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EDITORIAL

liHello! Here we are again withanother
issue of your favourite electronics
magazing. There's a bumper crop of
projecis and fealures this time; here's
justatasterto whet your appetite; fap
of the projects listis a highly
sophisticated car securily system, it's
maore than justa caralarm;
Compuguard actively tries to defeata
iheft attempt! For those of you who
£n|oy watching movie films at home
the guide o using the Maplin
Surround Sound Decoder will beright
upyourarmchair. The 1-2KW pawer
controllerallows lighting, heaters and
powerdrills to be easily controlled.
Have you ever wondered how high
quality music can be recorded onlo
magnetic tape? Well, Mike Holmes'
arficle reveals the secrels. If youriape
recorder or EM tuner suffers from
backgraund hiss, then why not build
the Dynamic Noise Reduction System.
Anew senies introduces us o the
telephane worid of System X. Data File
this time isa compact; 50W pawer
amplifier. We look behind the
checkpoinis of Belin's recent rock
music event of the yearand give you
thechance to win a few goodies. For
the musicians amongst you, there's ihe
Noise Gate projectand forthe
newcomer {0 electronics, Square One
continties by lookingat diodes, Of
course there's all the usual requlars to
compiete the line-up. Until nexttime
wiy not read on and enjoy!
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PROJECTS

1-2kW POWER
CONTROLLER

B Avery versatile AC mains
power controller for use with
power drills, heaters,
lighting, &ic.

COMPUGUARD

il A highly sophislicated
state-ol-the-art
microcontrolier based car
security system, which offers
awiole host of facilitiesio
protectyour carand iis
conlents.

7 TMS77C82
MICRO-
CONTROLLER

B Pari Two ina two part
articie on the versatile
TMS77C82 microcontroller
from Texas Instruments,

5 5 DYNAMIC NOISE
REDUCTION
SYSTEM

0 Reduce background noise
on tape recordings and FM
broadcasts with this
ingenious naise reduction
unit.

04 Toktsi

B Data File this issue
presents a compact S0W
power amplifier based on
the TDA1514A power
amplifier1C.

/

NOISE

GATE .

0l Anindispensibls
unitfor the recording
or performing
musician, ideal for
use with guitars,
keyboards and other
instruments.

FEATURES

/

TAPED

il Pari onein a two part
arlicle on the principles of
using magnetic tapeasa
fecording media.

29

/4

4

COMPUTERS IN
THE REAL
WORLD

B Pari seven deals with linear
and slepper motors; how
they are used and how they
are conirolled.

USING DOLBY
SURROUND
SOUND

# Anin-geptharticle an how
to inlegrate the Maplin Dolby
Surround Sound Processor

into an Audio/Visual system.

THEWALL

i Berlin recently staged
Europe's largest rock
conceri, Alan Simpson
reporis ontechnology
involved in, and the people
behind, this mammaoin
production;

4 AUDIO

+/ FREQUENCY
INDUCTION
LOOP SYSTEMS

I Part two in the series about
the theory and practice of
induction loop systems.

4 WHAT IS
SYSTEM X
ANYWAY?

i Marion Hearfield
intraduces us lo'System X in
part ong of this new series.

SQUARE ONE
5 I Parifourin this beginners

series deals with the

semicanductor diode in its
various shapes and forms,
and shows various
applications. This issue's
projectis asimpie logic
prabe forinvestigating
digital cirouits.
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Intelligent Fish

It is good to know that the

European Commission are award-
ing ten million Ecus to a project
designed to develop a machine
transiation system for the nine
official Community languages.
Perhaps the EC officials could
save time — and Ecus — by con-
tacting Douglas Adams. You will
recall that his book "Hitch Hikers
Guide to the Galaxy” introduced
the Babel Fish. When stuck into
your ear, the Babel Fish enables
you fo instantly undersiand any
language being spoken. However
there did seem to be a drawback.
The Babel Fish was responsible
for praducing more problems than
it solved, as a result, the world —
sorry The Universe — suffered
even bloodier wars.

ICL Turns Japanese

Babel Fish apari, the headline
news must be the sale by STC of
the UK's last remaining major
computer manufacturer, ICL to
Fujitsu for a somewhat low £743m.
for 80% of the company. This
follows the recent movement of
Hoskyns to the French CGS;
Inmos to Thomson; Apricot o
Mitsubishi; and Plessey to Sie-
mens. With this take-over, Fujitsu
will become the world's second
largest computer manufacturer —
though whether the company will
hold on to ICL's caplive govem-
ment markets remains to be seen.
The move has been generally
welcomed by industry and govern=
ment alike. Conservative chairman
of the Trade and Indusiry select
committee comments that it is a
purely business decision. "l don'
think we should be waving national
flags about this business™. The PA
Consulting Group likewise thinks
that the take-over is a good thing.
“The acquisition of ICL makes
sound technological, marketing,
and strategic sense for Fujitsu”.
Meanwhile industry observer
Michael Naughion of comms con-
sultancy Applied Nelwork Re-
search believes that the move can
be compared to the Japansse
motor industry setting up manufac-
turing shop in the UK as a method
of gaining an eniry into the
lucrative markets of the EEC.

High Fliers

No doubt those high flying PA
consuitants will be interested in a
new in-line service offered by
American Airlines. The airline is
introducing an office in the air
facility covering not just air-phones
but air-fax. But whether providing
telecommuling services. some
eight miles high, will catch on with
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other airlines remains to be seen.

Meanwhile, the siewardesses
offer "coffee, tea or me” may
henceforth be a much more
innocuous “coffes, tea or fax”.

Wide Angled Air Safety

NI

Panasonic

What would seem to be a belated
development is the introduction by
Panasonic Communication Sys-
tems of a wide angle micro colour
camera which allows pilots to see
the external surfaces, wing con-
trols and engines of their aircraft
during flight. Mounted on the tail
plane, the wide-angle lens gives a
120-degree vision of the whole
aircraft without any perceptible
effect on the aerodynamics of the
aircraft. With the fiight stewards
busy handling facsimile mes-
sages, the pilot obviously needs all
the visual help he can getl.

Chatting-up Discouraged
The DTl gquango body OFTEL
seems io be fighting a loosing
battle with the spread and popular-
ity of telephone chat-lines. No
sooner does the Authority termin-
ale one chatline service than
several more appear. Backin 1989
OFTELissued a "Code of Practice”
covering one-to-onelive conversa-
tion services available through
BT's public telephone network and
in particular on the sffect of these
services on customers’ bills. Just
who OFTEL is protecting has not
been made clear. Possibly the
family on the receiving end of a
high telephone bill run up by their
children or au pair.

Junk the Mail

Another DTl guango The Data
Protection Board is also fighting a
rear-guard batile with direct mail
operators. It seems that the oper-
ators are making use of publicly
available address lists to send out

advertising material. Why reci; |

pients should be bolhered — un-
less they don’t happen to possess
a large wastepaper bin — has
never been mads clear. The cam-
paign against unsalicited mail is
probably deflecting the Board's
basic handiing of public com-
plaints on the misuse of parsonal
data, in pariicular the maiching of
personal information across dala-
bases. Over the past several
years, the Board has only brought
cases against 30 data users,
mainly for failing (of forgetting) to
reregister. With the rapid develop-
ment of cross-border data fiows
taking place in an increasingly
unified Europe. the need for a
supra-national data protection
body possibly organised by ihe

Make IT with Lasers

It can be only a matter of time
before that office in the air is kitted
out with a laser printer. Ready for
that happening, Apple Computer
have launched a new line of
LaserWriter printers. The compact
system can handle not just textand
graphics, but letierheads, and
envelopes. The maintenance time
and costs are guaranteed by the
design ability to replace sensitive
wearing parts alongside the new
toner cariridge. Details: Apple
Computer. 071-402-3355.
American Airlines may well be
interested in what Canon (UK)
describe as the first deskiop laser

filing unit. This is an optical
disk-based image storage unit
capable of storing 12,000 pages of
Ad per disk, yet only the size of a
standard-issue PC. The ‘Canofile’
unit optical disk givas 256 Mbytes
of storage available on each side
of a single 12in. disk. However at
£13,500, the price is not quite in
the economic flight class.

Fax news final is the DTI's
support of £1m over a four year
period to assist with the faunching
of a National Laser Technology
Transfer Programme, ‘Make IT
with Lasers’. Presumably British
Airways are keenly interested.

EEC is now seen as being a
logical step by many in the com-
munications industry.

Closed Circuitl
Telephone Calls

One new product which should
definitely appeal to fellow Amer-
ican Airine passengers is the

latest Panasonic headsst for
business lelephone syslems.
Approved by the BABT the system
gives you that exira pair of hands—
essential if you are trying to down
the airline free drink queta or leaf
through the duty iree allowance
data sheals.

Misusing your Computer

Asif the computer enthusiast does
not have enough o contend with,
the government has now intro-
duced The Computer Misuse Act.
This does not apparently cover the
spiling of coffee over your Am-
strad, allowing the printer to catch
fire or generally shouting abuse
when the system is being more
than averagely thick. No the
somsawhat strangely named Act
covers the unlawiul intrusion into
compuler systems by hackers or
those with @ more criminal intent.
The Act however sfill allows BT to
provide phone tapping facilities to
the police on reades!, a factor
which confinues to alarm various
civil libarty organisations.

GetBack On Your Knees

Following our comment in the last
issue on the development of a
range of ecclesiastical software,
comes the news that the new
Archbishop of Canterbury is a
dedicated computer buff.
Apparently while in the back of his
limousine, he inputs into his laptop
and then downloads it into his
Amstrad computer. ltwon't be long
before Lambeth Palace ordains
on-ling collection terminals and

random input hymn selection tech-

nology.

BT Cares

Communication technology is
coming to the aid of the deai and
hard of hearing. In association with
the Royal National Institute of the
Deai, BT is providing a £650,000
investiment in a new company
Sound Advantage, aimed at pro-
viding a 'ongs-stop shop' for hard of
hearing people. High tech pro-
ducts range from telephone
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attachments to flashing doorbells.
Texttelephones —these allow deaf
users to communicate over the
public telephone neiwork by
means of an incorporated slrip
screen — and phones which
incorporate extra levels of ampli-
fication plus a vibrating message
pager and alarm clock. For once
everyone scores. BT from increas-
ing the usage of its services, the
RNID who receive all the profits
and not least the deaf thamselves.
Sound Advantage can be con-
tacted on: 0733-361199.

BT is also providing £4 million in
a major iniligtive to provide a
national relay service for deaf and
hard of hearing which allows
people to make and receive
telephene calls in text format on-a
compuler screen through a central
exchange. It does seem that the
telephone has turmed a full cycle.
Alexander Graham Bell invented
the telephone in an effort to
develop a hearing aid for his deaf
wife.

BTR&D

Last year BT spent nearly £230
millicn on research and deveiop-
ment. Also a large amount no
doubt went on the completion of
the BT digital network. The transfer
of all trunk traffic— 40 million calls a
day — from analogue to digital
started in 1985. Now all BT
customers have access to the
most advanced long distance
switched network in the world.

Some of that investment maney
is now about to be recovered from
new tariff and rental increases. BT
defends the increases by pointing
out that customers who make a lot
of telephone calls subsidise those
who make less frequent use of the
phone. "For historical reasons,
what we charge for renting a line
falls well short of the cost of
providing and maintaining that line.
And this shortfall has to be
recovered from the relatively high
margin we make on calls, particu-
larly long-distance and internation-
al calls” says BT Chairman lain
Vallance. Well at least we have
been wamed . . .

Moving to Mercury

Disgruntled BT users are probably
already contacting Mercury Com-
munications who are now compet-
ing for private customers. In fact
Mercury has launched a £3 million
advertising campaign aimed at
home lelephone users who reg-
ularly use their telephones for long
distance calls. These are classified
by Mercury as being anything over
35 miles. where Mearcury savings
could be as much as 35%: over BT
tariffs. What you need, apart from
the Mercury authorisationcodeisa
special telephone which incorp-
orates a blue button which gives
access into the Mercury network.
Mercury are looking to sign
100,000 home users by next April.

Meanwhile, The Post Office
have shunned their former pariner
and set about installing Mercury
card phones at the rate of 200 a
month in its main offices and sub
post offices. Local call costs will be
a basic 5p wunit. That apar,
Mercury is also planning to quad-

October 1890 Maplin Magazine

rupie the size of its pay-phone
network this year. As the industry
daily information newspaper
"Computergram” warns, walch out
for pavement work ahead.

Mickey Mouse Software
Walt Disney, reporis “Computer-
gram”, is going into software with
the first product being a program
designed to teach reading and
counting skills to children aged two
to five. The system includes a
speech and music generatar which
reproduces the voices of Mickey
Mouse and other Disney charac-
ters. No prizes for forecasting that
the first feature will be Snow White
and the Seven Dwarlis.

SKY-—Clouds Lifting

With something approaching re-
lief, SKY  Television has
announced that its Movie channel
has now atiracted well over
750,000 paying subscribers to its
premium film service. As from
September this year, SKY
MOVIES will be on the air 24-hours
aday showing, for the costof £9.92
monthly, some 312 movies a
month. Also in the SKY good news
depariment, their Eurosport Chan-
nel can now be seen in some 20
million homes in 22 countries
throughout the UK and Eurape.

IBM Has Home Users In
Its PC Sights

Close on the heeis of an industry
repori which suggests that the
European PC market is sal 1o
continue its fast rate of growth,
with IBM and Compag leading the
sales way, IBM has introduced its
PS/1 family of micracomputers.
The IBM Personal Computer is a
new, low priced (at least for IBM
products) system designed for
‘the enterprising individuals and
their families. Based on up-to-date
technology, with an Intel 802885
processor, VGA screen, 1/44MB
diskette, optional 30MB fixed disk
drive and DOS and Microsoft
Works as part of the package, the
system is expected to be fixed ata
sub £1,000 price tag. In fact the
price tag will be the all important
markeling factor in the UK where it
will find itself competing with the
well  established Amstrad PC
range.

FAXIT

BT are anticipating that another
250,000 facsimile machines willbe
sold this year, with small firms
being major buyers. Next year, BT
are predicting that the home fax
market will take ofi. No wonder
therefore that Canon (UK) are
concentrating as much on the
paper cosis as on supplying
equipment. There are currently 34
facsimile suppliers operating in the
UK. producing 184 different Group
3 fax machines. Of these only 15
machines use plain paper — about

%s. "Plain paper is one area that
many users are looking at as an
upgrade path” says Chris Jobling.
Canon’s facsimile product mana-
ger. "Thermal paper fades over
time and is unsuitable for filing and
awkward to write on” Canon see
the plain paper fax markel as being

al the forefront of user demand in
the years ahead. In fact the new
Canon Fax-1770 is a compact laser
fax machine which gives users

plain paper messages of the

highest quality. Costing £3,395,

the system unit is small enough to
sit on a desktop but includes
revolutionary new image-

enhancing technology. Defails:, |

Canon (UK) 081-773-3173.

IBM Develops Do-ii-
yourselfDefect Repairs

An IBM researcher has invented a
process in which a defect in wiring
between integrated-circuit chips
can induce its own repair. The
technigue cavers a situation where
the copper wiring on a board has a
defect which serves to creale a
near open circuit. When a suffi-
ciently high current is passed
through a wire with a constriction,
more heat is generated at that

location than elsewhere on the
wire, because the thinner the wire,
the greater its electrical resistance
and the slower the heal dissipa-
tion. The heal generaled transfers
copper from the cooler paris of the
wire through the plating solution or
glectrolyte. The process IBM says
could have widescale implications
for interconnection wining defects
in integrated circuit chips.

Building Industry Told To
Get WithIT

At the recent "Infrastructure 907
conference organised by Applisd
MNetwork Research and CommEd
Conferences; John O'Donaghus
of engineering consultancy FC
Faremans, told the delegates that
information technology can now
account for 35% of the cost of new
building development — 455 in the
case of redevelopment. "Office
buildings will have to accommao-
date ever increased layers of
comms channgls — voice, data,
image — with cabling taking up an
ever greater proportion of avail-
able space’.

BT took the opportunity of the
indusiry conference to announce
OSCA Voice, a structured voice
cabling system which incorporates
paiching pansls and is seen as
being a step along the road fo
ISDN and complele spsech-data
integration. Given that svery two
seconds of every working day, at
least one BT extension socket is
installed, OSCA voice looks like
having its work cut out satisfy
demand. Details: CommEd: 071-
733-3456.

Picture Caption Challenge

“Look—No Hands!"

Isit:

* The Red Arrows display team
awaiting further defence cuts.

* BT suspending chatline oper-
ators.

* A demonsiration of high defini-
tion TV.

* BT personnel jumping for joy at
the news that their chairman has
awarded himself a big rise.

* "l bet they drink Carling Black
Lapell”.

Perhaps not.

These intrepid BT trainee en- _
gineers are not just hanging
around, but swinging out in space
to test their fail-safe harnesses.
British Telecom have siaried a
new project to train young riggers
and instruct electrical engineers
who have to climb to maintain
systems on saiellite dish asrials
and radio towers.

If you ean think of any better
captions for this picture, then drop
the Editor a line at the usual
address, no prizes, but we may
print some of the funny ones!




Revised by Alan Williamson
Based on an idea by Robert Penfold

Specification

Max inputvoltage:
Max current:
Max output power:

240V AC50Hz
5A
1-2kW

Applications

* Stage Lighting
* Soldering Iron Temperature
* Non-Electronic Drills
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Introduction

It is often desirable to control the
amount of power applied to @ 240V AC
mains appliance, such as a power drill,
heater, table lamp, etc. There are several
ways of providing the necessary coniral,
for example; by using a rheostat, which is a
high power variable resisior, connected in
series with the supply. This is a wasteful
method of control, generafing a lot of
unwanted heal. Another way is to use a
'variac’, a sort of variable transformer
which has only one winding, and an
adjustable tap. The tap is continuously
variable by sliding a copper-carbon brush
over the length of the exposed windings,
tapping off the required voltage. This is a
much better method of AC conirol, but o
variac is a very expensive item. So far, both
these forms of control deal with the full
sinusoidal waveform of the mains power.
Another means of control would be to
swifch the supply on part way through
each half cycle, thus reducing the average
power available per cycle. Thisisillustarted
in Figure 10, b and c. Figure 1a shows near
maximum power applied to the load,

() o

(&) ©

Figure 1. Output waveforms.

Figure 1b shows half power applied to the
load and Figure 1c shows near minimum
power applied to the load.

The 1:2kW Power Controller de-
scribed here uses the lotter method of
control and replaces the original 720W
version found in the now discontinued ‘Best
of E_RMM.

