which can serve over two hundred
traps —provides both visual and audio
alarms and automatically dials a
sequence of telephone pager num-
bers. Once alerted, the pest control
technician attends the scene, swilches
off the alarm, removes the mousse
into. @ special container for humane
disposal ofi-site and ressts the trap.

intended for high risk premisas
where the damage or contamination
caused by even one mouse would be
catastrophic; pharmaceutical factories,
air and rail traffic contral centres,
banks. insurance offices and computer
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hardware manufacturers are already
benefiing. Similarly vulnerable are
foed producers who by using the trap
will have evidence to demonsirate the
due difigence required by The Food
Safaty Act 1820.

Non-toxic bail is used so there is no
risk of contamination. Labour intensive
inspections are also eliminated and the
system provides round the clock pro-
tection, 365 days a year — the resulls
are clear, no poison, NO Sxpensive
Wwirng; no mspections and no mice.

Not the Colour of
Efoney

Just in case you thought you would be
on a winner thanks to the new colour
photocopiers, one Japanese supplier
kas introduced a method which will
prevent the mass production of bank-
notes. The system is programmed with
the designs of banknofes so that they
stubbomly refuse to coopsrate in
reproduction.

Fuzzy Searches
There is no need to perform sequential

‘searches any more, the MS160 non-

nUmMSernc co-processor is a paralisd
VLSl-integrated circuit for fuzzy infor-
mation refrieval and pattem recog-
nition. Operating at a frequency of
20MHz. it is capable of sustaining a
browsing rate of 160 Megsbytes per
second.

Most daiabase sysiems rely on
hierarchical structures and systematic
searches. Fuzzy quenes, where each
atiricute has low sslectively, poss
savere performance problems o con-
ventional systems.

The MS160 is an ideal disc controller
component. It may drastically reduce
the need for transfeming data via buses
to the host computer, simply by
restricting data to positively requested
itemns only.

An eight bit hosl interface allows
connection with any host micropro-
cessor. Allemnatively, mounted on an
expansion card the device offers the
possibility of immense speed for per-
sonal computers and work-stations.

Produced by international elec-
tronics company Microway, the chip is
manufactured in Norway.

Shocking Resulf from
Electrical Safety
Survey

A report just published by Livingston
Hire reveals that an amazing 70% of
small to medium size companies have
no knowledge of the Electricity at Work
Regulations 1989 with regard to the
testing of portable-appliances. In one
case, a company director, himsall a
qualified electrical enginesr, sugoested
tnat ihe Regulations had been invented
1o calch him out!

Pilastic LED

A new American company, Uniax
devoted io ihe ressarch and de-
velopment of polymer conduciors,
announced fast maonth that they are
one step away from being able fo
commercially fabricate a plastic light-
emilting diode.

Besides ofiering all the benefils of
their fradiional semiconductors coun-
terparts, plastic LEDs are formed from
polymess which are mors suiled ©
manufacturing processes. Chemically
tunable to any part of the visual light
spectrum, the plastic LEDs are ex-
pected to find their way intc consumer
products that reguire curved displays.
Already, green, red and yeliow devices
have been demonstraied, with blue
and more exotic colours to follow

The problem which Uniax now face
i5 to find a suitable matenal from which
to construct the electrodes. Critical to
the perlormance of the diode, the
electrode must be robust, chemically
stable and have a good Iransfer
characteristic. Al the moment Uniax
are sluck betwsen metal electrodes.
that are chemically stable, but have low
efficiencies, and unsiable melals that
pwdl._ace good resuits

Once the electrode problem is [

resolved, Uniax expect it lo take a
further two years before the plastic
LEDs are-commercially available.

New 7-5ns PLD

The first 7-5ns 22V10 Bipolar Pro-
grammable Logic Device (PLD) is now
availaiie from Texas Instruments. The
TIBAL22V10-7 is designed to mest the
criical performance, reliability, price
and availability requirements of loday’s
end equipment designsrs and manu-
facturers.

The most atiractive bensfils fo
Bipolar technology is its proven
reliabiiity, familiarity and good noise-
immunity.

The device enables fast address
deceding and pipe-line controller func-
lions to be camied out in a single
package for precessors operating in
the 50MHz rangs. Interfacing well with
processors and penpherals alke, it is
weal for system applications using
cache memory.

While the majerity of the PLD market
Is moving towards CMOS davices,
Texas Instruments stand apan, com-
milted (o provide Bipolar users with
cosl effective devices.

Youw Have Been
Warned

B-Sky-B TV are reminding prospective
purchasers not to buy the many BSB
syslems on sale in the UK. These units
will enly receive B-Sky-B's channels
until the end of the year, after which
transmission will cease. It seems that
unsuspeciing customers are paying
anything up to £150 for the equipment
and, in many cases. are not Deing
made aware of the system’s limita-
tions. B-Sky-B and ‘Electronics’ wam
“Don't ba conned —play it safe and go
for an Astra-compatible system.” In
fact the DTI have now issued a
statement thal no furither broadcasis
will lake place from the Marcopolo
salellite once B-Sky-B programmes
cease to be broadcast from it at the
end of the year.

Following the ravelations last month
of prying ‘'scan fans', who allegedly
taped a Royal mobile phone conversa-
tion, The Radio Society of Graat Britain
— the represeniatives of the 'hams’ —
has called the actvilies 'disgusting’
But relief is al hand. Already the police
are: experimenting with scrambled or
coded radio transmissions whils cellu-
lar is going digital — a noloriously
difficult medium to intercept.

BT Climbs Down

Faced wilh' the might of the indusiry
regulaicr Ofiel, BT has agresd 1o the
proposed new tarifl structure of peg-
ging pfices to 7-5% bslow infiation.
The ussrs are pleased, tha industry is
pleased and in-all probability so is-BT
who had been threatened with the
Manopelies and Merger Commission if
agreement had not been reached. For
the privale user, savings of around £6
can be expecied on the bill. In addition,
the cost of connection has been
reguced from E£152.73 to £98 with
the”low user rebate scheme bsing
extended.

Tne cost of laying 2 fibre optic cable
has always been dominated by the
time and precision required in termina-
tion and joining flinks together. Whilst
the transmission specification and
qualities are far superior to those of a
copper cable, the price of installation
and subsequent maintenance is often
prohibitively expensive.

Fujikura Eurcpe Limited have now
made a bid fo reduce the cost of linking
lengihs of fibre cptic cabls. Available
in two models, their FSM-05S and
FSM-05R cater for eithar single cora or
muitiple four fibre splicing. Boasting a
typical Junclion loss of betwesn 005
and 0-1508, dependent of the type of
fibre, both units include & mechanical
proof test function enabling the stability
of a junction to be examined before
electrical lesis are underiaken. Being
palmiop devices, bolh are lightweight
and allow up to 120 fusion splices to be
made from a single one hour battery
charge.

Filashing Orange

Sanyo Electric has proguced the
werld's first semiconductor laser o
emit orange ligit. This will, thearati-
cally, allow the amount of music or data
stored on an optical disk 10 be
increased — the unit produces an
orange laser beam with a wavelength
of 815nm at rcom temperature.

Whather the development will bs of
any interest to Sony is not known, but
the company has now firmly stated that
their MDP-850 Dual System Disk
Blaysr will be launched this month. The
unit will replay both PAL and NTSC
disks, 2 large number of which already
existin the UK.

Philips are also releasing four new _
titles to its entsraining range of
software for Compact Disk Interactive
— the new CD-based heme enterain-
ment system. The new disks which
include “The World of Gambiing', and
Backgammon® brngs the UK CD-l
catalogue up to 36 titles with prices
ranging betwesn £15 and £40.

Meanwhile Philips has admitted a
hitch in its [aunch of the Digital
Compact Cassstte {DCC) dack. Appar-
ently more time is needed 1o ensure
that volume production mms meet
quality targets. Ons possibie problem
area is oelleved to be the overheating
ol components.
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Taking a Lifetime

Mow Vodalone has joined in the low
use callufar network markel. Following
the launch of CaliNet's Lifetime, Voda-
fone has announced LowCall (as in low
usage rather than low cost). Essan-
tially, the new service offers a lower
renting fee but higher call charges.
Equipment prices will be about £200
and connection_charges £25 with a
monthly lea of £15. The bad news is
that call charges will run cut at 50p per
minute peak time and 25p off-peak.
The break-gven poini ssems (o be that
if you make more than one call 2 day,
you wouid be betier off on the standard
cellutar tarifls. Bath CellNet and Veoda-
fone are well aware that the proposed
Pearsonal Communications Networks
will be on the UK scene mid-'93 as will
the GEM digital cellular network, and
therefore it 15 necessary o caplure as
much of the market as possible before
that ima. *

Audio Interface for
Mobile Phones

In September we reporied that Aus-
trian firm Asic Mega Systems had
daveloped a CMOS integrated circuit
that combinad all the features of a
tetaphone on a singte chip. Not wishing
i0 be out-done; Texas Instrumenis has
now launched a device to do almost
the same for cofdless and cellular
telephones. The Integrated circuit
operates from a single 5V supply
providing ease of design in voice band
communication systems.

The TCM320AC36/7 Voice Band
Audic Processor is designad fo per-
form transmit and receive PCMLinear
transcoding tegether with appropnate
fiitering. Although targsted al cellular
and cordiess telephones the device
can function in a muititude of systems
incluging PABX and data acquisition
systems using a digital signal pro-
cessor.

The Vaice Band Audio Processors
interface direclly to an electret micro-
phone, piezo speaker and digital
signal processor. The gan of the
earpiecs and microphone interface can
be set by single resistors — thereby
simplifying circuit design. The sampling
rate and bandpass filter characteristics
are altered by changing the frequency
of the master clock. As a result. the
device can pass special control fre-
gusncies such as the Supervisory
Audio Tenes that other devices may
not be able (o handle.

Manulactured in the Texas Instru-
ments Advanced LInERPIC CMOS pro-
cess fechnology, the TCM320AC367
is- avaitable in a 20-pin plastic DIL
package.

Disturbed Power
Pyschiatrist

Calronic has introduced a new power
unit. which monitors the power line
continually, providing a printed record
of all potentially damaging power
disturbances. This allows the cperaior
to quickly differentiate power-related
problems from equipment fallures and
negales valuable time chasing prob-
fems that do notl exist Detgils. Tel
0920 871 077.
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Quesi for Speed

Intel is planning to keep ahead of the
microprocessor marke! by releasing a
new 486, with a processor spead of
66MHz chip, double that of its pre-
decessor. Intel claims that personal
computers built around: the supernor
davice will run-applications an average
70% faster. One manuiacturer who
would agree is Compaqg, who ahead of
the crowd have already announced the
availability of their 4B6-66MHz ver-
sions of the Deskpro/l and Deskpro/M
range of personal compulers.

It’s a High Tech Worild

Threa of the worid's leading semicon-
ducior companies — Siemens AG, 1BM
and Toshiba have formed an alliance
that will result in advanced semicon-
ductor devices: for the end of this
dacade and into the next century. The
three companies will cooperate in the
development of a 258Mbit dynamic
random access memory (DRAM) and
its production process. This sophisti-
caled submicron technology will be a
basis for production of fulure genera-
tions of highly dense chips. The group
will aiso focus on the process technol-
ogy for fabneating features a mere
0-25um wide — 400 bmes nammower
than a human hair.

Not to be outdone, AT&T reports that
its new. optical storage techniqus can
slore not one bul two entire copies of
War & Peace in 2 disk area no bigger
than the head of a pin.

Gizza Guinn

Rad Data Communications has staked
its ‘claim to fame' by having The
Waorlds Smallest Modem' fistad in Tne
Guinness Book of Records. According
to the daily industry bible, Computer-
gram, the modem is used for connect-
ing asynchronous terminals o host
computers. The unils measure 2-4 x
1-2 x 0-Bin, with a maximum speed of
19,200 BAUD.

Waterproof
Computiing

Fujitsu engineers have developed a
waterproof, portable word processor
which apparently can be used in the
ocean at depths of up to 100 feat. The
idea is that notes can be made, data
checked or communicated with other
divers. It has a pressure-resistani case
made of clear acrylic resin, and
features waterprool keys. connected
with rubber tubas But whiether it will
calch on in the typing pool is another
mattar.

Don’t Hold Your
Breath for HDTV

All, is not plain sailing for high definition
TV manufacturers: In the States, the
system will not now go-on sale at the
planned launch date, 1995 Instead,
lower: resolution wide screen TVs will
be available in order lo keep down
cOosis.

Closer to home, royalty problems
have broken out ovar copyright issues.
This covers most o the 400 hours of
HDTV recordad at Expo 92, in Saville,
Spain. But even closer 10 home, NTL,
the company which has taken over the
former role of the Independent Broad-
casting Authonty, has made a break-
through in digital TV transmission. The
sysiem helps cram more channels inlo
the available UHF bandwidth: signal
processing ensures that only changes
in the picture are transmitted with the
digilal signal being separated into 432
sub-signals. with its own low-power
carner.

IBM Goes Shopping

IBM and Sears Rosbuck. the mega
szed US retalling organisation, are
merging their data neiworking opera-
tions into .a new BM controlled
campany, Advantis. The jeint venture
will provide private line networking
semvices for current IBM and Ssars
customers: It will have access to 5,500
cities in 92 counines serving over
9,000 customers and facilities for over
one milicn users. The move will
disappoint BT who were hoping to form
2 global facllities management opara-
tion with such a US pariner.

Twice as Mice as One

US dsvelopmant company Logitech
have produced a mouse-shapad
mouse for the Apple Macintosh com-
puter. So what's new! This periicular
mouse is mouse-shapad wilh a pointed
nose and fwo buttons to stand in for
ears — Mac users can relax, both
buftons serve the same purposa!
Meanwhile what could be the best
behaved micrecomputer mouss has

been bred by Honeywell. Their new
X-Y axially inclined transducer mousa,
incorporates a seli-cleaning feature,
does not require special surfaces for
operation -and can operale at any
angie, even upside down. Details, Tel:
0344-424555,

BT has the
Connection

BT is making it easier for the threa
milicn houssholds in the UK stll
withcut 2 telephone (o gat the service
by spreading the cost of the connaction
charge. From this month, BT wiil allow
new residential customers lo spread
the cost of connection over five
instaiments. BT has also introduced for
deal people, Typelalk', a telephone’
lext service which aliows the relaying
0 and from text users throughout the
UK to hearing people world-wide. Up to
1,700 psople are already registered
with Typetalk and it is expecied that
this' number will grow to 5,000 by
March '93.

Diary Daites

Until 31 October. 'Frisndly Inva-
sion’, RAF Museum, Hendon. Tel;
081-20539191

Until January "93. The Imn-Bru Pop
Videa Exhibition. MOMI, South
Bank, London. Tel; 071-815 1339,
5 to 9@ October. SICOB (businsss
equipment), Paris. Tel: 071-221
3660.

6 to B October. VOICE 52
(Computer telephony -and voice
automation), Olympia, London. Tel:
081-877 9007

6 to B October. Exclusively Toois,
Wembley, London. Tel: 081-868
4465.

20 October to 1 Novembaer. British
International Motor Show, NEC,
Birmingham, Tel: 04B3-222888.
28 to 31 October. Apple Expo 32!
The MAC-User Show Olympia,
London: Tel: 07 1-404 4844,

18 to 22 November. Compuler
Shopper Show, Olympia, London.
Tel; 071-373 8141.
5 December. Al Formats Com-
puler Fair, Motorcycle Museum,
Birmingham. Tel: 06808 862212
Please send details of svents for
inclusion in 'Diary Dates’ to: The
Editor, ‘Electronics — The Mapiin
Magazine!, P.O. Box 3, Rayleigh,
Essex, SS6 8LR..

PCB and SCHEMATIC C.A.D.

EASY-PC

©

@ Runs on PC/XT/AT/286/386
with Hercules CGA, EGA or
VGA and many emulations.

@ Design Single sided, Double
sided and Multilayer
boards.

@ Use Surface Mount
components.

o Standard ountput includes
Dot Matrix/ Laser / Inkjet
printers, Pen Plotters,
Photo-plotters and NC Drill.

® Award winning EASY-PC is
in use in over 13,000
installations in 70
Countries World-Wide.

@ Superbly Easy to use,

e Not Copy Protected.

Oplions - 500 piece Surface Mount library - £48.00
1000 piece symbol library - £38.00. Gerber Import facility - £98.00

For full info’ please phone, write or fax.

Number One Systems Ltd.
REF: MAP, HARDING WAY, SOMERSHAM ROAD,

ST.IVES, HUNTINGDON, CAMBS, England, PE174WR
Telephone:- 0480 61778 (7 lines)
International:- +44 480 61778 Credit Cards Welcome

BRITISH

_AWARD
1555

1

Fax: 0480 494042




by Ian Poole (G3YWX)

matenr radio is a hobby that
has existed since the beginning

of radio itself, having its roots
in those people who enjoved ex-
perimenting with communications over
the new medium. Since the earliest
pioneering days, many millions of peo-
ple have found the same fascination
and today the hobby is still thriving all
over the world — amateur radio is a
truly international hobby!

Many changes have occurred since
amateur radio first began. Early equip-
ment used coherers as the basis of the
receiving apparatus. Soon coherers
gave way to valves which, in their turn,

had to bow to the invention of the

transistor — and later, the integrated
circuit. Through all of these changes,
amateur radio has played a major role
in helping to push back the frontiers of
technology. It was through the experi-
mentation of radio amateurs that the
value of the short-wave bands was
discovered. Amateurs also helped to
pave the way for short-wave broadcast-
ing to start. Today, they are still at the
forefront of technology in many areas;
a notable example is that of packet
radio networks. These networks, set up
wholly by amateurs, have influenced
the demgn of commercial systems.

The story of how amateur radio
developed over the years is fascinating.
To begin, it is necessary to go back to
the days when the very basic concepts
of radio were being postulated.

Foundations Laid

Ideas concerning the possibility of a
wire-less medium that could be used
for communication were put forward
originally by James Clerk Maxwell, a
brilliant theoretical physicist. Maxwell
set out his electromagnetic theory in
several papers which culminated in
1873 with the publication of a book

called “A Treatise on Electricity and
Magnetism”, However, he never gave a

practical demonstration of his theories.

Like so many discoveries, it is
difficult to attribute radio to just one
person. This is true of the first demon-
stration of electromagnetic waves, as
several people were involved. One was
Professor D.E. Hughes who built a
-spark generator in his house and was

able to detect the sparks over 400 yards
away. Unfortunately. he did not link

4 Maplin Magazine ~ November 1892

the effect with Maxwell's electro-
magnetic wave theory.

In the end. a German scientist
Heinrich Hertz made the practical dis-
covery of these waves. He performed a
number of experiments proving their
existence beyond doubt. In his most
famous experiment, Heriz placed two
coils of the same size a few metres
apart. Each loop had a spark gap in it,
and when a spark was made to cross
the gap in the first coil he showed that
a similar but smaller spark jumped the
gap in the second coil.

The results of the Heriz experi-
ments were published in many jour-
nals, and he was widely attributed
with having discovered these waves. As
a result, electromagnetic waves were
originally called Hertzian waves.

Good Publicity

Although the original discaveries were
made by scientists, it did not take long
for public awareness to be awakened.
Manyreports appeared in the scientific
journals about this new form of com-
munication, and it did not take long for
the popular press to follow suit.

The popular press were helped a
great deal by a number of scientists
and businessmen. One was Marconi
himself, who foresaw the great poten-
tial of this new medium and set up his
own company. However, to stimulate
public awareness — which would help
him obtain sufficient financial backing
— he set up a number of demonstra-
tions. These were d251gned to catch the
public eye and receive maximum im-
pact. In 1898 he used wireless las it

o— =
Wire Metal Metal Wire
plug plug
fo= -~
Metal Glass
filings tube .
Figure 1. An early form of Marconi coherer.
Other scientists became more in-
terested in this new phenomenon and
started to perform experiments. This
‘gaverise to a number of improvements, Aerial
and many new inventions. One, the
‘coherer’ (shown in Figure 1), was con- Coil — ¥
ceived by Professor Onesti. He demons- |~——-| lf
trated that iron filings placed in a glass Bell
tube with electrodes at either end could | or
be made to stick together, or ‘cohere’, soundar

when a high voltage was placed across
the electrodes. Once the filings had
cohered they were able to pass an
electrie current, which could be used to
complete a second circuit. A further
step was taken when Professor Branley
found that the iron filings would cohere
in the vicinity of an electrical dis-
charge. Finally, Oliver Lodge used this
thscovary to detect Hertzian waves,
managing to receive signals over a
distance of about 150 yards. The circuit
of a t_yplcal coherer-based receiver is

_shown in Figure 2.

Coherer

D

= Earth

Fig'are 2. Cireuit diagram i ofa receiver
based on a coherer.



was then called because it had no wires
between the two stations) to report on
the Kingstown Regatta for a Dublin
newspaper. A year later, he made the
first international contact by communi-
cating between a station at the South
Foreland lighthouse and another
located at Wimereux near Bologne —
a distance of about 50km.

Amateur
Experimenters

With the large amount of publicity
which was being given to wireless,
public awareness grew very rapidly. As
a result people started to become in-
terested in building their own receiving
and transmitting apparatus. This was
perfectly legal at this time because no
licences were needed!

Soon, articles began to appear in
periodicals detailing how apparatus
could be made. In January 1898 a
magazine called “The Model Engineer
and Amateur Electrician” included an
article which gave details of experi-
ments for amateurs. In it there were
details of basic transmitting and re-
ceiving apparatus. Books also started
to appear: one called “Wireless Tele-
graphy and Hertzian Waves” by S
Bottone, published just after the turn
of the century, gave a comprehensive
explanation of the subject as well as
detailing how the necessary apparatus
could be constructed. Typically, a
coherer could be made from a glass
tube;, some iron filings, two copper
wires. and a couple of corks for either
end of the tube. Deseriptions of trans-
mitting apparatus were also included.

Licences Issued

It did not take long for radio to catch on
— both professional users and amateur
experimenters were using the airwaves
increasingly. As a result, it became
obvious that some form of regulation
was necessary, and on 15th August
1904 the first Wireless Telegraphy Act
became law.

The Act was wide-ranging in its
implication. For amateur experimen-
ters it meant that licences were re-
quired, although no fee had to be paid.
Fortunately the Post Master General
who administered the Act, applied the
terms of it favourably to experimen-

ters. Despite this, however, the terms

of the Act were quite strict, and limited
the operation and experimentation
possible by these early stations.

Some of the licences were issued to

people who had a professional interest

in the subject, but many were given to
people who were real amateurs and

had a great enthusiasm for the subject.

They needed such enthusiasm, because

all the components hﬂd to be made out

of raw materials — there were no

Maplin stores then!
Parliament was obviously in-

terested and concerned about the

issuing of experimental licences in

W. K. Alford’s 200 metre station (TKKI, dated 1913 — no'valves here! The 25W spark
transmitter was powered by a 26V accumulator, which was itself charged by a 35V
12A dynamo. The aerial was a 48 foot long four-wire cage, while the receiving
apparatus was a crystal set using a ‘Perikon’ point- contact detector. Out of interest,
TXK was in operation at the time of the Titanic disaster, and was able to make out

the names of the survivors that night.

view of possible security risks and in
1908, it requested that the Post Master
General give a summary of all the
licence applications that had been re-
ceived to date. The document is very
interesting because it is possible to see
the names of those to whom licences
had been given. One of the most
famous is that of Ambrose Fleming, the
inventor of the diode valve and consul-
tant to Marconi. It is also possible to
see that stations were being set up in
many parts of the country.

Although just over 60 licences had
been granted by this time, interest was
growing and the rate at which licences
were issued started to increase.

Callsigns

When the first licences were issued in
1904. there was no requirement for
stations to be able to identify them-
selves in any standard way. However,
as time passed, the number of ex-

perimental stations increased and the
Post Master General found it necessary
to introduce the use of callsigns, or ‘call
signals’ as they were first termed, for
easier identification of stations. The
new system was introduced in May
1910, when all licence holders received
a letter giving them their new three-
letter callsign. The letter also men-
tioned that the callsign should be used
at the beginning and end of each
transmission, together with the call-
sign of the station with whom they
were in contact.

The callsigns did not appear to be
issued in any strict order. Often they
contained the initials of the licensee,
but in all cases the calisign contained
the letter X for experimental.

Equipment Used

Since the introduction of the first
licences, there had been a number of
major improvements in the te_chnulo_g_}'

Early erystal detector, This example, which used a carborundum erystal with' asteel
blade, was part of a Army Mark 3 receiver during the First World War.
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In the early days of radio, tuning by variable inductor was common since variable
capacitors were more difficult to make! The example shown has two movable taps,

and was known as a Yjigger'.

which was used. Originally, coherers
were the only form of detector, but then
in 1904 Ambrose Fleming invented the
diode. This was followed in 1906 by an
American, de Forest. who invented the
triode. However, the most important
advanee for the amateur experimenter
was the crystal detector, which gave a
cheap and efficient method of detecting
signals: valves were. at the time. hor-
rendously expensive. A number of
different types of these detectors were
used. Early types used two crystals,
but these gave way to more sensitive
single erystal point-contact detectors,
which were fondly referred to as “Cat's
Whiskers”.

Tuning in a receiver was generally
accomplished using a variable induc-
tor. Although capacitors (or ‘conden-
sers’ as they were then called) could be
used. they were more difficult to make
in a variable form.

Transmitters invariably used
spark gaps: the circuit diagram of such
a transmitter is shown in Figure 3. The
most common way of generating the
high voltage required was to use an
induction coil and a mechanism which

broke the circuit periedically. Compo-
nents from the primitive car ignition
systems of the day were often used, as
they could be hought relatively easily.
The high voltage from the eoil was then
connected across the spark gap. Typi-
cally, a spark gap consisted of two
brass spheres placed about half an inch
apart. One of the major problems en-
countered when using such devices was
the large amount of audible noise that
they generated. To reduce this, many
amateurs enclosed their spark gaps.

With the spark generated. the out-
put was connected to the tuned circuit
so that all the energy could be concen-
trated around a particular wavelength.
This. in turn, was connected to the
aerial. Often the connection was made
directly with no series capacitance in
circuit, with the result that the high
voltage from the induction coil would
appear directly on the aerial. Accor-
dingly aerials had to be very well
insulated and care had to be taken not
to touch them.

The tuned circuits in the transmit-
ters were grand affairs. The coils were
often ten or more inches in diameter

Aerial

Capacitor

Induction
coil

gap

3 Spark

Rotary
contact
breaker

Figure 3. Circuit diagram of a typical amateur spark transmitter.
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and often wound on beautifully
finished formers. Tuning was again
accomplished using taps on the coils
but sometimes variable condensers
were emploved. In view of the high
voltages used, these condensers were
large. they often employed meshed
plates which could be moved in and out
to varv the capacitance.

Aerial designs were quite varied
and some just consisted of large quanti-
ties of wire raised as high as possible
into the air, but others followed more
standard structures. One favoured
aerial had a multi-wire top, as shown
in Figure 4. and because of iis shape it
was called a 'flat top”. Another popular
design consisted of a eage of six wires
with a hexagonal supporting hoop at
either end.

Asrial

To receiving =2
and tronsmitting

apparatus 1

Earth
conneaction

Figure 4. ‘Flat-top’ aerial.

Operating

Communications by amateur experi-
menters were comparatively limited.
One reason was, there were not nearly
as many stations active as there are
today. In addition to this many of them
were only able to use powers up to
about 25 watts. With this sort of power
and the very basic equipment which
they used. it was only possible to reach
distances of about ten miles. Some
stations were able to use more power,
often up to about 150 watts and they
could reach other stations further
afield. Even then, maximum distances
of only 100 miles or so.could be
reached.

There was little eontrel on the
wavelengths which were used, but
most amateur activity was confined to
wavelengths between approx. 100 and
600 metres. Within this band most
operation seems to have accurred
around a wavelength of 200 metres.

Morse Code was used almost ex-
clusively, some operators would have
been very proficient in using it because
it was widely used for land telegraph
systems. However, it is interesting to
note some advice given to those new-
comers using the code. “It is suggested



Rotary spark gap, as constructed and used by Birmingham amateur A. E. Viek (WVX) in 1912. It was used with his 10W

(input power) 100 metre transmitter.
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The Post Office telegram sent to all registered amateurs at the outbreak of the First
World War. The operators had to close down their stations and dismantle their

equipment for removal.

that the receiving operator should
write down, in properly spaced dots
and dashes, all that he receives, inter-
preting it at leisure when the signals
have ceased. Any hesitation while the
signals for letters are hunted for in a
book will lead to hopeless confusion.”

|Extract from Wireless Telegraphy for
Amateurs, by R.P. Howgrave-
Graham..

Rise and Fall

During 1913, the number of applica-
tions for experimental licences in-

creased dramatically. In 1912 there
were about 250 licences in force, this
number almost quadrupling in 1913 to
just under 1000. The next year it rose
to about 1600.

Unfortunately this level of activity
was not to last for long. Tension was
rising in Europe, and on July 28th 1914
Austria declared war on Serbia. Con-
cern was expressed in a number of
quarters about the security risk of
having wireless transmiiting stations
around the ceuntry which were not
under strict government control. Accor-
dingly on 1st August, a few days before
Britain declared war on Germany, all
experimental licences were suspended.
The licensees were instructed to dis-
mantle their equipment ready for
inspection by Post Office staff. Most
licensees had their equipment removed
but some were able to keep theirs,
provided that it remained dismantled.
However, in 1915 it was decided that
all equipment should be removed into
the custody of the Post Office for the
duration of the war.

This measure was necessary be-
cause of the mounting public concern
about wireless equipment being used
by German spies. In fact, the author-
ities received a large number of reports
about people who were thought to be
passing secrets to Germany using their
wireless equipment.

During The War

Although the war silenced all amateur
activity, it did not dull the inventive
spirit of the amateur experimenter.
Many of those who held licences were
able to use their expertise towards the
war effort. Even though wireless was
still in its infancy, the experience
offered by amateur experimenters was
valuable. Wireless communications
were starting to prove their worth and
they were used increasingly as the war
progressed.
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PROJECT
RATING

Design by Alan Williamson
Text by Mike Holmes

FEATURES
* Temperature Range 70°C to 450°C
% Minimal Noise Emission
* Negligible Element Leakage Current
# LED Indication of Heating

APPLICATIONS
* Precision Soldering
* Thermal Fault Location
* Pyro-graphic Pen

rofessional engineers and home
Phnbbyjsts alike, both appreciate

the usefulness of having an
adjustable temperature soldering iron.
However, because of the price of these
items, the home hobbyist is often
resigned to having a ‘standard issue’ 17
to 25W mains powered iron. Although
ofien adequate for most tasks, a fixed
temperature iron suffers from several
drawbacks. It may be too hot for deli-
cate soldering operations involving thin
PCB tracks, signal diodes and small
polysiyrene capacitors for example, or,
at the other extreme. not poweriul
enough-io solder something onto a
piece of brass or tin-plate more than
two inches square. Not least is the fact
that you are invariably dragging a 240V
mains lead around with you as well,
which is easily damaged by laying the
hot iron on it by mistake. It also follows
that a mains level electromagnetic field
is emitied by the iron's coiled element
and induced voltages are present in the
tip, even if it is connected to mains
earth.

The Soldering Station presented
here is ideal for hobbyists on a budaget,
who cannot afford the expensive ready
built units. Whilst the actual low voliage
irons used with these are not that much
more expensive that equivalent mains
powered versions, the solder station
itself can cost as much as €80 or more
for a temperature controlled version.
This kit version ofiers a considerable
saving and includes the 50W XSD iron
as used with the TCSU-D Solder
Station.