This circuit is particulorly useful for
controlling fixed speed drills to allow a
slow start for accurate drilling, it may be
found that using the Controller with an
electric drill, there is a small dead spot at
the minimum end of the control knaob, this is
intentional, as it is intended to be used as o
pre-heat for light bulbs to minimise
‘thermal shock’ to the filament. The circuitis
also useful for controlling the temperature
of asoldering iron, enabling a wide variety
of uses from sealing plastic bags to using
the soldering iron as a pyrographic pen,
(an ancient art form, drawing on the inside
of dried wood bark with a hot poker).

The Controller is not suitable for use
with fluorescent lighting or any form of
electronic equipment. Itis sirongly advised
ithat beginners do not undertake construc-
tion of this project unless supervised by an
experienced person.
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Figure 2. Circuit diagram.
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Figure 3. Component legend.
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Circuit Description

Referring fo the circuit diagram,
Figure 2, you will see that the circuitis of the
usual diac and triac fype.

The circuit operates as follows; R3,
RV1 & C1 form a variable time constant,
R3 setfing the minimum time constant when
RV1 is at minimum resistance. R4 is
included to reduce the overall value of RV1
giving the required range. This nefwork
charges up C1 from the current flowing
through R3 & RV1, when a charge of
approximately 34V across C1 is reached,
diac (DI1) will fire, triggering the triac (TI1)
info conduction allowing current to flow
through the load.

Just using these components you can
maoke a Coniroller, but the circuit has a
hysteresis problem when RV1 is set to its
maximum value. This hysteresis causes a
backlash in the system which can be seen
when controlling lighting, i.e. the conirol is
advanced and nothing happens, the
control is advanced a litle more, then
suddenly the lights come on brightly. At this
point the control can be backed off to dim
the lights, as it stands this circuit would be
no good to control stage lighting. This
hysteresis is caused by a charge left on C1
from the previous half cycle which will
counteract the next half cycle, being of
opposite polarity. This is overcome by the
addifion of D1, D2 & R2 for the positive
half cycle and D3, P4 & R1 for the
negative half cycle. D2 & D3 discharge C1
only during the fall of the cycle (returning
to OV).

The circuit is completed by including
some noise suppression components. C2
helps fo suppress interference generated
by the friac switching on, L1 & L2 prevent
the noise gefting back to the mains, and
SR1 clamps any incoming spikes to 250V.

Consitruction

Please refer to the Constructors Guide
for hints and fips on soldering and
constructional fechniques.

Referring to Figure 3, Fit solder and
crop all the components except the triac
(TI1), potentiometer and veropins. Ensure

Heatsink &

3 x Insulator spacers

Figure 4. Triac leg/heatsink assembly.
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Figure 6. M3 tag/heatsink/triac assembly.
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Figure 5. Drilling instructions.
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correct orientation of the diodes when
fitting them in place. Next insert the wiring
pins; noting that the three pins for
conneclion fo the potentiometer are fitted
from the track side of the PCB, and the
other two pins are fitted from the
component side. Trim 10mm off the end of
the potentiometer shaft, then bolt the
potentiometer fo the PCB from the
component side (see photograph of PCB)
and salder the legs to the three veropins.
Next, remove all the screws from the three
insulating spacers and fit to the PCB so the
track side is now face up, then temporarily
bolt the triac to the heatsink and bend the
legs Smm from the body as shown in Figure
4. Insert the legs of the heatsink/triac
assembly into the pcb and lay on a flat
surface with the heatsink and all three
insulating spacers touching the surface,
solder the triac legs ond remove the
heatsink. The PCB is now complete, finish
by cleaning off any flux residue using
alcohol or PCB cleaner YJ45Y,

The next job is to drill the box. Cover
the lid, the top and one of the shori sides of
the box with masking tape; this will enable
you to mark out the required holes and the
masking tape also provides a non-slip
surface for drill. Probably the easiest way
of cutting the hole for the 13A socket is to
drill o series of closely spaced holes
around the perimeter of the cutout-line, the
holes can then be joined up using @ small
round tapered ‘rat’s tail’ file. Drilling
information is shown in Figure 5.

After having drilled and de-burred all
the holes, final assembly can begin. Cut off
approximately 150mm of 13A mains
cable, sirip off the outer insulation and
solderthe earth wire to the M3 fag. Bolt the
M3 tag to the lid of the box and assemble
the heatsink/triac and PCB as shown in
Figure 6. Note that the triac, o BTAQS-
600B is an insulated tab device and
therefore does not require the use of an
insulating bush and washer. Do not
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Figum 7. Wiring diagram.

substitute a non-insulated tab device in
place of the BTA08-600B specified.
Next sfick the front panel onto the box
and insert the rubber grommet into the
hole for the potentiometer. The swiich is

fitted with the ‘mains in’ terminals closest to

the potentiometer. The fuse holder and
cable clamp are installed next, insert the
cable through the clamp and tighten. Wire
up the pcb, switch and fuse exacily os
shown in Figure 7. The four wires (live,
neuiral and two earths) are then fitted into
the socket which is then bolted to the box
using M3 nuts bolls and shake-proof
washers. Check to see if the wiring is

correct and that short circuits cannot occur

before screwing the lid onto the box. All
that is remaining to do is to fit the knob onto
the potentiometer shoft, insert the 5A fuse
into the fuse holder and afiach a 13A plug
(fitted with a 5A fuse) to the mains Ead

(13A plug and 5A fuse are not supplied in
the kif].
Testing

On no account must power be
applied io the circuit with the cover
removed from the box. 240V AC mains is

potentially lethal, it must therefore be
ftreated with the greatest respect af all

fimes.
A table lomp is required to test the
Power Controller, plug the lamp into the
Controller. Check to see if the Coniroller

switch is in the 'OFF position, and the

control kneb is set to the minimum
(anti-clockwise). Plug the Controller into o
13A power sacket, switch the Coniroller fo
‘ON', the switch should illuminate and the
table lamp should be off. Turn the control
clockwise and the lamp should start fo
glow and increases in brighfness os the
conirol is advanced further.

(Ul

The above ifems, excluding Opfional, are available as a kit:
Order As LP41U (1-2kW Power Cntrlr) Price £20.95
The following items are also available separately:

1-2kW Pwr Cnirlr PCB Order As GE62S Price £2.45
1-2kW Cnir Panel Order As JU35Q Price £1.20




Experiments with
EPROM’s
by Dave Prachnov

One of the most advanced features in
-advanced circuit designis EPROM
(Erasahble Programmable Read-Only
Memory) programming. Such memory
chips are capable of holding any user
specified program in a2 non-volatile
form, and yat which can be quickly and
easily erased al the user's discretion
and reprogrammed to perform a
differant function. This book provides
an in-depth lock at these special
integrated circuits to offer you no less
than fifteen fascinating hands-on
‘EPROM expearimenis’ using the chips
on their own in a logic circuit or in
computer based applications. Each
experiment comprises building
different devices lo use the EPROM's.
These include a ‘Boale's box, used for
determining the logic levels presenton
digital IC pins; a keyboard encoder
which generates a digit and displays
the characier of Iha key pressed; ‘Bit
Smasher I’ and 'Bit Smasher II',
extremely simple and more versatile
EPROM programmers; ‘Eprogrammer
\I', a versatile, poriable, computer-
based EPROM programmer; EPT-
EPROM program tester, used to test
and debug an EPROM s data before
writing the data to the device; ' ROM
Drive’, a device that enables the test
micrecomputer to access the
EPROM's code; a serial interface
text-to-speach ASCIl transiation
Speech Synthesiser; Music
Synthesiserinthe formof a
programmable sound generalar;
‘Message Centre’, a ROM based
character generalor; low-cost4 and 8
walt EPROM erasers; and ‘Three Line
Burmner’, the Epromgrammer projeci
converied to 2-way RS232 sernial port

communication with the host computer.

Also contains much information about
8

alternative ROM technologies, boolean
logic and a eemparison of the various
iogic gate technologies. American
book.

19B88. 233 x 186mm. 240 pages.
illustrated.

Order As WT13P (Exp with
EPROMs) Price £16.30 NV

EEAGINY

Efectronic Projecis
for Model Boats
by Ken Ginn

Although radio control equipment is
reliable and readily available
novwadays, there are siill many items
which are not available commercially
or which can be made more cheaply al
home. This book describes how fo
make some of these items, which
include servo checkers, a battery
tester, glow plug supplyanda
multimater, with no prior knowledge of
eleclronics required, The book begins
with an overview of the necessary
iools, board construction techniques
and basic R/C layout, moving on to
discuss specific projects, each
featuring a circuit description with full
canstruction and testing procedures.
The book is aimed at the boat medeller
whao likes to get invoived in more than
just the building of the model and who
will, with the help of its contents, be
able to ift the elecironic equipmenito a
higher standard also. No previcus
expernence as a circuit builderis
necassary, and detailed explanations
for soidering technigues sic. are
provided for the absolute beginner, and
appendices cover such aspects as
resistor cofour codes, component
recagnition, how to mount power
ssmiconductor devices to heatsinks
and component suppliers.

1950. 210 x 145mm. 144 pages,
illusirated.

Order As WT12N (Projects for
Mdl Bts) Price £6.95 NV

Olta] Systam
Wty

Digital Systems
Design

with Programmable Logic
by Martin Bolton

Programmable logic devices (FLD's)
bring indispensible benafits in terms of
speed, flexibility and reliability to digital
systems design, and so the modem
engineer nesds to be familiar with the
design principles of programmable
logic. This book provides a clear and
caraful introduction to madern,
structured digital systems design from
a programmable logic perspective.
Extensively covering synchronous and
asynchrongus techniques, a ‘top-
down’, implementation-independant
approach fo design is taken
throughout. Topics covered include
extensive coverage of stale machine
design, an appendix listing all kngwn
PLD's, test objectives, summaries and
problems wilh each chapter, and a very
comprehansive bibliography. An
excellent infroduction to pregramming
logic for the practising professionat and
dabbling amateur alike,

18380. 240 x 160mm. 384 pages,
llustrated, hard cover.

Order As WT10L (Digi Sys Prog
Logic) Price £19.95 NV

Newnes Electronic
Assembly Handbook
by Keith Brindley

Inits broadest sense elecironics
assembly is all about how to bring
together a multitude of electronic

componenls and component typses o
form a working, reliable piece of
equipment. Nowadays many of the
basic decisions and problems have
been overcome by the integrated
circuit manuiacturers, who have
combined hundreds, housands or
even hundreds of thousands of
individual components onto single
devices effectively easing the job ol the
elzctronics assembler, allowing him o
construct more complex appliances for
the same amount of work.
Nevertheless many problems still
remain and ofien the very use of large
scals integrated circuits has generaled
more probiems. This bookis
essentially about printed circuit boards,
their design, manufacture and
assembly, production, companent
paris, packaging, testing,
standardisation, and quality. For PCB's
of one sort or another are used inall
but the simplest of electronic
assemblies. In many respects, the
wiole topic of electronics assembly
may be viewed as just a collection f
the multitude of considerations that
apply to printed circuil boards.

This is a highly illustrated bock, inifially
aimed ai managars, engineers and
technicians al a professional level
involved at any slage of electronic
product manufacture. itis, howsver. a
{ascinating insight info commercial
€electronics assembly techniques and
cansiderations, and will be a source of
inspiration and a guide to the amateur
projects builder. Did you know for
instance that, as far as the industry is
concerned at any rate, it is nof taboo to
mount components on koth sides ofa
single sided PCB? Is trealing the
‘component side’ and the ‘track side’ as
two entirely separate domains a 'rule’
you have always foliowed implicitly,
and the twain shall never meet? Did
you know that the solder pads of either
single or double sided PCB's need not
be drilled at all, but the components
soldered directly fo the track surface,
and that thisis how medemmicro.
mounting technology achieves high
density PCB's? Ever wondered how
flow saldering works?

The book covers slectronics assembly
to a depth which, the publishers
believe, has not been seen in print
before. Contentsincludean
intreduction to elecironics assembly,
PCB and surface mount assembly,
electromechanical assembly,
packaging, soldering and quality
testing, standardisation of manufacturs
and the worldwide standards, quality
assurance, and an interesting chaptar
on the performance involved fora
manufacturer seeking to secure the
MaoD as a customer.

1990. 250 x 195mm. 350 pages,
illustrated, hard cover.

Order As WT15R (Electronics
Assembly) Price £40.00 NV
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* Fully programmable

* Low power consumption

Introduction

In Britain a car is stolen every 30
seconds costing £722 million in 1988, In
Essex alone, the past twelve months have
seen over 24,000 thefts of, or from,
vehicles. Approximately 30% of nation-wide
crime is against vehicles. To add to this,
70% of all cheque book and credit card
thefts are from cars. Thisalladdsuptoa

£750 million bill for insurance and police time.

With over 20 million car owners in the
U.K., the chances of your vehicle being
broken into is frighteningly high. A high
percentage of vehicles are not alarmed,
surprising when vou consider that owners
will part with over £6,000 for a ear, but
do not install an alarm system costing onlya
minute proportion of the total cost of the
vehicle,

October 1990  Maplin Magazine
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Part 1 by Tony Bricknell
FEATURES

* Optional battery backup
* Infra-red arm/disarm remote control * Suitable for all negative earth vehicles
* Microprocessor controlled

Many vehicle alarms presently on the
market work by monitoring batiery voltage,
movement, normally open and normally
closed switches/security loops, but few
(you can count the number on one hand)
allow the user to program which sensors
are dctive at any one time. For instance,
while parked outside your house which is
situated in a quiet street, all sensors can be
activated. But if parked in your local High
Street, vibrations from large goods vehicles

‘may trigger the movement sensor.

Compuguard allows the user to ‘deactivate’
this one sensor, whilst leaving the rest of
the alarm system fully functioning. Being
microprocessor controlled, Compuguard is
semi-intelligent and will actually ‘mould’
itself to the surrounding environment,
constantly monitoring and modifying its

~outlook on the security of the vehicle.

Compuguard comes in

three parts:

1. Main Processing Unit. This
houses a microcontroller, optional battery
backup, shock and voltage drop sensors,
control relays and service keyswitch. The:
unit is impregnable to water and is intended
to be mounted in the engine compartment.

2, Switch/Infra-red Receiver Unil.
This houses the infra-red receiver/decoder,
and the control switches to select the
activated sensors. This unit is mounted
mside the passenger compartment.

3. Infra-red Transmitter Unit. This
hand-held transmitter that ean easily be
attached to a key-ring. Depressing the
recessed tactile switch button toggles the
alarm between activated and deactivated
states.
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Figure 2, Block diagram of Compuguard.

The alarm system protects the vehicle
by disabling the jgnition circuit (or fuel pump
for diesel engines), and triggering an
audio-visual alarm Iasting for 60 seconds,
immediately uponany one or more of the
following occurrences:

— Opening any door/boot which activates a
light of at least 3 watis;

— Opening any door/boot/bonnet protected
by a normally apen pushbutton;

— Physical shock to the vehicle;

‘— Tampering with connecting cables,

internal and external accessories
(radiocassette, foglamps etc).

In addition to these conditions, the
alarm may be triggered manually intoa
‘Panic’ state hy:

a) Depressingan internal switch for more
that 2 seconds,

b) Depressing the IR'TX button twice
within 2 seconds (this will also disable the
ignition).

Toreseta'Panic’ condition, the IR/Tx
button needs to be pressed once.

Anignition security circuitis
incorporated to prevent the alarm system
dccidentally armingitself or beingarmed
whilst the vehicle is in use. This means that
the IR remote control is inactive whilst you
are driving.

The triggered. 60 seconds alarm cycle
October 1980 Maplin Magazine

duration is repeated every time a new
violation to the vehicle occurs. Delay times
are provided when the alarm arms, and
between alarm cycles toallow all sensorsto
settle.

The intelligent processor monitors all
sensors and, inthe event of a sensor
becoming faulty, will ‘learn’ toignoreit,
thereby stoppingthe vehicle's battery being
drained due to the alarm being sounded
repeatediy or continuously.

In addition Compuguard has eutputs for
automatic operation of power door locks,
and will also close electric windows/sunroois
when the alarmis armed.

Two security loops are provided,
allowing protection of internal and external
accessories. Removing an accessory breaks
the loop, triggering the alarm.

All sensors (except bonnet) are
programmable so that, for instance, the boot
sensor only can be deactivated, very usefully
allowing you to be able to load/unload the
boot whilst the rest of the vehicle is
protected.

Other alarm systems currently on the
market which offer you features approaching
those of Compuguard can costin the region
of£400. This makes Compuguard the ideal
solution toyour vehicles security needs ata
very competitive price!

Circuit Description

In addition to the circuit shown in

Figure 1, ablock diagramis detailed in
Figure 2. This should assistyou when
following the circuit description or fault
finding in the completed unit.

The heart of Campuguard is the
TMS77C82 Microcontroller IC1. This
device, a complete micro-computer system
on a chip, requires a stable supply of +5V
whichis provided by R1, C1, ZD1 and TR1.
Thisisalsoused to supplv IC3. Duringa
power failure, Compuguard runs from the
optional Ni-Cad batteries via D2, whichare
charged when the ignition is on via TR2 and
associated circuitry. '

1C2a provides a highly effective volta ge
drop detector. Under normal conditions pin
2isheldat 6V, and Pin3at 0.59V,
maintaining a low output. A voltage drop on
the +12V rail generates anegative going
pulse whichis coupled via C2 and R2 topin2 |
and causes pin 1 to pulse high. This output,
clamped by R8 and D14 s latched by 1C3b. It
is the sensitivity of this part of the circuit that
enables the switching on of bootlid or door
courtesy lamps down to 3W to be noticed.

The second half of IC2 formsa
movement detector. Under normal
conditions (i.e., nomovement), pin s held
ata higher potential than pin 5, keeping its
output pin 7 low. When the unitis subjected
to mechanical shock, two piezo transducers
develop a voltage which is clamped by D12
and D13. As soon as this voltage exceeds

i




that set by RV1 on pin 6, the output pulses
high. Thisis clamped by R12 and D15, and
latched by [C3c,

Provision for an external ultrasonic
sensor has been allowed via P5, P6 and P7.
P5 provides a switched +12V output when
Compuguardis active and P6, when taken
low, triggers the alarm.

TB3-6 (Cathode of D20) is connected to
the thermal switch of vehicles which are
fitted with electric cooling fans. TR15 and
TR16 and associated circuitry generate an
interrupt to IC1 whenever the fan switches
on or off. This provides immunity to false
triggering caused by the cooling fan
switching while the alarm is active.