The temperature of the ifon can be
adjusted over a range from 70°C to
450°C, making the unit very versatile
and having more applications than just
soldering, for example a pyro-graphic
pen, and even a controllable heat
source for checking ‘thermal faults’ in
semiconductors, i.e., a transistor may

‘work perfectly wall when cold. but may

maliunction only when warm.

Circuit Description

The circuit diagram of the controller is
shown in Figure 1. IC1 is'a low fre-
quency DC amplifier, using an OP-07

insirumentation grade op-amp IC, the -

upper frequency response of which is

—3dB at 15Hz which will provide good

rejection against any radiated 50Hz

“hum picked up in the iron’s temperature

sense return wire. The iron has a ther-
mocouple sensor generating its own DC
signal, and the gain of the op-amp is set
at x300 (approximately 49:5dB). This

value was determined by the output

voltage of the thermocouple which,
when the soldering iron is at maximum
temperature, equals the reference voit-
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age prowded by RG1 (+5V).

IC2 is a comparator with a small
amount of hysieresis provided by R7
and D1. The comparator monitors the
output voltage of IC1 and compares it
with the reference voltage at the wiper
of VR1 (the temperaiure control), diode
D1 is used to set the minimum tempera-
ture. When the voltage at the inverting
_ (=) input of IC2 is higher than the voli-
[ = "SZ age of the non-inverting (+) input, the
%o output of IC2 will be low, illuminating
' both LD1 and the opto-coupler device
LED (OP1). This will activate the opto-
coupler's zero crossing detector and
trige, which in turn will operate the high
current friac TH, providing power for the
soldering iron element

As the soldering iron element heats
up, the output voltage of its thermo-
couple will increase, until eventually
the output voltage of IC1 will be higher
than that of the reference voltage from
VR1, causing the comparator oulput fo
change state and turn off the opto
device. LD1 will only illuminate when
the soldering iron is being heated,
directly indicating when power is
applied to the iron.

A zero-crossing opto-coupler was
used, so that there will be no switching
noise in the connecting lead of the iron.
Also a toroidal transformer is used to
keep mains frequency fields to a mini-
mum on the work bench. The iron is -
‘powered direcily by 24V AC from the
‘transformer, while rectifiers D5 to D6
provide DC for the controlling electron-
ics. The opto-coupler must be used
because, being in the AC line, triac TI
is constantly changing in palanty rela-
tive to the DC supply and hence the
‘controller circuit. It must be noted that
other irons of this type are NOT suitable
. for use with this controller, as they more.
i —— - m——— :-gftewman_ rpt -hava dlI(arent connec-
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Figure 2. PCB legend and track.

Construction

Referring to the PCB layout (Figure 2),
begin construction by inserting the
PCB pins followed by the resistors, but
do not fit VR1 yet. Use the ofi-cuts from
the resistors for the wire links. Next, fit
the diodes (but not LD1 yet). followed
by TR1, TR2, RG1 and then the capaci-
tors. Double check the polarity of each
component before soldering! Both the

ICs and the opio-coupler OP1 can be

installed next, but please note that IC
sockeis have specifically notf been
provided in the Kit., so check and
recheck that the ICs are in the correct
position with the correct orieniation. The
dot or notch at the end of the package
must be adjacent fo the marker on the

Clip the heatsink onto the triac Ti1,
then fit both as a single assembly io
the PCB, followed by the DIN socket
SK1.

The spindle of the potentiometer
VR1 requires the shafi shortening by
10mm and the panel location lug

removing, as can be seen in Figure 3.
| You can then finish off the PCB by fit-
| ling VR1 and thoroughly cleaning the

PCB using a suitable solvent. Don't for-

get to check for poor solder joints and
| bridges and rectify as necessary before
| going any further.

|1 Omml

, 1
@;ﬂ\m\\l L]

; E
Remove Lug

Figure 3. Modifying potentiometer VR1.
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Figure 4. Box front drilling details.
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Drill,cut and file all the holes
required in the ABS box, and counter-
sink the hales for the M3 screws. The
drilling details can be seen in Figures 4,
5 and 8.

Final Assembly

First of all, trim the LED leads to 5mm.
first making note that the longer of the
two leads is the anode. Cut off a 10cm
length of the mains cable and strip off
the outer insulation; solder the brown
lead to the LED anode and the blue
lead to the cathode — also denoted by
the flat on the package — the LED can
then be inserted into the bezel and then
insialled into the box.

After fitting the countersunk screws
and threaded spacers into the box, the
PCB can then be mounted on top of
the spacers and secured in place using
the M3 x 6mm screws with shakeproof
washers; then fit the potentiometer with
nut and washer.

Next, fit the mains transfiormer as
shown in Figure 7. An M5 solder tag is
required to be fitted over the trans-
former bolt and its fixing hole will need
filing out to size. Then frim off 50em of
outer insulation from the mains lead
and fit the lead into the box complete
with the strain relief grommet. Insert the
fuse holder and wire it up as shown in
Figure 8, and don't forget the fuse
holder insulation boot!

Cut the heatshrink sleeving provid-
ed into four equal lengths; slide a piece
over the mains cable live (brown) and
neuiral (blue) leads. and also each of

Inside the Soldering Iron Station prior to fitting the case bottom.

the transformer’s primary mains lead
(coded orange). Feed the mains lead
and transformer primary leads out
through the switch cutout and solder
them to the rocker swiich as also shown
in Figure 8. Notie that the iransformer
leads are connected to the terminals in
the cenire of the rocker switch.

Slide the heatshrink sleeving over
the switch terminals and shrink it, using
a heat source such as a gas flame, cig-
aretie lighter, hot air gun etc. (but care-
fullyl). then you can push the switch into
the cutout fo secure it in place.

Solder the mains cable earth lead o
the M4 solder tag mounted on the
transformer bolt. The earth pin on the
PCB may also be connected to the M4

solder tag if so desired, but please note
that this is optional; the function of this
earth pin on the PCB is to discharge
any static build-up via the soldering
iron bit.

The transformer secondary leads
can then be soldered to the PCB pins
according to their colour codes as print-
ed on the PCB and also shown in
Figure 8. Now double check all the
wiring thoroughly, and when you are
quite happy that no short circuits can
oceur and that all the wiring is correct,
insert the fuse into the fuse holder.

Screw the base onto the box, and

stick the self adhesive rubber feet onto

the base and fit the knob onto the
potentio meter shaft.

(
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Dimensions in Millimeters

Figure 5. Box rear drilling details.
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Figure 8. Mounting the transformer not forgetting the solder tag.

Last but not least, connect a 13A
mains plug fified with a 2 amp fuse to
the mains lead.

»

Switching On

The soldering iron temperature con-
troller is now ready for use. Plug the
50W XSD soldering iron into the con-
troller and turn the control knob fully
anti-clockwise. Insert the mains plug
into a 13A outlet and turn ‘ON’ the .
rocker switch. The switch should illumi-
nate and the LED should also illumi-
nate for a few seconds, the LED will
then extinguish when the iron has
reached the pre-set minimum tempera-
Iura Tum the control knob clockwise

' @




PARTS LIST

SOLDERING STATION

RESISTORS: All 0:6W 1% Metal Film (Unless specified) Pin 2141 1Pkt (FL21X)
R1.4 1k 2 (MiK) Knob RN18 Red 1 (FDB7X)
R2 1M 1 (MM SR Grommet 5R2 1 (LR48C)
gg 5 ?ggk % {Tﬁ?g% ABS Box MB6 1 (YN39N)
) ) Siick-on Feet Square 1Pkt (FD75S)
gg ;‘ng 1 (MJZ%? 50 Wait Iron XSD 1 (FT12N)
a8 S ! §M1 o) Stand ST4 1 (FR20W)
R10.11 130Q 2 (M130R) Solder Station PCB 1 (GH17T)
RV Pot Lin 1k 1 (JMB9A) Clip-on T0220 Healsjnk 1 (FG52G)
M3x10mm C/sk Pozi Screw 1 Pkt (LR57M)
CAPACITORS _ M3x8mm Steel Screw 1Pkt (JY21X)
g; .3.4,5,13,14 [P)p Eg'la{(:} 1 ggg \?OV ? {{5{8245) M3 Isoshake Washer 1Pkt (BF44X)
isc 220nk 2t M3 Threaded Spacer 1Pkt (FG38R
ggﬂhﬁ.‘l 5,16 gié“sCE? 00"5 gﬂg o g f?:)éggg Constructors' Gﬁide 1 ((XH?SL;
11 ECt l‘l ¥ { ) i
61112 PG Elect T00}F 25V 5 (FF11M) Instruction Leaflet 1 (XT90X)
OPTIONAL
SEMICONDUCTORS
D1.2 1N4148 2 (QLBOB) 13 Amp Plug Nylon 1 (RWB7X)
Eg_g :— Edgogéd 5 (\%53%} Plug Fuse 2A 1 (HQ314J)
1 1 ( 7
OP1 Zero Crossing Opto-triac 1 (RASEL
W gl G "
8Y) The Maplin ‘Get-You-Working’ ice i ilable f
TR BC327 1 (QBsew) e frcioEs. S8 Crrkis" GUe G
ZD1.2 BZY88C12/BZX55C12 2 (QH18S) Maolin cataloque for-details
RG1 uA78LOSAWC 1 (QL26D) 0 J ; -
Ic1 OP-07CNB 1 (RA73Q) The above items (excluding Optional) are available
IC2 LM311N 1 {QY09K) as a kit, which offers a saving over buying the
parts separately. B
MISCELLANEOUS Order As LT13P (Soldering Station) Price £59.95 2.
T1 Toroidal 50VA 12V 1 (YK15R) Please Note: where ‘package’ guantilies are siated in the
g:{ A ggdnl}lﬁpgms;mqh . *11 {(I\f&g‘:w]} Paris List (e.g. packet, sirip, reel, etc.), the exact quantity
- ' -pin ired to build th i ill lied in the kit.
S Fuss 114in. A/S 250mA 1 (UK0OA) required fo bui e project will be supplied in the kit
114 in. Clickeatch F/H 1 FA33N € fellowing new item (which is not inciu in the ki
( ) The followi item (which i i included in the ki)
Min Mains Black 2m (XRO1B) is not shown in the 1993 Maplin Catalogue.
LED Clip 5mm 1 YY40T (Solder Station PCB) Order As GH17T Price £2.35
lip (YY40T)
Isotag M5 1Pkt (LR62S)
COMPUTERS FOR ATARIST: Hard scarmer, hard drive,

12in. AMBER HI-RES MONITOR, Harcules
TTL from Bull Hecmicsl Urmsad £20, Tal:
(0E23) 50510,

AMSTRAD CPCH128 (Disc), colour monitor,
maonizar — TV convener. 43 boxed games,
FEFSuCk, USST inSrucons, conputar =nd
maonitor desk Excellant ¢ 1 £98, Tk
(0702) 201700 (Southend-on-Sas)

SILVER REED COLOUR PEN GRAPH EBS54,
mains adaptor, parsilel interface 0 CP
compatibis, operating manual stc Ingood
condition. £8 o.no. Tel: ((G52) 70856 (Exatsr).

VARIOUS
mmﬂm‘h’m}.ﬂc"&ﬁé

componsnts including ICs, Capacitors,
R:.—.-:-ms soma i fargs quannines Aflar
bargzinprices Send S AE foriis M | Dean,
Blanhaim Walton lane Bosham Chichester
West Sussex, POIBBOQF.

HEW II:OM?DNEN'IS. Clesnng workshop -
need moTe Azsomied resiziors,
cEpRIIiE dindes 103, sic Eilper shag
inciusive of postagepacking. MrD, | Brown,
2 Gizmwonth Avenus, 'n‘?i*mr.ere Park,
Coventry, West Mudlands CVE 2HW.
RERLISTIC PRO 2022 SCANNER for sals.
Er=nd new condirion. Boved & bargam st orly
£125 o.no. Tek {IT72) 35655
OSCILLOSCOPE. Telequipment DIS. 20MH=
Dus! Trace Dus! Sweep, Delay & Tune
maitiphier in good working crdsy, £100.
Tharader function generstor, 02 - 20MEz
Excellent condition #E) o v.no. Tel: (0432}
E25453 (evemings).

ATARI 5205TFM, 4300 syreh ¥, Teshiba

&25in. drives, ZXB1 (18k), Acom Atem, Atari
synthes=er 8] 160MHr Sodeco’

pulse couneers psed EPROMS, valves, valve
wvaitmeter, mochmore! Tel Mike, (0804)
T55TES.
LABGEAR UHF/'VHF PAL COLOUR BAR
GENERATOR. Typs CME(S3 snd Sony Vidso
Camera Selecior HVS2000?P. Price E0 each.
Tel: (0528) 26505 (Mzidenhead].
CROTECH 3030 I5MHz single trzcs
scilloscope £50. Mictoprofl MPFE.IR
(280) training system phas appiic sbozid
ES0. K P, Edwards, 18 The Square, Taishiaid,

Kers, TNIS 225,
14

CLANSIFIED

Flzcing an advertssmant in this
s=cuion of Blactronics’ s your charce fo

PQ E-ux&,ﬂ.yl:&gh. Es==x SSORLR
...... be pubishad as

tall the readers of Britam's Best Selling
Eiectronics Mag=rins what you want to
Bbuy of s2il, ortell them abont your club’s
activities — Absoluiely Fres of Charge! We
will pablish 25 peny advertissments 55 we
havespacs for. Togivea farshars of the
Emited spaca.we will prist 30 words fres,
and theresfier the cherge is 10p par word
‘Placing =n advenisemsnt is essy!
Simply wrte your sdvernisemeant clesrly,
incapitzlleners, on a postcarn or sesled-
down envelope: Then send it with any
TEcessary payment, to: Classifiads,
‘Elactromics — The Maplin Magasing',

m‘imesib..e spar:ﬂa.qlmrm; No
Tespopsihitity ts sccepied for delayved
pablication or non-incinsion ol
adverssemants

Private individials only are papnuttad
to advernss in this sscticn, commercial or
trade advertising of any kind 1= strictly
probibitad by by, Advert=mentzare
criy accepted by uesm.bhs’;ermma
proviss. Basderewho haye
groumnds to belisye thal they have been
mesied 22 1o the natwre of an adverdsement
#1e advised to cortact the Publisherand
thair Iocal Trading St=ndards Office.

ADVANCE ELECTRONICS DIGITAL
MULTIMETER. Modal DMMI— 23 ranges
CW marm=! £30 on o, Ssh rechargesbls
nickel cadmium cells Type VMIKH - 12
\r:;:sﬂ&}ﬂif"q_‘a 5 eschor olfers for
tot=l quentity of 20, Tek (0274) 555382
COSSOR CDU150 OSCILLOSCOPE. 35MH=z
Bardwidth Dusl Beam Delsyed Sw:ee-p
Supplied with full service 1 =nd circast
d.;;—rnml Unit rece._.r, c=librated (uly 1552)
Chopping cscillatoy requires shight sttention,
bowever, unit works pesfactly in CHI, CH2
Add ard Altmodss hence pndimlonsiy low
ssking price of £50 (= 20 phpand instrencs
or buyer artanges coiflscton). Tek ((383)
58523 (Dumbsarion).

AMSTRAD SRD400 SATELLITE RX_ 438
Channals ramote contrel, Black mesh dish,
1:2dB INB, brand n=w condition — 3 monthe
old. Boxad Bargain st 2185 ono. Tel {(772)
35885

WANTED

TWEETER for Goodmans RS 18 speskers
Minet have red dome Wil consider fanity

pair of speskers Tel Mark, (0743) 202774
(Sheffisld)

15m OR |-8m PRIME-FOCUS SATELLITE
DISH with polar moimt and stand Mustha
chespand in South-East Essexarea Any
conditon 2= longas s =il pevsholic! A=y
front contred flap and remote control unit for
PANASONIC TCZ232 color TV. Contact
Mariin on (0702) 554155 ex. 282 (office hours).
ENY INFO. =nd help on Radio Shack TRSSD,
dizgrams, mamuale, dices, gt Will refond
costs. D Kuriz, 1T Acresfield, Adlmguon,

PRI SJZ

AUTO-VIDEOCASSETTE CHANGER!

Will anyons helpan oid Bstsmax

Fanatic? I'm looiang far the Seny AG-TUB
changsr for use with the Batamax CSCT,
preferahly in working ordey and fora fax
price. Tel: Mr. Raymond Lockton, (0392) 53838
{Exster).

CIRCUIT OR PCB rack dizgramforan
AMTRON URSTI Power Supply, Wil re-
imbirss any cost mcurred. Writs toc B Norvill,
13} Stanshagpe Crazcent, Yate, Brsicl
BSIT4EG.

1 EAVE A SONY PS-LXS5 mumeshls bt o
irstructions or wiring disgrams. Can anyons
heip? Willbuy, beg or bomow® All reasonabis
costsmet Tek Devid, (09781 758314

floppy drve. Also MSYX compurer, Tel: ((523)
Sas10.

DEAD OR ALIVE SINCLATR
MICROVISION TVs (must be sasly typs,
ie “Torch' shaped using 4 x HPT hatteries).
Sensible prics paid, plus postage. Tl (0823}
480147 {Easthoumne).

DESPERATELY WANTED... &ny 2nd hand
cheap Eax machine, Any fypeaslongasit
works, ] don't mind Tel Simocn, (0B54) B30203
{after homrs).

MUSICAL

TECHNICS AXT SYNTH withon bosrd. zeq.
et Mird condition. Home nse enly. Cost over
£900, =c1l £375. Sson Smyth, 12 Bethe=car Road,
Harrow, Middlesax HAI ISF. Tel (081) 853
7368,

ELECTRONIC ORGAN compenams clearont
~keyboards, stopbs etc S AE forli=sto
Fred Wright, 23 Merrion Cless, Mogrside,
Sendesiand, Tyne & Wear, SR3 20P,
ELECTRONIC ORGAN. Elx= Mirna? 33 with
tutorial Lessons, 2 keyboards, basspedals,
rhythm accompaniment, roll top. Walnor
venesred. Offers! Tel (081) 500 6525

€LUB CORMNER
TESUG (Tke Exropean Satelljs User Group)
for all sat=llite TV enthusiasts! Toally
fnd dent, TESUG providss the mostup-
m—ds:e news a?aﬂab‘e (lh“‘.F‘-gh its manthly

Footprint and 2 elatew seTvice
on the pan-Europesn Super Channsl) Ik
ales provides s wids vansty ol helpand
information for s members For further
information, contacr Eve W. Wiktshey, TESUG,
Rio House, Stafford Close, Ashiord, Esnt,
"N?B‘J‘I'? England

BRITISH AMATEUR EEL‘I"ROHICS

cumu mded i 1965), for all §

inelactronics. Four newsl ayear, ne.‘p
is:: membars 3nd mors! U'K.thx:pnm
pear (Jurdor bers £4,

5.‘13 50). For further datails senuSA_E to:

The Secretary, Mr. |. S Hind, 7 Carlyle Rosd,
We=t Bridgford. Nomingham NGZ INS.
MODEL RAILWAY ENTHUSLAST? How
about joining ‘MERG, the Modie] Flacmonic
Raiiway Groop. For mare detsils contact Mr.
Eric Turner, Trezcuwer MERG, 38 North Dinive,
Orpington, Eent, BRESFD.
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FOR BARGAINS
AND MORE,
VISIT YOUR

LOCAL STORE.

For personal service, visit our shops at: -
Birmingham Sutfon New Road, Erdington.
Brighton 65 London Road.
Bristol 302 Gloucester Road.
Cardiff 29 City Road.
Chatham 2 Luton Road.
Coventry 12 Bishop Street.
Glasgow 264-266 Great Western Road.
Leeds Carpet World Building, 3 Regent Street.
Leicester Office World Building, Burton Street.
London 146-148 Burnt Oak Broadway, Edgware.
107-113 Stanstead Road, Forest Hill.
120-122 King Street, Hammersmith.
Manchester 8 Oxford Road.
Newcastle-upon-Tyne Unit 4, Allison Court,
The Metro Centre, Gateshead.
Nottingham 86-88 Lower Parliament Street.
Reading 129-131 Oxford Road.
Sheffield 413 Langsett Road, Hillshorough.
Southampton 46-48 Bevois Valley Road.

Southend-on-Sea 282-284 London Road, Westcliff.

Plus a NEW store in ILFORD opening soon.
Ring 0702 552911 for further details.

MAPLIN STORES
NATIONWIDE.
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A Look at PCB
Manufacturing

by Martin Pipe

ost electronics enthusiasts com-

monly make their PCBs by
drawing their track layout designs onto a
copper-clad board with an insoluble ink
pen, etch-resistant transfers or tape. The
prepared board is then normally left to
stand in some ferric chloride solution.
The ferric chloride attacks the exposed
copper, and if all goes well you remove
your finished PCB from the tank, which
by then will contain a rather murky
solution of copper and iron. amongst
other things. After washing the PCB, out
comes the faithful PCB drill and the holes
are drilled in the etched pads for the
component leads. A final clean. and a rub
with an abrasive later, the PCB is ready
for populating and soldering. This is the
method that I used in the past and the
boards, more often than not, used to end
up in a rather grotty state! For example,
the amount of copper forming a par-
ticular track would be rather inconsistent
along its length: a fact, no doubt, related
to the fact that the so-called ‘insoluble’
ink had washed away. Or was it because
the boards had been left in the ice-cream
container (sorry, etching tank!) for too
long? Despite this, Maplin’s Versatronics
PCB development system uses a (some-
what more advanced) variant of this
system, with excellent results — see
‘Projecting Ahead’, the first part of
this series.

For the amateur, and indeed for
small-scale professional batches and pro-
totype projects, a rather better method is
to prepare the design on clear plastic film
using transfers and black crepe tape. The
finished design is placed (I stress, the
correct way up/around!) in an ultra-violet
light box followed, face-down. by a piece
of pre-sensitised copper-clad board of the
appropriate size. After a period of
exposure time proportional to the size of
the design. the board is immersed in
some kind of container (all right then, an
ice-cream tub!) containing developer.

16

This solution, normally aqueous sodium
hydroxide, removes any of the photo-
resist that was exposed to ultra-violet
light — i.e. that not originally covered by
the design artwork, and hence no part of
the PCB track layout. The unwanted
photo-resist, after exposure to the de-
veloper for an appropriate period of
time, is very soft and can be washed off
with running water. After washing, the
board is etched with ferric chloride solu-
tion, washed and drilled in the normal
way. Using this system, much better
boards can be obtained — and this is why
it is a standard method of producing
prototypes.

Introducing PMS

When you buy a Maplin kit, you will no
doubt wonder why the boards included
are of such good quality. This is because

our PCB suppliers are used to supplying
industrial and professional equipment
manufacturers, and have to maintain
high standards in order to remain com-
petitive. A large proportion of Maplin's
boards are supplied by Photomechanical
Services (PMS). a company employing
33 people at its base in Rayleigh, Essex.
Demonstrating its commitment to
quality, PMS is seeking to gain accredi-
tation to BS5750. PCBs supplied with
the more complex Maplin kits tend to
be of the double-sided, plated through-
hole (PTH) variety, and the purpose of
this article is to describe the manufacture
of this type of PCB. Briefly, with a PTH
board the layers of the board are
electrically linked together by ‘through-
holes’, which are drilled through the PCB
and metallised using ingenious processes.
For Maplin PCBs, there are only two
layers — the bottom and top sides of the

Photo 1. One of the five CNC drilling/routing machines that PMS uses. Just abave the control panel of this
Wessel CampacTrol machine, you can see the tool bay; the machine can be programmed to change hits
automatically.
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@ Basic flbra—glusé beoard

Panel plating
Original electroless

s
i

@ Panel plating (=5p)

@ Developed emulsion

(stage 4)
visible again

Remove remaining

(hardened) emulsion

copper—clad on both sides

Panel plating

(2) orilied holes

@ Application of
photosensitive emulsion

Heavy copper
plating (25u)

Heavy copper plating (25u)
on ftracks and down
through—holes

Tin/lead
plating

Undercut
should be
minimised

@ Etch away unwanied copper

®

6

Elecfroless
coppser

Depaosition of
electroless copper (<iu)

Apply ariwork, develop
and wash away
undeveloped emulsion

Tin/lead
plating

@ Tin/lead plating

OVEr dareas copper

plated in

Finishing processes

2) Reflow, screen printing

(solder resisi, legends)

= Original cepper

Original PCB

= Eleciroless coppar (3)

Fanel plating (4)

= Photo sensiiive emulsion (3)
= Heavy copper plating (8)

= Tin/lead plate (8)

Figure 1. The various stages that take place during the manufacture of a PTH PCB.
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board. However, in certain applications
where space is at a premium (e.g. laptop
PCs, camcorders, military/avionics equip-
ment), multi-layer boards are used.
Here, additional track layers are ‘sand-
wiched’ in the board material.

It is interesting to note that while the
basic principles used in industrial PTH
board production (i.e. the removal of
unwanted conductive material) are essen-
tially the same as those put into effect
when you make a PCB at home, there are
some fundamental differences. For ex-
ample, in the case of industrial PTH
PCB manufacture, drilling the PCB takes
place BEFORE any etching! The story of
PTH PCBs is very interesting, and
involves a large number of processes. Tf
any of these go wrong, the PCB (or more
commonly, a batch of PCBs) has to be
discarded or re-worked - an expensive
course of action. The timing of each
particular process is critical — as with the
amateur/semi-professional methods
already outlined. However. when PCB
manufacture is your business, a ‘right first
time” policy must be adopted wherever
possible. Figure 1 shows the various
stages that the tracks and through-holes
of a PTH board go through.

Drilling by Numbers

After ordering and inspection, the sheets
of PCB material (referred to at this early
stage as blanks’ for obvious reasons) are
stored in a rack. Their next fate? A trip to
the drilling shop. PMS have 5 Computer
Numerical-Controlled (CNC) drilling
machines, one of which is shown in Photo
1. These machines have a bewildering
variety of bits and tools, which are used
for drilling holes of various sizes and
routing them out (the latter refers to the
removal of unwanted material from a
hole — a matter of critical importance as
you will later discover). The machines
can automatically change the tool being
used; the head ‘fetches’ the bit from a bay
at the front of the machine. It really is
impressive to watch these expensive
pieces of hardware (typical cost £30.000
to £100,000 each) in action!

And this is where the Maplin
intervention comes in. Your favourite
electronics company supplies CAD-
generated computer data, presented in
industry-standard Excellon and Gerber
formats, to PMS. The Excellon files are
used to derive the programs that drive the
CNC drilling machines. The Gerber files,
however. are used to control the photo-
plotter responsible for generating the
master artworks.

If the PCB is the first of a new batch
(for example, a Maplin kit whose details
are to be published two months, or so,
henceforth). then a ‘test board’ is
produced. This is then inspected. and any
changes to the drilling program are made.
If all is OK. then batch drilling of the
PCBs can commence. Test boards are
used to check the effectiveness of each
different production process — ‘guinea
pigs’ if you like! For example. test boards
18

Phato 3. The PC now used for the co-ordination and storage of drilling programs, Replacing the bulky, slow
and unreliable cassettes, it has a 120Mb hard disk for storing the most used drilling programs.

are used to determine plating current.

Before the main drilling operation
can take place, the boards must have
reference holes drilled in them: a task
fulfilled by the machine shown in Photo
2. Such reference holes are necessary for
lining up the artwork, and to ensure that
side one of the PCB lines up with side
two. Imagine the chaos that would be
caused. at this stage. by a registration
error of a mere millimetre! Yes. those
reference holes are put down to micron
accuracy. As vou can see, two of these
holes are used for each blank.

After a ‘first run’, followed by
another inspection designed to detect any
production problems. the blanks are
normally drilled three-deep, entry and
exit boards being placed on top of and
below the stack, respectively. This is
done to protect the finish of the top and
bottom boards. Each blank (i.e. each
PCB) is around 1-5mm thick. and the

entry and exit boards are 0-8 and 1-5mm
thick respectively. Thus, on an average
job, the drill has to cope with a bundle of
material around 6-8mm thick. That may
not sound a lot, but when you bear in
mind the number of highly accurately
bored holes drilled in each blank, and the
speed at which the machine works, it
starts defying the imagination!

The five drills are linked to the 386-
based PC shown in Photo 3. With its 120 -
megabyte hard disc, this machine is
responsible for keeping track of a vast
number of jobs. Originally, CNC drilling
programs were stored on ordinary audio
cassctte tapes — those that vou and I
would listen to music on! Due to slow
speed, limited storage capacity and the
problems of indexing a vast library of the
things, the PC-based system was intro-
duced — and the company hasn't looked
back since!

Another inspection stage follows
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drilling. Problems, such as blunt drills
and missed holes, are discovered by the
team of eagle-eyed inspectors employed
by this department.

Electroless Plating

After drilling comes the first plating
process, but not before a thorough clean
that includes a certain degree of mechan-
ical abrasion. followed by a five bath
immersion sequence. These five baths
include a potassium permanganate ‘de-
smear’, which removes any resin from the
holes (this resin is used, in the manufac-
ture of the original blanks, to bond the
glass fibres together), a micro-etchant
(ammonium persulphate) that exposes
the pure surface copper, and various
mtermediary cleaners and chemical
neutralisers. Decontamination of such
ferocity is needed to rid the boards of
such nasties as finger grease. dust and
oxide — all of which will inhibit subse-
quent stages to some capacity or other.
The initial plating procedure, which
deposits a layer of ‘electroless’ copper on
each board and through each hole. is
unique to the production of PTH PCBs.
The purpose of applying this thin (less
than 1 micron) laver of copper is to act as
a ‘base’ for further electroplating. This
seemingly long-winded approach is the
only real practical manner in which vou
can plate a non-metallic object viz the
fibreglass surface of the hole, the initial
electroless plating being achieved by
means of some pretty clever chemistry.
Basically, a solution containing a form of
the metal palladium is introduced into the
plating bath. This palladium “colloid’ is
absorbed into the walls of the hole, and
acts as a surface upon which plating can
take place. In a separate reaction, hydro-
gen associated with the palladium attracts
the copper, the overall result being a
deposit of this metal. This process is
entirely chemical; thus the term ‘electro-
less’. After the electroless plating comes
the real thing — an electroplating process
known as ‘panel plating’ adds around 3
microns of plating to the delicate layer of
electroless copper. With the CNC drills
costing many tens of thousands of pounds
each, industrial PCB manufacture
doesn’t come cheap! To this must be
added the enormous cost of the plating
baths (one set for each plating stage) and
the not insignificant electricity bills
incurred in running them! Photo 4 shows
the electroless plating bath, while the
electroplating section is captured in
Photo 5.

This stage is a critical one for the
inspectors — they must look for any
problems and trouble-shoot any that do
occur: so much could go wrong at this
stage that could affect the proper plating
of the batch (contaminated copper,
incorrect  dip time, build-up plating
current too weak etc.). Similar meticu-
lous care is exercised over all subsequent
plating stages — as already mentioned, the
use of test boards is very common.

After electroless/panel plating,
washing and inspection, the boards are
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Photo 4. The electroless plating area.

4

Photo 5. The electroplating baths. Different compartments are used for various degrees of plating and type
of metal to be plated. Those catered for include copper, tin'lead, and gold (for edge connectors, etc).

Supply spool

Laminate
(Photosensitive polymar

on polyester base) Spool to ‘toke up

pelyclefin backing

-—f—————— = ].
( == (koo pioio oo
Hot /_’,\ Support rollers
rollars Se= /

Figure 2. This diagram illustrates how a photolaminating machine works.
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Photo 6. The laminating machine, whose job in life is to apply the photosensitive emulsion to both sides of

the board. See Figure 2 to see how it works.

‘photolaminated’. This refers to the
application of a photosensitive material,
to both sides of the board, by hot rollers —
see Figure 2. The room in which this,
and other photosensitive materials are
handled, is characterised by garish yellow
lighting! This yellow glow, however, is
not reflected in Photo 6, which shows the
machine responsible for lamination.

(Ultra-Violet) Lights,

Cameras, Action!

The next stage is one which bears at least
a little resemblance to the UV light-box
treatment, mentioned towards the begin-
ning of the article. However, in terms of
complexity it is like comparing chalk with
cheese!

The Gerber files, supplied by
Maplin. provide information to control a
laser photo-plotter, for the creation of the
artwork. The designs for each PCB layer
are produced on clear film, with the same
dimensions as the PCB itself (i.e. ata 1:1
scale). These layers include alignment
marks, top and bottom track designs and
the component identification legend.
Originally, an electromechanical plotter
would produce scaled-up images, a
photographic process being used to scale
the image, and the errors introduced by
the plotter, down. Several images could
be combined on the single film, so that
multiple PCBs could be made on a single
board. However, the modern method
produces better resulis, with far less
wastage and time requirement, several

Phdto 7. This machine is respansible for exposing hoth sides of the photetool-clad boards to controlled

amounts of ultra-violet light.
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first-generation images being used to
produce mulriple board artwork.
Basically, a laser photo-plotter works
along the same lines as the increasingly
common laser printer, but with a much
higher definition. In professional circles,
the artwork used to generate the PCB
track designs are known as ‘phototools’.
Of course, each set of films has to be
scrutinised very carefully before being
used. otherwise errors (caused by dust.
hairs., smudges, incorrect track layout
and so on) will introduce recurring
problems later on.

When the finalised phototools are
accurately aligned (by means of the
reference holes) with the laminated
boards, exposure can begin. If the
photosensitive emulsion is exposed to
UV light it develops, going hard and
insoluble (to etchant as well as water!).
Normally, it is soft and can be washed off.
You may be excused, if still thinking in
terms of home-constructed PCBs, that
the phototool will have a ‘negative’
image; i.e. all areas except the required
track pattern are completely opaque.
However, this is not the case. Confused?
Read on and find out! In the meantime,
feast your eyes on Photo 7. which shows
the machine in charge of administering
controlled amounts of UV light.

Plating Away

Following a bath. in which the unde-
veloped emulsion is washed off, another
plating stage is waiting for our unsuspect-
ing PCBs. Remember that the tracks
were not exposed to UV light, and thus
the emulsion here was washed off.
Conversely, the unwanted areas around
the tracks are still protected — from the 25
microns of copper electroplating that will
be applied to the exposed tracks and
through-holes. The main. though by no
means only, ingredient of a plating bath is
copper sulphate solution, which will stir
fond memories of your high school
science lessons in most of you — oh happy
days! Then. you probably tried to
electroplate your pencil sharpener
cathode (or whatever metal object came
to hand) with the limited amount of
copper that you could get off the two
pence piece. or old halfpenny if you pre-
dated decimalisation, being used as an
anode. Basically the same set-up is used -
the only main difference is the scale. The
PCB acts as the cathode. and there are
two anodes corresponding to each side of
the board. The anodes are copper bars,
and are held in little cotton bags to collect
the sludge of impurities that will collect in
them as a result of electrolysis. Ah yes,
and the DC supply is somewhat more
potent than the cycle lamp battery that
vou probably used in your childhood!
This heavy plating takes place in one of
the tanks shown in Photo 5. The workings
of the plating tank are illustrated in
Figure 3.

At this stage we have an (almost)
finished board. But how is the unwanted
copper removed without etching away at
the tracks? The answer is highly in-
genious, as you will find out. The boards

Maplin Magazine November 1932



I
i
(L]

Electrolyte
(copper sulphats)
Tank regularly cleaned
to keep it fres
from impurities

Air pumped ihrough
(To agitate solution

ond iherefore speed

up reaction

Cathode

To high
0= current
o+ plating

supply

Anode in cotton
bag (one for each
side of PCB)

==

(Double ~
sided PCB)

EEEEE

=33733333 = o
; o

Heater (normally kepi
in fank, but encased
in non—platable material)

To heater
(The temperaturs
affects the rate

of plating)
Tank temperature

normally maintained
at 30°'C
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Photo 8. Here we see the etching tanks, which remove the unwanted copper from the PCBs with ammonium

persulphate. Because ammonia gas is produced, a ventilation unit is employed (as can be seen from the
picture), which disposes of the noxious gas in the most environmentally friendly way passible.

are tin-lead plated, using the same
principles used for copper plating, in vet
another of the plating tanks visible in
Photo 5. Instead of copper sulphate, the
electrolyte is a solution of tin and lead
fluoroborates, while tin/lead anodes are
used instead of copper bars. After a
wash, the tracks (and through holes) of
the PCBs take on a rather dullish metallic
sheen - similar to that of a drv solder
joint, which is hardly surprising since
solder is a tin/lead alloy!
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Etching Out a Living

At this stage, the remaining (developed)
emulsion can be stripped away. This will
lay bare the unwanted copper. which is
then etched away with ammonium persul-
phate. in the etching tanks that can be
seen in Photo 8. And the clever thing is
that the tracks, under their coating of tin/
lead, remain unaffected. However, if the
boards remain in the etchant for too long,
‘undercut’ may result. Here, the sides of
the tracks (which are unprotected by tin/

lead) may be attacked. Correct timing,
determined by the use of test boards,
stops this from happening to a noticeable
degree. Remember that there are many
factors that affect the length of time that
a batch of PCBs should spend in the
etching tank. such as ambient tempera-
ture, the degree of agitation, concentra-
tion of etchant and board surface area. In
etching, as in many of the stages of PCB
manufacture, no two jobs (even ‘identi-
cal’” ones) are the same!

The final step in producing a usable
board is to ‘reflow’ the PCB, Here, the
PCB is placed on a slow-moving conveyor
under a source of infra-red radiation, and
the tin/lead is melted. On cooling though,
the tin/lead reconstitutes itself into the
shiny coating that is immediately recog-
nisable~ on the superb boards supplied
with Maplin kits.

The story does not end here. Most
kit-builders would be disappointed, and
somewhat bewildered. without those
helpful component identification legend
and solder-resist layers. Generally these
layers are screen-printed onto the board
(see Photo 9). before being cured with
ultra-violet light. The templates for the
screens are produced from artwork
derived from the aforementioned Gerber
files. ,

After the solder resist and legend
have been applied, final inspection takes
place and if all are OK, the board is
divided into the individual PCBs by
means of a scoring machine (see Photo
10) which cuts separation grooves into
PCB material. Final division of the
boards is left to the customer because
automatic component insertion machines
and mass soldering techniques are nor-
mally used for medium to large scale
production, and it is more cost effective
to deal with several panels of PCBs,
rather than a large number of loose
boards.

Post-Production Changes

As we have discussed, inspection is a very
important process. Four people are
employed by PMS in this section alone.
Despite the increasing automation of
other aspects of the work (drilling and so
on). here is an activity that depends
wholly on the sight and judgement of
people. aided only with bench magni-
fiers. Careful inspection at each stage will
stop any potential problems from becom-
ing real ones. The inspection department

also houses an interesting piece of

equipment for the small-scale re-work of
boards. The TX250L ‘Track Repair
Station’, shown with operator in Photo
11, is useful in situations where customers
want slight modifications made to their
PCBs - due to revisions in circuit design,
for example. However, this course of
action is taken only as a last resort — it is
rather expensive in terms of person-
hours! The machine works by electrically
fusing metal tape between the points to
be connected. As was graphically demon-
strated during my visit, the join is very
strong (strong enough to lift the track
, Continued on page 39.
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During the bombing in the earlier stages
of the Second World War, a popular
slogan was “Britain can take it.” During
the post-war export drive this changed
to “'Britain can make it," and so we could.,
We still can, but imported goods flood

in nonetheless. Part of the reason (gripe
time coming up) is that the quality of
British producis is not always what one
would hope for, or expect. In'particular,
many UK. products are not just of
inferior manufacture, but actually poor
by design. Take the example of our last
washing machine, it lasted justthree
months longer than the extended five
year guarantee cover which fortunately
forus, we decided not to take out.

The first sign of impending doom
was when, for no apparent reasor, the
machine started to fill to 2 higher and
higher level until it began overflowing.
Replacing a Vain. push-on connector,
which'had come loose from its tag; only
seemed to effecta temporary
improvement, so we were left with the
wash programs which didn't overfiow.
One day shortly after this, it failad to take
inany water at ali: the temperature
sensor decided that the ‘water’ was not
as hot as required for that particular wash
cycle, and turned on the water heatar
element. Fortunately Mrs. P.C. happened
to gointo the laundry-room at that
moment and noticed an orange glow
showing through the glass frontdoor of
the machineg, so wa wers able to rapidly
rescus the clothes, which were hot but
not harmed. But, compared with a friend
of our daughter we were very lucky — her
washing machine, having sufferada
similar fault, sctually caught fire. In view
of the obvious danger of fire, you would
think that a back-up sensorwauld be
fitted, to detect the absence of water even
if the normal sensor said the level was
OK, but that is unfortunately not the case!

Another example of bad design is
the bayonet lampholder, made in
thermo-setting plastic, as manufactured
to BS5042. You can buy this at any
hardware shop; indeed you may find
it difficult to get hold of any othersort
of lampholder. But, with monotonous
regularity, the shade retaining ring
jams, making it very difficult toc remove
the shade for cleaning. Worse still, as you
try to turn the shade ring, the top cover of
the lampholdéer unscrews insiead,
exposing the electrical connections. This
fault has been known about and
complained about for years, but nothing
has been done about it. My advica is;
look around for a shop that stocks the
old-fashioned brass lampholders.

Brass is a reliable, dimensionally stable
material so you shouldn't have any
trouble.

For a third example of bad design,
take the |[EE's lapel badae. This looks very
smart when it is the right way up, but
unfortunately it is retained by a single
stalk onto which locks a spring boss
behind the lapel. The single hale fixing
means that'itis free to rotate and | can
vouch that it is seldom if ever the right
way up. By contrast is the very simple pin
fixing used by the lapel badge sported by

The opinions expressed by the author are not necessarily those of the publisher or the editor.

regular blood donors— nothing could
be simpler and it always stays the right
way up.

Sorry about that; three gripes are
surely more than enough for one day,
so anto other matiers. You may have
gathered from reading these columns
that, far from living an uneventiul life,
Mrs. P.C.is ene of those psople to whom
things happen. Only a couple of months
ago she surprised a burglar in broad
daylight trying to break in—of course he
wasn't the only one surprised. And then
a fortnight ago she was chatiting, while
swimming alonaside a friend atan over
50's session attne new municipal
swimming pool, when suddenly, they
came up on a man treading water, he
cried out “I've got a pain,” put his hand
over his heart, went bright pink and
disappeared beneath the surface. Mrs.
P.C. grabbed him, but being out of her
depth, was pulled under. When they
came up she called out for the lifeguards
(who are always on duty), they
arrived just as Mrs. P.C. and the gent
came up for the second time. Fortunately,
itwas only a minor heart atiack and the
gent was soon released from hospital.
However, the affair — apan from leaving
Mrs. P.C. a little jittery— had a sequel
which could have led to an embarrassing
misunderstanding, but I'll tell you about
that on another occasion.

Talking of misunderstandings, an
interesting one nearly deprived the P.C.
household of electric light and power
recently. We had a period insurance

‘direct debit with the same reference

\by Point Contact

L U W N

savings policy which had reached
maturity, so Mrs: P.C. went into the
Halifax to cancel the direct debit. This
was duly carried out; bui what we didn't
know was that the girl behind the counter
had accidentally cancelled the next direct
debit down the list as well. | don'tknow
whether the terminal’s operating system
does not allow a cancellation to be
raversed, and the item reinstated, or
whether the young lady didn't know how
todo it, butin fact she just entered a new

number, operative from the sameday —
ne problem suraly? But no, a direct debit
having been cancelled, the computer
system automatically issued a |stter

10 the payee informing them of the
cancellation. But what about the
replacement direct debit, one may ask?
Unlike a standing order, which is paid

by the bank willy-nilly, a'dirasct debit
paymentis only made when the payes
asks forit. The payee can only ask for the
money if he knows the direct debit has
been setup, and this information is
forwarded by the bank in the form of the
authorisation signed by the customer. As,
in this case, the Eleciricity Board had not
been informed of the existence of the
‘new’ direct debit (with the same
reference number) the P.C. household
was then just a customer in arrears.
Wonderful things, computers:

Yours sincerely, @W
Doint
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L IC UPDATE

he three-part series ‘Practical

Robotics Techniques’, which

appeared in lssues 42 to 44 of
‘Electronics’, was written with 8-bit micros
in mind. Because of the limitations of the
BBC machine (featured throughout the
series) which offers only an 8-bit user pori,
and the increasing presence of IBM-
compatible PCs as conirol computers, this
ariicle is an update on the previous series
so far as it describes interfacing to @
IBM PC compatible computer.

A suitable expansion card for a PC is
the Maplin 24-line Programmable I/O
Card, which was feciured in issue No. 43
of ‘Electronics’. This item is ovailable as a
kit from Maplin.

This arficle describes how the 24-line
Programmable I/O Card enables the 8-bit
robot vehicle CALIBAN-8 to be driven
from a PC, and how its operation can be
extended via the 16 additional I/O lines.

Robot Vehicle
Specification

Figure 1 shows CALIBAN-8 in block

diagram form, while the complete control |/

circuit is given in Figure 2. CALIBAN-8
was fully described in Issue 44 (June
1991) of ‘Electronics’.

In the earlier series, various individual
test circuits were tried out, and these were
built up into a complete design. This is a
useful step-by-step approach, which
avoids multiple fault-finding at a later
stage. For the purpose of this article,
however, | have used the Maplin test
circuit which is simply @ ULN2803A
8-channel Darlington driver device, an
8-resistor SIL package, and eight rectang-
ular LEDs. This test circuit can be used, via
a 37-way D socket, to check firstly PC port
lines PAQ to PA7, followed by PBO to PB7,
and then PCO to PC7. Alternatively, three

i Left Motlor
- Control

Right Motor

Control
LED 1
! User
Microcomputer ™ Port
LED 2
Collision

Defect (Right)

Cellision
Detect (Left)

Figure 1. Block diagram of robot vehicle system.
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test boards or a 24-channel test board
could be constructed. The usefulness of
such a boaord should not be underesti-
mated as it is a far more -convenient
preliminary test device than a robot which
moves or bleeps unexpectedly (and/or
uncontrollably!). The output codes respon-
sible for CALIBAN-8's actions are shown
in Table 1. The test circuit is covered in the
original article on the PIO card.

PORT A

76543210 HEX| ACTION
00000000| 00 | REVERSE
00001 111/| OF | FORWARD
000001071 05 | STOP
0000001 1| 03 | RIGHT(F)
000001 11| 07 | RIGHT(S)
00001 100| 0C | LEFT(F)
00001 101{ 0D | LEFT(S)
000107101{ 15 | LED1ON
00100101/| 25 | LED2ON
00110101| 35 | LEDI&20ON
00000101| 05| LEDSOFF

Table 1, Useful output codes for
CALIBAN-8.
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I? RH Moter
suggested 1/0 up to four serial poris (COM1, efc). The
. I/O card is used as an independent pori. LED 1
Expansion " = et e
A 24-bit I/O card obviously provides a Mdplln 170 Card [
further 16 lines of input or output which The 24-bit 1/O card is positioned in one of 2 LED 2
can considerably extend the functions of the expansion slofs in the PC and, as can
the original 8-bit vehicle by the use of, for be seen in Figure 4, it sits asiride the £ - Tora i '
example, more individual function LEDs, address bus (AQ to A9) and the dota bus
additional collision detect switches, eic. (DO to D7). The board can be placed into
Perhaps the best application of them is to any free expansion slof, as they are all et Tone 2 _J
intfroduce additional sensors, for such wired in parallel to the PC system bus. The
areas as ultrasonics, gas, temperature, three 8-bit poris are physically situated in e el 2
ond light. the 8255A PPl device (Poris A, B and C); -— ?F;;'rf;“ Qi eh‘;’f
This ‘conversion’ arficle is intended to the PC accesses the I/O card in its 2
describe how the CALIBAN-8 vehicle or expansion slot via address deceding and = :
similar device can be connected to a PC enabling circuitry. (Eroniitott)
and tested with simple GW-BASIC pro- Full details of this card are given in
grams. The incorporaiion of other sensors the original arficle, as already mentioned. <— (Rear Right)
or output devices is left to the individual A brief description also appears in the L PORT B
user, but an example of a possible system 1993 Maplin Caoialogue.
utilising all 24 1/O lines is shown in the Connection of the robot vehicle to % (Recr Lefi)
block diagram of Figure 3. the PC via the 24-line I/O card is shown in
Figure 5. Although in ihis diagram only - Tempz:ﬁfure
ten wires are used (8 data lines and =
G S
Pc as contro' +5V/QV, for one pori), exiension of Sl a\;.-:o“g;:ur
Compref the basic vehicle wiring could produce = (irom A/D)
Although the PC is a business-orientated CALIBAN-24! =
machine normally associated with the el )
running of wordprocessors, spreadsheets GW'BAS|C «— 1| 8cop
and a variely of programming languages GW-BASIC is a BASIC interpreter running -—1[ ao/p 9
(including GW-BASIC, C, PASCAL), etc,, it under MS-DOS, and must be loaded from R TE
is often used on the bench as @ control disk before entering this program. Digit 22|t PoRrT C
computer, or as an extension to a piece of A program which tests the I/O card "} Select @ 2
test equipment. Indeed, several manufac- and connected fest circuit is shown in 1/P =
turers produce IEEE-488 interface cards; Listing 1. The bose address 0300 hex is SE I
the memory map of the PC was designed used, but can be changed fo suit an - S
to take this interface standard into con- individual’s sysiem, parficularly if this =
sideration.

A typical PC has a number of parallel
ports; usually up to three (LPTT, eic), and
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address has already been designated.
The base address for the /O card is
300 hex. Line 20 puts the data value 80

Figure 3. Suggested expansion/
modification of robot vehicle specification.
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Figure 4. Block diagram of PC 1/0 card.
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Figure 5. PC to robot vehicle connection via 24-bit 1/0 card.

A9 | AB

A7 | A6 | A5 | Ad A3 | A2 ATAQ

0300H=|0|0|0O|0| |0O|C| 1 1

|0} 0[O 0| 0 [0|0O

SW1 |Sw2

SW3 [SW4 |SW5 |SW6 | | SW7 |SWB

Table 2. 1/0 card address/switch settings.

Al A0 | ADDRESS | CONTENTS FUNCTION

1 1 |o[3fofa| &Heo | MODEO,CONTROLWORDO—PORTA B &CAS OUTPUT
o olo[slofo] anrr [ serporrATOALL IS

o 1 |ofafo[1] aHrF | sETPoRTBTOALLIS

1 0|0|3|0|2 &HFF SETPORTCTOALL 15

Table 3. 8255 programming details,

hex (128 decimal) into address 303 hex,
which configures the 8255 in Mode 0
(control word = 0), sefting Ports A, B and
C as outputs. The 8255 data sheet gives
details of other modes, which would
provide alternative input/output combina-
tions. Lines 30, 40 and 50 output &HFF
(1111 1111 binary) to Poris A, B and C.
Lines 80 to 100 change the ouiput to 00
hex (0000 0000 binary), and lines 140 to
150 provide a time deloy subroufine
which can easily be altered if required.
Details showing the inter-relationship
of address lines and DIL switch settings on
the I/O card are shown in Table 2.
Table 3 explains the significance of
the address bits AO and Al. When they
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are both sef to 1, the mode can be set up
in the 8255 device and in this case, the
control word 80 hex (128 decimal) is set
up via the data bus (DO to D7). Further
details are given in the 8255 data sheet.

Test Programs

The basic test program has clready been
described. Other useful test programs for
‘exercising’ the robof are Listings 2 to 5:

Listing 2 is a straighiforward adapta-
tion of the test board program, using
codes from Table 1 to provide robot
motion.

Listing 3 is on extension of Listing 2,
providing forward ond reverse move-
menf.

10 BASEADDY=&HZ00

20 OUT BASEADDY%+Z, 1 28
S0 DUT BASEADDY, &HFF
40  OUT BASEADDY+1, %HFF
S50 OUT BASEADDY+Z, LHFF
&0 FRINT "LOGIC 1"

70  GOSUE 140

80 DUT BASEADDY, O

3¢ OUT .BASEADDY+1,0
190 DUT BASEADDY%Z+2,0
110 PRINT "LOGIC O

120 GOSUR 140

130 GOTO S0

140 FOE I=1 TO 2000

150 NEAT I

166 EETURN

Listing 1. 1/0 test card program.

10 EEM CALIEAN TEST 1
Z0 RFEM

=0 HASEADD=%HZB0G0

40 OUT BEASEADDY+3, 128

S0 REM

€0 REM STOF-FBORWARD LOGP
70 - REM

80 OUT BASEADDY, &HS

90 PRINT "Siop*®

100 GOSUE 150

110 OUT EASEADDY, &HF

120 PRINT "“"FORUARD!

130 GOSUE 160

140 GOTO 80

1S5S0 REM
160 FOR X=1 TO S000
170 NEXT X

120 EETLIEN

Listing 2. Stop-Forward loop.

Listing 4, when run, should make the
LEDs flash sequentially.

Listing 5 is a possible collision detec-
tion program which sets up Port C (PC4 to
PC7) as input lines by changing the
BASEADD% +3 address contents to 136
(line 40). The robot moves forward (line
60) uniil a collision occurs. This is tested by
inspecting BASEADD% +2 (Port C) on bit
6 (decimal value 64) and bit 7 {decimal
value 128). If a logic O is detected on
either PC6 or PC7, a collision is detected
and appropriate action (reverse move-
ment) is taken. The cycle then confinues. -
The original test board is not suitable as
two (input) switches are required on PCé
and PC7. In addition, PC4 and PC5 will
also be set as inpuls. Suitable test circuits
are shown in the PIO constructional
article, and the previous robotics series.

The experimenter can produce
further test or functional programs based
on the above lisfings, perhaps using them
os modules. The following sequence
could, for example, be converted into a
suitable program:
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10 REM CALIBAN TEST
20 FEH

30 BASEADDU=EHEBOG
40 0OUT BASEADDYZ+3, 1
S0 REM

a0 REM STOF-FORMARD-—-
76, REM

80 'OUT BASEADDY, ¥HS
90 FPEINT “STOR!

100 GOSUE 500

110 QT BASEADDL, ¥HF
120 PRIMNT “FORWARDY
130 GOSUE 500

140 OUT BASEADDZ, &HS
IS0 PRINT "S30pP®

160 GO5UE S00

1780 OuT BASEADDZL, &HO
180 PRINT "“REVERSE"
150 GO0SUE 500

Z00 GOT0 20

210 REM

S00 FOR X=1 TO HZ00o
510 NEXT ¥

520 RETUREN

g

b

—
L ]

STOF-REVERSE LODF

FORWARD

STOP

REVERSE

STOP

FLASH

RIGHT TURN (SLOW)
STOP

LEFT TURN (SLOW)
STOP

FLASH .
RIGHT TURN (FAST)
STOP

LEFT TURN (FAST)
FLASH

STOP

Assembly language (8086, 802846,
80386} programs could also be written
for conirolling the robat, but this is beyond
the scope of ithis ariicle as is the use of
other high level language programming

languages such as C and PASCAL

Improved Version

Listing 3. Stop-Forward-Stop-Reverse loop.

of I/0 Card

An upgraded version of the I/O card is

18

now supplied by Maplin. This now in-

FEM CALIEAN TEST 3 170 OUT BASEADDY, H2S cludes a 1A fuse and a larger separation
48] B ] = a
o EE“ : s lf:j"‘] LAl :Egm ot of +5V and OV pins on the 37-way
s ASEADDZ=%H200 120 GOSUR 500 D-type connector to minimise accidental
2“? DET BASEADDY+S, 128 ;-:_".ZH:J ouT IBA‘E‘»EF'-!??Z_- LHS short circuits. The cannectar has also been
2 = : ".%';' %FI_P'T i %?”L’ OFF" reposifioned to avoid fouling the case of
60" REMALED FLASHING 220 GOSUB 500 some ‘less than 100% IBM-compatible’
70 REM 230 OUT BASEADDY, %HES PCs.
80 0OUT BASEADDY, &HS Z40 PEINT "LEDI&Z ON"
90 FRINT "ROBAT IS STATIONERY 'Y 250 GOSUR So0
100 GOSUE 500 260 OUT BASEADDY, &HS References
110 OUT BASEADDY, &H1S 270 PRINT "L EDS fiIEE" 1. Practial Robotics Tedmkwe; ‘Elec-
120 PRINT "LED1I ON" Z80 GOTO 110 tronics’ Issues 42 fo 44.
130 GOSUE Sao Z90 REEM 2.24-line Progremmable /O Card for
140 0OUT BASEADDZX, &HS Sa0 FOR X=1 TO 5000 IBM PC and Compatibles, ‘Electronics’
150 FRINT “LED1 OFE" 510 MEXT X Issue 43.
160 GOSUB SO0 =70 RETUEN 3.Intel 8255A Programmable Peripheral
Interface Daia Sheet
Listing 4. LED flasher.
1 REM CALIEBAN TEST & : i
i, Parts List
50 BASEADDA=%HZ00 LP12N IBM Expansion Kif £21.95
40 OUT BASEADDZ+S, 136 RKGTF 8255 Leaflet 80p
50 REM XA42V*  ‘Electronics’ Issue 42 £1.45
55 REM COLLISION DETECTION XA43W*  ‘Electronics’ Issue 43 £1.45
== REM XA44X"  ‘Electronics’ Issue 44 £1.45
60 OUT BASEADDZ, LHF (*These are required if you do not already have copies!)
O FRIMT Y"FORWARDY Construction details for the IBM Expansion Kit, in the form of
50 REM the updated Maplin Magazine arficle from issue 43 are
S0 DATE=INF (BASEADDZ+Z) provided with the kit. This also includes a paris list for the test
100 IF DATZ AND 64 = 0 THEN GOTO 150 circuit.
110 TF DATA AMD 128 = O THEM GDTO 150 M
£20 IF DATZ AND &4 = &4 THEN GOTZ 1350
120 IF DATZ AND 1=8 = 128 THEN EO0T0 &0 ®
140 REM Further Reading
150 OUT BASEADDY, LHO The following books may be useful in connection with
166 PRINT “"REVERSE" experimental work underiaken oclong the lines of the
170 BEM material in this arficle:
180 FOE Xx=1 TO S000 WT32K  IBM PC Assembly Language
1 IGTNEAT X and Programming £19.95
200 REM WT35Q  Assembly Language Subroutines
210 GOTO &0 for the 8086 £19.95
WT154) GW-BASIC for Beginners £17.45
Listing 5. Collision detection.
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MAPLIN’S TOP
TWENTY KITS

POSITION DESCRIPTION OF KIT ORDERAS PRICE  DETAILSIN

1[5 &  MOSFET Amplifier Pl 205  Magazine 41 (XA4IU)
2 1) & TDAT0S2Ki IPIES  £4% Magemne 37 [XA3TS)
3 @ e L20Datafile Pi9A €475 Megazine 45 (XA4GH)
& 3l e 1300Timer IP30H  £4% Magaine 33 (XA3R)
5 B e [BMExpansionSys [PIZN  £2195  Msgazine 43 (XAd2C)
6 1] e  LiveWireDetector KBIT  £478 Magazine 43 (XA4SC)
L (B s CorBatteryMonitor . LKV £925 Magarine 37 [XAWS
8 B & |VehicelntruderAlam:  LPEV 1123 Magazine 45 (XA4R4)
8 (M e CouresylightExtender LPESW  E£2%5 Magazine 44 (XAMX)
0. =%, RSZIVTILConverter LM7SS  £1075 Magazine 31 [(XA3ID
. (18 o  PWMMotor Driver LK) F1075  BestofBook 3 (XCOZD)
2 18 & lowCostAlam LP72P [16% Magaine 45 [XA4HY)
1303 w MSMB322DatzFile PN 11255 Magazne &4 (XAM4X)
4 = TDAZZ SterzoAmp 1030 £7% Magaine 34 [XAMM)
5 (0] « LM3BSPowsrAmplifir [MIEH £480 Mazgazine 20 [XA29G)
16. (16) w  LM338WAmplifier W32 £7% Catalogue "B (CATOU
I w Pariylite IW33B  £i245 Caiglogue '8 (CAIOL)
B [ & RecPlaybeck IMBIE 3145 Magazne 30 (XAIM)
3. (12 =  MiniMetal Detector IMEQ  £725  Magazine 48 (XA4RCH
0. 68 «  15WAmplifier YO £7%  Catalogue O3 (CATEL)

Over 150 other kits also available. All kits supplied with instructions.

The descriptions are necessarily short. Please ensure you know exactly what
the kitis and what it comprises bsfore ordering, by checking the appropriate
project book, magazine or catalogue mentioned in the list above.

Do you Enjoy your work?
Or would you prefer to
Work at what you enjoy?

If you are an electronics enthusiast and looking for an interesting
career with a future, Maplin has the answer.

We often have vacarreies for

Branch Managers
Assistant Managers
and Counter Staff

New stores opening all over the UK. In particular we would
like to hear from people living in or near Edinburgh,
Middlesbrough, Manchester and Portsmouth.

These vacancics are being crezted 2s 2 resuly of the Maplin expansion
programme and offer real prospects for a secure and exciting carcer.
Retzil experience would be a grear asser, and to become part of the team,
vou do niezd to be self-motivated and have 2 cheerful personality,
Applicants must zlso be smantly dressed and have a good working
knowledge of electronic components. :
We offer excellent working conditions and job security, a first class basic
salary plus commission, pension scheme and generous staff discounts.
If you are secking an-interesting caréer in @ High Tech Environment,
then write 1o us

NOW!
Send full career details and an indication’of the area you prefer to:
The Personnel Manager,

In next month’s super festive issue of
‘Electronics ~ the Maplin Magazine’,
there are some really great projecis
and features for vou 1o get your
teeth into! The December issue is on
sale 6th November, available from
Maplin's regional stores and news-
agents countrywide, and of course by
subscription (see page 30 for details).
To whet vour appetite, here's just 2
taster of some of the geodies on offer:

Ee=——e————————— |
VINTAGE RADIO

A new series in which Geoft Amold,
delves imito the nostalgic world of
vintage wireless collecting. As he
reveals in the first part, this hobby
may be a lot more popular than vou
think — encompassing military, pro-
fessional and recording equipment in
addition o the old *steam mdio” set
cherished by so many people. Inclu-
ded throughout the series are beaurti-
ful photographs of the seis them-
selves, all of which have far more
character than modern eguipment —
and that's not just because the
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majority employ valves as their active
devices! If the arucle fires your
enthusiasm, practical guidelines on
starting yvour own collection are given.

C0-PROCESSORS

Co-processors are designed to com-
plement the popular Inmtel micro-
processors, as used in the mdustry-
standard IBM PCs and their clones.
They speed up maths-intensive opera-
uons (CAD, spreadsheeis, eic.) con-
siderably — as they should; afier all,
they don’t come cheap! But which one
15 best for vour needs? Frank Boowy
comes up with the answers, with some
courtroom drama thrown in for-good
measure, in this special feature.