External switches/secunty loops are
connected to IC1 via R50-R53 and D39 -
D43. The infra-red receiver/sensor
programming PCB (to be described in pari
two of this series) connects to IC1 via D27 -
D33 and TR12and TR13. Diodes D27 - D43
are needed to protect IC1 from the harsh
environment of a yehicle.

Vehicle immobilisationis provided by
RL1 cutting the supply to the ignition coil,
electric fuel pump, ete. Toreduce quisscent
current consumption, the relayis only
energised when an atiempt is made to start
the vehicle.

RL2and RL3 provide change over
contacts to control central locking (RL2
being active tolock all doors, RL3 active to
unlock). To cater for the fact that vehicles
with vacuum operated locks require an
extended lock/unlock pulse, the active
durationof RL2, RL3 issetby LK1, LK2,

REA provides -+ 12V outputs to allow
the vehicle indicator lamps to flash and
acknowledge arming/disarming of the unit. It
will also provide a visible indication of an
alarm condition.

TR10provides afirm ground for 15
seconds after the alarm arms to activate an
external relay used to close electric windows
and/or sunroof.

Table 1 shows the signals brought out
to PL1. This connector will be used for
future developments.

Construction

The glassfibre PCB is of the double-
sided, plated-through hole type, chosen for
maximum reliability and stability. However,
because the holes are plated through,
removal of a misplaced component will be
quite difficult, so please double-check each
component type, value and its polarity
where appropriate, before soldering! For
further information on component
identification and soldering technique please
refer to the Constructors’ Guide included
with the kit

Figure 3 shows the PCB, with printed
legend, to help you correctly locate each
item. The sequence in which the
companents are fitted is not critical;
however, the following instructions will be of
use inmaking these tasks as straightforward
as possible.

Start by inserting the PCB pins P1- P7,
and press them into position using a hot
soldering iron. When the pins are heated in
this way, very little pressure is required to
push themin place. Once the pinsare in

12
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+12V Constant Live (drops to approx 7-2V i battery backup mode)

Pin1 +12V High Current

Pm 2

Pin 3 +5V Regulated

Pin 4 +5V When alarm sounding (low current)
Pin 5 +12V When alarm armed (300mA max.)
Pin 6 Reserved for future expansion

Pin7 Arm/Dizarm Control

Pin8 Trigger Input

Pin 9 OV High Current

Pin 10 0V Logic

Table 1. Compuguard PL1 expansion bus pin definitions,

position they can be soldered. Generallvit
will now be easier to start with the smaller
components, such as the resistors, and work
upwards in size until the relays are fitted

last.

Semiconductors (diodes and
transistors) need special precautions when
fitting. In particular, take carenotto
overheat them during soldering, All the
silicon diodes have a band identifving one
end, be sure to position these adjacent to the
white blocks marked on the legend, Take
care withthe polarity of the electrolviic and
tantalum capacitors, The polarity for both
types of capacitor is shown by a plus sign (+)
matching that on the PCB legend. However,
on the actual body of most electrolytic
capacitors, the polarity is designated by a full
length stripe with negativesymbol (—), in
which case the lead nearest this symbol goes
in the hole opposite to that adiacent to the
positive sign on the legend.

l
l

Install all the transistors, matching the
shape of each case toits outline on the
legend. Beware of over-heating transistors,
allow several seconds between soldering
each lead-outfor re-cooling. When fitting the
1C sockets, ensure that vou install the
appropriate one at each position, matching
the notch in the end of the socket with the
white block on the legend. Do not install the
[C's until they are called for during the test
procedure!

Ifyouare insialling the alarminto a
vehicle with central locking, thenitis
necessary to ascertain whether the vehicle
employs vacuum operated locks (the most
common cars to use these are Mercedes and
Audi). Ifso, install link LK2, otherwise fit
link LK1 (evenif youarenot using the
central locking outputs).

Insertand solder the seven terminal
blocks, taking note of the orientationas
shownin Figure 4.

(Y1ReR!

Figure 3. PCB layout and legend.
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Figure 4. Orientation and connection of terminal blocks.

Remove the red and black wires from |
both piezo transducers PZ1 and PZ2. This
must be carned out extremely carefullv and
with the minimum of heat for a fraction ofa
second, or destruction of the silvered
electrode begins to occur. The brass rim of
the transducer acts as a heatsink and will
require more heat, but the shorter the
contact time with the solderingiron the
better.

Younow need to attach to the small
solder pads on both PZ1 and PZ2 two short,
solid core wire ofi-cuts left over from the
components previously installed (I hope vou
didn't throw them away!), orelse use short
lengths of 22 s.w. g. tinned copper wire.
Carefully inseri and solder the ends of these
new wires for PZ1 and PZ2 into their
adjacent holes onthe PCB, ensuring that the
transducers are not touching each other.

| = lfyouare using the optional battery
backup, solder the PP3 battery clipto P1(+
or red) and P2 (— or black), otherwise join

Pland P2 witha shorting link.

Final Assembly

The PCBis designed to fitintoa
waterproof box type YMO1Y, Dnill the sides
of the box as in Figure 5. Fit the water-tight
cable glands as shown in Figure 6. The PCB-

85 5 85 s
83 ! 30 50 e 55
o ] T 5 T Ty
o c c s A
- 8 i
ol 2 SR Pt Al AR £ (i Vo L& ©
- W W, o ?
1 IS —— Blle WY A e3mm C. #15.5mm 8. #12mm
— —

Figure 5. Drilling dimensions.
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is fitted into the box by four$%in. No. 4
- self-tappersand four Yiin. M3 spacers,
shownin Figure 7,
Fitthe key-switch in the side of the box
and connect it to P3 and P4 via short lengths

of cable.
Giar_wd Box Conical Glend
nut membrane m."t
|
L | |
¢ A

Figure 6. Fitting the water-proof cable
glands.

Ifthe option of an external ultrasonic
‘sensoris required, then an additional hole
has to be drilled for the 3-5mm Stereo Jack
Socket as shownin Figure 8a. Figure 8b
shows the wiring hetween the PCB P5, PG,
P7and the socket. Most ultrasonic sensors
fitted witha 3:5mm stereo jack plug will
waork from this socket.

Holes should be made in the top of the
box for the mounting of a siren. The choice of
siren (and therefore arrangement of the
mounting holes) has been left to the user.
Maphn supply a wide range of sirens at
various output sound pressure levels. Table
2 gives a comparison of all the sirens suitable
at the time of this issue of ‘Electronics going
to press: The best way tolocate the hole
positions mthe top of the box is to remove
the siren’s mounting bracket and use this as
atemplate. Note that one additional hole will
be required for the cable.

Testing

Table 3 gives the connections of TB1 to
‘FB7. Note that not all wires need to be
connectedfora fully working system!
Testing the unit can be made with the
minimum of equipment. You willneeda
multimeterand a +12V supply (a car battery
will be suitable). The readings were taken
from the prototype using a digital
multimeter, some ofthe readings you obtain
may vary slightly depending upon the type of
meter employed.

Double check yourwork to make sure
that there are no dry joints or short circuits,
that none of the IC's have been fitted into the
sockets on the board and that FS1and FS2
are installed. Insert and turn the service-key
clockwise. The first test is to ensure that
there are no short circuits. Set vour
multimetertoread OHMS (Q) onits
resistance range, connect the test probes to
TB3-7and TB3-8. With the probes either
way round a reading greater than 10kQ)
should be obtained. Now connect the probes
to TB5-1 and TB5-2. Again, areadingof
higher than 100k should be obtained with
the probes either way round.

Set your metertoread DCmA. If
installing the optional backup-batteries then
place the probes between P1(+) and P2(—).
Apply +12V to TB4-11 and 0V ta TB3-8. A
current reading of approximately 6mA
should be obtained.

14

The completed PCB,

Notice the correct

orientation of the PCB. self—ioper x=

No.4 x 3/Bin

% gland

Figure 8a. Drilling for the 3:53mm socket.

Turn the service key-switch counter-
clockwise and monitor the supply current.
With your meter reading DC mA place itin
the positive line of the power supply:

Connect TB3-7 to 4+ 12V (through the
multimeter) and TB3-8 to OV. A readingof
approximately OmA should be registered.
When the kev-switchis turned clockwise
this should increase to approximately 6mA.
Removye the supply and turn the service
key-switch counter-clockwise. Install the
IC's making sure that all the pins go into their
sockets properly and that the pin one marker
onthe IC package isat the notched end of the
socket. Power upthe unit by turning the

P A
7 B I I (@) i —
|| T sessgeEs :ﬁa_
1 D D
PCB :
AN | AN
T  pe
} |
Box 1/Bin M3 spacer x 4
Figure 7. Fitting the PCB in the box.
Tinned terminal
110 (rmg} 3
reE e %— =
; X 3 = g —
ANy 0 |
“4’} \‘!'-’l Copper terminal
1 (tip)
@6mm U8 H
® @ @
PBP7P5
Figure 8b. Wiring the 3-3mm socket to the

PCB.

key-switch clockwise and observe the
current reading which should now be
approximately 11mA. Remove the power
supply and the test meter, and turn the
kev-switch counter-clockwise.

Looking Ahead

Allyou have to donow is sitand waitfor
the next edition of ‘Electronics— The Maplin
Magazine', December 1990 — January 1991,
mwhich we will give full constructional
details of the Sensor Programming PCB,
Infra-red remote control and details on
installing the complete system in vour
vehicle.
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Current
Consumption Sound
Description @ 12V Output Size Stock Code
Miecro Piezo Siren 150mA 110dB @ Im 43 x 39 x 59mm long JK42V
Miniature Piezo Siren 300mA 115dB @ 1m 61 x 56 x 86mm long JK43W
Piezo Electronic Siren 30mA 110dB @ lm 60mm dia. x 98imm long YPI11IM
Staccato Electronic Sounder 300mA 116dBA S0mm dia. x 110mm long YZ03D
Table 2. Comparison of suitable sirens.
TB1-1 ] TB37  +12V Low Current Input (Taken.from fuse box)
TB1-2 TB3-8 OV Low Current Return
TB1-3 . .
TB1-4 Z“_{m“‘l;”_d 136‘3‘3!"‘:1' " TB4-1  +12V Indicator Output
TB1S {ulf]fmfr_. _réiga;mr¥ ‘ t;B TB4-2  +12V Indicator Output
TB1-6 estroed m Fart 1wo TB43  Central Locking ‘Lock’ Signal POLE
TB1-7 TB4+  Central Locking ‘Lock’ Signal N.C.
TBL-S | TB45  Central Locking ‘Lock’ Signal N.O.
: TB46  Central Locking ‘Unlock’ Signal POLE
TB‘-_—I \ TB4-7  Central Locking ‘Unlock’ Signal N.C.
TIS‘-.’—E TB4-8  Central Locking ‘Unlock’ Signal N.O.
TTEZ’_’} To'lnfased Recsived TB49  Low Current Pulsed Output For Additional Siren/Horn
TRo-5 | Sensor Programming PCB TB4-10  Ignition Output ~ )
TR+ | (Described in Part Two) TB4-11 Ignition Input
TB;—‘_‘ TB4-12 Electric Window Control Output
TB2-$

TB5-1 +12V High Current Input-
TB3-1 Bonnet Switch Input TB52 OV High Current Return
TB3-2  Door Switch Input
T83-3  Boot Switch Input
TB3+4  Security Loop B Input
IB3-5  Security Loop A Input TB7-1  +V Output for Siren
TB36  Electric Fan Switch Input TB7-2 0V Retumn for Siren

TB&-1 Panic Switch Input
TB6-2  Panic Switch OV

Table 3. Connection of TB1 to TB7.

COMPUGUARD MAIN UNIT MISCELLANEOUS
SW1 Min Key Switch 1 (FE44X)
PARTS LIST 181,2,3 8-Way PC Terminal 3 (RK38R)
TB4 12-Way PC Terminal 1 (RK74R)
RESISTORS: All 1/8W Carbon Film (Unless specified) 185,6,7 2-Way PC Terminal 3 {FT38R)
R1,8,12 Tk 3 (UTK) PL1 Minicon Latch Plug 10-way 1 (RK&6W)
R2 68k 1 (U6BK) P1-7 Veropin 2145 1 Pkt (FL24B)
5?13'27'393']375'13% 100k 21 (UT00K) RL1-3 12V/10A Min Relay 3 (JM67X)
32,33,35-38, RL4 5A Mains Rela 1 (YX98G)
40,55-59,62 FS1 Fuse 20mm TQ)f’JmA 1 (UJ755)
E?O :2;‘:;%1;{ } uﬂg%gﬁ; F52 Fuse 20mm 1A 1 (WRO3D)
Fuse Clj 4 49D)
R11,30,50-54 10k 7 (U10K) L1 mOHHPChoke 1 mu u)
R13 47R 1 (U47R) PZ1,2 Piezo Transducer 27/4-2 2 (QY13P)
R14,42 6k8 2 (U&K8) XL1 2MHz MP Crystal 1 (FYBOB)
R15 100R 1 (UTOOR) Medium Waterproof Box 1 (YM21Y)
R16,19-29.41 22k 13 (U22K) Compuguard Mounting Bracket 1 UR77))
R34 150k ] (UT50K) Cable Gland 5-8 2 « (JR76H)
233 . gg;k ; {Jl‘;éég Compuguard Main PCB 1 (GE46A)
43-4 Alarm Sticker 2 UUR21Y)
R60,61 100R Metal Film 2 (M100R) Quick Snap Connector é [JRBBY)
RV1 10k Vert. Encl. Preset 1 [UH16S) Construciors Guide 1 (XH79L)
Isobolt M3 12mm ] Pg (BF52G)
Isoshake M3 1P “(BF44X)
CAPACITORS Springwa: 1Pkt (JD9GE
1,11 1004F 10V Mineleci 2 (RKS0E) PRAgHEsh M3 L] [[3553[.];
C2 47nF Manores Cap 1 (RA47B) M3 Spacer Vsin 1 Pki (FG32K)
c3 47uF 16V Minelect 1 (YY3T75) Self-Tapper No. 4 x *4in 1Pkt (BF65Y)
C4-7,12,13 100nF Minidisc 6 (YR75S) DIL Socket 8-Pin 1 (BL17T)
c8 4u7F 16V Tl:]nlalum 1 WWé4U) DIL Socket 16-Pin 1 (BL19Y)
€9,10 15pF Ceromic K (WX46A) DIL Socket 40-Pin 1 (HQ38R)
Cli4,15 100nF Polyester 2 (BX76H) OPTIONAL (ot in ki)
Bi-6 Re-Chargeabl;a Type AABolt 6 t [‘&%%?AB;
9V Battery Holder 1 {
gﬁlr:fgcowoucrm]smoﬂs 6 (QL75S) PP3 Battery Clip ] (tF28R)
D7-43 1N4748 37 (QL80B) 35mm Stereo Chassis J/Ski 1 (FKO3D)
D1 BZYBBC5Vé 1 (QHO8)) Additional Q/Snop Conncirs ~ AsReq (IR88Y)
D2 BZY88C15V 1 (QH18U) 12V Siren See Text.
TR1 BC183L 1 (QB56L) Motor-Start Press 1 (FH?TY)
TR2 BC214L 1 (QB625) Power anneciiun\Mre Black AsReg (XR32K)
TR3,5:9,12,13,17 BC548 9  (@873Q) Power Connection WireRed -AsReq (XR36P)
TR4 MPSAGS ] (QH6TR) The above items, excluding Optional, are available as o kit:
TR10,11 TIP122 2 WwQ73Q) Order As LP22Y ’{Compuguard Main Unit) Price £64.95
TR14 BC558 1 Qal
TR15,16 MPSSA}4 2 {{QH(,(}?&} The following items are also cvailable sap-amiely:
IC1 TMS77C82 MSO1 1 (UL63T) Compuguard Bracket Order As JR77] Price £3.95
1c2 CA3240F 1 WQ21X) Compuguard Main PCB Order As GE46A Price £11.95
IC3 4043BE 1 (QW29G) TMS77C82 MSO1 Order As UL63T Price £16.95
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Features:

* CMOS technology

* Low power ‘sleep’ modes

* 8K on-chip eraseable EPROM

* 256 byte on-chip RAM

* 32 1/O pins

* On-chip serial port

* Three on-chip timers/event counters

Applications:

* Security systems

* Autodialers

* Robotics

* Bar-code readers

* Trip computer for motor vehicles




AEDDRESSING MODE EXAMPLE
Single Register LABEL DEC B .
INC B4 Instruction Set
The TMS77CB2 instruction set con-
Dual Register LABEL MOV B.A tains 62 instructions that control input,
ADD ARIT output, data manipulation, data compari-
CnP R32RT3 son, and program flow. The instruction set
Peripheral File LABEL XORP APIT can be‘ divided into eight functional
MOVP P42B categories:
. ~ — Arithmetic instructions
Immediate LABEL ANDP :32;&55 — Branch and Jump instructions
;gg i .RaﬂpaLiBEL — Compare instructions
' ' — Control instructions
Program Counter Relative LABEL1 MP LABEL — Load and Move instructions
DJNZ A LABEL — Logical insiructions
BTJO %>16,R12,LABEL _ Shift instructions
BTJOP B.P7,LABEL - I/O instructions
Direct Memory LABEL LDA @=>F3D4 TMST7CB82 Assembly Language sup-
CMPA (@LABEL poris eight addressing modes, listed in
Register File Indirect LABEL STA *R43 Tal?ie‘ B, to provide the ﬂeijlhty_ to
optimise programs to the user's applica-
Indexed LABEL2 BR @LABEL(B) tions. Addressing modes that use 18-bit
operands are sometimes referred to as
Table 8. TMS77C82 addressing modes. extended addressing modes.
Table 9 lists and defines the symbols
SYMBOL DEFINITION SYMBOL DEFINITION used in the instruction set. Formats,
) ) opcodes, byte lengths, cycles/instruction,
A Register A or RO in Register File B Register B or Rl in Register File operand types, status bits affected, and an
Rn  Registernof Register File Pn  PortnofPeripheral File (0 < n < 255) operational description for each instruc-
tion is given in Table 10.
s Source operand d Destination operand
Rs  Sourceregisterin Register File Ps  Sourceregister in Peripheral File Programming the
O===d3) TMS7IC82.
Rd Destination register in Register File Pd Destination in Peripheral File The 77C82 can be programmed like
(0=d=235) any 27C84 on a wide variety of PROM
Rop  Register pair jop  Immediate operand programmers. Programming the 77C82
. . requires a 40-10-28 pin adaptor socket
ST'  SemsRegister S8 SackPomier with the RESET and XTAL2 pins
PC  Program Counter pcn Location of the next instruction grounded. Figure 9 shows the necessary
. i connections for the adaptor socket.
s Current value of Program Counter b Bitnumber, asinb7(0<=b=<7)
offset  Relative Address (offset = ta—pen)  ta  Target Address (ta = offset + pen) = e
@ Indicates an address or label % Indicates immediate operand . —-1;_ E- e
*  IndicatesIndirect RegisterFile ~ <XADDR> Indicatesan extended address 5 (G
Addressing mode operand =; g =
? Binary number > Hexadecimal number .. ‘f :E: . '
- = wln] EEd = "
MSB Most significant byte LSB Least significant byte - ua = N
MSb  Most sigrificant bit ISb  Least significant bit = a——=dvme] = =
cnd Condition () Contents of
- Isassigned to — Becomes equal to . o=
11 Indicates an optional entry. <> Indicates something that must by L ,
The brackets themselves are not typed in. For example, <oiiset> FO
entered. indicates that an offset must be =
entered. The bracke!s themselves [ = =
are not entered. . = .
Table 9. Symbols used in the instruction set. Figure 9. Connections required for 40-t0-28
pin adaptor.
Mnemonic Opcode Bytes Cycles Status Operation Description
CNZI
ADC BA €9 1 5 RRRx Add with carry instruction
Rs.A 18 2 8 (s) +(d) + (C)— (d)
RsB as 2 8 Add the source, destination
Rs,Rd 49 3 10 and carry bit together. Store
S%iop,A 29 2 T at the destination address.
S%iop,B 53 2 7
%iop,Rd 9 3 g
ADD BA @8 1 5 RRERx Add instruction
ovmtleal}; RsB 38 2 8 Add the source and destination
Table 10.
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Mnemonic Opcode Bytes Cycles Status Operation Description
CNZI
Rs.Rd 48 3 10 operands at the destination
Selop,A 28 2 1 address.
%iop,B 58 2 7
%iop,Rd 78 3 E
AND BA 63 1 5 ORR=z AND instruction. :
RsA 13 2 8 (s) -AND. (d) — (d)
RsB 33 2 8 AND the source and destination
RsRd 43 3 10 operands together and store at
%iop,A 23 2 7 the destination address.
Seiop,B 53 2 T
%iop,Rd 73 3 g
ANDP APd B3 2 10 ORRx AND Peripheral File Register
B.Pd a3 2 S (s) .AND. (Pn) — (Pn)
%iop,Pd A3 3 11 AND the source and destiration cperands together,
and store at the destination address.
*See note 1 ORRx
BT]O B,A,Ofst 66 2 1(9) Bit Test And Jump If One‘ i
Rn.A Ofst 16 3 10 (12) If (s) .AND. (d) = 0,
Rn B,Ofst 36 3 10 (12) then (PC) + (ofisst) — (PC)
Rn Rd,Oist 45 4 12 (14) If the AND of the source and
%iop,A,Ofst 28 3 a(ln destination operands = 0,
3tiop,B,0ist 56 3 g (11) the PC will be modified to
%iop,Rn,Ofst 76 4 11 (13) include the offset.
*See note 1 O0RRx
BTJOP APnQist B8 3 11 (13) Bit Test And Jump One-Peripheral
B.Pn,Ofst 96 3 10 (12) If (s) .AND. (Pn) = 0, then (PC) = (ofisst) — (PC)
% >iop,Pn,Ofst A6 “ 12 (14) If the AND of the source and destination operands = 0,
the PC will be modified to include the offset.
*See note 1 ORRx
BTJZ B,A Ofst 67 2 77(9) Bit Test And Jump If Zero Instruction.
Rn.A,Ofst 17 3 10 (12) If (s) .AND. NOT (d) = 0, then (PC) + (ofiset) — (PC)
Rn.B,0Ofst 37 3 10 (12) If the AND of the source and NOT (destination) operands = 0,
Rn Ri Ofst 47 4 12 (14) the PC will be medified to include the offset.
% >iop,A,Oist 27 3 g (11)
% >1op,B,0Ofst 857 3 g (11)
% >1op.Rn,Ofst 7 4 11 (13)
*See note 1 ORR=
BTjZP A Pn,Ofst 87 3 11 (13) Bit Test And Jump If Zero-Peripheral Instruction.
B,Pn,Oifst 97 3 10 (12) If (s) .AND. NOT (Pn) # 0, then (PC) + (ofiset) — (BC)
%>iop,Pn,Oist AT 4 12 (14) If the AND of the source and NOT (destination) operands = 0,
the PC will be medified to include the offset. .
BR (@Label 8C 3 10 XXXX Branch Instruction. .
(@Label(B) AC 3 12 (d)— (PC)
*Rn sC 2 g The PC will be replacad with the contents of the destination
operand.
CALL faLabel 8E 3 14 EXXX Call instruction
(@Label(B) AE 3 18 (SB) + 1— (SP)
*En SE 2 13 (PC MSB) — (Stack)
(5P) ~ 1 — (8P)
(PC LSB) — (Stack)
Operand Address — (PC)
CLR A B5 1 5 001x Clear Instruction.
B C5 1 5 0— (d)
Rd D5 2 f Clear the destination operand.
CLRC BO 1 i3 OCRRx Clear Carry Instruction.
0—(©
Clears the carry bit.
CMP BA 8D i 5 RRERx Compare Instruction.
RnA 1D 2 8 (d) — {(s) computed
RnB D 2 8 Set flags on the result of the source
Rn.Rn 4D 3 10 operand subiracted from the destination
Ssiop, A 2D 2 T operand.
%iop,B 5D 2 7
Ssiop,Rn 7D 3 g (Continued overleal)
Table 10, Continued.
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Mnemonic Opcode Bytes Cycles Status Operation Description
CNZI
CMPA (aLabel 8D 3 12 RRRx Compare With An Extended Instruction.
(@Label(B) AD 3 14 (&) — (s) computed.
*BEn aD 2 11 Set flags on result of the source operand subtracted from A
DAC BA 6E 1 7 RRRx Decimal Add With Carry Instruction.
RsA 1E 2 10 (=) + (d) + (C)— (d) (BCD) -
RsB 3E 2 10 The source, destination, and the carry bit
Rs,Rd 4E 3 12 are added. and the BCD sum is stored at the
%>iop,A 2E 2 9 destination address.
%>iop,B 5E 2 g
%>iop.Rd 1E 3 11
DEC A . B2 1 5 RRR=z Decrement Instruction.
B cz 1 5 (d)- 1— (d)
Rn D2 2 7 Decrement destination operand by L
DECD A BB 1 9 RRR=x Decrement Double Instruetion.
B CB 1 g () -1— (p)
Rp DB 2 i1 Decrement register pair by 1.
C = 0 on 0 - FFFF transitich.
DINT 06 1 5 0000 Disable Interrupts Instruction.
0 — (global interrupt enable bit)
Clear the I bit.
*See note 1 XXXX
DINZ A.Oist BA 2 1(8) Decrement Register And Jump If Non-Zero Instruction.
B,Ofst CA 2 8) (d)- 1= (d)
Rd,Ofst DA 3 8{11) Ii (d) = 0, (BC) + (ofiset) — (PC)
DSB BA BF 1 7 RRRx Decimal Subtract With Borrow Instruction.
RsA 1F 2 10 (d)-(s) -1 + (C) — (d) (BCD)
RsB Kia 2 10 The source operand is subtracted from the destination;
Rs,Rd 4F 3 12 this sum is then reduced by 1 and the carry bit is then
¥%>iop,A 2F 2 g added to it. The result is stored as a BCD number.
%>iop,B 5F 2 g
%>iop,Rd F 3 11
EINT 05 1 5 1111 Enable Interrupts Instruction. ol
1 — (global interrupt enable bit)
Set the [ bit.
IDLE 01 1 = XEXRZX Idle Until Interrupt Instruction.
(PC) — (PC) until interrupt
(PC) + 1 — (PC) after return from interrupt
Stops pC execution until an interrupt. »
INC A B3 1 5 RRRx Increment Instruction.
B c3 1 z (@ + 1= (d)
Rd D3 2 7 Increase the destination operand by 1.
v A Bd 1 5 ORRx Invent Instruction.
B c4 1 5 NOT (d) — (d)
Rd 4 1 I's complement the destination operand.
MP Ofst EO 2 T XEEx Jump Unconditional Instruction.
(PC) + (offset) — (PC)
The PC is modified by an offset to create a new PC value.
*See note 1 TXXX Jump On Condition Instruction.
jc Ofst E3 2 5(7) Jump If Carry.
JEQ Oist E2 2 5 Jump If Equal.
JHS Oist E3 2 5(7) Jump Ii Higher or Same. 1i conditions are met,
JL Oist E7 2 5(7) jump If Lower. then (PC) + ofiset — (PC)
mC Ofst E7 2 5(T) Jump If No Carry. If the needed conditions
JNE Ofst EB 2 5(7) Jurnp If Not Equal. are met, the PC is modified
INZ Ofst ES 2 5(7) Jump If Non-zero. by the ofiset to form a
i Ofst E4 2 5(7) Jump If Positive. new PC value.
JjPZ Ofst E5 2 5(7) Jump If Positive or Zero
1z Ofst E2 2 5(0) Jump If Zero.
LDA (@Label BA 3 11 ORR=x Load A Register Instruction.
@Label(B) AA 3 13 (5)— (R)
*Rn SA 2 10 M?ve the source operand 1o A.

Table 10. Continued.
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Mnemonic Opcode Bytes Cycles Status Operation Description
CNZI
LDSP 0D 1 5 EXXX Load Stack Pointer Instruction.
(B) — (SP)
Load SP with Register B's contents.
MOV AB (1] 1 8 ORR=x MOVE Instruction.
ARd Do 2 8 (s) — (d) >
BA 62 1 5 Replace the destination operand with
B.Rd D1 2 7 the source operand.
RsA i2 2 8
RsB 32 2 8
RsRd 42 3 10
%>iop,A 22 2 T
%>iop,B 52 2 7
%>iop,Rd 12 3 g
MOVD %=iop,Rp 88 4 15 ORRx Move Double Instruction.
% >iop(B),Rp A8 4 17 () — () o -
Rp.Rp o8 3 14 Copy the source register pair to th
destination register pair.
MOVP APd 82 2 10 OREx Move To/From Peripheral File.
B.Pd 92 2 g (s) — (d)
% >iop,Pd A2 3 11 Copy the source operand into the
PsA 80 2 9 destination operand.
PsB g1 2 8
MPY BA &6C 1 4 ORRx Multiply Instruction.
RsA 1C 2 47 {(s) * (d) — (A.B)
RsB ac 2 47 Multiply the source and destination
Rn.Rn iC 3 48 operations, store the result in
% >iop,A 2C 2 48 Registers A (MSB) and B (LSB).
% =>iop,B 5C 2 48
%>iop,Rn 1C 3 48
NOP 00 1 5 XEXXX No Operation Instruction.
(PC) + 1 = (PC)
Add 1 to the PC.
OR B.A B4 1 5 ORR=x OR Instruction.
Bs A 14 2 8 (s) .OR. (d) — (d)
RsB 34 2 8 Logically OR the source and destination
Rs,Rd 44 3 10 operands, and store the results at the
% >=iop,A 24 2 7 destination address.
%>iop,B 54 2 1
%>iop,Rd 74 3 9
ORP APd B4 2 10 ORRx OR Peripheral File Register Instruction. .
BPd 94 2 3 {s) .OR. (d) — (d)
%>iop,Pd A4 3 11 Logically OR the source and destination operands,
and store the results at the destination address,
POP A BS 1 8 ORR=x POP From Stack Instruction.
B cs 1 B8 (Stack Top) — (d)
Rd D3 2 B (SP) -1 — (5P)
Copy the last byte on the stack into the destination address,
POP ST 08 1 8 ORRx POP From Stack To Status Register.
(Stack Top) — (Status Register)
(SP) —1— (SP)
Replace the Status Register with the last byte of the stack.
PUSH A B8 1 6 ORRx Push On Stack Instruction.
B (0::] 1 6 (s) — (Stack)
Rs D8 8 {SP) + 1 — (SP)
Copy the Status Register onto the stack.
PUSH ST 0E i B ORR=x Push Status Register On Stack.
(Status Register) — (Stack)
(SP) + 1 — (S8P)
Copy the Status Register onto the stack.
RETI 0B 1 9 Loaded Return From Interrupt Instruction.
from the (Stack) — (PC) LSB
_ stack. 8P) - 1— (SP)
g (Stack) — (PC) MSB
Table 10. Continued.
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Mnemonic Opcode Bytes Cycles Status Operation Description
CNZI
(8P) - 1 — (8P)
(Stack) — (Status Register)
(5P) - 1 — (5P)
RETS 0A 1 7 XXXX Return From Subroutine Instruction.
(Stack) — (PC) LSB 5
(8P)- 1 (SP)
(Stack) — (PC) MSB
. (SP) - 1 — (SP)
RL A BE 1 5 bTRR=x Rotate Left Instruction.
B CD 1 5 Bit (n) — Bit (n+1)
Rd DE 2 T Bit (T) — Bit (0) and Carry
| RLC A BF 1 5 bIRR=x Rotate Left Through Carry Instruction.
B CF 1 5 Bit (n) — Bit (n+1)
Rd DF 2 1 Carry — Bit (0)
Bit (7) — Carry T
RR A BED 1 5 BOREx Rotate Right Instruction.
B CD 1 5 Bit (n+1) — Bit (n) .
Rd DC 2 1 Bit (0) — Bit (7) and Carry
RRC A BD 1 8 BORR=x Rotate Right Through Carry.
B CD 1 5 Bit (n+1) — Bit (n)
Rd DD 2 7 Carry — Bit (7)
Bit (0) — Carry
SEB BA 6B 1 5 RRRx Subtract With Borrow Instruction.
RsA 1B 2 8 (d-(s)=1+ (C)— (d)
RsB 3B 2 8 Destination minus source minus 1 plus
Rs,Rd 4B 3 10 carry; stored at the destination address.
% >iop.A 2B 2 7
% >iop,B 5B 2 7
% >iop,Rd 1B 3 g
SETC 07 1 5 101x Set Carry Instruction.
1—(C)
Set the carry bit
STA {@Label 8B 3 11 ORR=x Store A Register Instruction.
{@Label(B) EB 3 13 (R)— (d)
*Rd SB 2 10 Store A at the destination.
STSP 08 1 6 XXXX Store Stack Pointer Instruction.
(5P) — (B)
Copy the SP into Reaister B:
SUB BA 8A 1 5 RRR=x Subtract Instruction.
Rs.A 1A 2 8 (d) - (s) — (d)
RsB 3A 2 8 Store the destination operand
Rs.Rd 4R 3 10 minus the source gperand into
%>iop,A 25 2 8 the destination.
%o>iop,B S5A 2 8
%>iop,Rd 1A 3 9
SWAP A BY 1 8 RRRx Swap Nibbles Instruction.
B C7 1 8 d(Hn,Ln) — d(Ln,Hn)
Rn DT 2 10 Swap the operand's hi and lo nibbles.
TRAP  0-23 ES-FF 1 14 XXXX Trap To Subrouti e Instruction.
(SP) + 1 — (SP)
(PC SB) — (Stack)
(SP) 1 — (SP)
(PC LSB) — (Stack)
(Entry Vector) — (PC)
TSTA BO 1 6 ORR=x= Test A Register Instruction.
01— (C)
Set carry bit; set sign and zero flags
on the value of Register A.
TSTB C1 1 6 ORRx Test B Register Instruction.
00— (C)
Set carmry bit; set sign and zero flags
(Continued overleaf) on the value of Register A.

Table 10. Continued.
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Mnemonic Opcode Bytes Cycles Status Operation Description
CNZI

XCHE A B8 1 (] ORRx Exchange With B Register Instruction.

Rn D& 2 8 (B) —— (d)

Swap the contents of Register B with (d).

ZOR BA 65 1 5 ORRx Exclusive Or Instruction.

RsA 15 2 8 (s) XOR. (d) — (d)

RsB 35 2 8 Logically exclusive OR the source

Rs.Rd 45 3 10 and destinaticn operands, store at

% >iopA 25 2 i the destination address.

% >>iop.B 55 2 1

%>iop,Rd B | 3 9
XORP APd 85 2 10 ORR=x Ezxclusive Or Peripheral File Register Instruction.

B,Pd a5 2 g {s) .XOR. (Pn) — (Pn)

% >iop,Pd AS 3 11 Logically exclusive OR the source and destination

operands, store at the destination address.
* Note 1 : Add two to cycle count if branch is taken.
Status Legend : R Status Bit set to 2 1 or a 0 depending on results of operation.
0  Status Bit always sat 10 0. % Status Bit naot affected.
1 Status Bit always setto 1. b Bit () affected.
Table 10. Complete.
Adaptor Socket

p— = Construction

A kit is available (stock code LP36P)
allowing the TMS77C82 microcontroiler to
be programmed by most PROM program-
el mers. The 40 to 28-pin adaptor consists of

N two PCB's (one upper GE47B, one lower
Eelesssas1=.=5 CE48C), one 3k8() resistor, one 28-pin
= ! wire wrap DIL socket, and two strips of SIL
0 . header pins.

______ The order of construction is very
E_——-=-—= J critical as componenis overlap and

insertion in the wrong order will result in
inaccessible solder joints. Before con-
striction commences, break the two
32-way SIL headers down into four 14-way
: sirips. The small 4-way strips you are left
(1) Insert and with can be discarded. Identify the top
solder R1 side of both the upper and Jower PCB's
(printed legend facing upwards). Con-
struction can be broken down into six
steps shown in Figure 10.

1. Solder R1 into the BOTTOM side of the

(3) Insert and solder
ZIF socket, to -
Top Inter—connect PCB

(2) Insert and solder

2 x 14 way < (3) Join Top & upper PCB. :
{ through header, into Sottom PCB's 2. Solder two of the four 14-way SIL
| Top Inter—connect PCH together headers into the BOTTOM of the upper
S-solder PCB (same side as R1).
3. Solder the ZIF socket into the TOP of the
upper board.

4. Solder the remaining two 14-way SIL

headers into the BOTTOM of the lower

PCB.

5. Connect the upper and lower PCB's

(4) Insert and solder A y ; together by offering up the lower PCB to
2 x 14 way e i~ f the SIL headers on the upper PCB, Take.
through header, into RNl £ 1 care in soldering the headers into the
Bottom Inter—connect PCB 3ally bottom PCB as the outer headers can be

- easily damaged.

6. Plug the 28-pin wire-wrap socket into

the bottom SIL headers.