Maplin Electronics plc, Valley Road, Wombwell, Barnsley §73 0BS.

BOB’S MINI CIRCUITS

Robert Penfold. by popular demand,
is back with five circunl designs for
you to builld er experiment with.
There's a field strength meter for
radio-controlled models, a sensi-
tive flash slave for the amateur
photographer. and no less than
three projects for the electronically-
inchined musician; tremolo, dynamic
tremelo and ‘wah-wah' effects units
are all wanting o be built in the

December issue!

MUSEUM OF THE MOVING
IMAGE

This is probably one of the most
original. entertaining and lively
museums in London. Intrepid *Out
and About" reporter Alan Simpson
takes a look behind the scenes, and
finds out what makes MOMI uck.
And that’s not all — six lucky readers
can win free double tickers to sample
the delights for themselves!

SATELLITE TV SYSTEMS

We all know that Chrstmas TV,
ahem, is not what it used to be. To gat
away from the 50th showingz of that
James Bond film. and those other
wedious repeats, set vour televisual
aspirations skyward towards the
Clarke Belt. A look at this article will
tell you “what vou're missing” — and
there’s a lot more to it than B-Sky-B!

FROST INDICATOR

An appropriate project for the time of
year! This little circuit cam be
installed 1o a car 1o provide warnmg,
viaan LED, of potentally icy roads—
the canse of so many motor accidents
each year. But its use is not limited to
winter; the Frost Indicator could also
be of great benefit in your freezer
when summer reaches us once again.

The emperature sensor is a precision
thermistor, and can be installed
wherever moniloring is required.

FEST-0-METER

This vear’s fun Christmas project is
the Fest-o-meter. Place vour thumb
on the ‘thumb park’ and see how
many LEDs vou can light up — are
vou a Screoge or a Cracker? The
Fest-o-meter, an ideal stocking filler,

relies on the resistance of the skin, -~

which varies with i1 moisture con-
tent, to complete a circuit. Its
usefulness may outlive the festive
s¢ason as it can be employed as a lie
detector — liars supposedly sweat
more!

RADIO ASTRONOMY

Douglas Clarkson goes into some
depth about this fascinating subject
which, to the general public, is
synonymous with Jodrell Bank. The

history and principles of radio astron—

omy, along with the important dis-
coveries made with s help, are ail
outlined. Such discoveries include
quasars, pulsars, and even back-
ground radiatior datng back to the
Biz Bang. And, as vou've by no doubt
guessed, the Cheshire-based Jodrell
Bank complex plays an important part
i the story.
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his VU-meter combines both a
I high precision and large scale
readout in a compact size; the
finished module is only 149 x55mm in
size. The medule is intended to be used
as a building block as part of the series
of audio mixer modules currently
shown in the Velleman Kits section of
the 1993 Maplin Catalogue, but this
doesn’t mean that it cannot be utilised
in some other stereo audio application.

In use, the strength of a stereo sig-
nal is indicated over a range of —26dB
to +6dB using 30 rectangular LEDs. The
scale is dB-linear over the range —6dB
to +6dB, each LED corresponding to
0-75dB (16 used over this range). The
whole display is 105mm (41/”) in length
providing a generous viewing area, and
interpretation of the display is made
easier through the use of three LED
colours; green from -26dB up to
—1-5dB, yellow for -0-75 to + 0-75dB
(ie, in the region of 0db), and red for
+1-5dB and over.

In order to keep power consump-
tion to & minimum the LED chains are
lit one at a time only in ‘dot mode’
rather than as a solid (true) illuminated
bar. Ideal applications for this module
include amplifiers, mixers, also
part of an spl meter, and
record level metering for
tape recording, etc.

"lnw,s,'

| p266s ®

Circuit Description

The circuit diagram in Figure 1 shows
the two, complete, duplicated stereo
channels for the VU-meter. Three ICs
are used, the first of which is a quad op-
amp. This provides the AC coupled
input amplifiers Al and A3, and the

FEATURES
** —26dB to +6dB Scale *k 30 LEDs Per Scale
*k LEDs Illuminate in Dot Mode .
* Three Colour Scale, Green below —1-5dB,
Yellow —0-75dB to +0-75dB, Red above +1-5dB
# Input Sensitivity 150 or 775mV
*# Power Requirements 12 or 15V DC @ 50mA

APPLICATIONS
* Amplifiers % Record Level Metering
*# Mixers 3 Tape Recording
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gain of these is determined by the value
of R2L and R2R. The sensitivity of the
meter depends both on the supply volt-
age level and the value of R2. For this
reason a regulated supply must be
used. The lower the supply voliage, or
the larger the value of R2, then the
greater the sensitivity of the meter.
Four different values of resistors are
provided in the kit for R2. For example,
if 91k is chosen, then the meter will
register 0dB for an input of 775mV RMS
given a supply level of 12V DC, as indi-
cated in the table below, which also
shows the other values required for
matching supply voltages and input
levels to 0dB:

R2 Values i
Supply voltage: 12V 15V
0dB =150mV RMS: 470k 510k
0dB=775mV RMS: 91k 100k

The values 91k and 510k are high
tolerance metal film types; the remain-
ing two are 5% metal film as are all the
other resistors. If the module is to be
used with one of the modular mixing
panels then the value of R2 needs to be

Specification
Scale graduation:

Input impedance: 56k
Input sensitivity:

Power requirement:

—26dB to +6dB in 30 steps
dB-linear from —6dB to +6dB

150 or 775mV for 0dB, alterable
12 to 15V DC @ 50mA, regulated

100k. Should you need another scale of
sensitivity or a supply voliage between
12 and 15V DC, then there are one or
bwo options open. You can either tem-
porarily fit a preset potentiometer in
the R2 position (of a value between
500k to 1M, say) and find the final
value (after trimming to the required
level using a test signal of the required
amplitude) by measurement, and sub-
stitute a fixed resistor of the (nearest)
required value.

Alternatively R2 can be kept to a
maximum value (use the 510k resistors
for instance), and the input preceded by
10k preset attenuators as shown in
Figure 3. In either case it is advisable,
after having found the required adjust-
ment, to replace the trimmers with
fixed resistors or combinations of resis-

tors. Only by using identical compo-
nents in both ¢hannels can you be sure
of maintaining a sensitivity difference
between channels of less than 0:5dB.

Amplifiers Al and A2 are alse
inverting providing ‘virtual earth’
inputs, meaning that the input im-
pedance is entirely determined by R1.
The non-inverting inputs of the op-
amps are tied to VREF, which is main-
tained at half the total supply level by
R10 and R11 and decoupled to ground
by C5. ~

The second stage, using A2 or A4,
also contained in IC1, is a ‘peak picker’,
the function of which is to pick out the
positive transient peaks of the signal
and hold the charge on C3. The result of
this is that the LED display has a fast
rise time with a slow decay; this

CIL RIL R2L
100nt 58K 91K
L—iN o—]
LM324
VREF

+V O

CiR RIR R2R
100nF 56K 91K
r—In o—{
LM324
VREF

+V +V
¥ .
ROL 10 11 14 17
560K
13 S—— LI
88— I'H
C2ZL R4l RSL 77— 1'G
100nF 470K 6F——»IF
12 IC2L s LE
V1096R
4F——— LD
33— LC
1N4148 2lb— o B
C3LES ] S—— .Y
LM324 100uF
I 16 18 15 z
] |
+Vv +V
|
10 1114 A7
13 99— RI
Bl——= RH
C2R R4R R5R 7 }—— RG
100nF 470K & b———= RF
— 12 IC2R - .
V10968
4 1+— RD
3}—RC
1N4148 2b——=RB
C3R= T = L= =iry
LM324 100ufF
I 16 18 15
I |

Figure 1. Circuit diagram.
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ensures that peak levels are more accu-
rately monitored. Diode D1 prevents
C3 discharging via the amplifier's out-
put, leaving a slow discharge path via
Ré and R7. R5, the main part of the
ampilifier's feedback network, is given a
high value to minimise the effect of cur-
rent drain from C3. Note that diode D1
is also part of the negative feedback
loop of the amplifier in order to com-
pensate for the forward voltage drop
across D1's junction. This ensures accu-
racy at the minimum sensitivity of the
meter, which would otherwise be inac-
curate due to the need for an input sig-
nal to overcome the forward voltage
drop across D1 before registering on the
scale. Interestingly, the bias reference
for this stage is at OV or earth
potential, so that the amplifier is only
able to produce positive going half
cycles to charge C3.

IC2L and IC2R are complete volt-
age to bargraph display drivers contain-
ing all the necessary amplifiers, com-
parators and voltage references, and the
manner in which the LED displays are
connected is illustrated in Figure 2. It
can be seen that the LEDs are connected
in alternate, back-to-back pairs and the
driver IC uses only nine lines to illumi-
nate each of the thirty LEDs in turn.

Construction

Assembly of the PCB is fairly straight-
forward, although some care is needed
when it comes to fitting the LEDs,
which are best left till last. Construction
should begin with the smaller compo-
nents first, commencing with the 7 wire
links at the positions marked ',
followed by the resistors. If you are not
vet certain which values to use for R2,
these positions can be left unpopulated
for the time being. These are followed
by the diodes, noting that the black
band is aligned to the white stripe on
the legend. Also note that, while there
are four radial electrolytics to be fitted,
they must be laid down horizontally
onto the PCB as indicated by the leg-
end. The non-elecirolytics are of the
high quality polyester layer type. The
three IC sockets should be fitted with
their marker notch aligning with that
shown on the legend outline. DO NOT
insert any ICs yet until all soldering
operations are completed.

Fitting the LEDs must be done
very carefully in order to preserve a
neat alignment. The leads of each must
be be passed through the PCB holes as
far as possible, until the little tabs on
the leads completely touch the PCB sur-
face. Fit one LED in each corner first,
soldering only one lead initially untl
they are all at the same height (14mm),
and then you can use a straight edge
such as a ruler to adjost all the other
LED:s to the same height. You may find
it useful to temporarily screw a piece of
wood, or angle bead along the length of
the PCB (with the aid of the corner
mounting holes provided); this will
provide you with a flat, straight surface
to enable you to fit the LEDs squarely
onto the PCB. The longest lead of each
LED is the anode, and must be inserted
into the hole marked ‘A’ in each of the

u“

LO30L < ) —— = LD30R
7 B S
Lp2gL LB29R
LD28L LB2EBR
NI 1A
LBZ7L ! % LD27R
LI = Qﬁ B = N < Ri
LD28L [E) E . LD2BR .
LD25L i s LD25R
SSiE bt
LD24L LD24R
23 —_— B
AL LD23L LA I | ! LD23R =
s LD22L ) E E LD22R 2
1] L
LD21L LA E’ \% LD21R
N | LR Pt
LD20L —=—— == LD20R
LBigL ¢ LD1GR
LD1BL LD18R
N - l~1
7 S S
LD17L LD17R
LBiaL LD16R
> <
LDI5L LD15R
i LD14L | Ll ;_D1 4R 4
N . l~1
LD13L v =" e LD13R
S DA
Loi2L LD12R
> |
ID11L LD11R
LE = P'{} % —saB E < RE
LD10L E E i LD10OR
LDSL LDSR
[V N
LDBL s e LDBR
—124B M .
LD7L LD7R '
LD > | < RD
LDEL v LDBR
LD5L A LD5R
LD4L N ! LD4R
LD3L LD3R
- K- D
LD2L LD2R
LD1L LD1IR
L8> i B <RB
LA = < RA
Figure 2. Connection diagram of both LED arrays.

LED positions. It is recommended that
the LEDs should be installed one after
the other in turn, and then only one
lead soldered to the track side, and the
leads remain untrimmed, until all of the
LEDs are in place. Then fine adjust-

ments can be made to finally align all
LEDs properly in a straight, level line,
which may involve re-flowing the sol-
dered joints, once completed the
remaining leads can be soldered and all
leads trimmed with side cutters. The
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positions of the different LED colour
groups are shown on the PCB. Note
that while the ‘RED’ LEDs appear to be
orange (in orange packages), they do in
fact emit red light.

Connections

Connection wires can then be soldered
to the supply and input points. It is not
recommended that PCB pins are used,
on account of the fact that these may
foul the front panel when finally
installed, resulting in short circuits. If
the signal wires are long it may be nec-
essary to use screened cable if the sensi-
tivity is high. In most cases however,
(including that of installation in the
Meodular Mixing Panel) it shouldn’t be
necessary. After these wires have been
attached, the ICs can be safely inserted
into their respective sockets. IC1, an
LM324 or equivalent, is placed in the
ICI position with its orientation marker
notch towards diodes DIL and DIR
(aligned with the 1C socket notch).
Similarly IC2R (U1096B) at bottom right
has its notch facing the LEDs, while
IC2L at top right has its notch facing
outwards towards the PCB edge.

L—IN
R—IN

10k | 1ok [ 2t

lo + oL

OR

Figure 3. How to connect an input
attenuator.

A STABILISED DC supply of 12V
minimum o 15V maximum should be
connected to points “+V" and earth
(upside-down ‘T’ symbol) on the board,
and the supply current is approxi-
mately 50mA.

Thanks to its relatively high input
impedance of 56k, the VU-meter can be
connected to almost all signal sources,
but the input must never exceed 3V

‘BesspgERannE

The assembled VU-Meter.

RMS or possible damage to IC1 may
result. However, if the signal level is
high, then use 10k attenuator presets
before the inputs, as shown in Figure 3.

Mechanical
Considerations

If the module is going to be used with
the Professional Modular Mixing Panel
then this panel includes a calibrated dB
scale and the VU-meter will go straight
in. If, however, you wish to use the
meter in your own project or for other
purposes, then it is thoughtfully pro-
vided with a cheice of bwo calibrated,
plastic scales with white lettering on a
matt black background. One is used for
vertical mounting while the other is
designed for horizontal use. Either of
these will require a front panel cut-out
of at least 115 x 35mm, over the front of
which the plastic scale must be glued
with a suitable water based adhesive,
otherwise damage will be done to the
rear of the scale if a solvent glue is
used. This is because the scales are
screen-printed on the rear and a solvent
could dissolve the ink. Alternatively
double-sided tape, such as carpet tape,
could be used. The VU-meter PCB can
be mounted on the rear of such a front
panel with the aid of four 14mm, M3
mounting pillars if your panel is at least
Imm or more thick. If thinner, then
plain washers can be used under each
pillar to effectively increase the height.
If this is not done properly the LEDs
may protrude through the front panel
and prevent the plastic scale seating
flatly onto the panel. At the same time
you don't want the LEDs: to be too far
behind the scale, as its rectangular
windows are diffused and will blur the
display.

Suitable spacers such as the
threaded FG38R (pack of ten), with
countersunk head M3 x émm screws
(BF36P), since the plastic scale will
cover the screw heads which must be
flush with the panel surface.

»

PRECISION STEREO VU-METER
PARTS LIST
RESISTORS: All 5% Metal Film (Unless specified) 1C1 LM324 or equivalent 1
RIR/LR3R/L, IC2R/L U1096B 2
R10,11 56k 6 LD1-20R/L.  Rectangular LED Green 40
R2R/L 91k 1% Metal Film or 2 LD21-23R/L.  Rectangular LED Yellow 6
100k or 2 LD24-30R/L.  Rectangular LED Red 14
470k or 2 )
510k 1% Metal Film 2 MISCELLANEOUS
R4R/L 470k 2 14-Pin DIL IC Socket 15y
R5R/L 1IM8 2 18-Pin DIL IC Socket 2
R6R/L 6800 2 PCB 1
R7R/L 4k7 2 Leaflet 1
RSR/L 330k 2 "
RIR/L 560k 2
CAPACITORS The Maplin ‘Get-You-Working’ Service is available for
CIR/L,C2R/L 100nF Polylayer 4 this project, see current Maplin Catalogue for details.
C3R/L,C4 100u F 25V Radial Elect 3 The above items are available in kit form only.
(@5 10p F 50V Radial Elect 1 Order As VE350Q (VU-Meter Kit) Price £39.95.
Please Note: Some parts, which are specific to this
SEMICONDUCTORS project (e.g., PCB), are not available separately.
DIR/L IN4148 or IN914 2

November 1832 Maplin Magazine



FRAME RELAY
NETWORKS

here is a ‘new’ nerworking
I technology, known as ‘Frame Relay
which ovércomes many of the

deficiencies of X.25, in particular those
of through-put. Frame Relay is a network
access standard, and thus has an affinity
to X.25. But it follows the principle that
data is transmitted over a network as a
complete block of information of any
length, rather than made up of fixed,
predimensioned data packets. But there
are other important differences between
Frame Relay and X.25. In the latier, the
data link layer (which is equivalent to the
OSI Iayer two) provides for reliable data
transfer across the data link between the
terminal (DTE) and the network (DCE),
and implements ‘Link Access Procedure
Balanced’ (LAPB) communication, which
is a subset of the ISO ‘High Level Data
Link Control' (HDLC). Addressing, rout-
ing, multiplexing and demultiplexing
and other functions in X.25 are accon-
plished at the network layer (OSI layer
three).

Frame Relay implements addressing
and multiplexing at the data link layer.
This is accomplished by the use of LAPF,
a version of the ISDN link access
protocol LAPD (the Link Access Protocol
used over the D channel is emerging as a
standard for high-speed packet
networks). LAPF provides logical
channel identification and multiplexing
demultiplexing, in addition to the link
layer functionality provided by LAPB.
Frame relay opéerates wholly within the
data link layer and provides statistical
multiplexing of different users’ data
streams.

These data streams are called ‘Data
Link Connections’ (DLCs). Each DLC is
assigned an ‘Identifier’ (called a DLCI) at
the time a call is established, and frames
carry this DLCI throughout the call. The
scope of the DLCI is normally limited to
a single physical link. A typical virtual
circuit will span a number of network
links,each with a different DLCI mapped
to the virmal circuit.

Currently, Frame Relay networks
operate with ‘Permanent Virtual Circuits’
(PVCs), which are set up for point-to-
point connections across the nerwork.
In order to set up a ‘Switched Virtual
Circuit’ (S§VC) across a network, the
value of the DLCI and other associated
parameters will be negotiated for each
link in the network during the set-up
of the call, by means of *C-plane’
procedures (see Figure 1). The C-plane,
or Control Plane's, protocols relate to
the establishment and conirol of calls,

36

Piane
management
function

Figure 1. ISDN protocol reference model
as defined in CCITT L320.

whereas protocols within the ‘U-plane’
(User Plane) are associated with the
transfer of user information. The Q.933
standard is intended to enable end-to-end
SVC functionality.

Essentially, Frame Relay provides a
multiplexed service that focuses on
transporting variable length frames from
one end of the network to the other as
quickly and simply as possible. Frame
Relay standards (outlined in 1.233) define
the following set of core functions in
layer 2 that the network will offer: frame
delimiting, alignment and transparency;

frame multiplexing and demultiplexing
using the DLCI; inspection of the frame
to ensure that it consists of an integer
number of octets prior to zero bit
insertion or following zero bit extraction;
inspection of the frame to ensure that it
is neither too long nor too short; and
detection of transmission errors (no
correctipn procedures).

Figure 2 shows the user/network
interface protocol reference model
showing the interaction of the C-plane
and U-plane standards.

FRAME RELAY

BEARER SERVICES

Although Frame Relay is a network
interface standard, the Frame Relay
packet mode bearer service standards
have been defined, and public Frame
Relay services, ranging from 64k-bit/s to
2-048M-bit/s, are becoming available.
Once implemented in networks, Frame
Relay will be a connection-orientated
service which preserves the order of
frames, does not duplicate frames and has
a very low probability of frame loss. The
*Quality Of Service' (QOS) parameters
defined for frame reldy services are:
performance parameters (through-put,
transit delay, information integrity,
residual error rate); frame errors
(duplicated frames, frames delivered out
of sequence, lost frames, mal-delivered
frames); virtual circuit performince
parameters (switched virtual circuit
establishment delay, switched virtual
circuit call establishment failure,
premature disconnect, switched virtual
circuit clearing failure).

As well as these functions, Frame
Relay service funciions in the U-plane
provide for the acknowledged transport
of frames, detection and recovery from

C—Plans U—Plane
1451 User
terminal
functions
441 — — — —
Core Q.822
1.430/43.1
User

U—Plan= C—Plane
1.451
MNetwork
functions
— — — — — l.ady
Core Q.922
1.430/43.1
Network

Figure 2. Frame Relay user/network interface protocol architecture.
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transmission, format and operational
error. detection and recovery of lost or
duplicated frames and flow control.

Frame relay does not offer error
recovery within terms of the standard.
The standard does, however, allow for
end-to-end checking by the end system
entities at the data link layer, and also by
higher layer U-plane functions in the end
system application entities. Figure 3
shows the Frame Relay protocol layers.

The major advantages of Frame Relay
over X.25 are simplicity (there’s no
complex network layer software) and
speed (hardware switching). The
disadvantages are the necessity for error
recovery to be provided by higher layer
procedures outside the network
(although this is a less significant factor
in the era of low error rate digital
circuits), and the need for congestion
control procedures.

In summary, Frame Relay is a
technology which is being deployed for
private and public data networks which
require faster through-put and lower
delays than X.25 can provide. Figure 4
shows the differences between Frame
Relay and X.25. The benefits of Frame
Relay include higher network through-
put, lower delays, possibility of
cconomical hardware implementation in
silicon, protocol transparency, relatively
simple software conversion for changing
equipment from X.25 to Frame Relay,
and Frame Relay offers a migration path
1o ATM (Asynchronous Transfer Mode).

APPLICATIONS

One of the most useful applications for
Frame Relay is LAN interconnection. The
benefits include high-speed connectivity,
lower delays and no compromises on full
connectivity. Of course, such a network

C ond U Plane

User specified

| |
| I
| l
| [

Control Q.822 l ! Conirol Q.822
————— 2 | || core @.922 Core Q922 || | H —— — —
Core Q.922 | | Cors Q.922
| |
|.430/".~31 —l— I_“730/431 — 1.430/431 . + 1.430/431
| i
User | Entry node Exit node [ User
I Network |

Figure 3. Frame Relay protocol layers.

may be private or public. Although Frame
Relay was developed primarily for wide
area data network applications. this
technology can also be used for voice
trafiic. In practice, to ensure the low
delay necessary for speech clarity,
shorter frames are employed and voice
traffic is given higher priority. This type
of implementation enables true
integration of voice and data.

In many ways the development of
Frame Relay has been the opposite of that
of ISDN. Whereas ISDN has been waiting
in the wings for years and is 57/l not read-
ily available to most users, Frame Relay
products were available almost before
the technology had been fully defined.
Some problems with the initial Frame
Relay specification are only now being
addressed by the Frame Relay Forum,
which is agreeing standards in advance of
their formal ratification by the standards
body ANSI.

Despite the fact that the standard

is still being refined, however, manu-
facturers are integrating Frame Relay into
their products at an ever faster rate.

The main reason is that Frame Relay is an
interim technology,with a limited life
span. As it is accepted that it will be
superseded by ISDN; suppliers are
hoping t0 get as much mileage out of it
as possible and are pushing ahead as fast
as they can. While Frame Relay was
primarily developed because of the hole
left by the non-availability of ISDN, it is
the threat of ISDN looming in the back-
ground which is giving rise to the
activity.

FUTURE IMPLEMENTATION
OF FRAME RELAY

The transience of the technology was
highlighted by BT North America,when
the ExpressLANE public Frame Relay
service was launched in the US late in
1991. BT published a four stage strategy

| covering the move from X.25 to

End system

End system

Upper
layers

End to end checking can be performed T rt

at the dota link layer 1 e i

r———————— r——————— - ————— Network

- ——— o Data link

Y [ I 1 { | 3 [ | 3 Physical

Frame reloy connection
End system End system
Upper
layers
End to end checking performed at
the transport layer

< - A Transport

Network

[ [ | | Data link

A\ [ / | 1 V Physical

Pt f

X.25 Network connection

Figure 4. Frame Relay and X.25 error checking procedures,
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Broadband ISDN, raking in Frame Relay
along the way. While the strategy was
mainly designed to give users a migration
path, it also emphasised how Frame
Relay is a short term answer to an
immediate problem.

Stage one of the plan involved the
launching of the hybrid Frame Relay
service, transporting both X.25 packet
traffic and Frame Relay traffic. A Frame
Relay software interface statistically
multiplexes user daia to allow a Frame
Relay based LAN interconnect service.

Stage two, set for the end of 1992
and early 1993, will see Switched Virtual
Circuits replacing Permanent Virtual
Circuit based Frame Relay connections.
BT claims this will give a fully fledged
dvnamic Frame Relay service. Stage
three, in 1994, will introduce a broad-
band backbone which will enable data to
be switched at T3/E3 speeds. Finally
stage four, expected to be in place in
1995, will see the migration to Broad-
band ISDN, with ATM architecture:

COMPATIBILITY

In addition both manufacturers and
suppliers have been working hard to
demonstrate that Frame Relay does work
as it is supposed to, which has involved
many demonstrations of how the
technology works and particularly,

that it works across different suppliers’
products. This latter point is a key
concern. With so many people working
independently to develop products
which conform to a non-established
standard. it begs the question of com-
patibility problems if different products
were used together. To prove the case,
the latter part of 1991 and beyond saw
unprecedented levels of co-operation
between erstwhile competitors.

A display of faith in the technology
was to be seen in late 1991 at the

Interop "91 exhibition in San Jose,

California. Six Interop exhibitors,

two public Frame Relay nerworks and
Telecom 91 all got together to form a
1-544M-bit/s T1 network, connecting
Interop with the Telecom show taking
place simultaneously in Geneva,
Switzerland.

Three of the exhibitors. Digital,
StrataCom and Sync Research, formed a
backbone network between their booths
using StrataCom IPX networking systems.
Cisco, CompuServe and SynOptics also
linked into the network, and live links
were arranged into CompuServe's
FRAMEnet public Frame Relay network
from the CompuServe booth. Geneva
was linked in from the StrataCom stand
over the WilTel WilPak public Frame
Relay network, using WilPak and
WorldCom domestic and international
circuits, to WilPak, WorldCom's Geneva
based service using its domestic and
international service.

The TMA show, held in Brighton
in late November every year, also saw
suppliers demonstrating the versatility
of the technology. BBN Communications
claimed a UK first with what was hailed
as the first UK demonstration of multi-
media applications utilising Frame Relay,
X_25 and high-speed bandwidth
management.

Manufacturers have also been
working to broaden the range of
applications which Frame Relay can
support. Two companies, FastComm and
Dowty, have shown sysiems capable of
IHNSPOrting voice connecrions over
Frame Relay. FastComm got round any
problems using Critical Information Rate
technology, which reserves bandwidth

10 ensure a4 minimum of trafiic gets
through. If this minimum of traffic cannot
be passed because of the high incidence
of data traffic, the dara is buffered until
the voice traffic has been passed.

The system pioneered by Dowty —
launched at the TMA show — uscs a new
networking architecture, FPX 2000,
which can be used to carry two classes
of voice traffic (see Figure 5). That
suppliers should be evolving different
solutions for the same problems is typical
of the way Frame Relay is developing.

It is not just in the development of the
technology that suppliers are differing,
but also in how it should be
implemented The main differences have
been in the optimum speeds at which
the services should be run and how
those services should be tariffed.

In the US, which has set the pace,

BT North America commissioned Emnst
and Young to analyse potential customer
requirements. The conclusion was that,
for most of the LAN interconnect market,
customer access speeds of 56/64k-bit/s
and transmission speeds of 256k-bit/s
would be satisfaciory. Other suppliers
with competing services however, differ.
CompuServe introduced a service with
access speeds of up to 1-024M-bit/s.

The company felt that, since the major
benefit of Frame Relay is the increased
through-put levels, users will want to take
advantage of this as much as possible by
opting for the highest available speeds.

AT & T has also gone for higher
transmission speeds, although access
speeds are to be offered at initially
56/64k-bit/s, Iis InterSpan service will
run at up to 1-536k-bit/s, again because
it feels that speed is the major priority for
users considering Frame Relay.

The decisions in the US do seem to

DCX network
terminal
concentration

Series BOOD
X.25 network

Network
management
centre

Frame relay F—bridgs
trunk card DEX
network

Public frame
relay =ervice

Hybrid
private/public
network

Private wvast
packet network

Series 8000
X.25 network

Inteqgral router option

Figure 5. FEX 2000 strategy from dowty communications.
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have had an effect in the UK and Europe,
for our own BT delaved an announce-
ment of a UK Frame Relay service in the
Autumn of 1991, Was the pricing
structure not right? Was there low
customer take up? One may never know.
The first European public Frame Relay
service was launched in Finland by
Telecom Finland. Here, the initial access
speed is 6-dk-bit/s with transmission
speeds of 1M-bit/s, but Telecom Finland
has already said transmission is going to
2M-bit/s this year.

The Frame Relay capability wasadded
to the existing DataNet LAN intercon-
nection service, previously based on
routers. The initial Frame Relay backbone
consisted of five nodes, each of which

can support 120 ports. although Telecom
Finland is adding more switches.

SPREADING THE WORD
While the speed at which Frame Relay
networks are rolled out is very fast, there
are not many customers, which is usually
attributed to a lack of understanding.

S0 another reason for the demonstrations
of compatibility and usage is to increase
awareness of what the technology is and
what it can do for users.

As a subject of international standard-
isation, Frame Relay can be seen as the
successor to X.25 packet switching for
the implementation of high performance
WANSs. Designed to support bursts of
high-speed data over high quality (digital)

links. Frame Relay can, in appropriate
implementations, be used for relaying
sensitive traffic such as voice or video,
traditionally associated with circuit
switched or Time Divisional Multiplexing
(TDM) networks.

Frame relay will become widely used
in private aswell as public data networks,
and is particularly suited to the inter-
connection of widely dispersed data
systems such as X.25 networking
components, networked statistical mult-
plexers and LANS. The use of variable
length frames of information. rather than
fixed length cells, is inherently more
cfficient at the sort of circuit speeds
likely to be available before the general
advent of Broadbuand 1SDN.

Across the Board continued from page 21.

Photo 9. Screen printing is used to apply the solder resist
and component identification layers. The blue machine
in the foreground is one of several that PMS uses for

this purpose.

Photo 10. PCB scoring machine, The precision rotary blades that it uses cost £120 each!

up without breaking) and is barely per-
ceptible.

In accordance with BS3750, PMS
operates a Quality Control (QC) system
which ensures that the quality of the
PCBs is consistent at each stage of
manufacture, from the moment it arrives
at Goods Inwards, right up to the point at
which it is sent to the customer. This
includes monitoring such areas as plating
thickness and electrical resistance. QC
also monitors working procedures and
the tolerances of processes themselves,
ensuring that they adhere rigidly to the
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specifications of the British Standard.
So there you have it. Industrial PCB
manufacture is a very capital-intensive
process and there is a lot more to it than
meets the eve. As with most things, a
large production run helps to keep the
cost per board down, and this is why the
PCBs supplied in Maplin's kits are
available at such low prices. To put things
into perspective, though, the Maplin
NICAM decoder PCB retails for £6.95. If
it were not for the large (thousands at a
time) quantities ordered by Maplin, a
board of this type could cost several

Photo 11. IT things can go wrong. they undoubtedly WILL
go wrong. The machine pictured is used for medification
work carried out at the request of the manufacturer,

hundred pounds if, say. only ten were
required! Until the Versatronics V3000
was installed in the Maplin Development
Lab. PMS was employed to make one-off
prototype boards for the company, and
these cost incredible amounts of money!

Acknowledgments

Acknowledgments are due to Brian
Stivey. Richard Johnson, Ian Paterson
and the rest of the staff at Photomech-
anical Services (Essex) Ltd for providing
their valuable time, answering questions
and allowing photographs to be taken.