.. 4 (6) Lastly, insert EPROM Integrltv

1 . ]
Wida. itn sentl Protection using the R bit
ontc outer headers Once the TMST77C82 has been pro-
grammed with the desired cods; the
: contents of the EPROM may be protecied
Figure 10. Construction of the adaptor. with the use of the R bit integrity feature.
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The relevant parts are ready to assemble.
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TIVIS77C82 R Bit

Function Pin = Program Verify

XTAL/CLEIN 17 Vi Vs

RESET 14 V.. V.

MC 36 12.5V Vee

INT3 12 125V 125V

D4 22 Ve Ve

ATECI 11 Vo Ve

ABEC2 15 N Ve

A3 9 Vo X

Al 7 X V.

C1 35 | Ve Vo Vg Refer to Step 3

in R bit verify
procedure

Note: £=Don't care.
Table 11. Modifying the ‘R’ bit. IC socket fitted to bottom pch.
The function of the R bit is to disable all 4. Power down the device. the window should be covered with an
exiernal access to the on-chip EPROM opadque label.
while in the EPROM mode, which will . . A The TMS77C82 is available in two
prevent a protected code from being | R Dit Verify Procedure: Yorbins:
modified or read externally. The only way 1. Configure all referenced pins for TMPTIC82JD, supplied in a ceramic
to ‘unprotect' the TMS77C82 aiter the R bit the R bit verify mode. package with a 7.5mm window (stock

has been programmed is by erasing the
EPROM, thereby destroying the protected

2, Power up the device.
3. Read CT. Zero (0) is programmed,

code ULGEW, price £39.85) or
TMS77C82NL (One Time Programmable),

code. Table 11 shows the required one (1) is not programmed. supplied in a plastic package with no
connections needed to program the R bit. 4. Power down the device. window (stock code UL82S, price £13.95).

N . For those wishing to investigate
R bit Programming Erasure deeper into the processing power of this
P.rocedu.re: The TMS77C82 (EPROM version device a TMS7000 Assembly Language

1 Gonfioire all referenced pins for only) is erased by exposing the chip to Programmer’s Guide (stock code WS91Y,
th SO : : ; shortwave uliraviolet light that has a Price £3.95) is available. A fully compre-
the R bit program mode.

2. Power up the device.

3. Toggle C7 from a logical high(1), to
alogicallow (0), and back to a logical high
(1).

wavelength of 253.7 nanometers, It should
be noted that normal ambient light
coniains the correct wavelength for
erasure, Therefore, when using the 77C82

hensive data sheet giving full electrical
specifications, memory allocation, and
programming procedure is also available
through our normal data sheet service,

. TMIS77C82 Adaptor Parts List
Rl MinRes3k9 1 (M3K9) TMSTIC82 Adaptor BotiomPCB | (GE48C)
ZIF Socket 40-way 1 (FT15R) OPTIONAL
32 Way SIL Through Header 2 (JRT4R) TMS77C82NL 1 (ULE2S)
28 Way Turned Pin Wire Wrap ICSocket 1 (JR73S) or TMP77C82]D 1 (ULBBW)
| TMST77C82 Adaptor Top PCB 1 (GE47B) TMST000 Assm Lang Book 1 (WS91Y)
A complete kit of paris, excluding
Optional i avalable: Ovder As LPOGP BASPOROMMERORISC  THESTICEINL Onlst BaTHAM
(TMSZICh2 Rdaplor Kif) Price £19.95 32 SILHeader Order BsJRZ4R  TMPT7C82]D Order As ULG6W
The following parts are alsoavailable Price £1.98 Price £39.95
separately but are not shown in our 1990 catalogue: 28w Wire Wrap Skt Order AsJR75S TMS7000 Assembly Language Book
Top PC?,Qrd;EgSS GE4TB Price £2.25 Order As WS91Y Price £3.95 NV
rice -
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Iintroduction

In 1943 the U.S. Army signal corps, at
that time slalioned in England, were
puzzled by sometimes hearing German
radio broadcasls of operas and music
during the middle of the night, and
noticed that these were free of record
noise (clicks and scratches) that usually
accompany recordings, but at the same
time were highly unlikely to be ‘live’
broadcasts either, given the time of day.
Even more peculiar was the voice of
Hitler who could be heard giving radio
speeches from entirely different paris of
Germany, within the same hour.

The answer was found in 1945 in
Frankiurt, upon the Allied occupation.
Now magnetic recording machines have
been around for a time; the ‘Tele-
graphone’, which was patented in 1805,
was a typical example of the device of
this time which recorded onto steel wire.
In 1928 the Germans paiented an
allernative medium comprising iron pari-
icles bonded to a strip of paper, and the
machine which used this was called the
‘Magnetophone’. But what made ithe
machines in Frankifuri different was that
they had plastic backed tape and used
AC bias.

‘Liberated’ by the allies, the tape
recorder, as it is now known, has never
looked back since. To begin with it was
immediately sought after by anybody and
everybody in the business of recording
sound with any resemblance to decent
quality. Up until this time there had been
only two practical methods for doing this
— either by culting a ‘master’ gramo-
phone record, or the photo-glectric
method used for film sound tracks. The
quality of the latter left much to be
desired, and so the master recording was
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always a record, made by a machine built
1o a precision of engineering equal to that
of a machine-shop lathe, and which was
probably more expensive and nearly as
massive. Although, believe it or not,
portable batlery powered versions have
existed.

It is difficult for us to imagine now the
kind of difficulties involved in making a
sound recording in those days, not just in
the music studio, but also on the film set
— the camera could not record the sound
simultaneously. A large cast, comprising
a full orchestra and a chorus of singers
and dancers could be a producers
nightmare — whenever there was a
mistake or similar problem the hali

Holmes
Part 1

finished masier record had to be dis-
carded, a new ‘blank’ put in its place and
the whole thing restarted from the
beginning. What's more, very little if any
editing of the final recording could be
done fo correct tone or remove ex-
traneous noise, so it had 1o be perfect at
the first cut’.

The tape recorder changed all that.
For the first time here was a medium
which could be used over and over if
necessary. where recording could be
slopped and resiaried anywhere, where
mistakes could be re-recorded over the
top for just that pariicular piece, and bits
could be cut out and thrown away, or
moved to another part of the tape. Also
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for the first time — if the final product was
a record as it invariably was — then the
recording could be corrected for tone and
amplitude electronically before being
sent to the master cutting machine. This
principle is still used to this day, where a
final cul is made from the mixed
combination of several edited and cor-
rected tape recordings.

In this modern day and age, the tape
recorder, in its casseite form, is such a
common sight everywhere that it is easy
to take for granted the amount of
development that went into it to make it
perform as well as it does. There still are
a few idiosyncrasies in the most modern
recorder of today which provide an

Cassette head in close-up — erase head at
left is upstream of record/play head near
capstan pinch roller.

insight into the sort of problems those
early German innovators were trying to
grapple with while developing iheir
revolutionary machine.

The First Major
Stumbling Block

The primary problem with magnetic
tape is that it is a magnelic medium.
What is required is to produce from an
alternating electric current a pattern of
alternating magnetic fields along a strip
of tape, that is, areas of ferrous material
alternately magnetised in opposite
polarity and with varying strengths. The
trouble is that the iron particles don't
want to co-operale just like that.

When a ferrous material comes into
the presence of an external magnetic
field, if the field is fairly weak the material
is not very interested in becoming
polarised with it. More magnetic energy
is required to get the material magnet-
ised. If the field strength is enough to
salurate the material, and then the field
turned off, the maierial would retain a
certain amount of magnetism. A field of
opposite polarity is required to reduce
this magnetism to zero.

However, with magnetic tape it is
usually required to magnetise the tape
pariicles in one or other direction only,
and not reduce or reverse this magnet-
ism. A hysteresis curve, which illustrates
the manner in which the field strength of
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Figure 1. Result of attempling to record onto unbiased tape.

a ferrous material behaves under the
influence of allering applied fields, is not
really applicable in this case. Instead
what is of more interest to us is the ‘initial
magnetisation curve’, ie., how the
medium behaves upon being first infiu-
enced by an applied field when it had no
magnelisation itself to begin with.

Figure 1 shows a typical output from
magnetic tape recorded with one com-
plete cycle of an alternating magnetic
field. The original source waveform was
sinusoidal, the recorded copy is a mess.
The non-linear nature of the initial
magnetisation curve prevents the
medium correctly registering the relative
lower paris of the waveform at its
weakest levels close to zero, resulting in
gross distortion. At the other extreme, it
so happened that in this example the
recording field was much foo sirong at
the peaks of the waveform, saturating the
tape. However it will be noticed that
between the two exiremes there is a
linear region in the magnetisation curve,
and it operates for both halves of the
cycle.

Biasing

So if we could get the complete
waveform to fit in just one of these linear
regions we solve the problem at a siroke.
This can be done with DC biasing, as it's
called, where the recording electromag-
net, or record head, has a constant
current flowing through its windings in
one direclion. The resultant field must be
sufficient to push the tape’s response up
out of the non-linear part of the initial
magnetisation curve into the middle of
the linear region. Now all we need do is
add the AC waveform to the existing
direct current and we get the result
shown in Figure 2 — Perfect.

Well no, not quite. The principle
works very well, but has two flaws. One is
that the iron particles are constantly
energised, whether a signal is present or
not, and are all polarised in one direction.
During playback, they all contrive to
impress on the playback head their own
magnetic energy, and as each paricle
passes the magnetic pole gap of the
head it produces a pulse in the playback
winding. The result can be called ‘shot

N

Input signal Sat. /'

n ~ Linear

U region

0 + \ ,
D.C bias .-=’
Output signal

S

Figure 2. Principle of DC bias.
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Input signal

i

Composite mix

1)

A.C bias

Figure 3. AC blasing with record signal superimposed.

naise’, white naise or just plain hiss, and
you've not heard tape hiss like that
produced by a DC biased recorder.

The other problem is more serious. If
the recording head has a DC current
flowing through it the whole time it is
recording, then the pole pieces of the
head themselves will become per-
manently magnelised. Aiter the current is
removed, the head remains a permanent
magnel and attempls to wipe the tape
‘clean’ during playback, as any other
magnet would. Mot all at once ceriainly,
but over the course of several playings
the recording may become quile
weakened.

The Only Solution

There is only one thing for it, we
must use an allernating bias current. An
allernaling current prevenis the record
head becoming permanently magnetised
in one direction or the other, whilst
simultaneously ‘scrambling’ the iron
particles, so that they are not all
polarised in the same direction and so
cannot produce tape hiss — well actually
they do, but because of their differing
polarities they tend to cancel each other
out, thus greatly reducing noise. The final
requirement is that this AC bias signal
does nol also record itself onto the tape.

This last is taken care of by making
the frequency of the waveform way
above that which the combination of
record head magnetic gap width and
tape speed are capable of recording.
This will become clearer later while
dealing with frequency response.

All this immediately adds complexity
to our tape recorder. We now need a
special sine wave oscillator operating at
ultrasonic frequency to apply AC bias in
just the right conltrolled quaniity to our
record head. The AC bias signal lifts the
tape particles out of the bottom of their
magnetisation curve into both the linear
regions of Figure 1, possible because it
‘swilches” the magnetic sirenglh and
polarity of each particle between ‘north’
and ‘south’ at a point which is never
allowed to fall below the equivalent DC
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2. Sensitivity

The sensitivity of the tape is directly
proportional to the AC bias level. Literally
the strength of the recorded signal on
playback is directly dependent on the
bias level at the recording stage. Gener-
ally then, in order to record a nice, strong
signal onto the tape, which itself will bath
improve the dynamic range and signal 1o
noise ratio, the bias level must be high.

3. LF Response

Usually the magnetic tape recording
principle is not very efficient at low or
bass frequencies; but fortunately the low
frequency response is proporiional to the
bias level. To achieve a good low
frequency response, which is in keeping
with say that of the mid-range, and to
prevent the bass frequencies becoming
weak and ragged, the bias level should
be high.

N
Sat.
- Linear
region 2
H Output signal
Head windings
Wedge of
non—farrous
material

Rear
pole gap

Figure 4a. Construction of a magnetic tape head (stereo).

bias level, or in other words halfway
along both linear regions.

The aclual signal required to be
recorded is simply mixed with or super-
imposed on top of the bias signal, and
these waveforms, and the result, are
shown in Figure 3.

We'll agree that making this AC bias
principle work properly is a bit compli-
cated and somewhat critical in practice,
but the results are ceriainly worth the
effort. There can't be much else wrong
with it now, surely?

Sorry, but there is. Several things,
actually.

Problems arising from
AC Biasing:
1. Distortion

The 3rd harmonic distortion content
of a recorded signal on tape is inversely
proportional to the AC bias level. The
higher the bias, the less the disioriion. So
to keep distortion to a minimum, the bias
level must be high.

4. HF Response

This is the crunch. High or treble
frequency response is inversely pro-
portional to the AC bias level. Nothing
impairs the top end performance of a
tape recorder more surely than having
the AC bias level just a gnat's whisker too
high. Te ensure that lhe recorder can
record the highest irequency signal that it
is mechanically capable of so doing, the
bias level should be low.

Soin praclice the AC bias levelis sel.
up as follows. Te begin with itis set to a
high value, and then test recordings are
made. The test consisis of recording a
high frequency sine wave signal, making
sure that it is the highest frequency which
the recorder is known to be able to put
onto the tape at maximum strength. The
signal Is recorded at maximum level, i.e.
just below saturation. Successive tesls
are made, and each time the bias levelis
reduced in small steps until the recorder
produces the test signal at a maximum
amplitude on playback. It should then be
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Top loading cassette transport.

noted that any further reductions in the
bias level fail to achieve any further
increase in playback amplitude, and in
fact if the bias is taken too low then the
signal amplitude will begin to reduce
again as the tape becomes less sensi-
tive, for reasons explained in paragraph
2 above. So the bias setting is then left at
this point, because this level satisfies the
fourth reguirement above, but without
compromising the firsl, second and third
requirements.

Tape Erasing Method

While we are on the subject of AC
bias it might be a good opportunity to
mention the erase system at this point.
Again it's probably taken for granted that
it is the simplest matter to record
something else over a previously re-
corded tape, and that the previous
recording is entirely removed and re-
placed with the new. However the means
for recording as just explained cannot do
this alone, if it did then some of the
ariginal recording will still be left and can
be heard plainly in the background. The
tape must be ‘wiped clean’ first, and in all
modern recorders this is done automatic-
ally by an erasing head ‘upsiream’ of the
recording head, while in record mode.
Again the design of the erasing system
should not be taken lightly. Designers of
cheap recorders go to all the trouble of
including a decent enough AC biasing
system, and spoil it all through the
necessily to cut cosis by using a DC
‘driven’ erase head. The principle is
exaclly the same as previously described
for DC bias, except that the problems are
much worse; the erase head is much
more likely to remain quite strongly
maanelised with the consequent risk fo
all recordings on tape every time they are
played. The reason for this is that the
erasing system has to erase lapes, i.e.
thoroughly ‘soak’ the tape with a magne-
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tic field many times stronger than any
produced by a record head. This ensures
that anything previously recorded on it is
utterly obliterated, and it requires a
comparatively higher electric current.

The proper method is to use AC
erasing, because again this prevents the
erase head being permanently magnet-
ised in one direction, and secondly
because this ‘scrambles’ the iron par-
icles thus ensuring that noise is keptlo a
minimum (during quiet or ‘silent’ pas-
sages). As with AC bias, the frequency is
ultrasonic and the driving signal is a
reasonably pure sine waveform, so that it
doesn't leave any iraces of itself on the
tape. Almost universally the same oscil-
lator that produces the AC bias signal
also generales the erase. The added
complexity here is that now it is & power
oscillator and may be required to drive
the erase head at several hundred
milliwatts; the thing becomes dedicated
to this function and produces the AC bias
signal almost as a by-product.

Erase Head
Degaussing

But what if the record switch were
turned off just as the erase ouiput was at
the peak of a half cycle? There is a slim
possibility that it will leave the erase head
magnetised in one direction — the peak
power may exceed half a wait just before
the oscillator was ‘killed'. Superior oscil-
lator designs don't cease immediately,
but ‘die dewn' to zero, neatly de-
magnetising, or ‘degaussing’, the erase
head. In a few rare instances where a
recorder has a ‘'pause’ function, the
‘pause’ period may be ‘timed out’. What's
happening here is that the tape has been
stopped but both record and erase heads
are siill operaling, and the small poriion
of tape against the erase head is getting
rather warm. There may be a risk of heat

distortion to the plastic backing, so if the
‘pause’ bution is not released after say
five minutes everything is turmed off. It
also goes without saying that given that
the biasing level is critical, then the
outpul stability of this oscillator must be
above reproach, and so perhaps some
form of automatic gain control may be
called for against the possibility of supply
voltage and temperature fluctuations. A
few years ago many hi-fi tape decks had
a front panel bias control and a level
monitoring meter, so that the right bias
level could be assured before any
recording was made, and allowed an
optimum sefling to be chosen for each
different batch of tape. Understandably
this facility was a bit complicated for
mere morials to use and so you don't see
it any more.

Where it Matters — The

Tape to Head Interface

We shall take it for granted that the
actual mechanical paris of a iape
recorder, the ‘tape transport’, must be up
to a standard of engineering o move
tape from one reel to another at constant
speed past the tape heads and keep the
lape always in contact with the critical
surfaces of the heads as required. Aside
from this, the performance of a recorder
is utterly dependent on two vital com:
ponents — the tape, and the heads
themselves.

We all know aboui the differences
between various brands of tape and their
equally differing quality, and so it goes
without saying that any recorder has a
good head slarl if it's using a decent
tape. But the quality of the heads also
matters and the way in which the iape
‘interfaces’ with them, and this is purely
physical.

Figure 4a shows the internal con-
struction of a tape head. It consists of an
electro-magnet ring comprising a pair of
cores mated together to form a magnetic
circuit. There are two ‘pole gaps', one at
the back, and the other important one at
the front. It is the one at the front which
produces the alternating north/south
magnetic paiierns which ‘encode’ the
tape during recording. The core material
is typically laminated eiectrical steel,
albeit on a tiny scale; advanced designs
may use a ferrite material. Although the
two ends at the back buil together face to
face, and only exist to make assembly
easier, the front are ‘interrupted’ with a
gap: this could be an air gap, but in.
practice it is a wedge of non-ferrous
material, which might be brass as an
example. An air gap would quickly clog
with scraped-off tape particles, which
would ratner defeal the object of the
exercise! In order for the magnelic lines
of force 1o complete their circuit through
the cores, they must jump around’ this
gap, and very convenienlly find that the
ferrous particles of the tape make a
handy bridge, see Figure 4b. This time
honoured technique ensures a deep
penetration of the iape.
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When the assembly is installed in ils
case the whole front face, including the
case, Is polished as one complete
surface, and at this stage the width of the
front gap can be finally set. The steel
pole pieces may actually meet to begin
with bul removing material at the
polishing stage exposes the non-ferrous
wedge as a fine strip. Further polishing
will'make this strip effeclively wider.