39




Iready all Virgin Atlantic plines
have been fitted with seat-

back TV, giving access to
Hollywood blockbusters, music,
sport, comedy, and of course
Blackadder repeats.

In fact, Virgin Atlantic have won
an award — not for making better use
of that unsightly seat-back, but for
the ‘Best In-flight Entertainment’.

Virgin is the first airline in the
world to equip its wide-bodied air-
craft with individual TV screens for
every passenger, offering a choice of
six channels of entertainment. The
airline also won the ‘Airline of the
Year’ award for the second vear run-
ning (or should that be flying?) as
well as “The Most Attentive Airline
Staff’, ‘Best Audio’ and the best
‘Transatlantic carrier’ awards.

Virgin Atlantic have been making
4 habit of winning awards and pas-
senger plaudits ever since their ser-
vice began back in 1984. just three
vears later, the airline celebrated its
1 millionth transatlantic passenger.
The month of May 1989 saw the air-
line expanding its network to Japan,
and two years later it was flying out
of both Gatwick and Hearthrow.
Plans are underway for new flight
paths to South Africa, Singapore and
Australia.

Virgin Atlantic is of course part of
the fast expanding empire of Richard
Branson. His empire-building achieve-
ments include the start of Virgin
Mail-order in 1970, the first Virgin
record store in 1971 and the launch
of the Virgin Record Label in 1973.
The rest, as they say, is history. More
recently the Radio Authority have
granted Virgin the license for INR2,
Britain's first national commercial
rock station, which will start broad-
casting next year.

Life in the Fast Lane

Richard Branson himself is no slouch
when it comes to creating records.
In 1986 his boat, ‘Virgin Atlantic
Challenger II', crossed the Atlantic
Ocean in the fastest ever recorded
time. This was followed a year later
by that epic hot air balloon crossing
of the same ocean in “Virgin ‘Atlantic
Flyer’, which was not only the first
hot-air balloon to cross the Atlantic,
but the largest ever flown. A Bran-
son balloon broke further records
last year when he crossed the Pacific
Ocean from Japan to the Arctic of
Canada, a distance of 6,700 miles.

Not Just Hot-Air

For those who make note of such
matters, Virgin Atlantic fly seven
Boeing 747—-200 airliners and one
747-100 from London (both
Heathrow and Garwick) to New
Top right: Upper class passengers enjoy
a 6" LCD TV on an adjustable arm, whilst
economy class have 3" or 4" screens (see
bottom right).

40

There is, it seems, no escaping from Blackadder
or Jonathan Ross. Even on a flight to some far-
away place you can fasten your seat belt, relax

and switch on your individual TV set with a
choice of channels to suit all tastes. This is not
some far away fantasy, but practical reality.
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York (Newark and JFK), Los
Angeles, Miami, Boston, Orlando
and Tokyo, mainly on daily sched-
ules. However, if you want to enjoy
the personal services of an ‘in-flight
beauty therapist’ then you have to
book ‘Upper Class’. No wonder the
airline suggests that booking is
essential. This service gives a fresh
meaning to that slogan ‘Come Fly
With Me’. The complimentary trear
ment includes a manicure or a head,
neck and shoulder massage that
includes the application of aro-
matherapy oils. A combination of
Swedish, Pressure Point and Shiatsu
massage effectively relieves tension
and jet lag, and ensures that trav-
ellers arrive relaxed and refreshed at
their destination.

It’'s a Hi-Tech, Hi-Flying
World

It is not, however, just the First
(sorry, Upper) Class passengers who
benefit from individual TV screens.
The airline has eliminated the old
video projection main screen for all
classes, replacing it with individual
LCD TV screens for each passenger.
It is not quite classless in-flight enter-
tainment however. Upper Class pas-
sengers are equipped with a 6" LCD
screen mounted on an adjustable
arm, from the seat’s arm rest.

Economy Class have the benefit of a
three or four inch screen, mounted
on the back of the seat in front.

Although Richard Worrall,
Virgin’s Marketing Project Manager,
sees a 12" video entertainment
screen format as feasible, there are
no plans at present to extend the
choice above six channels. Since the
system is centrally distributed, pas-
sengers choosing a full length movie
will have to make a note of the stari-
ing times. Otherwise they can enter
and leave the programmes at any
stage.

In-seat video channels cover wo
film channels, with four movies on
each channel; an arts and entertain-
ment channel, comedy, sports and
music channels, and a ‘Kidzone’
channel. Timing restraints do not
affect the ten audio channels though,
which serve 1o meet the needs of the
most discerning passenger. Listening
pleasures include rock, dance, char,
comedy, classical and, on certain
routes, Captain Smilie’s Radio Show
for children.

Virgin is looking to digital quality
sound and video, at which time a
review will have to be made of the
headsets. “The headset quality
should match the system.” says
Richard Worrall. .

Sit Back and Enjoy VIV
(Virgin TV)
While the new personal TV monitors
may not compare in terms of quality
to wide-screen Nicam stereo, passen-
ger response shows that 96% consid-
er the system to be superior to other
airlines’ in-flight entertainment
systems. 91% put the system into the
excellent category, and for 80% of
passengers the new personal TV
screens would make them more
likely to choose Virgin Atlantic
above other transatlantic cdrriers.
Size apart, the quality of the pic-
ture is very good and the channel
selection much appreciated. At least
your immediate neighbours do not
have to put up with six hours of
Whitney Houston videos or repeated
showings of Top Gun movies.
Controlling the LCD equipment is
easier than programming the prover-
bial VITR. Anyone who has handled
a TV remote control will be familiar
with the LCD system, which basically
includes select, recall,, volume,
brightness and on/off.

Comfort Station

Passenger convenience does not
stop at the LCD screen. Should you
grow tired of the sight of Anneka
Rice's Treasure Hunt bottom or
‘Sleeping with Madonna’, you can
explore the contenis of your compli-
mentary Virgin Comfort Kit. This
takes care of all those other little
extras that are so essential to a
pleasant flight. Inside each kit
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Marketing Director Chris Moss receives the

airline’s ‘Best Inflight Entertainment” award.

(stereo headphones apart) are eye
shades, ear plugs and ‘do not dis-
turh’ stickers for those who'd rather
sleep; in-flight socks for tired feet
and a toothbrush for tired teeth. And
if vou happen to be travelling Upper
Class, your Comfort Kit includes lip
balm, body spray, moisturisers and
eye gel. All made from environmen-
tally friendly ingredients of course.
The airline also promises to supply a
wide range of magazines on board
ranging from computing to fashion.
Don't forget to put in a request for
vour favourite ‘Electronics’ magazine
to help digest vour Upper Class
gourmet meals!

Safety First and Fast

Not quite in the free take-away class,
but an essential factor of internation-
al travel, are the on-board duty free
products whose range includes— wait
for it — Virgin Teddy Bears. Inflatable
Dolphins and Biggles Bears! A more
unfortunate event could be that of
in-flight illness. Here again, Virgin
Atlantic is setting the pace. The air-
line is now equipped with defibrilla-
tors to regulate the heartheat of car-
diac arrest victims. All senior crew
on Virgin Atlantic flights now receive
regular training in resuscitation and
defibrillation techniques.

Virgin Atlantic are also pioneer-
ing the use of infant safety seats,
similar in concept to infant car sears,
but designed and tested for air trav-
el. Until now it seems that the only
method of restraining a young child
onboard an airliner has been to seat
the infant on a parent's lap and
secure an extended sear belt around
both adult and child. The new seat
fits in the normal adult seat and is
attached by the standard passenger
lap strap. The child is then secured
into their own seat in comfort and
safety by a fully adjustable five point
harness, with the type of buckle
used on the Apollo Space
Programme and on the Concorde
flight deck. However, an ejector seat
button is not included for the espe-
cially precocious child!
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Closer 1o the ground, Virgin have
installed ImageBase Technology's
Photophone, an image transmission
system, for wse in trouble shooting
maintenance problems between their
Gatwick and Heathrow locations.
The system transmits pictures and
voice down a standard telephone
line, using a camcorder and a colour
video printer which prints A6 colour
pictures. According to Paul Chappell,
Virgin Atlantic’s Chief Engineer “The
Photophone gives us an essential
communications link between our
lwo engineering bases. It has
reduced travel between Garwick and
Heathrow operations and has
already paid for itself several times
over, by ensuring that the length of
Ume an aircraft is out of sérvice for
technical reasons is kept to a mini-
mum. We are achieving our on-time
performance objectives.”

Keeping in Touch

Passenger in-flight communications
are, it seems, just around the corner,
or at least on the horizon. It will no
longer be necessary to keep the
busy businessman out of touch with
his office and colleagues for a period
of several hours. Delegates to a
recent airline conference were told
that this state of isolation will be
short-lived as new levels of telepho-
ny reach for the skies. Unil recently
it has been a multi-channel problem
which has held back the installation
of in-flight telephones. Long haul
carriers, says Richard Worrall, need
multi-channel rather than single cir-
cuits. Now one US company, GTE,
has developed a system which
allows passengers to call any num-
ber by means of a low cost ground
station link, or via a not so economi-
cal satellite link, using the now spare
NATO radio wavebands. Before
boarding, the businessman will be
able to relay his personal number 1o
his secretary or home. In addition,
the GTE system will allow passen-
8crs 1o operate fax, PC communica-
tions and data transmissions from
their seats.

As a next stage, Virgin Atlantic
see the interfacing of cabin manage-
ment facilities via a control computer

10 each seat. A plunge of your credit
card into the equipment will allow
you to purchase vour drinks and
duty free, order meals or summon
the hostess. With satellite communi-
cations, the terminal will no doubt
also enable passengers 1o phone or
fax their mail orders from the Virgin
catalogue. With the in-flisht commu-
nications market worth an estimated
£2 billion, it can’t be long before our
personal video screens are jostling
for space with. high-tech communica.
tions systems. So in the meantime.
settle down and boogie your way to
Orlando.

While we may not be able to
offer you a ticket 1o Paradise, we can
provide the next best thing. The
opportunity to win three Virgin
Atlantic T-shirts, which cost £9 each
on board, they feamre Virgin’s ele-
gant Scarlet Lady insignia. The
design became one of the most
famous pin-ups of World War I, by
adorning the legendary Flying
Fortress bombers. Now the Scarlet
Lady decorates the nose of every
plane in the Virgin fleet.

To enter the draw to win a Virgin
T-Shirt, write the correct answers to
the following questions on the back
of a postcard or sealed envelope,
with your name and address. The
draw will be made from the thread.
bare editor's hat on 30th November
1992,

Please note that multiple entries
will be excluded from the draw. Post
Your enlries to: Virgin Atlantic
Contest, The Editor, ‘Electronics —
The Maplin Magazine’, P.O. Box 3,
Rayleigh, Essex SS6 SLR. Happy
landings!

atlantic

1. Who recorded the hit
album “like a Virgin#
(a) Madonna

(b) Bing Crosby

(¢) Bernard Cribbens

2. Is Heathrow close 1o
(a) Hampstead Heath
(b) Rotton Row

(¢) Slough, Middlesex

3. The earliest flight of an air-
ship was in:

(a) 1700

(b) 1852

(c) 1912

4. The first transatlantic aero-
plane flight was made via:
(a) Lisbon

(b) The Isle of Wight

(c) The City Airport

5. The first round the world
flight took:

(a) Two weeks

(b) Two years

(¢) Twenty five weeks.
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Note from Figure 2 that the
mean output voltage (Vi,za,) of each
waveform, integrated over a full cycle
period, eguals V.. multiplied by the
percentage duty cycle. Thus, if Vi is
10V, the waveform of Figure 2a (which
has a 10% duty-cycle) gives @ Vza, Of
1V. Figure 2b (which has a 50% duty-
cycle) gives a V.=, 0i 5V. Thus, V..,
is fully variable via the M/S-ratio or duty-
cyclevalue:”

Sine-to-Square
Conversion

Good-quality square-waves can be
generaled by feeding an existing sine
wave through a simple sine-to-square
converter, and the easiest way fo do this
is to use one of the four available gates

Part 3 by Ray Marston

of a GMOS 4083B quad 2-input NAND
Schmitt IC, using the connections shown

in Figure 3 (the three unused gates can
be disabled by grounding their input
ierminals). This circuit produces an

Ray Marston takes a look at square-wave
generators.

excellent square-wave output. with
typical rise and fall times of less than
100nS when the output is icaded by
50pF. The Schmitt’s trigger threshold
can besetvia RV1.

arts and 1 and 2 took an in-depth
P look at modern sine wave
generators. Part 3 continues the

‘generator’ theme by looking at a variely
of practical square-wave circuits.

Square-Wave Basics

Square-waves are free-running ‘puise’
waveforms and can be generated direcily
or derived (by conversion) from existing
waveforms. Figure 1 illustrates the basic
parameters of a square-wave. In each
cycle the wave first switches from zero to
some peak voltage value (V) for a fixed
period, and then switches low again fora
second fixed period. The time taken for
the waveform lo rise from 10% to 90%

of V... is known as its rise time, and that
taken for it to drop from 90% fo 10% of
Ve« is known as its fall fime.

Circuits that produce poor-gquality
square-waves, with fairly long rise and
fall times, are colloguially known as
‘sguirt’ generators. Such waveiorms are
useful in nen-critical applications such
as relay driving, LED flashing, sound
generation, etc. High-guality square-
waves have very short rise and fall times,
and are produced by so-called ‘clock’
generators, and such waveforms are
essential for correctly clocking fast acting
digital counter and divider ICs, etc.

In each square-wave cycle the ‘high’
part is known as its MARK and the ‘low’
pari as its SPACE. In a symmetrical
square-wave (such as Figure 1) the
MARK and SPACE periods are equal,
and the waveiorm is said to have a 1:1
M/S-ratio, or a 50% duty-cycle (since the
MARK duration forms 50% of the 1otal
cycle period). Square-waves do not have
to be symmetrical, however, and their
M/S-ratios, etc., can be varied over a

very wide range, as illustrated in Figure 2.
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Figure 1. Basic parameters of a square-wave.
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Figure 2. Square-waves with various mark'space values.
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Transistor Astable
CirCUItS 3V to 15V +ve
One way of directly generating square-
waves is via a two-transistor astable ct |
multivibrator. Figure 4 shows a practical =T [
1kHz version of this circuit, which can 100nF ’ 14
operate from supplies in the 1-5V to 9V L1 3
range with good stability. It is a cross- RVI R1 2 -“ =
coupled oscillator, with its MARK and Sine—Wave []*—D 40938 |
SPACE periods controlled by the C1, R1 Input 10k 100k Square—Wave
and C2, R2 time constants. If these time symmetiry To Pins 5,5,8, Ouiput
constanis are equal (C1 = C2 and R1 ™ 9,12 and 13 [
= R2). then the circuit generates a L
symmetrical square-wave output and e
operales al a frequency of 1/(1-4 x C1 x oV
R1). Thus, frequency can be decreased
by raising the C or R values, or vice Figure 3. CMOS Schmitt sine’square converter.
versa, and can be made variable by
using twin-gang variable resistors (in
series with 10k limiting resistors) in VCC 1.5 to 9V +ve
place of R1-R2. | T 1
The square-wave outputs of this = = ! R2 R
circuit can be taken from the collectorof | ?ks g8k Llsax Lliks
either transistor, and are in anti-phase.
The leading edges of the output ‘ c2 ‘
waveform are rounded and have rather 1k G2 L]
long rise times, so this simple astable [[1 o—t 10nF Il— oOuiput 2
is really only useful as a crude square- Output 1 L O“F]
wave 'squirt’ generator. There are many TR1 TR2
variants of this basic circuit, designed
toimprove its voltage range and/or
waveshape, butif a really good square- 2N3804 2N3904|
wave is needed itis besitouse a
different type of circuit altogether, using ==
either op amps, CMOS or TTL gates or ¥
Schmitts, or a dedicated ‘555 timer’ IC, Figure 4. Circuit of basic 1kHz transistor astable multivibratar.

elc.

OP—AMP

R1

= 10k
OV/\A-X— mCi - —— OV%OUT
R3

1 110k |

R1
T 47k
100k +3V

(set 500Hz),

Cl mm
10nF ==

Figure 6. 500Hz to 5kHz square-wave generator.
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Op Amp Square-Wave
Generators

Useful square-waves can be generated
by using an op amp in the basic
relaxation oscillator configuration of
Figure 5. This circuit’s output switches
alternately between the op amp's
positive and negative saturation levels.
Potential divider R2 and R3 feeds a
fraction of this voltage back to the op
amp’s non-inverting input, forming a
‘target’ voitage or threshold for the input,
and feedback components R1 and C1
act as a time-constant network. The
circuit operation is such that, when the
output is high, C1 is charged via R1 until
its voltage reaches and passes the
positive ‘target” value or threshold set
by R2 an R3. At this point a comparator
action occurs and the op amp output
regeneratively switches negative,
meaning that the threshold level at the
junction of R2 and R3 changes polarity
as the op amp goes into ‘negative
saluralion’ because of the positive
feedback loop set up by R2 and R3 to
the non-inverting input. This causes C1 to
begin discharging via R1 until its voltage
falls to the negative threshold value
sel by R2 and R3. Here the op amp
output switches paositive again, and the
whole sequence repeats ad infinitum,
generating a symmetrical square-wave
at the output of the op amp. and a non-
linear triangle waveform across C1. A
fast op amp, such as the CA3140, should
be used if good rise and fall times are
required from the square-wave.

This circuit's operating frequency
can be varied by altering either the R1 or
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C1 values, or by altering the ratio of R2 to
R3. The circuit is thus quite versatile, and
Figure 6 shows an adapted version to
make a 500Hz to 5kHz square-wave
generalor, with frequency variation
obtained by altering the R2-RV1-R3
altenuation ratio. RV2 can be used to
pre-set the range of the RV1 frequency
control, while RV3 gives output
amplitude control.

Figure 7 shows the this circuil
modified some more to make a general-
purpose square-wave generator that
spans 2Hz to 20kHz in four switched
decade ranges. Pre-set pois RV1 to RV4
are used to precisely set the minimum
frequency of the 2Hz to 20Hz, 20Hz to
200Hz, 200Hz to 2kHz, and 2kHz to
20kHz ranges respectively.

In the circuit of Figure 5, C1
alternately charges and discharges
via R1, and the circuit generales a
symmetrical square-wave outpul.

It can be made lo give a asymmetric or
variable-symmetry output by providing
C1 with alternate charge and discharge
paths, as shown in Figure 8. Here, the
waveform’s M/S-ratio is fully variable
from 650Hz to 6-5kHz via RV2. The
action is such that C1 alternately charges
up via R1 and D1 and the lefi-hand side
of RV1, and discharges via R1, D2 and
the right-hand side of RV1, giving a
variable-symmetry output. Variation of
RV1 has negligible effect on the circuit's
operating frequency.

CMOS Astable Basics

Another way to make a square-wave
generator is to use the gates of
inexpensive CMOS logic ICs such as the
40018, 4011B, elc. as simple inverters,
which are then wired in the astable
multivibrator mode, as in Figure 9a. This
circuit generates a good square-wave
output from IC1b (and a not-quite-so-
goad anli-phase square-wave oulput
from IC1a), and operates at about 1kHz
with the component values shown. The
circuit is suitable for use in many (but not
all) ‘clock’ generator applications, and
operales as follows.

The two inverters are wired in series,
and time-constant network C1-R1is
wired between the outputs of IC1b and
IC1a, with their junction connected to the
input of IC1a. Suppose that initially C1 is
fully discharged and the output of IC1b
has just switched high. Initially this
makes the C1-R1 junction fully positive,
thus driving IC1a output low, but the
voliage staris to decay exponentially as
C1 charges up via R1, until eventually
it falls into the linear ‘transfer voitage’
range of IC1a, making its output start to
swing high. This initiates a regenerative
action in which IC1b output swilches
abruptly to the low state (and IC1a output
switches high). This switching action
makes the chargeon C1 totry to apply a
negative voltage to IC1a input, but ICla’s
built-in input protection diodes prevent
this and instead discharge C1.

Thus, at the start of the second
cycle, C1is again fully discharged, so
the C1-R1 junction is initially at zero volis
(driving IC1a output high), but then rises
exponentially as C1 charges up via R1,
until eventually it rises into the linear
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Figure 7. General-purpose 4-decade (2Hz to 20kHz) op amp square-wave generator.

‘transfer voltage’ range of IC1a, thus
initiating another regenerative switching
action in which IC1b output switches
high again (and IC1a output protection
diodes. The operating cycle then
continues ad infinitum.

The circuit’s aperating frequency
is inversely proportional to the C-R
time constant (the period is roughly
1-4 % C % R), so can be raised by lowering
the values of either C1 or R1. C1 must
be non-polarised and can vary from a few
tens of pF to several uF, and R1 can vary
from 4k7 to 22M. The astable operating
frequency can vary from a fraction of Hz
to about 1MHz. For variable-frequency
aperation. wire a fixed and a variable
resistor in series in the R1 position.

Each of the ‘inveriers’ of the Figure
9a circuit can be made from a single gate
of 240018 quad 2-input NOR gate or a
4011B quad 2-input NAND gate, efc. by
using the connections shown in Figure
9b. The inputs of all unused gates in
these ICs must be tied to one or other
of the supply-line terminals. The CMOS
astable can be used with any supply level
in the range 3V 1o 18V; the ‘zero volls
terminal goes to pin-7 of the 4001B or
4011B, and the '+V; terminal goes to
pin-14.

The output of the Figure 9a astable
switches belween the zero and positive
supply rail values, but the voltage at
the C1-R1 junction is prevented from
swinging below zero or above the

Vi

D1

INAT4E

D2
INAT4B

RV1

M/S ratio
R1
10k

0

R2
10k

RV2
10k

frequency

R3
1k

out

Figure 8. Square-wave generator with variable M/S-ratio and frequency.
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positive supply-rail levels by the built-

in clamping diodes at the input of IC1a.
This fact makes the operating frequency
somewhat dependent on supply rail

voltage. Typically, a 10% rise in supply NOTES
voltage causes a 0-8% fall in frequency. IC1=40018 or
The waveform's frequency and | 401i¥B:elc ey

‘transfer voltage’ value of the individual | 1nf
IC1ainverter/gate (the frequency may R1
vary by as much as 10% between 680k

different ICs). However these defects Q4 S0 3L st
are usually of litlle practical importance. b = _0 5 He=_ Sy
| 5 2 7 ouT ouUT 1 ’

symmetry are also influenced by the I : 1—

Astable Variations . oV ov
Some of the defects of the circuit of +V

Figure 9a can be minimised by using the T El

‘compensated’ astable of Figure 10, in | —1 4

which R2 is wired in series with IC1a’s 40118 P~ ©0OUT

input. This resistor must be large relative

to R1, and its main purpose is {o allow

the junction at C1 and R1 to swing freely

below and above the zero and positive

supply rail levels, and thus the astable’s

frequency stability and waveform '

symmetry. Typically, when R2 is ten

times the R1 value, the frequency varies

by only 0-5% when the supply is varied

between 5 and 15V. |
The basic and compensated astable

circuits of Figures 9a and 10 can be built

with several defailed variations. Figure

11 shows the basic circuit modified

to give a variable-symmetry output.

Here C1 chargesvia D1, RV1 and Rt

to generate the MARK part of the

waveform, but discharges via D2,

RV2 and R1 to give the SPACE part

of the waveform.

— Figure 9a. Circuit and waveforms of basic 2-stage 1kHz CMOS astable.
H | ng-Of-Th ree' Astable | Figure Sb. Ways of connecting a 2-input NAND 40118 or NOR 4001B gate for use as an inverter.

The 2-stage astable circuit is a good,
general-purpose square-wave generator,
but is not always suitable for direct use
as a ‘clock’ generalor with fast-acting

counting and dividing circuits, since . (l:; NOTE:

it tends to pick up and amplify any | f 10nF IC1=4001B or

existing supply-line noise during the R2 R1i 40118

‘transitioning’ parts of its operating cycle, 390k 39k

and thus produces an output square- [ e 1
wave with ‘glitchy’ leading and trailing ‘ o O——0QOUT | | | I | | -
edges. A far better type of ‘clock’ oV

astable shown in Figure 12. The ‘ring-
of-three’ circuit is similar to the basic
2-stage astable, except that its ‘input’
stage (IC1a-IC1b) acts as an ultra-high- Figure 10. This ‘compensated’ version of the 1kHz astable has excellent frequency stability.
gain, non- inverting amplifier and its '
main timing components (C1 and R1)
are transposed (relative to the 2-stage
astable). Because of the very high ci
overall gain of the circuit, it produces i

an excellent and glitch-free square-wave ' i 10nF
D1
The basic ring-of-three astable IN4148 i INd4148
J
I%'m

generator circuit is the ‘ring-oi-three’ ‘

output, ideal for clock-generator use. p2 $
can be subjected to all the design pV2 E

D& Su ! RV1 2
modifications already described for 100k 100k ——NOTE‘
IC1=4001B or
(MARK) 40118

the basic 2-stage, it can be used in either
MARK SPACE

basic or compensated form and can give
+ve
b O——+—00UT | l | N

(SPACE)

either a symmetrical or non-symmetrical
output, etc. The most interesting

|
ez | 10k
varialions occur, however, when the |
circuit is used in the ‘gated’ mode, since s
it can be gated at either of the IC1b or l

IC1c stage inputs. Figure 13 shows an
example of a ‘gated’ oscillator that is
galed on by a logic-1 input signal and
has a normally-low output.

Figure 11. CMOS astable with independently variable MARK and SPACE times.
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Figure 12. This ‘ring-of-three’ astable makes an excellent clock

generator.

The CMOS ‘Schmitt’
Astable

An excellent astable ‘clock’ generator
can also be made from a single CMOS
Schmitt inverter stage. Suitable ICs are
the 401068 hex Schmitt inverter, and the
40938 quad 2-input NAND Schmitt
irigger.

Each NAND gate of the 4093B
can be used as an inverter by simply
disabling one of its input terminals
as shown in the basic Schmitt astable
circuit of Figure 14. This circuit gives
a square-wave outpul with edges that
are unaffected by supply line ripple and
other ‘'naslies’. lis operating frequency is
decided by the values of C1 and R1, and
can be varied from below 1Hz to above
1MHz. The circuit action is such that C1
is alternately charged and discharged via
R1, without affecting the polarity of C1.
C1 can thus be a polarised component.

The Figure 14 circuit can be gated
via an external signal by disconnecting
the 'spare’ input terminal from the
positive rail and using it as the gate input
terminal. The astableisgatedonby a
high (logic-1) input to this terminal, but
gives a sleady ‘high’ output when gated
off.

TTL Schmitt Astable
Circuits

Astable square-wave generators can
also be built using inexpensive TTL ICs,
and one popular way of doing thisis to
use elemenis irom the 74LS14 hex
Schmitt inverter. Figure 15 shows

an example of such a circuit, which
generates a clean square-wave output
with a 2:1 M/S-ratio and uses a second
schmitt slage to give a buffered output.
The circuit should be used with a fixed
5V supply, and its timing resistance
(R1+RBV1) value must be within

|

Figure 13. This gated ‘ring-of-three’ astable is gated by a logic-1 input
and has a normally-low outpul.

LY

[

Clum R
10nF == | 100k
l
oV

ol v (T
== :

Figure 14. Basic CMOS Schmitt astable.

the 1004} to 1k2 range. The circuit's
frequency is variable (via RV1) from
about 8-2kHz to 89kHz when C1 has a
value of 100nF.

4046B VCO Circuits

One really useful CMOS square-wave
‘clock’ generator IC is the 4046B phase-
locked loop (PLL) IC, which houses
(amongst other things) a very useiul
VCO (voltage-controlled oscillator).
This VCO is highly versatile, it gives

an excellent and symmetrical square-
wave oulpul, has a top frequency limit
in excess of 1MHz, has a voltage-to-
frequency linearity of about 1% and
can be ‘'scanned’ through a 1,000,000:1
range by an external voltage fed to

the pin-8 VCO input terminal. The VCO
frequency depends on the values of

a capacitor (minimum value 50pF)
connected belween pins 6 and 7, and
a resistor (minimum value 10k) wired
between pin-11 and ground, with the
voltage applied to pin-3.

RV1 +5V
1k 1‘ R1
ot 1 100R |

ICi1=74lS14

Figure 15. Variable-frequency TTL Schmitt astable.

: ci
AE;F +ov (tRoniaten) e f%? (regulated)
2] [ie | [ 17 [e |
78l L Rvi
ey RV1 3
3 | AQ46R -——Dsoou
|—| I_l I—l 40268 [—+f | 100k | 5 .
cuT D——Ljr 8 fregusancy OUTO; A | frequency
|” = = 11 |8 5 |12 i
35 D ek v
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Figure 16. CMOS wide-range VCO, spanning near-zero to 5kHz via RV1.
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Figure 17. Restricted-range VCO, with frequency variable from roughly
| 72Hz to 5kHz via RV1.

Conlinuedon page 71.
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FEATURES

* Costs Less Than ‘Big Name’ Systems
* Complete System Ready to Install
* Four Zones for Versatility

* Tamper Monitoring

* Battery Backed-up Siren and Alarm Panel
* 112dB Siren and Bright Strobe

* 4-Digit PIN Code for Arm/Disarm

* Programmable #* Expandable

Ideal for Home or
Small Business Use!

by Robert Ball and Martin Pipe -

Installation of the Maplin
Security System will brin
peace of mind to you and
your family or employees.
Although costing much less
than commercially installed
systems, it will provide a
level of protection that is
comparable to equivalent
‘big name’ systems.
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System is both very easy and quick—

providing that is, you plan the instal-
lation and read this urﬁcr; carefully!

The Maplin Security System is a
collection of specially chosen security
items available at a special ‘allin’ price;
offering a very substantial saving over
the total price of the individual compon-
ents. It contains all you need to provide
a basic level of protection to you, your
home or business, from intruders and
assailants. The system comprises the
following items: two passive infra-red
(PIR) detectors; two surface reed
switches; an external bell box (with
112dB siren, aftention-grabbing strobe
light and battery pack); 50m of six core
cable; 60 plastic cable clips; a 12V
lead-acid battery and the brains of the
system, an MSS3000 Alarm Panel.

lnsiallalion of the Maplin Security

To extend further the protection
afforded by this system, a complete
range of accessory items are available
from Maplin.

System Overview

The MSS3000 alarm panel is a versatile,
micro-coniroller based unit and is
capable of monitoring up fo four indepen-
dent zones, plus 24-hour ‘Personal Attack’
butions and a tamper loop.The function-
ally styled case incorporates status
indication by means of coloured LEDs,
and operation by means of a membrane
keypad. During operation, various fones
are emitted from an internal speaker;
these indicate keypad operation, alarm
triggered, efc. Access fo the circuit con-
neclions is made by removing the front
cover—any unauthorised atiempt to open

the unit will operate a tamper switch!
The unit is powered by 240V AC mains,
and when fitted with the lsad-acid back-
up battery (supplied), it provides
confinuous protection during a mains
power failure.

In use there are 4 main zones, each
of which can be monitored as required;
zones may be omiited as necessary. In
addition a tamper loop is also provided.
This loop is continuously monitored and
detects interference to the system by
unauthorised persons. The four zones
can be provided wherever you need
them—a zone is simply an area of the
premises protected by one or more
sensors; a number of zones will be used
to cover the premises as a whole. As
four sensors are supplied (fwo PIRs, two
reed switches), one could be used for
each zone—but more can be added by
wiring them in series with the existing
sensor{s) in the required zone. There is
virtually no practical limit to the number
of sensors that can be added this way.