This ‘sirip’ is the front magnetic pole
gap of the tape head, and iis widih
determines the upper frequency limit of
the recorder for a given tape speed. Ii's
all to do with wavelengths, and in this
case the waves are 'laid down' along the
length of the tape. For a fape speed of
9.5cm/sec. there will be 10.52 cycles for
a signal of 100Hz on one cenlimelre
length of tape. At 10kHz, there are
1.052.6 of them. At 15kHz the recorder
has reached its cut-off frequency. be-
cause there would have been 1,578.9
cycles in one centimetre. which means
that each cycle should have been 6.2um
long if it could have got onto the tape. But
guess what? Divide that by two and thal's
how wide the pole gap is, 3.1um. The
record head defeats itself by undoing
whal it's just done because the lape
won't move out of the way quickly
enough. Double the tape speed, and the
cut-off frequency immediately leaps to
30kHz.

The above guoted example is for a
typical ‘eonsumer quality’ (as opposed to
a studio machine) reel to reel recorder.
The now universal casselie tape siand-
ard starls out with the disadvantage that
the speed is only 4.75cm/sec., because
this is the only way a reasonable playing
time can be got out of what is really a
small amount of tape in a cassette. This
means that to equal the above example,
a casselte fape head has to have a pole
gap of an incredibly narrow 1.5um. an
engineering feat not to be sneezed at,
and it is only by sheer volume of
production that keeps casselle lape
heads al a reasonable price.

~ The construction of an erase head is
identical to that of Figure 4a, with just two
important differences. Firstly the wind-
ings are of a very low impedance so that
they will accept a higher current for a
given frequency and voliage input. and
secondly there are often two front pole
gaps side by side, so that the erase head
can have 'two shots’ as it were at erasing
the tape.

Head Adjustment

This is something you may already
be familiar with, namely twiddling the little
screws which make a tape head ‘lean’
one way or the other. Actually these
adjusters exist only o set the head's pole
gap exactly at right angles to ihe
direction of tape travel, once this has
been achieved, no further improvemenis
are possible. As we have seen, given the
extremely short wavelengiths that a
recorded signal on tape can be reduced
to, an off-verlical tape head is effectively
one that has a widened pole gap. see
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Before the age of cassetie &g\ 2

—early 1960's portable
reel-to-reel recorder by Teleton.

Figure 5, and conseguently impaired
treble response. (The adjusiment is
somelimes known as ‘azimuth’ adjust-
ment because it alters the effective pole
gap width.) Not only that but the full track
width of tape particles pass the gap at
different times, causing all soris of weird
phase errors. Unless of course the same
head has also done the recording. as is
most often the case, and if so the phase
might be alright but the HF response will
still not be at its best. These adjustmenis
are extremely sensitive and it is particu-
larly noticeable for example on playback
what a world of difference that Yis of a
turn on the screw makes!

Tape Heads are
Inductors Too

We have been lalking about erase,
bias and recording signals as though
these were things that will remain
constant and which we need no longer
worry about once we've got them. These
signals will be applied to. and in the case
of playback, originate from magnetic tape
heads. But as we have seen, a tape head
is essentially an eleciro-magnet, and that
makes it very dafinitely an inductor. And
the behaviour of inducitors is very
frequency dependent. And in this re-
spect. as far as the electronics of a tape
recorder is concerned, tape heads make
real nuisances of themselves.

Take the case of the erase oscillator.
Say ihat the erase/bias signal frequency
is 50kHz, a typical value, and that the

I
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= N . Direction
Plastic Coating of of travel
backing ferric particles

Figure 4b. How magnetic lines of force are
made to flow through tape particles by
wedge in pole gap.

Figure 5. Head alignment error increases
effective pole gap widih, angle is
exaggerated.

inductive reaclance of the erase head is
30002 at this frequency, again lypical,
Erase current is usuzally in the order of
tens of mA, so for say 50mA erase
curreni, again fypical, the erase power
oscillator output voliage will have to be
15V rms, and straight away RF injection
into every other amplifier circuit block
throughoul the internals of the recorder
becomes an issue.

Similarly bias current, curious as it
may seem, needs {o be several times
that of the maximum signal record
current, typically five or six times more.
Al 50kHz the record head has a reactive
impedance of several tens of k0,
reguiring the bias voltage signal lo be as
an example 15V to 25V rms; the actual
level depends on the bias frequency and .
the inductance of, and value of bias
current required by the head. |f the
impedance of a recording head is 30k(}
at 50kHz. then the bias voltage has to be
18.6V rms as measured across the
winding if 2 bias current of 620uA is
required, to use a real example. The .
record signal current however is ‘only’ a
maximum of 92uA before salurafion
occurs. This gives an indication of the
energy required on the part of the bias
current, to liit the tape particles up into
the linear regions of their initial magneat-
isation curve.

Next Time

In the next issue we shall look at
how the actual amplifier circuits of a tape
recorder cope with these problems.
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COMPUTERS

Part 8 by Graham Dixey C.Eng., M.I.E.E.

Introduction

Many applications of microcomputers
resultinan output to drive a motor.
Without stopping to think about this fact, it
may not seem immediately obvious. After
all, wordprocessors and databases seem
totally divorced from the world of
industrial machine control. Yet motors of
one sortor another are frequently essental
in both.

To take the use of a wordprocessor, as
a familiar example. No less than four
separate motors are involved in the process!
The software to run the program is
invariably contained on disk (don’t write in
if voursisin ROM!), whetheritisa floppy
or a hard disk. To access the application
program itself, as well as the files for the
work beingdone, requires two motors, as
follows;

(a) One tospin the disk itselfat 360
rev/min.

(b) Onetodrive the read/write head
radially across the disk surface to find the
required tracks and sectors where the data
is stored.

As aresulr of the wordprocessor being
used to produce a document, whethera
shortletter or a block-busting novel, a
printer will be used to turn the ‘silicon
copy’ into something rather more
permanent and substantial. This also
requires [wo motors:

(c) One to rotate the platen, to feed the
paper.

(d) One todrive the print head across
the paper as the characters are struck onto
it. This assumes a dot-matrix printer,
which doesn’t need a motor to rotate its
prnthead.
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In factapplications of this nature may
actually make more use of motors than
rather more ‘physical’ tasks. In some of the
latter cases nomotorsare needed arall. A
temperature control system, for example,
unless it was using an output device such as
a printer for a hard copy record of
temperature/time variations, would merely

be converting between analogue and digital
quantities (and vice-versa), purely
electronically.

Motars are, traditionally; analogue
devices, or rather they were until rélatively
recently. Because the Computer can only
input and outpurdigital data, there would
seem to bea need for conversion when a
conventional motoris tobedriven bya
computer. Asit happens, there are several
choices, asfollows;

(a) Useaconvenuonal motoranda
digital-analogue converter.

{b) Usea conventional motor and drive
it ‘digitally’. :

(¢) Use a motorthat takes a digital
mputdirectly.

Figure 1 shows the first case. A digital
quantity, representing motorspeed, is
delivered toa digital-to-analogue converter
(DAC). The analogue outputdrives current
through the field winding and, hencg,
determines the motor speed. Naturally, the
binary outpurwill be generated by a
software program: This; inits turn, may
havereceived input data— perhaps froma
setof switches aran input port — that
demandsa certain motor speed.

Figure 2 shows the same motor being
used, butinstead of the supply being an
analogue quantity, it is a square-wave of
variable mark/space ratio. The speed
depends upon the ratio of on-time/ofi-time.
Itiseasiest if the off-time isa constant value
and the on-time only is varied.

Figure 3 shows two possible ways of
using inputs to control motor speed. In the
first case, (i), a potentiometer is used as the
speed controller; its wiper voliage is
converied to a digital value which the
program reads at the input port. Thisis
used to set the length of the time waste loop
and, hence, mark/space ratio and motor
speed.

Current
amplifier

Qutput pori

e

Variable mark/space
ratio drive

===

Figure 1. Usinga DAC-derived analogue voltage to drive an analogue motor.

Digital
zignal

'8

l’;':

DAC

OQutput port

Analogue
signal

Mechanical

Output

@ el

Figure 2. So called ‘digital control’ of an analogue motor.
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Figure 3. (i) Continuous speed control system (ii) Stepped speed control system with binary
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Mechanical
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Figure 4. An analogue speed control servo system.

In the second methed, (ii), the speed is
selected by setting combinations of
switches. For example, if three switches are
used, they can be setin 2° = 8 different
combinations. This means thar the choice
of speeds is limited to this number. |
Whether this is adequate depends upon the
application. In case it might be thought that
using switches in this way to control motor |
speed is somewhat cumbersome, it might |
be worth bearing in mind thatsuch {
switches might not be ‘front panel’ switches |
atall but ‘embedded’ in the process !
(whatever thatis). For example, the
switches might be operated in a certain
sequence that depends upon the nature of
the process. As each stage is completed
(signified by the closing of a switch), anew
motor speed (higher or lower) is selected
automatically for the next stage.

Using the method of Figure 3 (i) gives
almost ‘stepless’ speed control. Ifan 8-bit |
converter is used, this gives 2° = 256
different values (speeds) between zero and
maximum. Thus, rotaton of the
potentiometer will give smooth speed
control.

This brings us to the third option, a
motor that takes a digiral input directly. An
example of a motor of this type is the
‘stepper’ motor. In practice, itis this type of
motor that is generally employed in the
applicarions mentioned at the beginning of
this article, namely in disk drives and
printers. Bearing in mind what was said
about these applications, it is possible to
identify two different ways in which the
motors were being used, in fact two
different tvpes of system.
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(a) A speed control system, such as
when controlling the rotational speed of the
disk atexactly360 rev/min.

(b) A positional control system, as
when setting the read/write head correctly
over the track (disk drive) or when moving
the platen or print head just the right
amount, as in printers.

The steppermotorisable to handle
borth of these tasks with grear accuracy and
without any really expensive electronics
either: Thisis,of course; the primereason
for its use, apart from the obvious fact of
not needing any signal conversion, Before

looking at the stepper motor in principle
and application, it is worth seeing the
problems that exist in the two types of
system mentioned and how they are
handled in an analogue svstem.

Figure 4 shows an analogue speed
control system. The motor is driven from
the output of a power amplifier. The input
to this amplifier is the difference between
two voltages (Vp — Vi) and is known as the
‘error’ voltage. One of these voltages,
namely Vp, represents ‘speed demanded’
and is sentin from a potentiometer. The
second volrage, Vg, which only exists when
the motor is running, is the output froma
small generator (known as a tachometer or
‘tacho’), driven by the motor.

Assume the system is at rest and then
power is applied. With the potentiometer
wiper anywhere other than at the bottom of
the rack. there is an input Vp to the
amplifier, an output from the amplifier and
plenty of torque to accelerate the motor. As
the latter picks up speed, the tacho output
Vg increases. Since the latter voliageisin
anti-phase to the potentometer voliage, the
error voltage decreases. A balanceis
reached when the difference berween the
input and tacho voltages is just enough to
maintain a given motor speed. Any change
in the input demand will change the error
voltage, up or down, until ata different
speed balance is reached again. Notice that
the system is self-balancing due to the
negative feedback provided by the tacho.
Such a system has the general title of "speed
control servo system’.

Figure 5 shows another servo system,
this time for positional control. In this
diagram there is a potentiometer input as
before. The difference is that, in this case, it
is not demanding a particular speed of the
output shaft, buta particular position. The
way it does this isalso by using negative
feedback, from asecond potentiometer
which has its voltage applied in the opposite
polarity. In fact, both input and feedback
potentiometers are usually centre-tapped to
allow control in both directions on either
side of centre. Ignoring the tachoin the
diagram for the moment, the System works
as follows.

Theinput to the amplifier is the
difference between the two wiper voltages,
Vyand V. When both shafis are aligned

1} e
= | Mechanical
— : Output
+V : —
I
|
|
l
|
+V /o JL
Input pot. : = | B
s Power
O (Position demand) £ 1
—v amplifier L 5 J| vV
QOutput pot.
= — (Position feedback)
driven from
Output shaft

Figure 5. An analogue position control system.
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the two wiper voltages are equal and
opposite and cancel out. There is no input
to the amplifier and no output to drive the
motor. The system is at rest. Now rotate the
input shaft; immediately there isan error
voltage. V, — V;, which is amplified to
drive the motor. As thelartér runs it drives
the output shaft insuch a direction thata
position will be reached when, once again,
input and output $hafts arealignedand
there is no error voltage: The system comes/
torest. S '
But, you say, “what isthe tacho
doing”'? lis role is not the same as in the case
of the speed control system, whereit had to
provide a feedback voltage tomaintain
constant speed. In this case its functionisto
providea ‘damping’ term, @ rather more
obscire function. Here’s how it works.
'Imagine that the tacho is omitted. It
would seem that the system would still
wark. However, whatisignored is the
effect of system inertia, or mementum if
vou like. When a motor is accelerating, as it
does whenit is racing towards its new
position, itacquires momentum because of
its mass. Just because it has reached its new
position and no longer has a signal from the
amplifier to drive it, doesn’t mean tharit |
will suddenly stop. Far from it; its
momentum will earry it past the correct

position. Asaresultof this ovérshoot, a !

feedback voltage will be derived from the
wiper of the output potentiometer that will
apply a torque to the motor ‘in the Gpposiie
direction’. The motor stops (too late!),
reverses, and heads back the way it came,
once more gaining momentum. This time it
overshoots from the opposite direction,
probably not quite so much. The process of
continually overshooting will repeat, again
and again. In fact the system may become
oscillatory.

Whatis needed is a means of
decelerating the motor as itapproaches its
correct position, in fact a form of brake.
The output from the tacho provides this,
since it opposes the driving torque. As the
motor gets less drive from the amplifier
(approaching final position), the tacho
voltage has more effect and brakes the
motor. With the correct amount of
feedback from the tacho, the system doesa
mild overshoot, returns and stops dead.
Too much damping reduces the responsive-
ness: it becomes slugzish. Too little
damping and the system tends to oscillate.

O 'Set motor speed’

pot

>

Power
= amplifier

+V

Drive
——————— o
load

Figure 6. An-_np'en:}n op spe ed control system.

Closed and Open Loop
Systems '
| The types of system described above
are known as closed loop systems, because
the feedback path ‘closes’ aloop. They can
give great precision of control, speed or
/position, but are complex, require
expensive components and can be tricky to
setup.
. By contrast, Figure 6 shows an ‘open
loop” speed control system. Thereisno
feedback, so no self-balancing action.
Setting theinput wiper sets a certain speed.
~There isnothing that automatically governs
| thisspeed. Variations in load, for example,
“will cause the speed 1o vary. Itis cheaper
than an open loop system but not very
precise.

Where does the stepper motor come
in? Isitan open loop or a closed loop
device? The answer is, itisan open loop
device. Yer, because it works in a totally
differentway from an analogue motor, it is
capable of excellent precision and doesn't
require complex electronics to drive it. Nor
is the motor itself inherently expensive.

Iis secret can be understood from the
fact thatitis ‘pulsed’ in order to produce
specific angles of rotation. For example, if
one pulse caused the shait to rotate 10
degrees’, then in order to rotate it through
exactly 40 degrees would involve nothing
more than giving it four pulses. No
elaborate feedback arrangements are
needed.

Naturally, there are some
complications and practical motors need a

‘ little more than a single pulsed input. But
stepper motor controllers and drivers are

[ L1 |

(a) Displacement =
5 x step angle

TR B
L[]

(b) Velocity > (a)

(c) Motor accelerating

1
1

(d) Motor decelerating

AT

S fre
Time

Figure 7. Pulses control position, speed and acceleration.
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available in IC form, requiring only a few
external components. So now for some
basic principles.

Stepper Motors

A'stepper motor consists of a stator,
rotor and windings. [t does not rorate when
powerisapplied but moves through a
preciseangle in response o a single pulse.
Therefore the total angular displacement is
given by:

Toral angular displacement = step
angle x number of pulses

Step angles vary in the range 0-45° to
907, the most common value being 187 per
step (giving 200 steps per revolution). A
typical positional erroris = 5%.

Stepper motors can be used for linear
rather than angular positioning by using
one to drive a leadscrew and nut. The
relaton berween the linear displacement
and the number of step pulsesis given by:

Linear displacement equals the
number of steps divided by the toral
number of steps per revolution multiplied
by the pitch of the leadscrew.

Example: if the leadscrew had 5 threads/
inch, its pitch would be Y5in., which equals
0-2in. If the step angle was 1.8°, each step
pulse would produce a linear displacement
of 1+-200%0-2 = 0-001in.

This makes the stepper motor suitable
for industrial applications in such things as
automatic lathes, milling and drilling
machines, X-Y co-ordinate tables and other
positioning mechanisms. Thisisin addition
to the computer applications already
discussed.

Adwvantages of Stepper
Motor Systems

The major advantage of stepper motor
systems is that control is ‘open loop’, so
avoiding the problems of closed loop
control. All thatis needed is a counter (that
can be software or hardware) thatcounts
the number of pulses from thestart. The
speed of rotation is controlled by the
frequency of the pulses,and the :
acceleration is determined by the rate of
change of frequency: Sce Figure 7.

Stepper Motor Principles
There are three common types:
(a) Variable reluctance motor
(b) Permanentmagnel motor |
(c) Hybrid motar ;

Conninued on page 38.
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DOLBY SURROUND Fontares:

* Decodes Dolby Surround encoded

DOLBY SURROUND material

* Offers a choice of other effects from

DOLBY SURROUND non-Dolby material

* Integral amplifiers for rear

DOLBY SURROUND channel loudspeakers

PR.CESS.R

by Robert Ball AMIPRE

* HAdjustable rear channel delay

* 100Hz and 10kHz boost controls

* Volume and front/rear fader
controls

* Tape monitor

* LED level meter

* Infra-red remote control
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3Y SURROUND

Introduction

Dolby Surround is an AV (audio/
visual) surround sound system for use in
the domestic environment, its purpose is
to enhance the experience of listening/
viewing suitably encoded material. The
Dolby Surround system is the domestic
equivalent of the professional Dolby
Stereo system used in cinema theatres to
provide high quality dialogue and sur-
round sound. A Dolby Suwrround decoder
can be integrated into an existing AV
system, however the existing system must
be capable of replaying or receiving
Dolby Surround encoded material.

Suitably encoded Dolby Surround
material includes many of the feature films

D [otev surouno] (] [ootey surrouno] (]

that have been produced in Dolby Stereo
and subsequently released on video
cassette and video disc. Encoded feature
films are also broadcast via satellite
television, which has stereo capability and
on terrestrial television in NICAM-728
Digital Stereo. However, for any of these
recording or transmission media to be
sources of decodeable material, the
play-back or receiving equipment must
be capable of providing high quality
stereo sound. This will be deait with in
greater detail later in this article.

There are two generations of domes-
tic decoding eguipment, passive and
active. The passive system (first genera-
tion) is known as Dolby Surround and the

DOLEY SURROUND

active system (second generation) is
known as Dolby Pro Logic. The processor
reviewed here is of the passive type.

Details of how Dolby Stereo, Dolby
Surround and Dolby Pro Logic systems
function will not be dealt with in this
review. Readers who are interested inthe
principles of operation should refer to the
April - May 1930 issue of ‘Electronics’,
where the Dolby Stereo system is
explained in its entirety.

This review is intended to introduce
the Maplin Dolby Surround Sound Proces-
sor, illustrate how it can be integrated into
an AV system and give some guidelines
on how the best performance can be
obtained. :

Photo 1. The Maplin Dolby Surround Sound Processor.

Specifications:

Internal Power Amplifier (Test conditions: 8(1 Load, 1 channel driven, 1kHz sinewave)

Amplifier Power:
Total Harmonic Distortion:

Sigmal Processing Circuitry
Input Sensitivity:
Input Impedance
Line input:
Tape input:
Output Impedance
Line output:
Rear output:
Tape output:
Signal to Noise (unweighted, 0dB = 775mV)
Line output:
Matrix:
Hall:
Dolby Surround:
Frequency Response (—3dB +0-3dB)
Line output:
Matrix:
Hall:
Dolby Surround:
Distortion (output level —10dBE}
Line output:
Matrix:
Hall:
Dolby Surround:
Delay time:

Power Requirements:
Dimensions:

Infra-Red Remote Control
Batteries:
Dimensions;

10W RMS per channel
0-5% (10W RMS)
0-15% (9W RMS)

280mV

270
47k

<2001}
<20002
<2k()

75dB
81dB
65dB
83dB

5Hz - 300kHz

10Hz - 28kHz

10Hz - T-8kHz (delay time 14ms)
26Hz - TkHz (delay time 14ms)

0075
0-07%
0-15%
:18%
14ms - 32ms

240V AC 50Hz SOW
419 x 52 x 231mm (WHD)

20oif AR cell
65 x 20 x 170mm (WHD)

October 1980  Maplin Magazine

Photo 2.
The infra
-red remote
control unit.

Outwardly Appealing

The black ancdised aluminium front
panel gives a smar, sleek-looking
appearance, which is in keeping with
current fashionable trends for audio
equipment. The chassis and top-cover are
fabricated from mild-steel. Control and
indicator designations are white and
therefore easily readable. The push-
button and press/release ‘up/down’ rock-
er switches are of the 'soft touch' type and
have a nice positive action. The push-
bution switches each incorporate an LED
indicator, which serves to display the

33



I
|

= i ] =

Left - : Right [
channel TV or Video monitor channel

loudspeaker loudspeaker
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Figure 1. Typical londspeaker placement.

selected mode or function. An interesting
point is that the power on/off switch does
not switch the mains supply, but instead
operates a relay, which switches the
low-voltage supply on the secondary of
the transformer. The power swilch is
perhaps better regarded as an on/standby
switch rather than a true on/off switch.
Also on the front panel are rolary
potentiometer controls for ‘calibration’, a
§-segment green LED VU bargraph and
an infra-red window for the remote
control receiver diode. Photo 1, shows the
Maplin Dolby Surround Sound Processor.
The infra-red remote control unit is
equally as smarl in appearance as the
main unit and has colour coded buttons to
group the controls. Photo 2, shows the
infra-red remote control unit.

Features and Facilities

The Maplin Dolby Swround Sound
Processor (YUS9P) offers a host of
facilities to anyone who wants to add
Dolby Surround to their existing AV
system. But before the various features are
described, a quick resume of what Dolby
Surround is would be helpful: movie films
encoded with Dolby Surround have exira
information ‘buried’ into the normal stereo
sound-track, which can be extracted
(decoded) and reproduced through exira
loudspeakers placed to the rear of the
listening position. The exira surround
channel provides sound effects and adds
ambient sounds, The overall effect is to
project the viewer/listener into the on-
screen action. Typical loudspeaker place-
ment is illustrated in Figure 1,

With the Maplin Dolby Surround
Processor, selecting the ‘Dolby Surround’

34

mode activates the decoding circuitry
allowing surround sound to be repro-
duced from suitably encoded material; the
resulis obtained are nothing short of
dramatic. Apart from decoding Dolby
Surround encoded movie films the unit
also provides ‘Matrix' and 'Hall' modes.
Selecting ‘Matrix' provides a psuedo-
stereo effect for use with mono program-
mes and movie films and selecting ‘Hall'
provides reverberation and ambience to
stereo programmes and films that are not
Dolby Surround encoded. The degree of
success achieved with ‘Matrix' and ‘Hall'
will depend on the source material and is
also dependent on subjective personal
taste. A ‘Monitor' switch is also provided,
which is used to switch to the tape monitor
input sockets on the processor. This
facility is provided so that when the
processor is connected into the existing
AV system, often via the tape input and
outptit sockets of the integrated amplifier
(a2 single unit having both pre-
amplification and power amplification),

00 (oo

the tape deck can still be used without
having to swap cables. Each of the four
modes are selected by front panel
push-buttons, the current mode selected
is indicated by an integral red LED on the
appropriate push button. Only one of the
four modes may be selected at a time.

To add the swrround sound to the
listening/viewing environment, it is neces-
sary to have an extra pair of speakers in
addition to those already present for the
existing stereo AV system. Howeverthese
speakers do not have to be particularly
large or expensive as the frequency range
of the surround signal is deliberately
restricted. To drive the additional pair of
loudspeakers, the surround sound pro-
cessor incorporates a 10W RMS per
channel power amplifier. The inbuilt
amplifier-thus obviates the need for a
separaté external amplifier, and removes
what would otherwise be a‘hidden’ cost of
purchasing another amplifier. The power
rating of 10W RMS per channel is
perfectly sufficient for most domestic use,
although the rear channel signals are
available on separate "Surround’ output
sockets if the user wanis to employ an
extemal amplifier.

The overall volume of the AV system
may be controlled via the processors
volume control, the balance between front
and rear signal levels is variable by means
of a fader control. The volume and fader
controls are of the press/release rocker
switch type, as is the delay control.

An audio delay is introduced in the
rear channel signals, the purpose of which
is two-fold. Firstly, when the processor is
in ‘Dolby Surround' mode, the delay
improves the apparent separation be-
tween front and rear channels (Haas
efiect). Secondly, in both ‘Dolby Surround'
and ‘Hall' modes the delay gives the
impression that the rear loudspeakers are
further away than they actually are, thus
increasing the apparent size of the
soundfield. The delay is variable over the
range 10ms to 30ms (nominally) and
adjustment is achieved by means of a
rocker switch located on the front panel.
The delay time is adjusted according to
personal taste to give the best effect.

There are two boost buttons pro-
vided which allow the 100Hz and 10kHz
frequency bands of the rear channel to be
boosted. The boost controls allow com-
pensation for the rear loudspeakers

Photo 3. A Hi-FiStereo VCR with NICAM-728 decoder.
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lacking in bass or treble. Both boost
buttons may be operated simultaneously if
required. If these functions are active,
indication is provided by integral red
LED’s, |
To allow the correct decoding of ‘
Dolby Surround encoded material, two
calibration controls are provided, these |
are used to minimise the leakage of front |
channe! dialogue into the rear surround |
channel. Normally these controls will be
set at midpoint and adjusted slightly to the |
left or right to minimise dialogue leakage. i
These controls also allow the unit to '
accommodate signals of diiferent levels |
and therefore minimise the introduction of {
|
|

unwanted noise. To indicate the level of
the signal in the rear channels, a |
S-segment green LED VU bargraph is i
provided. Ideally when rear channel
signals are present, the bargraph should
peak to a maximum level of 0dB.
Compensation for levels exceeding the
0dB point can be made by retarding both
of the calibration controls (anti-clockwise) P
until the correct level is achieved,
conversely if the signal peaks do not |
reach 0dB, advance both calibration | (U
controls (clockwise) as necessary. [ R

An infra-red remote control unit is RF RF
provided to allow operation of the e N
processor from the comfort of your —_— |
favourite armchair. The remote control | i
unit duplicates all of the front panel —— Audio ‘
controls except the calibration controls —= = 1!
and the LED VU bargraph. ;

It must be remembered that this unit - /S Reor Output | o .
b dosinaaior e i an RV system St | = locsea N0 O NiGY 2o, Sureund
not for use in an audio only Hi-Fi (high | Alidio
fidelity) system. For users of audio only |
Hi-Fi equipment, a different type of | Audia
surround sound processor should be — —_—
employed to add reverberation and [
ambience to normal stereo recordings. Q

Audig

Y

~————

BEJ=0

Cassetle

Stereo Source '-ﬁeugfftad Deck |
Considerations hiz !4

It has already been stated that for | e
Dolby Surround to be decoded, the movie | urntable »
ugio

film must be suitably encoded. It also goes Audio L RF
without saying that the receiving/ | ANNC — | —a— st
replaying equipment must be capable of coP e

providing high quality stereo sound if the = = |
encoded information is to be extracted. i =
Essentially this means that if the sourceisa e, — o @
VCR (video cassette recorder) the unit | =4 L/S Front Output N
must be Hi-Fi Stereo and replaying a Left front Right front
Dolby Surround encoded stereo video loudspeckar loudspeaker
cassefte. If the source is a satellite e m—. | E——
receiver, the unit must be stereo and | [
receiving a Dolby Surround encoded ' : J
slereo programme. If the source is a L i )
television set or television tuner unit, it
must be equipped with a NICAM-728
digital stereo sound decoder and be
receiving a Dolby Surround encoded |
slereo programme (In an area transmitting |
NICAM). If the source isa VDP (video disc | (R _f
player) the unit must be stereo and it e
replaying a Dolby Surround encoded Left recr Right rear
stereo video disc. Photo 3 shows a Hi-Fi tudsnealier foudspaaker
Stereo VHS video casselle recorder which
also. has a NICAM-728 decoder, thus Figure 2. Diagramatic representation of installation.
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Figure 3, Wiring diagram where the processor is connected between

VCR and integrated amplifier.

allowing Dolby Surround to be decoded
from video cassette and off-air movie
films. A list of over 700 movie films that
have been released in Dolby Stereo is
available from Maplin Electronics.

Video Cassette Labelling

In recent years the Hi-Fi Stereo logo
has become more widely adopted on
video cassettes, and there are indications
thatthe Dolby logo's will be used in a more
orderly fashion. Cassettes will soon say
‘Dolby Surround’ rather than just having
the Dolby Double-D logo. Commonly the
Dolby logo will be found on wvideo
cassettes with a note ‘on linear tracks'
below it. This indicates that the linear
audio tracks (as opposed to the Hi-Fi
Stereo tracks) are recorded with Dolby B
noise reduction and doesn't mean that the
tape is Dolby Surround encoded. The
confusion continues, but in a pleasant way;
there are many casseites that do not show
any indication that they may have Hi-Fi
Stereo tracks, but do have them all the
same! Also cassettes which have ‘Dolby
Stereo in Selected Theatres' on the credit
list are also Dolby Surround encoded.

Connections

The hardest part of using the
surround sotnd processor is connecting it
into an existing AV system. There are
many possible combinations of equip-
ment; Satellite Receiver, NICAM TV,
NICAM Stereo Tuner, Hi-Fi VCR, VDP,
Pre-amplifier & Amplifier or Integrated
Amplifier, FM Tuner, Cassetie Tape Deck,
CDP (compact disc player), Tumiable,
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Figure 4. Wiring diagram where the processor is connected between

integrated amplifier and cassette deck.

Graphic Equaliser, Surround Sound Pro-
cessor and Loudspeakers. An individual
system may include all or just some of
these items. Photo 4 shows a typical AV
system. Even with the wide range of
possible combinations, there are really
just three main ways of connecting the
Processor up.

The simplest way to use the proces-
sor is to add it between the VCR and the
integrated amplifier, this type of arrange-
ment is illustrated in Figure 2, which
shows the signal paths between the
various items of equipment. The main
advantage is that the existing audio
equipment connections are not drastically
changed and installation is quick and
easy. With the processor installed in this
way, processing can only be performed
on the audio signals from the VCR, this is
not a major drawback as the other audio
sources will not be Dolby Surround
encoded. Since the processor only deals
with the audio signals from the VCR, it can
be switched into standby (or off complete-
ly) when the VCR is not in use. Figure 3
shows the actual connections between the
various items of equipment. As can be
seen, the tape 'IN' and ‘REC sockeison the
processor are not used and pressing the
‘monitor’ switch will result, not surprising-
ly, in silence!

The second way of connecting the
processor is as suggested in the leaflet
supplied with the processor. With this
method of connection, the processor is
added 'in between' the integrated ampli-
fier and the cassette deck (the same
method of connection that many graphic
equalisers use). With the integrated

amplifier's ‘tape monitor’ switch operated,
the signal path is via the processor. To
moniter the output from the cassette deck,
the ‘monitor’ button on the processor
should be pressed to route the signal from
the tape deck to the integrated amplifier.
The main advantage being that the volume
of all audio sources can be varied by
operating the volume up and down
butions on the remote control umnit. The
unit may be bypassed completely by
de-selecting the tape monitor on the
integrated amplifier and the processor
can be switched into standby when it is not
in use. However it is always necessary to
have the processor on when the cassette
deck is in use. Figure 4 shows the actual
connections between the various items of
equipmen.

The third way of connecting the unitis
by making use of a group of sockets found
on some integrated amplifiers, which ara
usually labelled as ‘Equaliser, ‘Link' or
‘Pre-amplifier & Main amplifier Link',
These sockets will normally have a
shorting link between them, thus connect-
ing the output of the pre-amplifier directly.
into the main amplifier. The processor can
be connected 1o the integrated amplifier
via these sockets and thus all signals are
routed through the processor. The main
advantages being that normal operation of
the tape monitor is retained and the
volume of all audio sources can be varied
from the remote control (as with the
previous configuration). However, the
processor must always be switched on
when the audio equipment is in use,
otherwise the signal path will be broken.
Figure 5, shows the actual connections
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Figure 5, Wiring diagram where the processoris connected to

‘equaliser' sockets.

between the various items of equipment.

Two points worth remembering are
that: 1) The processor adds rear channel
surround information by processing the
applied signals, it does not alter the front
channel signals, apart from providing
adjustment of volume and front/rear
balance. 2) The 100Hz and 10kHz boost
buttons provide boost to the internal rear
amplifier signals only, the line level
surround outputs are not affected by
operation of the boost buttons. The reason
being that if an exiernal amplifier is used
for the rear channels, this amplifier will
have its own tone controls to provide
treble or bass adjustment, thus obviating
the need for 100Hz and 10kHz boost
buttons.

Slaving Away

If an external slave amplifier is used
to reproduce the rear surround channel
signals, it should be connected to the line
level surround outputs on the processor.
The rear loudspeakers should then be
connected to the slave amplifier instead of
the processor. The connections are
illustrated in Figure 6.

Adding Inputs

The examples so far have iliustrated
an AV system with just a VCR. If however,
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an AV system.

the user wishes to connect other sources,
such as a NICAM-728 TV tuner unit, VDP.
or satellite decoder, provision will have to
be made for selecting between the
different audio and video input signals.
This is best accomplished by using an
audio video selector unit, otherwise a lot
of lead swapping will be necessary.
Figure 7, illustrates the interconnections.

In Use

Using the Dolby Surround Sound
Processor is very straightforward, but it is
important to correctly adjust the calibra-
tion controls. In most cases, all that is
necessary is to set the calibration controls
to their midpoints and when replaying a
Dolby Surround encoded movie film,
adjust either of the calibration controls a
little to the left or the right to minimise the
leakage of front channel dialogue in the
rear channels. It will be found that there is
a ‘null' point where signal leakage isata
minimum and either side of that point
signal leakage will increase. The calibra-
tion controls also allow for a varying range
of input signal levels and as previously
mentioned, should be used in conjunction
with the level meter.

The overall volume and frontrear
balance should be adjusted to give the
best surround soundfield, it is tempting at
first to have the rear level set high, but

Figure 7. Connecting a number of different stereo sources to

excessive rear levels will detract from the
overall effect instead of enhancing it, not
what is wanted at all! The delay control
should be adjusted to give the best effect.
It will probably take a little {ime to get
used to how the controls affect the overall
soundfield, but the experimentation will
soon pay off, resulling in an exciting
viewing and listening experience.

Conclusion

The Maplin Dolby Surround Sound
Processor offers a reasonably priced
introduction into the world of Dolby
Surround Sound, and provides greater
realism to movie films on the ‘small
screen’, 3

The Maplin Dolby Surround Sound
Processor is available from regional
Maplin stores and by mail order. Order as
YUS9P Surround Sound Processor price
£139.95.

A list of movie films released in Dolby
Stereo is also available. Order as XL15R
Dolby Film List price 40p.

Acknowledgements
Ferguson Video Cassette Recorder sup-
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Symbols are trademarks of Dolby Labor-
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Computers in the Real World
Continued from page31.

windings

Figure 8. Basic four-phase variable reluctance
stepper motor. -

The Variable Reluctance
Motor

This type (Figure 8) has a soft iron core
with projecting teeth at precise angular
intervals. The stator has inward projecting
tecth butthere are more of them so thar,
when two rotor teeth align with two stator
teeth all the rest are misaligned (by an angle
of 157 in the example shown). The stator
teeth have coils wound on them, which can
magnetise them if D.C. is passed through
them. In the example, coils A are
magnetised. If instead coils D are
magnetised, therotor moves A.C.W.
(Anti-ClockWise) 157, If coils Bare
magnetised, the rator moves 15°. The rotor
can be made to rotate one way or the other
by sequencing the supply 1o the coils.

Variable reluctance motors ¢an be
used at high speed but with light loads.
There islittle residual magnetism to hold
the rotor in position when the supply is
switched off. The inertia of the rotor causes
overshoot and oscillation.

The Permanent Magnet
Motor

Therotor (Figure 9) is a radially
magnetised permanent magnet that rotates
to align itself with the field produced by the
electromagnets. Using theswitches A, B, C
and D gives four possibie field directions
and, hence, four positions (90° steps) for
the rotor. Half steps can be obrained if the

Photo 1. Stepper motors used in Epson printer. Left motor drives head via toothed belt; right motor

drives platen via gearing.