The external bell box —which is
actually fitted with a sirenl —is also fitied
with a bright sirobe light, tamper switch
and a nickel-cadmium (Ni-Cd| battery

Above: Internal view of a typical bell
box supplied with the system.

Inset: Colour coded wire supplied
with the system.

Top right: Internal view of the
MSS3000 alarm panel supplied with
the system.

Bottom right: Underside view of the
surface mounting reed switch,

Left: Tamper spring hooked under
edge of keypad.

pack. Any aftempt fo interfere with the
box, or the wiring, will trigger the alarm.
Even if the wires fo the bell box are aut;
the siren will still operate.

The system has two main modes of
operation - ‘Day’ and ‘Armed’.

In the ‘Day’ mode, the alarm panel
manitars Ihe personal attack buttons and
tamper loop, but does not monitor the
various zones. This is the normal mode
of operation when premises are occu-
pied. The way in which the alarm panel
responds to a tamper loop violation or o

anic button being pressed depends on
Eow the user has programmed the alarm
panel fo respond.
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: The M553000 alarm panel.

In the ‘Armed’ mode, the alarm panel
monitors all zones, the personal attack
buttons and the tamper loop.

This is the normal mode of operation
when premises are unoccupied.

The system may also need to be armed
whilst the premises are still occupied; for
example; in a house at night, when the
ground floor is unoccupied and residents
are asleep upstairs. In this instance the
upstairs zones are omitted whilst siill
providing full ground floor coverage.

It is imporiant to properly plan the instal-

lation before proceeding any further; the

following important points should be

considered:

® Location of the alarm panel

® Provision of 240V AC mains supply
to the panel

® location of the external bell box

¢ Desired routfe(s) of enfry/exit to the
premises

® The number of zones required

® Location of each zone and area to
be covered

¢ Type of sensors best suited to cover
a zone

® Where wiring can be routed

¢ Safety Precautions

® localion of buried pipes and cables

® Local regulations regarding the
installation of burglar alarms

Alarm Panel Location

The alarm panel should be located in a
position where it is easily accessible to
‘authorised’ persons when entering the
premises — however, it is advantageous
to conceal the panel from direct view; for
example, in a store cupboard. It is of
course necessary fo provide a source of
240V AC mains and run cables to the
various sensors—choose a location
where this can be easily done; take into
account solid floors and concrete walls!

Mains Supply

The correct provision of a 240V AC
mains supply, in accordance with IEE
Wiring Regulations, is important for
reliable operation. If in any doubt as to
the correct way io proceed, consult a
qualified electrician; otherwise the safaty

50

Connecting the lead acid battery to the
alarm panel.

of the electrical installation as a whole
could be compromised. Before under-
taking any work on mains wiring, switch
off the supply at the main isolator switch.
Similarly switch off the mains supply
before removing the cover of the alarm
punBL

Ideally the alarm panel should be
provided with its own circuit from the
consumer unit (fuse box) —this will allow
easy maintenance fo the rest of the
elecirical installation without interrupting
the mains supply io the alarm puner
The dedicated circuit should terminate in
a unswitched fused cable outlet. If you
have a modern splif load consumer unit
fitted with a Residual Current Device
(RCD), it may be better to add the alarm
panel circuit to the group that is not
protected by the RCD. This will prevent
a loss of power, to the alarm panel, in
the event of “nuisance fripping’.
Murphy’s Law dictates that such a power
| loss would happen when the premises

are unoccupied for a long period of
[ fime; in such a case the back-up battery
| would not be capable of supplying the
panel indefinitely! '

However, in many cases it will be
impractical or foo cosily to provide a
dedicated circuit. In this instance a per-
manently wired unswitched fused spur
can be added to an existing 30/32A
ring main. The connection between the
ring main and the unswitched fused
cable outlet should be made using
2-5mm flat twin and earth cable.

The cable outlet should be fitted with
a 2A fuse. The connection between the
cable outlet and the alarm panel should
be made using 3core 6A mains cable.

It is inadvisable fo connect the alarm
panel lo the mains by means of a 13A
plug—it is likely that it will be inadver-
tently unplugged! The connection of
permanenily filted apparaius to the
mains in this way is in fact precluded
by IEE wiring regulations.

It has also been found that mains-
borne interference can, in some
insfances; cause misoperation of the

PIR coverage of a hall way

L | = PIR sensor

=\J= = Door

®

Blind spot

PIR covercge of a room
!
1
|
4
r"’.
L | = PIR sensor
=\}= = Doaor
’ = Blind spot
I

Figure 1. Typical PIR coverage of a
hallway.

? Figure 2. Typical PIR coverage of a
room.
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alarm panel. It is advisable, in such
casss, to install a mains filter in the sup-
ply fo the alarm panel and suppress the
source of noise if it can be identified
(e.g., large motors, efc.).

Bell Box Location

The bell box should be located promi-
nently and as high as possible. The box
should be orientated so that the strobe
faces downwards. Avoid siting within
easy reach of flat roofs. Although
weatherproof, avoid locating the bell
box where it will be subject to direct
streams of water, e.g., underneath faulty
guttering.

Zone Planning

The premises should be divided info
zones; this will moximise versatility of the
complete system. Zones can be desig-
nated as being: ZONE, ENTRY ZONE
or WAILK THROUGH ZONE.
Understanding the difference between
these is vitally important.

ZONE; these will be the zones not
designated as eniry zones. When the
alarm is armed, violation of a ZONE will
trigger the alarm pane! and bellbox
siren instantly.

ENTRY ZONE; this will cover the
access route from the main door through
to alorm panel. Adjacent areas where
entry is not necessary to reach the alarm
panel should be assigned as ZONES.
When the alarm is armed, violation of
the ENTRY ZONE will trigger the alarm
panel, but the bell-box siren will not
sound if the alarm panel is sef to ‘Day’
(i.e., disarmed) within the pre-set eniry
time. |f several entry/exit routes are
required, more than one zone can be set
as on ENTRY ZONE. Entry info ancther
ZONE, unless designated an ENTRY or
WALK THROUGH ZONE, will frigger the
bell-box siren instantly.

WALK THROUGH ZONE; this is a
zone that will ordinarily trigger the alarm
panel and bell-box siren instantly, if it is
viclated, except if the ENTRY ZONE has
previously been entered; if this is the
case the zone will be freated asan -
ENTRY ZONE. A zone should be desig-
nated as a WALK THROUGH ZONE if it
is necessary to walk through it to reach
the alarm panel.

A typical example for a house,
where the alarm panel is located in the
reception room, would be:

ZONE ZONE TYPE AREA

ZONE1 ENTRY ZONE HALL

ZONE2 WAIK THROUGH  RECEPTION
ZONE ROOM

ZONE3 ZONE REST OF

GROUND FLOOR
ZONE4 ZONE UPSTAIRS
Sensors

The two types of sensors supplied are
of the PIR and Reed Switch types.

PIRs afford protection to a complete
area within the sensor's ‘field of view';
the sensor werks by defecting the infra-
red heat radiation given off by people
(and animals!). The sensors are usually
best mounted in the corners of rooms,
bearing in mind that walls and other
solid objects will preduce 'blind spots”.
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Sensor Terminals

With reference to Figure 3, the sensor
the alarm panel circuit board. The connec-

right, as fellows:

This output can supply 12V ot 5300mA
max, (Fin 1 =+12V; Pin 2 = 0V). In the
casz of the sysiem as supplisd, this supply
iz usad to power the PIR seasors. Oiher
devices ihat require external power may
be used in parallel provided that they run
from @ 12V supply, ond that the total locd
doss not excesd 500mA. Under no cir-
cumstances should a link be fitted across
this pair of terminals; this will cauvse fuse
F2 to blow!

3 & 4 24-Hour Tamper Loop
(24-Hr) (Factory-fitted link)

This loop, which is operational whensver
the system is powared up [i.e., in both
‘doy’ and ‘armed’ modss), is used to
detect any tampering with sensors. The
tamper swiiches [normally closed contacts)
are effectively connected in series; if the
loop formed by the switches and wiring is
broken ot any time, the alarm panel will
datect this. User programming will deter-
mine the punai’s response o the tamper
leop viclation.

5 & 6 Bell Box Tamper Loop

(SCB RT 0) (Factory-fitted link)

This loop is used to inform the alarm panel
as to the infegrify of the bell box. if the
bell box is tompered with, or the cable

to fhe bell box is cut, the loop will ba
broken, the alarm panel will be triggered
and the bellbox siren will sound. User
pregramming will determine the panel’s

inpuis are locoted along the bottom edge of

tions fo this row of ferminals are, from lefi to

1 & 2 Auxiliary Power Output (AUX)

response o the famper loop viclation.

The SCB O terminal also provides
a return path for the bellbox batiery
charging current.

7 & 8 Personal Attack Loop (PA)
(Factory-fitted link)

A personal oitock bution (optional), with
normally closed contacis, is wired across
these terminals; if required, several panic
buttons may be connected in series.

9 & 10 Zone 1 Loop (ZONE1)
(Factory-fitted link)

All of the sensors in this zone are
connecied in saries to thess terminals.

If o zone is not to be used, its link should
be lefi in place. Zone 1 is usually fhe
entry zone, although cthers can be usad.

11 & 12 Zone 2 Loop (ZONE 2)

13 & 14 Zone 3 Loop (ZONE 3)

15 & 16 Zone 4 Loop (ZONE 4)
(Factory-fitted links)

As Zone 1, except Zones 2, 3 & 4 arz nof
normally entry zones. 17 & 18 Mot used
[SD'SC). -

19 & 20 Keyswitch (KK)

A keyswitch (optional) moy be connecied
across these two terminals. This will enable
the alorm ponel to be armed or disarmed
from o remoiz location outside the pro-
tected area, depending on how the system
haos been programmed. Even it a keyswitch
is not to be used, DO NOT fit a link hera!
It is important that the keyswitch is
mounted cutside all the zones.

21 & 22 Internal Speaker (SP)
Thess terminals are factory connected to
the internal loudsp=aker.

Table 1. Sensor terminals.

Figure 1 shows an example of hall
coverage ond Figure 2 shows an ex-
ample of room coverage. Additional

PIRs can be purchased, of which there are |

several different fypes, each with its own
particular characteristics.

Reed switches protect a single open-
ing door or window; the type supplied
are of the surface mounting type and are
the easiest to install, being simpl
screwed to the surface of the door/

window frame. Flush and recessed
types are also ovailable, although these
require additional drilling fo install.

Full details of a full range of PIRs,
Reed Switches and other sensors may be
found in the current Maplin Catalogue.

Wiring 2
Take fime to work out the best way in

which cables can be run. Wiring can
be concealed in plastic mini frunking

Output Terminals

With reference to Figure 3, the alorm out
puts are lccated along the left edge of the
alarm panel circuit board. The connections
to these terminals are, from top to botiom:

23 & 24 Low voltage AC Input (AC)
(Factory connected)

25 Earth (E)
(Factory connected)

26 & 27 +12V Input (batt - +)
(Factory connected flying leads)

The wires from these two terminals are
used for connecting the supplied 12V lead:
acid backup battery.

28 & 29 Siren Output (BELL - +)
These two terminals provide the power for
e siren. The +’ terminal iz permanantly ot

+12V ond the =’ terminal is taken ‘low’
when the alarm panel operaies the siren.
The ‘+’ termincl alse provides the charging
current for the battery pock in the bell box.

30 & 31 Strobe Output

(STR +-)

These two terminals provide power for the
strobe when the alarm panel oparates it.

32 +12V when Armed Output

(+ SET)

This terminal is not normally vsed with the
Maplin Security System; it provides +12V
when the alarm panel is armed. It is poss-
ible fo use this terminal to power a separate
low current indicator (e.g., LED and series
resistor, not supplied), to show that the
olorm is armed.

Table 2. QOuiput terminals.
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Figure 3. M553000 Alarm Panel and bell box connections. ‘

(available from elecirical retailers),
buried in walls (use conduit to prevent
cable damage and to allow for future
expansion cabling), or simply fixed to
the surface with the cable clips provided.
Wiring can also be run through floor or
wall voids, in existing conduit or frunk-
ing, etc., saving much fime and effori—
however, it is best to avoid running
cables next fo mains wiring as, in
certain circumstances, ihis could cause
false riggering.

It is best fo hide wiring where
possible; not only is this less visually
oblrusive, but also hinders tampering.

Safety Precautions
In addition to the warning about werking
on mains wiring, when working on the
alarm panel, bell box, sensors and
wiring, ensure that both the mains supply
and lead-acid standby batiery are
disconnected - otherwise damage may
oceur.

When using power iools, always

wear appropriate safety equipment fo
protect you from flying debris —keep
ofher people out of your work areal
When using ladders, ensure they are
properly erected according to the manu-
facturer’s recommendations. Don'’t over-
stretch —move the ladders if necessary.

When drilling holes or chasing out
plasterwork, check first for buried pipes
or cables—they may not always be
where you expect them! —especially in
older premises; if necessary, use a cable
and pipe locator.

Local Authority
Regulations

Most local authorities will require that, in
accordance with the ‘Code of Practice

on Noise from Audible Intruder Alarms’,
the sounding time of the bell-box siren is
limited fo 20 minutes. However, it is poss-
ible that certain local authorities may
impose other restrictions, such as bell

box siting in conservation areas, inform-

ing Police of key-holders, etc. It is there- |
|

Maplin Colour User Colour

Red
Black
Yellow
Green
White
Blue

Sensors Bell Box

+ supply (PIR only) Siren +

- supply (PIR only) Siren -

Tamper loop SCB Return |
Tamper loop SCBO

Zone circuits Strobe +

Zone circuits Sirobe -

Table 3. Wire colours.
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fore advised that you contact the
Environmental Protection and Planning
Officers fo check local byedaws.
Generally, with bell box only type
alarm systems, unless byelaws dictate
otherwise, there is no obligafion to
inform the Police that an alarm has been
fitted. That said, it is a goed idea fo do
so and provide the details of of least two
telephone contactable keyholders.

To assist familiarisafion with the
operation of the alarm panel, it is
advised that the alarm panel is initially
fitted and tested without the bell box or
any sensors attached. Tables 1 and 2
list the functions of the various terminals
on the alarm panel.

Ensure that the mains supply is
disconnected before proceeding with
the alarm panel installation.

Secure the alarm panel fo the chosen
surface using appropriate fixings.

The terminal block for the 240V AC
mains connection is situated to the right
of the fransformer and should be wired,
using 3-core 6A mains cable fo the
unswitched fused cable outlet (see Mains
Supply, above). Referring to Figure 4,
connect the wires as follows; the terminal
marked ‘N’ connect the Neutral (Blug)
wire, the terminal marked ‘E’ connect the
Earth (Green & Yellow) wire, and the
terminal marked ‘L' connect the Live
(Brown) wire.

The factory fitted wire links connected
across ferminal pairs must be left in place
for testing purposes; the links should,
however, be removed when fitling
sensors.

Alarm Panel Testing

Haok the tomper switch spring under the
left hand edge of the keypad. Connect
the 12V lead-acid baitery to the trailing
red (+) and black [-) wires. It is critical to
observe the correct polarity as the spade
terminals and lugs are the same size.

It is likely that the battery may
already be partially charged, ifthis is the
case, as soon as this has been done, the
speaker will begin to ‘beep’. If the bat-
tery is nat charged, unhook the spring, fit
the front cover of the alarm panel and
preceed fo ‘Mains Test'. *

To stop the beeping, type in the
factory pre-set user code. The ‘Day’ and
'PA’ LEDs will be illuminated. Pressing
‘RESET" will extinguish the ‘PA’ LED.

Unhook the spring, the speaker will
beep again, io stop this, type in the user
code again, The ‘Day’ and ‘24-Hrs' LEDs
will be illuminated. Fit front cover of the
alarm panel. Pressing ‘RESET’ will extin-
guish the ‘24-Hrs’ LED.

Mains Test
Switch on the mains supply; the ‘MAINS’
and ‘Day’ LEDs will be illuminated.

Arm Test

Type in the user code and the ‘Day’ LED
will extinguish. Press "ARM’, the speaker
will beep for 30 seconds; during the final
10 seconds the beep will increase in
speed. After this time the spsaker will
silence. The alarm panel is now armed.
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Disarm Test

Type in the user code, the ‘Day’ LED will
illuminate. The alarm panel is now dis-
armed.

This concludes basic testing. You
may wish fo repeat the arm/disarm pro-
cedure a few times to familiarise yourself
with operation of the panel.

Disconnect the mains supply, remove
the front panel [glpe in the user code to
stop the beep), disconnect the batiery.

Wiring

50 metres of six-core burglar alarm
cable are supplied with the system.
The various wiring diagrams give wire

colours for clarity; when wiring the
components info the alarm system it is a
good idea to decide upon your own
colour scheme for security reasons. The
colours used in the diagrams are shown
in Table 3. It may be helpful to write
your own colours in the ‘User Colour’
space provided in the fable.

Any joins in the cable should be
made with screw-terminal connectors
within a security junclion box.
Depending on the complexity of the
installation, it may also be necessary to
join cables inside the alarm panel and
PIR enclosures. Joints should be made
using either small terminal blocks or by
soldering the wires together and using

_MW
| I

Vizw im=ide cos=

insulafion tape or heat-shrink sleeving —
just twisting wires fogether is unreliable
and will cause false alarms.

Sensor Installation
To make the most of the sensors supplied
with the system, they must be installed
and set up correctly. Compatible sensors
other than those supplied may also be
used. Note that if more than one sensor
is to be used in a single zone, then all
the sensors in that zone should be wired
in SERIES. If the sensors were wired in
parallel, then only ihe simulianeous
activation of all sensors {a break-in)
would trigger the alarm!

The tamper loop is designed to pre-

E.!.*cl
{Eiuc) I ‘}_
|
sea/Bo4)
Figure 4. Mains connections to the alarm panel. Typical PIR sensor used in the system.
Window
frame
\% | m \
] (0 |
=] = 4—core Reed Magnet
== alarm switch assembly
E cable assembly
Cable
= clip

Figure 5b. Fitting a surface mounting
reed switch to a window.,

vent anyone interfering with the alarm
system, and it works by making a circuit

through the devices that need fo be pro-
tected. If this circuit is broken by either
culting a wire or where tamper swiiches
are fitted, opening one of the units, the
alarm panel will be triggered.

Note that although there are separ-
ate zones, the tamper loop is common
to all zones.

Reed Switches

The system is supplied with two surface-
Figure 5a. Fitting a surface mounting reed switch to a door. mounting reed swilches; these can be
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Resd switch
mounted onto
door frame

Wnen the door is
closed the maognet
and reed switch must
be mounted facing
each other no greocier
than 20mm apart

Magnet mounted
one door
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Figure 6a. Reed switch wiring: zone circuit. Figure 6b. Reed switch wiring: tamper loop.

mounted on either doors or windows. contacts closed; when the door/window Figure Sashows how fo attach the reed
The switch comprises two paris, a is open, the switch contacts spring switch to a door and Figure 5b shows
magnet and the swilch itself. The magnet apart. This simple action breaks the loop fitting to a window. Figure & shows how
is mounted on the “opening’ part of the and friggers the alarm panel. When the wires should be connected. Flush
door/window and the switch on the fitting, the two parts should be facing and recessed reed switches are also
‘static” frame. When the door/window is each other and not more than 8mm available; these may be preferred for
closed, the magnet holds the switch apart when the door/window is closed.

practical or aesthefic reasons, Figure 7

/
/
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Figure 8b. PIR wiring: zone circuit.
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Figure 8c. PIR wiring: tamper loop.
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shows how a flush reed switch can be
fitted to a door.

Passive Infra-Red Detectors
(PIRs)

The system is supplied with two PIR
sensors. Since the exact type of PIR
sensor supplied moy vary, please refer fo
the insiructions supplied with the sensor.

Generally, each PIR has a number
of terminals for connecting to the alarm
panel. These are the normally closed
alarm contacts, +12V supply and
normally closed tamper contacis. The
‘alarm’ terminals should be connecled
to the required zone (in series with other
sensors). The +12V supply terminals,
used for supplying power to the sensor,
should be connected to the "AUX’ termi-
nals of the alarm panel (in parallel with
other PIRs). Ensure the correct polarity
is observed when connecting the supply
wires, otherwise damage could result.
The tamper loop terminals should be
connected to the ‘24 Hr’ terminals on
the alarm panel (in series with other
sensors). Figure 8 illusirates typical
wiring of a PIR.

Note: When the sensors are first
‘powered up’, they require a couple of
minufes ‘warming up time’ before they
will detect movement.

Bell Box

When the alarm is friggered the bellbox
strabe will flash, and the siren will sound
for 20 minutes. After this time the siren
will then cease to sound, but the sirobe
will confinue to flash until the alarm
panel is resel. The siren sounding period
can be changed, but ensure the fime set
complies with local autherity regulations.

The siren is housed inside a tough
brightly coloured plastic box, and has an
integral tamper switch to defect any inter-
ference. This box is also used as a
mounting platform for the strobe light.
There are six connections from the alarm
panel to the bell box. One pair operates
the sirobe and the other fwo pairs are
used for activating the siren, charging
the back-up batteries and to inform the
alarm panel if the bell box has been
tampered with, or the wires cut. Figure 3
shows how fo connect the bell box to the
alarm panel. Due to the manufacturer’s
policy of confinued product improve-
ment, it is possible that the exact layoui
of the connections will change; however,
where necessary, full details of the
changes will be supplied with the unit.

Before fifting the bell box, it is
advisable to discharge the battery pack
(it would have been charged sufficiently
by the manufacturer to test it). This will
prevent a 112dB siren sounding in close
proximity fo your ears, whilst up a lad-
der, when making the final connections!
The easiest way to do this is to ‘carefully
sivff* a piece of cloth (e.g., a sockl) into
the mouth of the siren and connect the
battery link.

The cable to the bell box should,
ideally, not be accessible from outside
the premises, i.e., it should pass directly
through the wall behind the bell box.
The hole for the cable should be drilled
diagonally upwards from the outside;
this will prevent rain water running in!
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Figure 9. Connecting the optional
keyswitch,

Accessories

Remote Keyswitch

An external keyswitch may be connected
to the two terminals designated as ‘KK’
(Figure @ shows the connections). This
allows the alarm to be remotely armed
or disarmed without having to enter the
four-digit code. Note that this unit, for
obvious reasons, incorporates a tamper
switch; this should be incorporated in
series with the other tamper swiiches in
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\E=m] I

00)

]

IS

=
lo

o0l

|

—

Wails

Cr=en wire

Figure 10. Connecting the optional personal attack buttons.

The bell box should be securely fitted
to the desired surface with appropriaie
fixings.

Please note that once the alarm is
fully operative any maintenance to the
bell box will cause the siren to operate.
Therefore, it is necessary fo be ready for
this — use earplugs when working up a
ladder in close proximity to the bell box.
It would also be a good idea to engage
another person to disarm the alarm as
soon as it sounds, minimising annoyance
caused to others.

MSS3000 Fuses

The MSS3000 contains two internal
fuses, which are both F1A 20mm fypes.
F1 is used for protecting against any
faults with the battery, while F2 protects
the unit’s power supply from short-
circuits across the ‘AUX’ [PIR sensor 12V
supply) or ‘BELL" terminals — accidental or
malicious. Even if the supply to the siren
was to be cut, due to F2 failing in such
a way, the back-up battery would power
the siren for a significant peried.

Normally Open
Sensors

In the event that sensors with normally
open fype confacis need o be connected
to the system, correct operation can be
achieved by leaving the factory fitted
link across the zone in question and
wiring the sensor between the linked
terminals and the "AUX-" terminal.
Examples of this type of sensor include
pressure mats and some panic buttons.

the system. It is important that the key-
swilch is mounted ouiside all the zones.

Personal Attack Buttons
Although not supplied with the system,
personal aifack buifons can be easily
added. If an infruder enters cccupied
premises or in the event of an emer-
gency, the personal aftack bution can
be pressed triggering the alarm panel
and bell-box siren instantly, regardless
of whether the alarm is armed or not.
These buitons should be convepienily
located, for example near main doors,
under a counter, in bedrooms, elc.
Depending on how the alarm panel

is programmed, pressing the personal
aitack bution will either frigger both the
bell-box strobe and siren, or just the
sirobe. The button should have normally
closed contacts. Connection is made to
the ‘PA’ [personal attack) terminals on
the alarm panel. It is also advisable to
connect the tamper loop fo the personal
attack button; note the tamper loop
wiring does not aciually connect to the
contacts of the button. Connecfion of
the personal aitack buiton is shown in.
Figure 10.

Other Accessories

A wide range of other accessories
are available from Maplin, refer to the
current Maplin Catalogue or visit one
of the many regional Maplin stores.

Testing

Advise your neighbours that you will be
testing the alarm; otherwise you may get
Continuved on page 64
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PROJECT
RATING

FEATURES

+15 Channels

+ Remote Control
of Preamplifier

i 21 Keys

+ Remote Control
of Light Dimmer

# ‘Clicktouch’ Keypad

* Remote Control of
User-Specified Items

# Robust Aluminium
Case

Text by Martin Pipe
and Nigel Skeels

This infra-red transmitter is
designed to provide the Digitally
Controlled Preamplifier Project
(see Issue 52 of ‘Electronics’) with
full remote control of all funec-
tions, including power, volume,
tone and input selection. Another
transmitter similar to this one is
also available from Maplin; this is
designed for use with the Dimmer
Switch and the Single Channel and
15 Channel Infra-Red receivers — all

The Transmitter PCB.
featured in the Maplin Catalogue. 5
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Figure 1. Circuit diagram of 15-Channel Infra-Red Transmitter.

part from the two keypad leg
ends, the two transmitiers
are exactly the same; in fact,
one will de the job of the other —it is
only the combination of diodes D3 to
D7 that determine the unit with
which the transmitter can be used.
This is a distinet advantage if you
have more than one remote controlled
kit in the room; after all, you don't
want to inadvertently dim the lights
in your room whilst turning down the
volume of your stereo system.

The case is extremely rugged -
which is more than can be =aid for
that of the average TV/VCR remote
control unit! Its main bedy is an
anodised aluminium extrusion with
matching end-cheeks, while the key-
pad itself is one of the celebrated
‘Clicktouch’ designs. The latter has a
characteristic responsive feel to it,
unlike other membrane designs which
offer no tactile feedback whatsoever.
A positive advantage that ‘Clicktouch’
keypads share with their membrane
counterparts is a high degree of pro-
tection against moisture ingress. A
red LED, visible from the keypad,
shows that the unit is functioning
when a key is pressed and gives some
idea as to the condition of the battery.

Circuit Description

As can be seen from Figure 1, most of
the electronics are contained in IC1, a
Mullard SAA3004. If it wasn't for this
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5 x 1N4148

IC, the unit's slimline case (which fits
comfortably in the palm of the hand)
would simply not be large enough to
contain a 15 channel system of this
complexity.

The pinout of the SAA3004 is
shown in Figure 2. Pins 2 to 8
(SENxN) and 13 to 19 (DRVxN) are
the keypad matrix inputs (SENSE)
and outputs (DRIVE) respectively.

R
thes B4

oV

ov

- e e | A=

Close-up showing connections of the
‘operate’ LED to R3 and R5.

The keypad of the remote control unit
is arranged as a scanned matrix,
formed by these two groups of seven
lines. The SAA3004 can provide up to
64 commands; the 21 used in this
design have been chosen for their
compatibility with the remote conirol
systems of the relevant projects. To
avoid confusion, it is best to explain at
this stage that the 21 keys of the
transmitter provide the 15 functions —
some of the functions require more
than one key (volume up/down or bal-
ance lefi/centre/right, for example).
Diodes D2 to D7 form a part of the 15-
key matrix. The absence or presence
of each of these determines which of
the 64 overall funections will be used —
different projects require different
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command codes. Pin 9 (ADRM) deter-
mines the output data format; when
connected to DRVEN (pin 19), the
pulses are modulated (otherwise they
are output as ‘flashes’ of infra-red -
suitable for use with wide-band
receivers only, and not applicable
here.)

Normally, the seven drive pins
(columns) are held low. When a key,
or a combination of keys, have been
pressed, one (or more) of the seven
sense pins (rows) — which are normal-
ly high — are forced to ground. This
provides information as to which row
contains the activated key. Next, each
of the drive pins is held high in
sequence to determine the column in
which the operated key can be found.
With the address of the key found, the
455kHz oscillator (based around a
ceramic resonator present at pins 11
and 12) is powered up, and a burst of
pulses corresponding to this address
is sent to pin 1, the output of the
SA3004. This pulse-width modulated
information is supplied to the buffer
(TR1) and the LED driver (TR2),
which switches the LEDs on and
off correspondingly. C3 and D1 are

AN/

REMO | 1 ?_{‘.'l Voo
SENGN | 2 191 DRVEN
SENSN | 3 TSI DRVSN
SEN4N l 4 1?| DRV4N
SEN3N | S 16| DRVIN

SAA3004
SENZ2N | & E DRV2ZN
SENIN | 7 ‘IA‘.-l DRVIN
SENON | 8 13| BRVON
ADRM | 2@ 12| OsCo
Vgg 10 1 1| OSCl

Figure 2. Pinout of IC1 (SAA3004).

present to ensure correct operation of
IC1 when the batteries are running
low. Relatively large value (470uF)
electrolytic capacitors C4 and C5 are
present for the same reason; TR2,
for example, requires a significant
current to drive the four LEDs pre-
sent between its collector and ground.

PCB Construction

Construction of the PCB is straight-
forward. However, it is important to
ensure that all polarised components
(electrolytic capacitors and semicon-
ductors — particularly the LEDs) are
orientated correctly prior {o soldering.
Diodes D3 to D7 should be inserted

Take care inserting PCB into the case!

or left out — see ‘Configuring the
Transmitter’. Note that IC1 is socket-
ed; it should be fitted so that the
groove in one end, lines up with that
shown on the legend. Do not insert
the IC at this stage. The connector for
the keypad's ribbon cable should be
installed so that it points to the top of
the PCB. Helpful constructional infor-
mation, if you need it, can be found in
the Constructors’ Guide (Order Code
XH79L, if you don’t have one
already!) As you can see from Figure
3, LD1 (the red ‘operate’ LED) is
inserted from the track side of the
PCB so that it can be seen from the
keypad side of the unit; in addition,
its body is fitted flush against the

Flat side of
sach I/R LED

AFA/
zl|t

LD2LD3LD4

2mm

Red Black
>
6& &y
G X
Component

Side

Solder
Side

Figure 4. Fitting 'R LEDs (LD2 to 4).

Figure 5. Battery connector wiring.

Figure 6. Mounting PCB in case,
58

Figure 7. Connecting Keypad to PCB.
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Project (Maplin order codes in brackets)

Diodes (Yes = Fitted)

D3 D4 D5 D6 I_}T
Preamplifier (VE46A) Yes No No No No
15 Channel Receiver (VET3Q) No Yes No No No
;ha_nnel Receiver (VET58) No Yes Yes Yes Yes

Light Dimmer (VE74R)

No Yes Yes Yes Yes

Table 1. Configuration of transmitter

Transmitter carrier frequency:
Number of identification codes:

Power supply voltage:

Current consumption (standby):
Current consumption (transmit):
Keypad:

Dimensions:

38kHz

6 (set by diodes)

Number of independent channels: 15

9V (PP3 battery)

0-1pA

10mA (average)

Velleman ‘Clicktouch’ with tactile feedback
50mm (W) x 23mm (H) x 175mm (L)

Table 2. Specifications

PCB. Note from the diagram that the
anode of the LED is soldered to R5.
while its cathode is soldered to R3.
The three infra-red LEDs are mount-
ed as shown in Figure 4; note that
their leads are folded by 90°, and that
the base of each LED is at a distance
of 2Zmm away from the PCB. Polarity
is important — each device should be
mounted so that its flat side (cathode)
should appear on its right-hand side,
when viewing the top of the PCB from
the component side. Figure 5 shows
how the battery clip leads are fitted;
each wire is passed through three
holes before being soldered. This
arrangement has the effect of acting

as a cord grip, keeping the strain off
the solder connections. It is critical
that the wires are fitted the right way
round, or the components could be
damaged when the battery is fitted.

Configuring the
Transmitter

Each of the projects intended for use
with this remote control transmitter
identifies a specific group of codes. As
mentioned in the circuit description,
these codes will depend on what has
been sensed by the SAA3004's keypad
matrix, The presence or absence of D3
to D7 determines the arrangement of

this matrix, the commands sent, and
thus the equipment with which it can
be used, refer to Table 1.

Mechanical Assembly

Once the PCB has been assembled,
mechanical assembly can commence—
but only after a thorough check has
been made for misplaced components,
solder bridges, ete. Spotting problems
at this stage helps to prevent trouble
later on!

When fitting the membrane to the
case of the unit, extreme care must be
exercised when positioning it, as it
sticks very well! Note that the view-
ing hole in the case for the ‘operate’
LED must line up with the corre-
sponding clear ‘window’ of the mem-
brane. With the membrane in place,
the case is ready to accept the PCB -
as shown in Figure 6. From this dia-
gram, it can be seen that the PCB
(bottom end first) is fed into the top of
the case — with the track side of the
PCB facing the same way as the key-
pad. As it is passed through the case,
the battery connector should appear
out of the other end. When the top of
the board is about 30mm from the top
of the ease, the ribbon cable should be
looped over the PCB and mated with
its connector — see Figure 7. The
board can then be pressed home so
that the lug pretruding from the top
of the PCB is level with the case (the
‘operate’ LED should be visible
through the window). The excess rib-
bon eable can then be folded and
pushed into the case. Next, the sup-
plied piece of foam should be inserted
from the bottom, making sure that
the battery connector is not fouled in
any way. Finally, the unit can be test-
ed with a PP3 hattery, and if all is
well the top and bottom plates can be
screwed in place. Your remote control
transmitter is now complete!

INFRA-RED TRANSMITTER PARTS LIST :
RESISTORS: All 0-25W Carbon Film (Unless specified) ]ée}'pad 1

Jase 1
R1 1k8 1 PCB 1
R2 1k 1 Top plate 1
R3 330 1 Bottom plaie 1
R4 6802 (1/2W) 1 Smm M3 countersunk screw 4
R5 10 (12W) 1 Construction/user guide 1
CAPACITORS OPTIONAL (Not in Kit)
C1 100pF ceramic 1 Alkaline PP3 Batiery 1 (FK67X)
c2 220pF ceramic 1 Constructors' Guide 1 (XH79L)
C3 10uF electrolytic 1 .
€4, C5  470uF electrolytic 2

The Maplin ‘Get-You-Working” Service is available for
SEMICONDUCTORS this project. See Constructors’ Guide or current
iC1 SAA3004 1 Maplin catalogue for details.
TL BC547 (or equivalent) 1 The above items (excluding Optional) are
T2 BCE40 (or equivalent) 1 available in kit form only.
D1-7 1N4148 (or equivalent) 6 (used as required) Order As VE47B (Pre-Amp Remote Control)
LD1 Subminiature Red LED1 Price £37.95
1.D2-4 Infra-Red LED3 Order As VE72P (15 Channel Remote Control)
Price £39.95.
MISCELLANEOUS Please Note: some parts, which are specific to this
X1 455kHz Ceramic Resonator 1 project (e.g., PCB), are not available separately.
Batiery Connector 1
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neNnsideStory
uperhet
o'W oTks!

by Ian Poole (G3YWX)

rom the very simplest transistor
Fportable radios to the most soph-

isticated scanners, all radios use
some fairly complicated circuitry. They
reject unwanted signals (some of which
could be just off the frequency of the
regquired channel) whilst amplifying
the wanted ones. They are able to tune
over wide ranges. Even straightfor-
ward broadcast receivers will often
cover bands from the relatively low
frequencies of the long wave, to the
VHF FM band located between 87-5
and 108MHz. Scanners will cover much
more than this! Ta be able to do all of
this successfully a lot of development
has been needed, from the very earliest
days of radio right up to the present
day. Many people have spent large
parts of their lives investigating better
methods for use in radios. Some have
been remembered for their work.
whilst other names have faded into the
mists of time.

One of the most successful de-
velopments has heen that of superhet
radio, which is used as the basis for
virtually all of the radio and television
sets available today.

Although it gained its popularity
in the 1920s, its use is still widespread.
The first designs used valves, and in
the 1950s the first transistor sets were
introduced. Now ICs are widely used,
but despite the technology the same
basic principles have been used since
1918, when the superhet system was
first developed.

The Need

With the vast number of stations which
are using the radio spectrum these
days, good selectivity in a radio is of
paramount importance. For example, a
radio on the medium wave broadcast
band must be able to select a signal on
one frequency and reject one on an
adjacent channel only 9kHz away.
Scanners gperating up to frequencies of
1000MHz or more must be able to
distinguish between stations spaced by
25kHz or possibly less. This calls for
quite sophisticated circuitry.

Most early radio receivers used the
tuned radio frequency (TRF) principle.
As is implied by the name, tuning took
place at the frequency of the signal
itself. Accordingly all the selectivity
was contained within the radio fre-
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The Maplin ‘Ranger’ 160m receiver, featured in Issue 43 (April’May 1991) of ‘Electronics’.

quency stages of the radio. This
approach was not at all easy to imple-
ment for two reasons. The first was
that it was not at all easy to obtain
sufficient selectivity at the frequencies
being used. The second problem occur-
red when several stages of filtering
were used. Each stage needed tuning
from one frequency to the next and
they all had to move, or ‘track’, at the
same rate. Anvbody who has, at some
time, built a crystal set will have
experienced one of the limitations of a
system in which all tuning takes place

in the RF stages; with these simple sets
vou can often hear two stations at once
—an indication of poor selectivity. Even
though other techniques were used to
improve on the basic selectivity, they
still left a lot to be desired and so
a quantum leap in thinking was
required.

B I‘ - g
To overcome the selectivity problem. a
receiver known as the supersonic

heterodyne was developed. Nowadays,
the name has been shortened to ‘super-

=F

Inside the ‘Ranger’ receiver, which is based arcund the LM3820 AM IF sub-system IC. This
IC (bottom left) contains RF/IF amplifiers with automatic gain control (AGC), a loeal
oscillator and a mixer. Asa result, the component count is considerably reduoced.
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het', but its name gives a clue to the
principle involved. Two signals are
‘heterodyned’, or mixed, to give a signal
on another frequency.

An everyday example of this pro-
cess happens when two musical notes,
which are almost at the same pitch, are
heard together. The two notes appear
to cancel one another, and then re-
inforce one another. The beat note
which is produced is used by musicians
to tune their instruments to the same
frequency, because when the frequency
of the note seems to fall to zero, it
means that the notes of both instru-
ments are the same. From this it can be
deduced that the frequency of the beat
note is equal to the difference between
the two original signals.

To produce this type of effect elec-
tronically is quite simple. Two signals
are fed into a circuit which enables
them to interact with one another. This
is done by electronically multiplying
them together. It means that for any
instant, the output is proportional to
the instantaneous levels of two input

ence’ component (consisting of f; — f3)
has the high frequency ‘sum’ compo-
nent {; + f, superimposed upon it.

In the Radio

The idea of the superhet radio is to use
the principle of mixing to convert the
signals from a higher frequency (such
as the medium wave broadcast band)
down to a fixed intermediate frequency
(IF). By mixing the incoming signal
with the output of a variable frequency
oscillator, different frequencies can
then be received. This means that the
IF can use fixed filters which can be
finely tuned to give good selectivity.
The output of the variable frequency
oscillator (also known as the ‘local’
oscillator, or LO) is normally kept close
to that of the incoming signal, so that
the sum and difference signals will be
markedly different. This makes the
design of IF filters much more straight-
forward — but there are problems, as
vou will find out.

Figure 2 shows the basic operation

of the superhet system. It involves the
LO, a mixer, an IF filter and an ampli-
fier. Unfortunately, it can be seen from
the diagram that there are two input
frequencies that will, for a particular
oscillator frequency, give the IF fre-
quency.

To see how this happens, take the
example shown in Figure 2. The IF
is 500kHz and the LO frequency is
1500kHz. In order to have frequencies
converted down to a lower IF, the dif-
ference frequency is generated by the
mixing process. However, there are two
routes by which this can happen. The
first is the incoming radio frequency
minus the LO frequency, while the
second is the LO frequency minus the
(different) frequency of another incom-
ing radio signal. From Figure 2, for
example, it can be seen that an input of
2000kHz gives an output at 500kHz
(2000kHz — 1500kHz), but so does
1000kHz (1500kHz — 1000kHz)!

This is obviously not acceptable. To
overcome the problem, some tuning or
filtering is placed in the RF section (the

NN NN N N NN
SRt S e e

Signal f1

Signal f2

Signal Containing
f1+f2. and f1—72

Figure 1. Mixing, or ‘*heterodyning’, two signals, Note that f. isat a slightly higher frequency than f,.

signals multiplied together. By doing
this, a beat note is produced at a
frequency equal to the difference of the
two input signals. In addition to this,
there is another signal at the sum of
the two frequencies. In other words, if
the two input frequencies are f; and {5
then the output frequencies are at
fi -+ f-_; and !'; = f‘_l.

In practice, it is found that any
eircuit without perfect linearity will
have a mixing effect on signals enter-
ing it. This is why power amplifiers for
AM and SSB transmitters must be
linear. If they are not, extra frequen-
cies are then generated and the signal
sounds very distorted.

It is quite easy to demonstrate the
effect of mixing two signals together in
a multiplying circuit or mixer. It can be
done as shown graphically in Figure 1.
In the diagram the two signals have
been multiplied together. To show the
effect clearly, two signals which are
fairly close together have been chosen.
In this way, the result of the mixing
process gives two signals that are well
removed from one ancther and quite
easy to see. The low frequency ‘differ-
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L Filter |
1000kH=z Mixer = —= Quiput
2000kHz DUOKHz=
F
1500kHz
Oscillateor

Figure 2. Block diagram of the down-conversion part of a superhet radio.

2000kHz 1000kH=z A
RF v Filter
1000KkHz | Filter Mixer 500kHz |~
3
1500kHz
Oscillator

Figure 3. A tuned cireuit in the RF stage considerably attenuates the unwanted image

frequency.
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‘front end’) of the recaiver — see Figure
3. Because the superhet design, unlike
the TRF receiver, does not need to
reject stations on the next channel
(which may only be a few kilohertz
away), the response of this filter does
not need to be particularly sharp. In-
stead, it needs to be able to accept
stations on the wanted frequency —and
reject others on the unwanted one
(known as the ‘image’ frequeney),
which might be & megahertz or more
away.

Tuning

The circuit of Figure 3, in its current
state, will only accept signals on one
frequency. For the sake of argument,
let us assume it to be 1000kHz. To tune
the radio, it is necessary to change the

The Maplin Mk.2 FM Radio, based around the TDA7000 IC. Details on this set ean he found oscillator frequency. If it is moved up
in Issue 27 (June/August 1988) of ‘Electronics’. by 10kHz to 1510kHz, it will be found
| RF Filler I
and = Misxar || IF Amplifier Datector Iy Audio
Amplifier ond Filtar (Demodulator) Amplifier
1
1
1
1
1
I "
Lecal
t‘\ Qscillator
\\
\.\\ :
Tuning of S 1
RF circuiis and . 1
oscillator linked =25 }
so they tune ot B I
the same raote. ‘\l
Figure 4. A basic superhet receiver.
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Figure 5. Block diagram of the TDA 7000 ‘single chip’ FM radio.
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that radio signals at 1010kHz will
appear from the mixer, having been
downconverted to 500kHz. Similarly, if
the LO frequency is reduced by 10kHz

then signals at 990kHz will appear at

Signals Product Demodulated 500kHz.
From ——» Detector Audio As well as the LO, the RF stages
IF Stages (Mixer) Bonecags must be tuned — and both must be
Amplification tuned simulfaneously, as shown in

t Figure 4. Fortunately, this is not a

major problem because one tuning
capacitor with two sections can be
made to tune both circuits at the same
time. This ensures that both circuits

Beat are always in line with each other.
The advantages of the superhet
system are enormous. It forms a tuning
system that is eflectively a highly
selective variable filter. By adopting
this approach it is possible to achieve
results which could not be even
approached with a TRF radio receiver.

Frequency
Oscillator

Figure 6. Demodulating SSB (or Morse).
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: AT BEAEETEEN |SAVE | BAN0 WINIE
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PR R ML ERST CAS IT] MR ._ . I': :* I'i_r»__ ’_ LTy T
MCOIDEL MVT-6000 : ' EEEREOEAD 2AREGCANT EITEAS FORGTION HOWER

The Yupiteru MVT 6000 scanner. This comprehensive microprocessor-controlled scanner can receive AM and FM transmissions ranging
from 25 to 1300MHz. However, its superb performance relies upon superhet radio principles that date back to the First World War!
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Figure 7. Block diagram of the Maplin Ranger — a superhet receiver for use on the 160m band. Note the presence of a BFO and product
detector for recovering SSB and CW transmissions.
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Demodulation

In order to make the superhet into a
useable receiver, a few extra circuits
are required. The first stage is to
recover the audio (or whatever!) in-
formation from the IF output, before
amplifying it in the normal way. This
process is known as ‘demodulation’ and
it ean be achieved in a number of ways,
depending upon whether the trans-
mission being received is AM, FM,
SSB or whatever.

AM (amplitude modulation) is the
easiest mode to demodulate. It simply
needs the signal from the IF to be
rectified. To do this only a diode, capa-
citor and resistor are needed. In fact to
make the most use of components the
resistor can be the volume control for
the set.

To demodulate FM is a little more
complicated, but by no means difficult.
It needs a circuit which converts the
variations in frequency into audio am-
plitude variations. One type of demod-
ulator, the Foster-Seeley discriminator,
relies upon the 907 (‘guadrature’) phase
difference between a couple of tuned
circuits for its operation. When coupled
with a few diodes, resistors and capaci-
tors, these will generate an output
voltage proportional to the frequency
deviation. A variation of the Faoster-
Seeley circuit is the ratio discrimina-
tor, which offers better rejection of AM

signals. Another method of demodulat-
ing FM is to use a phase-lacked loop.
One of these will give excellent resulis
and this is why they are often found in
Hi-Fi FM tuners. However, PLL de-
modulators are often a little more
expensive than the ones based around
a tuned circuit. IC development has
now come to the point where you can
get most of a superhet FM receiver on a
single chip — the TDA 7000. Here, a
quadrature detector (another develop-
ment of the Foster-Seeley discrimina-
tor) is used. A block diagram of the
TDA 7000, as used in Maplin's TDA
7000 FM Radio (see issue 27 of ‘Electro-
nics’ ) is shown in Figure 5.

Finally, if SSB (single sideband) or
morse (CW — continuous wave) is to be
recovered, a beat frequency oscillator
(BFO) and product detector are needed.
As you can see from Figure 6, these are
similar to the circuits used for fre-
quency conversion in the IF stages of
the receiver. With these ‘suppressed
carrier’ transmissions, the carrier
wave is missing and must be inserted.
The BFO effectively generates the
missing carrier; it is mixed with the in-
coming IF in the product detector to
produce the audio signal (in the case of
SSB1, or the beat frequency (in the case
of CW). A variable frequency oscillator
is used as the BFO, because the locally-
generated carrier must be at the cor-

rect frequency. After filtering out the
unwanted mixing products, the recov-
ered audio is passed to the next stage.

The block diagram of a superhet
receiver capable of demodulating SSB,
AM and CW transmissions is shown in
Figure 7. This is the excellent Maplin
‘Ranger’, which is designed to work
over the 160 metre band (1-8 to
2-2MHz) - full details of which can be
found in issue 43 of ‘Elecironics’, if
you're interested.

Amplification

Once the audio signals have been
generated they are amplified by a con-
ventional audio amplifier. A speaker
or a pair of headphones can then
be used for the final stage to change
the electrical impulses into audible
vibratibns.

Summary

The receivers that have been described
here are not the most complicated sets.
Scanners are naturally more compli-
cated; they cover a much wider fre-
quency band and may use two, or even
three, frequency conversions as well as
frequency synthesisers for their oscilla-
tors, Despite this, they use exactly the
same principles which have been
outlined here — at the end of the day,
they are still superhet radios!

Maplin Security System continued from page 55.

a visit from the boys in bluel

Once all of the sensors have been
wired into the system and the connec-
ticns hove been thoroughly checked,
a simple functional test may be carried
out by performing the Alarm Panel Test
mentioned at the beginning of the
Installation section. The sensors should
be in the inactive state (i.e., doors/
windows closed and PIR zones vacated).
Any faults will show up by the illumina-
tion of the appropriate zone LED once
the user code is entered. If all is well,
the alarm can be armed. Triggering a

sensor within the entry zone will trigger
the alarm panel (indicated by beeping) -
the alarm should then be disarmed, with-
in the pre-set eniry time, to prevent the
bell-box siren from sounding. Triggering
a sensor in any of the other zones will
irigger the alarm panel and sound the
bell-box siren —disarm the alarm to
silence the siren.

Periodic testing of the strobe and
siren should be carried out to confirm
operation; a sirobe/siren test function is
provided on the alarm panel, details on
how Ihis may be achieved are given in

the programming instructions supplied
with the system.

Full details on programming the alarm
panel are supplied with the system.

Help

If, during installation or use, you run inte
difficulties, you can phone the Technical
Helpline on (0702) 556001 beiween
2pm and 4pm Monday to Friday
(excluding public holidays).

[

The Maplin Security System
Comprises the Following llems: Window Foil freg (YW50E]
MS5300 Alarm Panel i P Tl e sl
Assembled Bell Box ] Stair Pressure Mat IFreq [FK79L)
12V 1-2Ah Lead Acid Battery 1 5-Way Junction Box If req (YW49D
PIR ﬁz';ﬂdﬂf? g L 2 ‘8-Way Junction Box IFreq (FK76H)
Surface Mounting Reed Switches 2 Panic Button If req (YZ67X
4mm Cable Clips 2Pkis Vi?rdﬁdn Sensor 1|f:'reaq (Fx?at% .

(oAl Tl A 2l ‘Pulse Count PIR Detector If req (Z€40
OPTIONAL (Addifional items not included with Security System)  pio 1 i a7
3-Core 6A Cable Black Ao ROTE) | TR Deledlor thyect = el
3-Core 6A Cable White As req (XRO2C
2:5mm Twin & Earth Cable As req (XR51F
4-Core Burglar Alarm Cable As req (XR89W] The Maplin Security System (excluding Optional)
&-Core Burglar Alarm Cable As req (XS54) is available as a complete package, which offers
Recessed Reed Swifch IFreq [YWASA a considerable saving over buying each of the
Flush Reed Switch If req (FK77] items separately.
Pinned Reed Switch if req (Jussv Order As ZC36P (Security System)
Surface Reed Switch If req (YW47B Price £129.95
Door Loop If req (YwW48C)
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hen science fiction writer

Arthur C. Clarke discussed

communication via satellite
in his now-legendary Wireless World
article back in 1945, he could hardly
have imagined that it would lead to
the explosion in satellite technology
apparent today.

His idea, first outlined in a short
science-fiction story in 1940, was
based upon an important (if simple)
scientific fact. In order to obtain the
greatest reception area (known now
as a ‘fooiprint’ in satellite termin-
ology) at low power, a transmitting
antenna should be sited as high as
possibie.

Clarke theorised that by posi-

Telstar, shown here being mated to the third

s - - e —amcaaa

tioning such a system in space,
much greater distances could be
covered than would be from ils
equivalent on the ground. However,
there was an element of lunacy 1o
the scheme. Realising that, due io
the Earth's rotational movement, any
stalionary antenna array would not
maintain a constant footprint, he
proposed anchoring the satellite
firmly to ground! Naturally the sug-
gestion was looked upon with some
amusement — but, as history has
shown, the basic concept was not
dismissed out of hand, particularly
when the concept of a geostalionary
orbit was introduced in his 1945
Wireless World paper.

stage of the Delta rocket, which was responsible

for lofting it into orbit. Apart from heralding a new age in telecommunications, it also
inspired a No. 1 hit record by the Tornados! Source: Hulton Picture Library.
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Pioneering Days
With aviation still relying on the
piston engine, jet propulsion was
only a glimmer in Air Commodore Sir
Frank Whittle's eye and, with the
world at war, space exploration was
the last thing, exercising the scientific
community’'s collective mind. How-
ever, rocket technology was a wholly
different story.

For years Nazi Germany had
conducted secret research into
rocketry, and when the V1 flying
bomb (and to a lesser extent, the V2
rocket) began to fall on London, they
demonstrated their leadership in this
new technology. Eager to get their
hands en the secret behind the flying
bombs, as the war drew to iis
inevitable close the superpowers
enticed many of the Nazi's leading
scientists to continue working in their
respeclive countries.

The United Staies obtained
hardware — as evidenced by the
launch, from Cape Canaveral, of a
much modified V2 rocket which
attained an altitude of ten miles on
July 24, 1950. It was not until the late
fifties that the military turned their
aftention from missile testing to
launching ariificial satellites. This
change in priority was prompted by
the October 1957 launch of the
Soviet Union's Sputnik satellite — the
first man-made object in space —
which heralded the beginning of
the space race. The ‘free’ world's
first satellite — Explorer 1 — lifted off
from Cape Canaveral on January
31st 1958, and later that year NASA
was formed with a brief for the
peaceful exploration of space.

Earlier Birds than
Early Bird .

From the outset, NASA had to rely
on the military for launch vehicles
and facilities, but it was not long
before work began on the Kennedy
Space Cenire and the Cape re-
sounded to the near-continuous loft-
ing of vehicles into space. Many of
those early satellites helped scien-
tists study not only space, bui alsoc
the weather and Earih’s resources.
In the communication field. Telstar
provided UK television viewers with
the first glimpse of live piciures from
overseas, in 1862. This low-orbit
satellite needed to be 'tracked’ as it _
circled the Earth, and complex
computer-controlled systems were
required to achieve this. When, on
July 11th 1962, the first (barely
recognisable) glimmers of a trans-
atlantic television picture were intro-
duced to BBC viewers by Johnathan
Dimbleby, the exceptionally weak
signals responsible for it were picked
up wusing the massive dish at
Goonhilly Downs, where a team of
experis had to be present to ensure
any reception at all. Compare that to
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the means of lofting them into orbit.
After those early experiments with
the V2, a whole new generation of
launch vehicles have evolved —
culminating in the Space Shuttle.
That said, the majority of communi-
cation birds — particularly those
destined for television services — are
launched using the Delta rocket. This
vehicle has been the workhorse of
the space programme, launching
more than 180 craft since it was first
introduced in 1960.

The latest version, Delta 11, is
the most powerful of the family.
Standing at 128ft tall, the first stage
thrust at lifi-off is a massive 873,400
pounds, which alone is enough to
launch satellites into a low earth
orbit. An attached Payload Assist
Module,- burning solid propellants,
boosts the craft into a high elliptical
orbit, before motors on board the
satellite take over for the final
positioning along the Clarke Belt.

Although NASA once had the

The first live (and watchable) transatlantic TV pictures, as seen on French TV on July 11th
1962. These surprisingly good quality images were received via the earth station at Lannion,

near Brittany. (On the morning of that day, the BBC obtained pictures at the Goonhilly Earth monopoly over satellite launches,
Station, but these were barely recognisable!). The person on the left is Mr. Kappel, then the there is now competition, mainly in
chairman of the board of the American Telephaone and Telegraph Company; on the rightis a the form of the I_European Spaqe
French interviewer. Source: Hulton Picture Library. Agency. From their launch site in

the cheap, fixed 60cm dish required
today, to give high-quality colour
pictlures from Astra!l Incidentally,
contrary to popular belief it was the
French, to the obvious annoyance of
the BBC, that were the first to
bounce a complete television pro-
gramme off Telstar! They, in typical
French style, ignored the target date
which was set at 24th July of that
year! The official transatlantic broad-
cast, seen in 18 European countries
on that date, lasted for 18 minutes
and was reported as being ‘remark-
ably clear’. Later, European tele-
vision pictures were broadcast back
to the United States.

Shorily after Telstar capiured
the imagination of the public, it was
discovered that the higher a satellite
flew, the longer it appeared to hold its
footprint. This gave birth to Clarke’s
theory of a geostationary orbit.

It was known that the Earth
revolved in an East/West direction at
some 980mph. but in order to
achieve this orbit, a satellite had to
climb to 22,300 miles above the
equator. Nevertheless the theory
was proven, and on the 26th of July
1863, Syncom 2 became the first
communication satellite to be lofted
into this area of space, which is now
known as the Clarke Belt. However,
it was Early Bird — also known as
Intelsat 1 — that has the distinction of
being the first international communi-
cations satellite in geostationary
orbit. It was launched on June 4,
1965.

Launch Vehicles

As the technology behind satellite
communication developed, so did The first ‘official’ transatlantic TV broadcast, seen in 18 European countries.

66 Maplin Magazine November 1992



Kourou, French Guyana, the Ariane
rocket has lofted many European
television satellites (including Intel-
sat, Eutelsat and Astra crait) into
orbit, having overcome many early
problems (in 1982, for example, two
satellites ended up in the Atlantic
Ocean — not quite the undiscovered
vastness that Clarke had in mind!)
China has also moved in on the
act, with their Long March rocket
launching birds — particularly those
owned by Panamsat — over the
Pacific Ocean.

Cost

Today, satellites and their launch
facilities are, by any standard, ex-
pensive. Eutelsat recently spent
around 170 million dollars to launch
its controversial 2F3 bird by Atlas/
Centaur rocket from Cape Canav-
eral. Should anything go wrong, this
huge amount of money is effectively
poured down the drain. However, if
the satellite fails while in orbit, the
shuttle programme has been devel-
oped to such a degree that orbiters
can be used to bring them back to
Earth (see ‘Electronics in Aviation’ —
Part 6, ‘Electronics’ issue 55). That
was dramatically demonstrated
when the Westar 6 satellite was
successiully recovered by Discovery
in 1984. This bird had remained in
low Earth orbit after its Payload
Assist Module had failed during
deployment by an earlier mission.

Pictures from
Above

To receive Telstar, it was necessary
to use a dish antenna many meires
in diameter, and the most sensitive of
monitoring and tracking apparatus.
Whilst the basic concept of sateliite
communication remains the same
today, technology has paced on-
wards. The discovery of a geo-
stationary orbit has removed the
need to track the birds, whilst
advances in microelecironics and
solar energy mean that designers
can use much higher frequencies at
even greaier power — bringing the
world of satellite communication
directly into the home. The birds are
nothing more than orbiting repeater
stations, receiving their signals from
an uplink facility like BT's London
Telepori, returning them on another
frequency to ground via on-board
transponders.

When satellite television first
came within the grasp of enthusiasts
in the early eighties, most birds
operated in the 'C’ Band (3-6 to
4-2GHz) and were very low-
powered, which meant that a dish of
around 3 to 4 metres in diameter was
required in order to monitor them.

Such a large dish was clearly
impractical for most home installa-

November 1992  Maplin Magazine

giifmimmmmm

The two Astra satellites in geostationary orbit. The distance between Earth and the two
satellites is 22,300 miles. Proof that some good does come from the European Community!

Astra’s Satellite Control Facility in Betzdorf, Luxembourg. This is responsible for keeping
Astra 1A, and the newer 1B, co-located in their allocated position of 19-2° East. Itis also
used for programme uplink. At the time of writing, an interesting promotional film on the
Astra set-up is being shown on Astra channel 30. This is shown on a continuous basis, and
the soundtrack is broadcast cyclically in one of several different European languages.
Presumably, this will continue until such time as the transponder is leased to a broadcaster!

~ o5 ' .-b‘igig'/

Inside the control room at Astra’s Betzdorf Satellite Operations Centre.
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tions, and so in 1977 the World
Administrative Radio Council
(WARC) allocated the band 11-7 to
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However, there was a catch — the
new channels wouldn't be available
until the late eighties.

Eager to steal a march on their
competitors, many satellite operators
used a loophole in the regulations to
start direct-to-home broadcasting
early, broadcasting in the slightly
lower 10-95 to 11-70GHz band. The
French — as always, a law unto
themselves — did much the same,
but using the higher 12-50 to
12:75GHz slot. Many of today's high-
powered television satellites can be
received on dish, flat-plate (remem-
ber the ‘Squarial'?) or even horn
antennae., as small as 45 centi-
metres!

Astra

The Société Européenne des Satel-
lites own perhaps the best known of
the birds broadcasting to Europe —
Astra. Co-located high above the
Equator at longilude 19-2° East,
Astra 1A and 1B transmit some 32
channels, with a footprint covering
most of the continent. Built by GE
Astrospace and launched by the
Ariane rocket, each transponder has
a 26MHz bandwidth, and an output
power of 45W — a figure inconceiv-
able in Telstar's day!

The Astra channel count will
increase to 48 with the launch of 1C
early in 1983. Unlike its prede-
cessors, this Hughes-built satellite
will offer an output power of 63W per
transponder. It will also provide full
back-up for Astra 1A which will have, |
by then, been in orbit for over four |
years. !

How a Receiver
Works

In basic terms, satellite television
receivers operate in much the same
way as a simple FM radio — it has a
RF stage/aerial (the dish and LNB), 2
(sometimes 3) IF stages, and a FM
demodulator (two or three, if you
include the one(s) used for recover-
ing the sound). The overall scheme
of things is shown in Figure 1a. The
dish, the most recognisable feature
of domestic satellite TV and the bane
of council planning departments,
does nothing more than collect
satellite signals, focusing them onto
perhaps the most important part of
the entire system (certainly the most
intricate) — a device called a low-
noise block downconverter, or LNB
for short. In the case of Astra
receiving equipment, the LNB lowers Figure 1a. The block diagram of a satellite receiver.
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Figure 1b. Fixed-subcarrier mono audio system (as supplied with very basic early Astra receivers).
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Figure 1c. Full-mode tuneable stereo audio system (additional ‘superhet’ configurations are used).

the incoming 10-95 to 11-70GHz
signals to a band of frequencies that
are more easily handled by co-axial
cable and the receiver — in most
cases 950 to 1750MHz — which are
known as the first intermediate
frequency band (IF for short). If this
system was not used, ugly and lossy
copper piping (used as a waveguide)
would have be used to direct the
weak microwave signals to the
receiver, where down-conversion
would have to take place, anyway.

After passing the first IF through
a tunable band-pass filter, the firsi IF
frequencies are ‘mixed’ with a vari-
able local oscillator signal, in a
process known as ‘heterodyning'.
Such a process is used in all
superhet receivers — which includes
nearly all radio sets. The much lower
second IF frequency produced as a
result is usually centred around
480MHz. Tuning the receiver to your
favourite satellite channel simply
adjusts the local oscillator frequency,
and correspondingly adjusts the
input bandpass filter, so that its
response ‘peaks’ at the frequency of
the desired channel.

After mixing, it is filtered again to
pass a 27MHz-wide (in the case of
Astra receivers) slot of signals,
representing a single transponder
channel. This is frequency-
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demodulated to give a 9MHz wide
baseband signal, using a FM quad-
rature demodulator that works using
the same principles as the FM radio
discussed earlier. Some other re-
ceivers, intended for use by enthusi-
asts and the professional market,
utilise a third IF (which, for such
receivers, is standardised at
70MHz). The connection between
this third IF and the demodulator is
often brought to the back of the
receiver (as a ‘loop through’ — of
similar type to that found beiween
the preamp and power amplifier
sections of many integrated stereo
amplifiers). '‘Breaking the loop’ en-
ables various peripheral goodies to
be attached — for example, variable
bandwidih controllers, which enable
the best picture to be extracted from
a weak 'DX' signal.

The baseband signal contains
video (5-5MHz bandwidth in the case
of Astra’s PAL transmissions), wide-
band (180kHz) mono sound modu-
lated on a 6-:5MHz centre frequency
(in the case of Astra channels), and
up to twelve narrowband sound sub-
carriers. The Astra baseband signal
is shown in Figure 2. Another FM
quadrature detector is used here, or
two in the case of a stereo receiver.
The narrow bandwidth (130kHz)
audio subcarriers are used to convey

stereo sound, or independent radio
broadcasis (such as Sky Radio,
which transmits in stereo on the 7-38
and 7-56MHz subcarriers of Sky
One's Astra transponder). If you
have a satellite system, these excel-
lent radio stations are well worth
listening out for (turn the TV set off
and pipe the sound through your Hi-
Fi, which you should do anyway!);
many owners of satelliie systems,
in the UK at least, seem to ignore
them which is a pity. Mono and
stereo audio system block diagrams
are shown in Figures 1b and 1c
respectively.

The video signal is processed
further, before being sent to the UHF
modulator and video output socket;
de-emphasis takes place, followed
by fiitering and clamping. Pre-
emphasis is a process applied at the
transmission end (i.e. the satellite
up-link), whereby the higher frequen-
cies are increased in amplitude. At
the receiving end, de-emphasis is
carried out, which correspondingly
attenuates the pre-emphasised high
frequencies. The result of this is a
better signal-to-noise ratio; noise
generally raises greater problems at
higher frequencies than it does at
lower ones. The praciical upshot of
all this is that the picture is less
grainy — and the sound is less hissy
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(a similar process is used for the
transmission of the soundtracks). On
the narrowband audio channels of
most satellites, the Panda-1 adaptive
pre-emphasis system (developed by
Wegener Communications, Inc.) is

[Narrow (130kHz)

—_—— 7,92 (R3) bandwidth

} Subcarrier paird

used to provide virtually noise-free 7.74 (L3) Subcarriers, for
audio -| conveying sterec
: 7.56 (R2) information or

After de-emphasis, filtering and
clamping is applied, to remove the
audio subcarriers, and the effects of
the dispersal signal, respectively.
The dispersal signal is normally a

3 o
}Subcarrler ROl independent sound

channels (e.g.radio,
stereo soundirocks
or mulfilingual
programming)

7.38 (L2)
—————17.02/(L'1)

}Subcnrrier pairl

- - _'________—-—-—'_"_-'
25Hz sawtooth-wave signal that is 6.5MHz Primary oudio subcarrier
added to the baseband signal before (Widebond—180kHz)
modulation at the broadcast end.
S 5 5.5MHz
This is done to reduce any possible e =L E

chance of interference with terrestrial
microwave links, the effect of the
low-frequency signal being to reduce
the channel's peak power per unit
bandwidth. Most receivers also fea-
ture a rear-panel socket that pro-
vides the baseband signal, for the
aftachment of stereo sound pro-
cessors, MAC and pay-TV decoders.

The filtered and de-emphasised
audio and video signals are then
sent to the UHF modulator (for use
with a conventional TV set), and the

\4.43MH2 (Colour subwarrier
\ frequency for PAL)

Figure 2. The baseband signal of an Astra transponder.

video and audio output sockeis.
These should always be used.
wherever possible, with TVs equip-
ped with direct AV inputs to give the
best results. At the very least,
satellite audio can sound very im-
pressive when hooked up through a
reasonable Hi-Fi system — particu-

larly MTV, the film channels and
satellite radio.

This is a brief description of the
circuitry used in most satellite re-
ceivers, but even the most basic
configuration is sufficient to monitor
much of what is transmitted from the
heavens. However, success is de-

pendent upon five other factors: LNB
noise figure and gain; the threshold
level of the receiver's FM demodu-
lator; dish size and alignment. These
are topics that we will discuss next
month, when we also look at what
there is to see and hear from the
Clarke Belt.

Year
1945

1950

1957

1958

1962

1963
1965
1972

1988

Chronology

Event

Arthur C. Clarke first suggests communication via satellites
firmly anchored to ground.

The United States conducts its first experiments with
rockets. A modified German V2 attains an allitude of
ten miles.

The Soviet Union launches Sputnik — the space race
begins!

The United States launches its first artificial satelliie —
Explorer One — and the National Aeronautics and Space
Administration (NASA) is formed.

Telstar, the first commercial communication satellite, was
launched for the American Telephone & Telegraph
Company. First transatlantic satellite TV broadcasts
take place.

Syncom 2 becomes the first communication satellite in
geoslalionary orbit.

Intelsat (Early Bird) becomes the first international
communication satellite in geostationary orbit.

Anik 1 becomes the first geostationary orbit domestic
communication satellite.

Astra, the first of three ielevision satellites designed to
serve Eurape, is launched.

Frequency Bands

Frequencies
UHF Band TV
(470 to B54MHz)

C Band .
(3-6 10 4-2GHz)

Ku Band
(10-95 to 12:75GHz)

FSS
(10-95 1o 11-70GHz)

DBS Band
(11-70 to 12:50GHz)

Telecom Band
(12-50 to 12-75GHz)

Users

Terrestrial broadcasters. The output of satel-
lite TV receivers is normally set to Channel
38 (607-25MHz). :

Occupied by several of the broadcasters
found in the higher bands, including
companies who lease transponders for
‘news-feeds’, such as British Telecom and
Brightstar. Popular in the Federation of Inde-
pendent States, and the USA, for general
broadcasting, disseminating TV programmes
over a very wide geographical area, and
down-links to cable networks. C band trans-
ponders ofien co-exist with Ku band trans-
ponders on satellites; for example the Intelsat
and Telecom series.

This satellite band is split up into three parts,
known as the FSS, DBS and Telecom bands..

Occupied by many birds — most notably
Astra, Eulelsat and Intelsat. Transponders on
the latter two often carry SNG (satellite news-
gathering) feeds, oulside broadcasis eic.

The official (WARC-designated) direct
broadcasting by satellite band. Occupied by
Marcopolo, Olympus, TDF and others.

Occupied mainly by French broadcasters via
the Telecom series of satellites. However,
recent Eutelsals carry Telecom band trans-
ponders, which are often used for SNG feeds.
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Waveform Generators continued from page 47.
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Figure 18. Basic 1kHz 555 astable multivibrator.
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Figure 19. Variable-frequency (650Hz to
7-2kHz) square-wave generator.

by wiring a resistor between pin-12 and
ground. o set the minimum operating
frequency of a restricied-range VCO,
where f.,, is determined by C1 and R2,
and fnay is determined by C1 and the
parallel resistance of R1 and R2.

555 Astable Circuits

The 555 timer IC can be used as a free-
running astable multivibrator or square-
wave generator by using it in the basic
configuration shown in Figure 18, in
which pin-2, TRIGGER. is shorted io the
pin-6 THRESHOLD terminal, and timing
resistor R2 is wired between pin-6 and
DISCHARGE pin-7. When power is

first applied to this circuit, C1 begins

triangular waveform appears across C1.
The R1 and R2 values can be varied
from 1k to tens of M(). Note, however,
that R1 affects the circuit's current
consumption, since pin-7 is effectively
grounded during half of each cycle.

Figure 19 shows how the operating
frequency of the circuit of Figure 18 can
be made variable by simply replacing R2
with a series-wired, fixed and a variable
resistor. With the component values
shown, the frequency can be varied from
about 650Hz to 7-2kHz via RV1. The
frequency span can be further increased
by selecting allernative values of C1.

Mark-Space Control

In each aperating cycle of the circuit of
Figure 18, C1 is alternately charged via
R1 and R2, and discharged via R2 only.
It can thus be made to generate a non-
symmeirical waveiorm with a desired
mark-space (M-S) ratio by suitably
selecting the R1 and R2 values. Figures
20 and 21 show ways of making the
M-S ratios fully variable.

Figure 20 shows a way of gaining
independent control of the MARK and
SPACE periods. Here, C1 alternately
charges via R1-D1-RV1 and discharges
via RV2- D2-R2. R2 protects the IC
against damage when RV2 is reduced to
zero, and the MARK and SPACE periods
can each be independently varied over
a 100:1 to 1:100; the frequency varies
as the M-S ratio is altered.

Figure 21 shows a way of altering
the M-S ratio without significanily altering
the operaling frequency. Here. C1

+5 {o +15V (Vcc)

i

R1 1
D‘k 8 4]

7
ﬁ RVI |
100k

+5 fo +15V (Vecc)
i
R1 = =
R2 []n( 4|
1k - 7
=L
D2 S
IN4148 N4148 2 3
555 D1
RV1 RV1 |N414aSZ
S 100k
[ space) (MARK) |
ouT
1
mm C1 c2
Ttonr 10nF |
B
oV

7 R2 2 = 3
D k2 555
AN '
IN4148 | 5
: oUT
5 1
ma C1 mm C2
= 10nF T 10nF
ov

Figure 20. Astable with MARK and SPACE periods independently

variable from 7S to 750.S.

Figure 16 shows the simplest
possible way of using the 40468
as a voltage-controlled square-wave
generator. Here, C1 and R1 determine
the maximum frequency which can
be obtained (with the pin-8 voltage at
maximum) and RV1 controls the actual
frequency by applying a control voliage
to pin-9. The frequency falls to a very low
value (a fraction of a Hz) with pin-9 at
zero volts. The effeclive voltage-control
range of pin-9 varies from roughly 1V
below the supply value to about 1V
above zero, and gives a frequency span
of about 1000,000:1. Ideally, the circuit’s
supply voltage should be regulated.

Figure 17 shows this circuit modified
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1% 10 99%.

lo charge exponentially via the series
R1-R2 combination, until eventually

the voltage on C1 rises to 33 V... Atthis
point DISCHARGE pin-7 switches low
(it is actually an open-collector fransistor
swilch) and staris to discharge C1
exponentially via R2, until eventually
the voltage on C1 falls to Va2 V... Here a
new liming sequence is initiated, and C1
slarts to recharge again towards 23 V..
via R1-R2, and discharging towards

Va3 V. via R2 only.

When R2 is very large relative to R1,

the operating frequency is determined
mainly by R2 and C1, and an almost
symmeirical square-wave ouiput is
developed on pin-3, and a nearly linear

Figure 21. 1-2kHz astable multivibrator with duly cycle variable from

alternately charges via R1, D1 and the
upper half of RV1, and discharges via
D2, R2 and the lower half of RV1. The
action is such that the MARK period
automatically increases as the SPACE
period decreases and vice versa, so the
total period of each cycle is constant.
The circuit operates at a nominal 1-2kHz
with the value shown for C1. The most
important feature of this circuitis its
‘duty cycle’ of the waveform, or the
relationship between the ON time
and total period of each cycie which
is variable from 1% to 99% using RV1.
Next month Ray Marston takes this
subjec! a stage further and looks at pulse
generators.
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he Serial Port Input/ Output

Extension System begins at

the host computer's serial
port with a basic microcontroller
card having one expansion slot, to
which can be added an extension
card providing up to four expansion
slots in total. Although micropro-
cessor controlled, the system does
require a host computer to control
it using an RS232 port (or 20mA
current loop link). Essentially, the
motherboard will free the host com-
puter from the job of scanning I/O
ports, and only needs to alert the

l—'i

ho_st computer should a situation
arise requiring serious decision
making, logging of data, download-
ing or uploading data.

Circuit Description

As already mentioned, the basic
interface card includes a complete
microcontroller using an 8031 CPU.
Figure 1 shows four different ways
in which the card can connect to the
host computer, using a standard 25-
way D-range connector. The most
obvious method, for most com-

SERIAL PORT
INPUT/OUTPUT

15%:I’E?Jbﬁﬁ§@

puters, is to use the RS232 option.

The 20mA current loop options
are not normally available on
domestic computers, and are
included for industrial computers.
The opto devices IC8 and IC10 on
the interface card (Figure 2) are
only used for 20mA current loop
operation, a technique which pro-
vides elecirical isolation between
the host computer and the card for
industrial applications (machine
control, etc.).

This leaves ICT and IC8, the
RS232 voltage level converters,

_FEATURES |
* Non-Volatile Memory
#4-Slot Expansion Board

* Interfaces with any
Computer Via RS§232 or |
20mA Current Loop Port

* Report on Alarm

* Real-Time Clock/
Calendar

Textb

Tony Brickell and
Mike Holmes

111
"o

TR LA YEL S
| EEEh

L * Data Logging

APPLICATIONS

% Process Control
* Multiple Interfacing

72
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O Iy T

interfacing the harsh 24V of the
R8232 line (+12V and -12V) to the
5V world of the microprocessor,
IC1. IC12 is a switching regulator,
providing the negative supply rail

compatibility with the host. The
commonest type nowadays is a male
25-way D-range plug, and a right-
angled PCB mounting type can be

used (Order Code FG68Y, also see
optional parts list).

In Figure 2, +V1 is the ‘raw’ sup-
ply line of nominally 9V DC, while
+V2 is the 5V supply level. (V1 is

required for the RS232 port ?urput the negative supply generated by
IC, ICT. If the host computer’'s RS232 P B} ] prs - IC12 for RS232.) If only the intelli-
connections are not at true RS232 R2B)2i e 2lvy | et gent interface card is used, then
levels (e.g., 'I'I'L level in early 8-bit xD ::>Ci FaD Computer this 9V supply can originate from
micros), the.:n it also needs to be RIS = RTS the host computer via pin 14 of the
provided with an add-on RS232 level g 3 5 $ serial port J8, assuming that the host
converter to work with the card. - >< [ s is able to supply it. However, the
<o
Also note that no socket for RS232 orl20 /N 20l o power drain of the interface card
communications is supplied with the sicn.cin | Tlsen.onn may be beyond that which some
kit since the type used depends on =0 host computers can cope with, and
: ars|: 4 irs
K2812 % s Tu::mul K2612 oz Q 5l Ten;ll'inui K2612 . 4lore Tm:_m
cs :j : CTS carnputsr pse :0 : DSR computer C’T'i.: . :C?S computer
=l o el i g
s1av 5 2010w THCL 4+ 281 pR

TxCL+ ?‘ b e ~ P — I _; I

TxCL — = = =

ReCL +1 = l:@l Rl — 2 = : RecL + 1o £

Ret (25 B s SIGNGHD | _’]: il | AxlL — 25—-—-—:@:@

Z2DmA Current lcop octive tronsmitters Activa 20mA current- loop Possive Z0mA current locp

Figure 1. Some of the various communications methods supported by the interface card. The R5232 option with hand-shaking will be

the most obvious choice for most computers.

Left: The Serial Port Input/Output Extension System Motherboard. Abhove: The Extension Card.
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Close-up of the DIL Switches and R5232
Connector.

certainly will be if the extension
card is also used. In this case +9V
can be provided externally via

a PCB pin. If the interface card is
used by itself then the 5V regulator,
heatsink and associaied components
are mounted on this card, but if the
extension card is added then these
are fitted to the extension card
instead. This card will also have the
compoenents required to make a
complete power supply in conjunc-
tion with the optional transformer,
see Figures 3 and 4.

The micro-controller section is
fairly straightforward, where the
MPU, IC1, is as much as possible
seli-contained, thus simplifying
board layout, construction and
reducing component count. The CPU
has one or two interesting features,

Meutral

Tronsformar

To nesl sxpansion bodgro

)

including an internal clock which
only requires the additionof a
crystal X1, C2, C10, C11 and C20.
Another feature is that the data bus
is multiplexed with the lower 8 bits
of the address bus because the num-
ber of available pins is limited. This
requires that address lines AQ to A7
be loaded into an octal transparent
latch, IC2, before a read or write can
be made on the data bus. The latch
holds the lower address for the
memory chips IC3 and IC4.

The RESET input at pin S has a
Schmitt trigger action and so only
needs a simple time constant
network, R7 and C18, to perform
the reset at power-up.

———————

e

Figure 4. Interconnections between the interface and extension cards using the 24-way
DIL headers. While all other connections are made through these, the +9V supply must
be made separately by a wire link. The external supply transformer is connected to the

extension card as shown.

The CPU is allowed to start once
pin 8 goes low. For a bit of extra
sophistication, an arrangement has
also been provided to reset or halt
CPU activities at power-down, and
is based around T1, T2, T8 and
associated components.

At power-up the time-constant
capacitor C16 is not allowed to
charge, by T8 being on, until the
voltage at +V1 exceeds zener diode
ZD1, switching on T1 which in turn

DC OuUT _ +9V
> (43...98)
— +5V
(655 c4
3 D1...D4 S i I
o I
T— +5V
AC IN : l f | > (J4...06)
1 =s
c1=c2 C5om
D _ e T 15
| i

Figure 3. The external power supply as fitted to the extension card.
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switches off T2 and T8. ZD1 ensures
that there is sufficient ‘overhead’
on the +V1 line to operate the reg-
ulator VRI properly, at least 7-5V.
Similarly, as soon as the +V] level
falls below this value at power-down
(or due to a supply fault) the CPU is
disabled via RESET, and the whole
card is effectively shut-down
‘cleanly’ (no erratic reads and
writes being attempted while the
power supply is disappearing).

DIL switch SW1 is connected to
a port of IC1, and is interrogated at
start-up to define the serial commu-
nications protocol that will be used
for conversing with the host. The
switches are set up for the required
protocol selected from Table 1.
Apart from the usual baud rate, par-
ity, and number of data bits, SW1/6
determines whether the interface
card will ‘echo’ characters that have
been sent. Echo mode is very useful
when the system is being controlled
‘manually’. However, where it is
conirolled by a program in the host
computer the echoes can be annoy-
ing, so the facility is best switched
off (SW1/6 = ON).

SW1/7 selects teletype or termi-
nal mode, and the difference only
affects the way in which the charac-
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Switch SW1

Settings for Serial Protocol

Switch number

2 3 4 5 6 7
Boud Rate (= S| = ol
ON ON 300
OFF ON 600
ON OFF 1200
OFF OFF 2400
Parity
ON ON Even
ON OFF 0Odd
OFF ON Mark
OFF OFF Space
No. Data Bits
ON 7, OFF B
Character Echo
ON NG, OFF YES

TTY /Terminal
ON Telstype,

OFF Terminal

Table 1. The switch settings for SW1 for the various RS232 protocol options.

ters are echoed while editing com-
mand lines. When a character needs
to be erased the interface card
sends the sequence ‘backspace,
space, backspace’ to the terminal
(ihe host). However, a teletype can-
not erase a character since it prints
onto paper, so instead the card
sends the character twice. It is very
unlikely that you will be using the
card with a teletype machine, so
SW1/6 should be left in the ‘ter-
minal’ option. SW1/8 is not used.
IC35 and IC8 buffer all signals to
and from the extension board. IC5 is
a 2-way, 8-bit bus transceiver and
has pull-up resistors R21 to R28
included at socket ]9/J10 so that no
bus lines are left floating during the
periods that ICS is in the high
impedance state. IC6 provides both
address and control buses to the

same socket. |9 is a 24-pin DIL head-
er for connection to the extension
card via a flat cable, or instead J10,
a PCB connector, is fitted if one I/O
card is to be plugged into the inter-
face board only. See Figure 5 for
details of the pin-outs. On the exten-
sion card the header takes position
J1 (and J2 if a further extension card
is added), while PCB connectors
occupy J3 up to J6. See also Figure 4.
Although a full 8 address lines
are provided in the interests of con-
sistency, only 5 of them (A0 to A4)
are controlled by IC6, the remain-
der being tied to +V2 (+5V). Up to
32 different addresses are therefore
available. However, only 19 are
implemented, 16 to access up to
four I/0O cards plugged into the
extension PCB, and a further 3 for
‘special purposes’. These locations

R T Ea +ov|o 19| #3V
o7lo ©|CND
~5[z] 23] A0 ol oo
A4E 2] (NC)+5V gz g oloz
o
fE 21] D4 o3lo ©[PS
M1[z] 29 D3 nclo 2|P%
ED E0s M1° s
RO[Z =] 06 1o ofiNT
GENICEE i7]D2 sEnioRa e 2| Ne
NMI[3] [is]D1 welo 2|RE
INT o 5] ehD wilo 2N
rslo ©|A7
A3[] is]D7 Al
A2[Z )00 A+19 o|ne
NC |0
310| NC

Figure 5. Pin-outs of the 24-way DIL header and PCB connecfor. On the interface card

these are J9 and J10 respectively, on the extension card J1, J2 and J3 to J6.

7%

are placed high up in the memory

map as follows:

Upper 32K Block:

Base Address &HTFO0

+Offset,

(A5-ATat]J9=1) &HTFEO

I/0 Cards &HTFEO-&HTFEF
Real Time Clock &HTFF0

A/D Card #1 &HTFF2

A/D Card #2 &HTFF3

The CPU itself can address up to
64K, however, its program address
space is limited to the lower 32K
occupied by IC3 and IC4. The
size (in K-bytes) of IC3 is 16K and
contains the essential interface
software. A link must be made at
position J2 on the board to ensure
correct addressing of this device.
(By linking J1 a 32K EPROM can be
used instead, but then there will be
no RAM space leit; this option can
usually be ignored.) Static RAM is
accessed as a second 16K block as
either 2K 6116, 5117 or 5517 (the
minimum provided), 8K 6264, 5165
or 5565, or 32K 82256 or 55257, in
which user written instructions can
be stored. Battery back-up is pro-
vided where El is trickle charged
via T3 and R31 — when supply is
available, and isolated from OV and
left to power IC4 at standby level
when power is off, under the control
of T6 and ZD2.

Construction

Complete assembly instructions

are provided in the assembly leailet
supplied with the kit. However, the
following points should be stressed:

1. Solder bridges have to be made
under both the static RAM IC and
EPROM (ICs 3 and 4) for the links J1
to J6. This is an unusual technique
and should be done carefully, and in
accordance with the following table.
See also Figure 6.

Link with Cut
Solder Bridge
EPROM:
CK2612 ]2 ig!
RAM:
2K
(As supplied) J4 and |6 J3and]5
8K 6264 J3and 6 J4 and |5
32K 62256 [3and]8 J4¢ and J6

As already mentioned, the unit
is supplied as standard witha 61186
Static RAM, giving 2K of program
space. Alternatively, an 8K 6264
(Order Code UF34M) or 32K 62256
(Order Code UH40T) Static RAM IC
can be used to give increased pro-
gram space. However, for most

| applications, the supplied 2K RAM

will be quite adequate.

2. ]8, a 25-way D-type connector, is
not provided in the kit. A Male R/A

Mapfin Magazine November 1992
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SOLDERSIDE

Figure 6. The underside of the interface card showing the locations where the special

solder-bridge links must be made or left open.

PCB mounting connector should
be used (Order Code FGE8Y, R/A
D-Range 25-way Plug, found under
Optional in the Parts List).

3. Use of the expansion PCB is
optional. ]9, VR1, C15 and C1
should only be fitted to the Main
PCB if you are NOT using the
Extension PCB. Otherwise, these
components fit on the Expansion
PCB instead. If using the Expansion
PCB, then while most connections
are made between the boards via
24-pin DIL header plugs (as illus-
trated in Figure 4), a wire link is
required from the DCOUT+ connec-
tion on the expansion board to the
+8V pin on the main PCB. It's worth
mentioning that the PCB connector
sockets are only supplied as and
when they are required with the
chosen plug-in I/0 card(s), they are
not supplied with the interface or
extension boards.

Optional item 0-8V, 0-9V, VA
Transformer (Order Code WB11M)
is recommended to power the unit

through the Extension PCB. If you
are not using the Extension PCB,
then a +9V DC supply should be
made available to the pin marked
*+8V'. See also Figure 4.

It is advisable to house the unit
in a screened metal box to prevent
interference with other equipment.

Operation

The interface cable will have to
be made up with the various con-
nections in each D-range socket
(normally a PC’s rear panel R5232
connector is male) as shown in
the connection diagram for RS232
hand-shaking. It is not recom-
mended that you attempt an RS232
connection without hand-shaking.
Note that the cable socket at the host
computer end needs to be identified
as such, as it has a special link
between pins 8 and 8 which are not
duplicated at the card end, to avoid
confusion when plugging in.

Full details of the interface’s
instructions are impossible to repeat

here fully, but a 24-page user's
guide is provided with the kit. A
sample GW-BASIC program for the
IBM/PC range of computers is listed
below as a quide; however, the
motherboard works just as well with
most commercially available termi-
nal emulation programs.

10 CLS:COLOR1Z.0

20 'The Intelligent Motherboard
should be connected to the
serial port (COM1)

30 OPEN#"COMI1:2400,E,7,1PE"
AS#1

40 LOCATE,,1

50 AS=INKEYS

60 IF A$S<>""THENPRINT#1,AS;

70 IF LOF(1)<256 THEN GOSUB#90

80 GOTO 50

90 CS$=INPUTS(1,#1)

100 TF C$=CHRS$(10) THEN RETURN

110 IF C$=CHR$(8)THEN
LOCATE ,POS(I)-1 ELSE
PRINT C§;

120 RETURN

It is envisaged that the main
applications for this product are in
process control and monitoring
slowly changing variables i.e. plot-
ting discharge curves of batteries
(in this instance, the motherboard
can update the host computer every
minute/ quarter hour/hour depend-
ing on the discharge rate). Using
several A-to-D cards, the mother-
board can even monitor the
discharge of several batteries
simultaneously!

Several examples of control
applications are shown throughout
the user's guide. Some examples
follow:

RDBI 15 XX XX 00 (Read bit 5 of card
1 on the minute, every minute).

SABH 0 | (Inform the host computer
when bit 1 of card 0 becomes high).

SADE 3 154 (Inform the host comp-
uter when the data input from card 3
equals 154 decimal).

The motherboard relies on addi-
tional cards to provide input/output
capability, for this reason examples
of programs are not given here.
These additional cards will be
described in coming issues of
‘Electronics’.

The fully assembled Motherboard.

November 1952 Maplin Magazine

The fully assembled Extension Board.
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RS232 SERIAL PORT INPUT/OUTPUT
MOTHERBOARD PARTS LISTS
Interface Card MISCELLANEQUS
SwW1 DIP Switch 8PST 1
ESTORS o : X1 Crystal 12MHz 1
R4-6.21-33 El PCB Battery 1
S PCB P2612 1
& 1088 x i DIL Socket 14-pin 4
11.12 22 2 DIL Socket 20-pin 3
o e : DIL Socket 28-pin 2
R14.15 100k 2 DIL Socket 40-pin 1
RIS‘ 330 1 DIL Socket 24-pin 1
RI17 5600 1 PGB Pin .
R18 2082 1
R19 262 1 Extension Card
R20 68k 1 CAPACITORS
R34 1k2 1 Cl 1000yF Electrolytic - 1
C2-5 100nF 4
CAPACITORS
C2-9,19 100nF 10 SEMICONDUCTORS v
C10 4TpF 1 D1-4 1N4001 (1N4002 etc.) 4
C11 10pF 1 VR1,2 7805 2
Cl2-14 100pF 3
Clg 22uF Electrolytic 1 MISCELLANEQOUS
C17 22yF Tantalum 1 PCB P2631 1
C18 270pF 1 DIL Socket 24-pin 2
CcVv1 39pF Trimmer 1 PCB Pins 4
PCB Vaned Heatsink 2
SEMICONDUCTORS M3 x 10mm Bolts 2
Di-7 IN4148 (INS14) 7 M3 Nuts v 2
ZD1 Zener 6V8 1 IDC Flat-Cable Assembly 1
ZD2 Zener 3V3 1 Assembly Instructions 1
LD1 Led RED 1 User's Guide 1
T1-4 BC547 (BC548, BC549) 4
T8 BC517 1 OPTIONAL (Not in Kit) For Both Cards.
T8-8 BC5357 (BC558, BC559) 4 6264 100ns i (UF34M)
TS BC327 1 62256/43256 150ns 1 (UH40T)
IC1 8031 1 R/A D-Range 25-Way Plug 1 (FGBBY)
(671 741S373 1 Min Tr 9V 1 (WB11M)
IC3 CK2612 1
IC4 6116 (5117, 5517, 6264, 5165, _ I )
5565, 82256, 55257) 1 The Maplin 'Get-You-WorlQng' Service is available for
IC5 7415245 1 ’ this pmject..
IC6 7415244 i The above items (excluding Optional) are available in
IC7 1488 (75188) 1 kitformonly.
IC8 1489 (75189) 1 Oxrder As VE91Y (Serial Expansion Kit) Price £109.95.
1C9,10 4N27 Opto-Coupler 2 Please Note: Some parts, which are specific to this project
ICl11 741LS00 1 (e.g., PCB), are not available separately.
iCciz TL48S7A 1
* Do you have difficulty in getting hold of Then why not ask your friendly local Newsagent to reserve or
your copy of ‘Electronics—The Maplin deliver every issue of ‘Electronics —The Maplin Magazine'?
Magazine'? Fill out the coupon (below), hand it to your Newsagent and you
need never miss an issue of ‘Electronics—The Maplin Magazine'
#* Does your Newsagent always sell out
before you can get your copy? ><g__
“ Are you fed up with braving the onslaught 5
of wind, rain and keep fit fanatics in your ol daliver (d i .
ceaseless quest to find a copy of your gase resgwe;de iver ( e}ete as app icable) each issue
favourite electronics magazine? of ‘Electrenics— The Maplin Magazing' for me.
“* Do you say to your family and friends, “I'm Name
{:lﬁitlg'o.n}%oulsude, | may be gone a little Address . g -
“* Does your dog hide when you return empty B =
handed? ]
B p— it Signaiure
* Do you resort to reading the Beano, Dandy, s S - Lec ] ] :
i ' Elecironics —The Maplin Magazine'is published monthly and is
Viz or other well known ‘comics'? distributed through your \'.'h-:i.}i&‘:’:? by: United Mzgazine Disfribgtion Lid.,
1 Benwzll Bead, London N7 7AX. Telophona: 071-700-4600.
78 Maplin Magazine November 1892
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Available forthe firstfime! The new Maplin
magazine binderthatholdstwelveissues of
Electronics, the Maplinmagazine. Ifyou have not
gotthe world of Electronics covered, now'syour chancel!
This great, quality binder comesin hard wearing,
laminated artboard, that notonly looks good on your
bookshelf orworkshop desk, butisalso a greatwayto
buildup an Electronics reference library of your own!

Now you cankeepall of your copies of Electronics,
the Maplin magazine, together and on hand forwhen
youneedthatextra piece ofinformation. To orderyour
bindersimplyfillinthe orderform providedinthisissue of
Electronics. Only £5.95 (plus £1.20 handling charge).
Orderno: XH99H.

THE NEW MAPLIN MAGAZINE BINDER...
A GREAT WAY TO GET THE WORLD OF ELECTRONICS COVERED!
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BUYER'S GUIDE TO ELECTRONIC COMPONENTS 1993

i

hundreds of brand new products.
On sale now, only £2.95
Available from all branches of WHSMITH and

Maplin shops nationwide. Hundreds of new
products at super low prices!

Over 700 product packed pages with
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