Photo 2. Stepper motor used to drive read/write head (seen at left) of disk drive. Example shows 3in.

Matsushita drive used by Amstrad.

switches are three-position with the centre
position ‘open’.

JInTable ] a°1" indicaies a phase
energised; a ‘0" is a de-energised phase.
This table shows the switching sequence for
half-step and full-step operationof a
four-phase siepper motor.

The Hybrid Stepper Motor

In this type the rotor has two sets of

-teethat 1807 to each othér and isaxially

magnetised, one set of teeth being North
poles, the otherset being South poles.
Stator windings can also be gither Nor §,
depending upon the directions of the
currents in thecoils. Berween the rotor and

—Phuses Rotor position | . -
energised No. Direction
A, D 1 3
410 2 ERE
B, C 3 3 '_‘__6‘
8,0 4 - 7
A, D 1 o ;—E
<

Rotor orientation
mark

Figure 9. The four-phase, two-pole, permanent magnet stepper motor, showing phase switching to

obtain CW or ACW rotation.
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stator there will be, at some places forces of
atiraction, and at other places forces of
repulsion. These forces cause rotation from
one step to the next, controlled by the
sequencing of the four phases.

Stepper Motor Drives

A stepper motor moves from one step
to the next by switching a D.C. supply from
oneset of stator windings to the next. The
simplest, and cheapest, way of driving
stator windings is with a single drive
transistor per winding.

Figure 10 shows unipolarand bipolar
circuits. The latter type produce 20—40%
more power at low speeds than unipolar
types but need two power supplies.

Figure 11 shows a stepper motor
interface; thisis a fairly simple type and, in
practice, they can be much more complex.
The motor windings are numbered 1,2, 3
and 4.

Thereare three sequences :

Lowpower: 1,2,3,4, L etc. (only one
winding energised). ’
Normal: 1&2;2&3;3&4:4 & 1, e1c.
(always two windings energised).
Half-step: 1 &2;2;2&3:3;3&4:4:4& 1;
1, etc. (always half-angle steps berween
each step).

The motor windings require a current
source as their resistance is low, e.g. 0-2(}.
They also have high inductance values so
that protection is needed for the switching
transistors.

The timing for mode 2 (normal) is
shown in Figure 12.

The truth table of Figure 12 shows that
a half-byte of two O’s and two 1's circulates
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Figure 10. Drive circuits for (a) unipolar and (b) bipolar stepper motors.

Figure 11. A stepper motor interface.
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Figure 12. Winding timing diagram and truth table for interface of Figure 13. Application circuit for the L297 and L.298 stepper motor
Figure 11. controller and driver IC’s.
continuously. This gives a clue as to how The logic level on pin 3 determines the
the waveforms to drive the motor can be Full step direction of rotation. For clockwise
obtained. Ifa 4-stage register is constructed Step Phase rotation it must be low: for anti-clockwise
and two successive stages are ‘set’ (Q=1) A B c D running it should be high. Thgrefnre, _
while the other two stages are cleared, then ! 1 v 0 1 under program control the motor is easily”
clock pulses will circulate the required g é ? i g reversed merely by writing adifferent logic -
pat_tsg;:’rln a:::uun;id the rehglster. Nam;-:::g):, iis 3 0 1 0 1 l:velht;: the PIO port Ilme that feeds this pin. Vé
T e T - o
i 8 r
circulatgtes two ‘1's" in this way, outputting & ;;3]1 skep logicOtologic 1. £ Tl -
£ ep ase
them to the PIA berween shifts. The A B c D 2. The L297 and L298 stepper momr
number of shifts determine the angle | 1 0 0 1 controller and drive
ed through; the frequency of the e
“ﬁi_'?_ dete 3 cq d 2 i 0 0 0 The L.297 controller will work Wlth
shitting determines motor speed. 3 1 0 1 o cither 2-phase bipolar or 4-phase unipolar |
) ‘5* g ‘13 } g stepper motors. It pairs well with the .298
Available S tepper - g ] = - driver for providing the drive chpablht) to
MO tor I C ) 7 o 1 0 1 the stepper motor. The application circuit '
: ) ) 3 0 0 0 1 for these two IC's driving a 2-phase SE:DPEI
; m’?’if'A{iCI'zzdy s{eppgr m;:lgr Tvlf; 1 1 0 0 1 mumll; 1s} lshownﬁ_m Figure 1 cil’. -Ii] t‘d; =15y
_ ThisICisdesigned to drive 4-phase ull specifications and pin-otits { %
u'mp(l;ila_r stlepp]}r motors and operation is Table 1. Switching sequence of 4-phase both of these IC’s appear in the Maplin'|, | |
simpacty iseli. stepper molor.
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where in the world, “The
Wall" hit Berlin earlier
lhia summer. The rock-
‘and-rall circus took over
! the' nn—mdn s land between East and
L West Berlin, Potsdarmer Platz, the site
‘of the Berlin Wall, sealed off from the
outside world {or over three decades.
‘The old formidable wall made

way for the Pink Flayd version with
former leader Roger Waters driving
the new production. Supporting acts
are in the equally impressive class,
headed by Sinead O'Connor of “No-
thing Compares” fame, a leading
svmphony orchestra, military march-
ing bands and the full blown Red
Arrmy chaoir.

~ Armies of workers raced against
time building a 600 foot long and 60
foot high wall together with an
amphitheatre seating some 200,000
people. Television coverage extended
the world-wide audience by an esti-
‘mated one billion.

40

[ dé Y 148
cclulrned as baing the
worlds largest and most
ambitious five musical
event-ta be staged any-

Mark Fisher [left) and Jonathan Park with model for stage set for Rogar \ﬁn’tar_s‘ “The Wall',
Berlin 1980,
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Show facts and figures flowed
thick and fast. Five thousand metres of
electric cable powered by five maga-
watts of generated electricity
enough to power a whole town - 130
tons of steel scaffolding, assorted lifts,
‘tower cranes, trucks and bulldozers.
Dick Tracy also got into the act with
props including stretch  limo’s.
Apparently some 800 workers (some
of whom were the original border
guards) took one month constructing
the set which included 2600 outsize
styrofoam bricks and no less than
twelve truckloads of equipment.
L w1l
% A | 1 "li"‘_‘l._'."

Dummatlng the proceedings was

a massive circular ferris-whesl type

construction  incorporating a 50ft

circular screen, Inevitably the associ-

ated inflatable puppets — a teacher and
a pit - were the largest ever built, The

size of a six story building, they

needed to be controlled by some 40
handlers, operating two 145 foot
cranes, Synchronisad searchlights,
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projection screens, lsqhta and lasers
enabled evaryone to see the last few

down and reduced to a symbali¢ ruin.
It is hardly surprising that the con-
struction and production budget ex-
ceeded £9m.

The event was the launch pad for
The Memorial Fund for Disaster Refief,
an international charity set up by
Leonard Cheshire VC. Once again
records look set to be broken with the
funds aiming to raise over E600m over
the next five years. This target repre-
sents £5 for every life lost in major
wars this century and the money
raised will ba to help relieve disasters

and emergencies world-wide, both
| natural and man-made.

bricks being put into place and then at
the climax of the show, see it torn

Scenes from the rii‘mﬁg'amwstwwhaitir-tri._ﬁuﬁi:fﬁm

Having ﬂxatl ths data, the plavan;
mﬂ the charity, there only remained
the appointment of the set design
team. Here there was no conlest.
When it comas (o staging mega-sized
rock spectaculars, only ong name
matters, the UK design team Fisher
Park. Ovar the past ten years, the
partnership has been invalved in such

- rock names and events as Pink Flo d.

George Michael, Janet Jackson, T

Turner, and The Rolling Stones. It wqar

Fisher Park who designed the Nelson
41
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Mandella 70th Birthday celebration,
the staging of the Jean Michel Jarre
concerts, and as a more lasting
testament to their skills, the London
Hippodrome Disco,

The engineering half of the Fisher
Park team is Jonathan Park who met
his partner Mark Fisher while they
were both lecturing at the Architects
Association, Jonathan sees his job as
being unlike any other. “We have to
creale, in a very limited timescale, a
disposable city using an art form
unknawn befare the late 70's. It is our.
job to help create the Rock ‘n’ Roll
tribal ritual which generates lavish
levels of excitement and emotion.
Unlike grand opera, rock audiences
need a close encounter of the spec-
tacular kind with their rock heroes”,

Jonathan says he would not be in
the business if he did not like rock
music. He even attends concerts not
designed by his company. It is hardly
surprising that he sees very little of his
family. “The job involves an enor-
motus amount of travelling. You can't
stage major events by remote control.
You have to be thare to kick backsides
and held the star's hand”,

Certainly Fisher Park provides
audiences with full value for money.
Their sets rival those old Hollywood
Gxtravaganzas. "Everything is thrown
into the event, including if it Is
necessary, the kitchen sink. Rock stars
after all are legends in their own time"
says Jonathan.

Time is one commodity always in
short supply at Fisher Park and The
Wall was no exception. Because of the
time it took to reach agreement with
all the local authorities, the design
team of the multi-million pound event,
were given just ten weeks to get their
act topgether. But challenges are facts
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The Rolling Stones 'Urban Junqla’_ European tour [n 1990 shows w

of workihg life at the company, “We
spend all our working lives pushing
the boundaries of technology, design
and art. There is an insatiable public
demand for ever larger scale rock
concerts. Itis very much a mutant art
form and with new bands emerging all
the time, we are always kept on our
toes", says Jonathan.

Ju A=

Meanwhile, it's back to that Wall,
The organisers are expecting that the
world-wide sales of the video and
albums of “The Wall - Live in Berlin”,
will establish some new records. But
they will have an uphill task an their
sales hands if they try to compete with
the ariginal Rink Floyd “The Wali",
Issued in 1979, the record has gone on
1o sell well in excess of 19m copies.
Similar records were set by “The

Wall" video which has become one of

the best selling music videos of
all-time.

Now, you too can share “The Wall
Live in Berlin. Maplin, you will not be
surprised to learn, are lending a hand
to assist the record-breaking move-
ment. We have lined up a stunning
array of “The Wall Live in Berlin”
music and videos as prizes. Wait for
it ., . We have six Videos, six Double
Albums, six Double Cassettes and six
Double CD's. for you ta win. Not
surprisingly, we are having to line up
something larger than a hat to take all
your contest entries; so the first fully
correct answers pulled out of the
editor's wage packet will win (I wish
my wage packet was that big —= Ed).
Post your entries to “The Wall Live in
Berlin” Contest, The Editor, “Electro-

hat to expact at ‘The Wall’ concert.

nics — The Maplin Magazine”, PO Box
3, Rayleigh, Essex, SS6 8LR. Or zapp
over your entry by fax on (0702)
5639356, don't forget to mark your fax
THE WALL LIVE IN BERLIN CONTEST,
Do let us know whether you want to
win the video, album, cassetta or CD
version of the prize. But don't delay. In
a un-lypical seasonal gesture the
editor has agreed to bring forward tha
contest closing date in order that you
can enjoy the musie over Christmas.
So entries by 15th December 1990
please.

S=ri 0N
Cureriicd

Name the odd one out;
(a) Roger Waters
(b) Nick Mason
ic)Mike Rutherford
{d) David Gilmour

Who has not parformed live
in London this past simmer?
{a) Prince
(b) U2
(e) Madonna
(d) The Rolling Stones

Which'tracks are not featured
on the hit album’ gf Sinead
Q'Connar?

(@) Mac Arthur Park

(b) 'Am What | Am

(¢) Can't Buy Me Love.

(d) Nothing Compares 2 U

Which does not fit?
(a) Dark Side of the Moon
(b) The Wall
(c) Wish You Were Here
{d) Then There Were Three
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by .M. Woodgate B.Sc. (Eng.), C.Eng., M.I.E.E.,M.A.E.S., F.Inst.S.C.E.

Part 2 — Small system practice and large system theory

Apology

For the first time since [ began writing
for Maplin, some printed errors, at least
one of which was due to the original
manuscript, unfortunately occurred in Part
1 of this series, and they are detailed at the
end of this article under *Corrigenda to Pari
1’. I hope that we have found out why they

+
occurred, and that there will not be any

L e =47DuFI:[220R
more. ¢ I oV

=1DDnF

i
—————1 79105 A79R — G

WOo05

Recap

For those who haven’t read Part 1,

here is what 1o do. First, order a copy of
Issue 39 from Maplin, this minute. Done
that? Good, now, while you are waiting for
it, read on,

An audio frequency induction loop
system (AFILS) consists of a source of
signals (usually a microphone) driving an
a.[. amplifier, which circulares a current in
aloop of wire surrounding the area in which
the system is to work. This creates an audio
frequency magnetic field, which can be
picked up by means of a suitable receiver
(not a radio), so that the signals can be
heard. In an ‘AFILS for assisted hearing’,
the receiver is a hearing aid equipped (as
most of them are) with a magnetic pick up
coil (*Telecoil’) and an *M-T’ (or *M-MT-
T") selector switch.

The Household Loop
Amplifier System

This design is based partly on the TBA
810P audio amplifier i.c., using the Maplin
p.c. board BR0O2C. If, by the time you read
this, these have been replaced by a newer
device and board, the new parts should still
be suitable, In fact, with precautions, other
devices such as the TIDDA2003 could also be
used, It should be emphasised that the
complete amplifier system has very high
voltage gain (about 75dB) and current gain
(about 150dB!), so that great care must be
taken to avoid spurious feedback and
unwanted coupling in the circuitry. It is
essential 1o follow the detailed comments
on this,; as they appear at the appropriate
places in the text. As is usual with
cquipment designs in my articles, there
should be enough information for experi-
enced constructors and even advanced
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Figure 6. Power supply circuit for the Household Loop Amplifier. The +13.6V and 0V terminals
should be as close to the terminals of the 4m7F (4700..F) capacitor as possible. The 0V connection

must go ONLY to the final amplifier board.

learners, but full constructional details are
not included and you should not tackle one
of these projects unless you are confident of
success. Il you do hit trouble of a
particularly fascinating kind, you can
always write to the Kindly Editor.
(Satisfaction will be striven for, but cannot
be guaranteed!).

The Final Amplifier

I am trying to get this term adopied for
*an audio amplifier which drives an output
transducer’ (loudspeaker, headphone, in-
duction loop, etc.), because the present
term ‘power amplifier’ suggests that power
output is what is wanted. In fact, power is
only needed to the extent that most output
transducers do not work very well. For
example, 99% of the power input to a
loudspeaker is wasted as heat, and, as we
shall see later, the optimum design of a large
induction loop may involve making the
resistance very low, so that very little actual
power is dissipated in it.

Power Supply

In our present case, what we need is
current, because the magnetic field
strength produced by the loop is prop-
ortional to the current in the loop wire. The
TBAS810 can produce 7W in a 2() load with
a 14.4V supply, corresponding to a current
of V(7/2) = 1.87A. Unfortunately, we
can't get 14.4V from the recommended

WBIIM transformer, and the next larger
YK28F gives too much, apart from not
fitting into the box XY43W that I wanted to
use. The WB11M gives 13.6V d.c. with no
signal input, and this is sufficient for our
purpose. We need also positive and
negative regulated low-current supplies for
the preamplifier, which can be obtained
from a bootstrapped 78L05 and 79L.05
devices, using a W005 bridge rectifier as
two full wave rectifiers.

To prevent loss of regulation when the
rectifier output voltage is dragged down by
the final amplifier current on programme
peaks, the regulated voltages are set at
+8V. The transformer can be protected
against damage due to short-circuits, by
means of a primary [use, provided it is a
100mA ‘anti-surge’ type (UJ92A), Don't be
tempied to take risks by fitting a higher
rating fuse or no fuse at all, nor in the
associated area of safety earthing. The
amplifier should have a 3-core mains lead,
with the meral case connected 1o the safety
earth conductor. 1 always cover up all the
bare mains connections inside the box as
well, so that fingers or tools cannot touch
the live parts even with the lid off! It is
noteworthy thar, in this respect, Class |
equipment (earthed) is less safe than Class
I1(double insulated), because you are much
more likely to touch live mains and earth
simultaneously on a Class I unit, than you
are 1o touch both poles of the mains
simultaneously on a Class II unit. In any
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Figure 7. Final amplifier circuit.

case, most Class IT electronic equipment
has 1o have all the mains terminals covered
up in order to meet safety standards. The
complete circuit of the power supply is
given in Figure 6.

The TBA810 Board

This can be made up exactly as
described in the catalogue, with the
addition of a 100nF ceramic capacitor
(YR75S) with short wires connected
directly from pin 1 of the TBASIO to the
common rail of the copper side of the
board. This is because improyements in the
chip manufacture have tended 1o lead tor.f.
oscillation at some output levels when the
chip is hot. The 100nF capacitor C9 on the
board has too much lead inducrance to
prevent this. Note that the board won't
work by itself, without a temporary d.c.
path (e.g. a 10k() resistor) across the input
terminals, because the volume control
shown on the circuit disgram in the
catalogue is on the pre-amplifier board in
this design. The complete final amplifier
circuit is shown in Figure 7.

The Pre-amplifier

In order to pick up the sound of the
television or radio without too much
‘bathroom® reverberation (so try ity and

listen to what 1 mean!), the microphone

should be very close to the loudspeaker.

Here, the sound level is high, so the .

amplifier gain does not need to be very
great. However, it is also very desirable for
the same system to pick up and relay the
sound of the telephone, doorbell, cat at the
back door; burglar under the bed, etc.,
which are notsoloud, Burwe can thave the
hearing aid user (hereinafter referred to as
‘Grandma’) running backwards and for-
wards to adjust the volume control all the
time, We need a volume control to set the
current in the loop so thart it suits the size of
the particular loop being used, and the
position that Grandma sets the volume
control of her hearing aid, but we then want
Automatic Gain Control (A.G.C.) to com-
pensate for the different loudness levels of
the wanted sounds.
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A.G.C. Techniques

There are now several techniques
available for audio A.G.C. including
programmable-gain op-amps, voltage-
controlled amplifier (VCA) c!ups, the FET
used as a voltage-controlled resistor and,
simple but a litde crude, the ordinary
bipolar transistor used as a current-
controlled resistor. This last was the
technique used in millions of cassette
recorders (before dedicated IC’s were
available), and is the one T have chosen, Tt is
simpler and cheaper than all the others to
execute, and the only penalty is some
distortion, most of which is the relarively
harmless second harmonic kind, and which
can be kept to a low level by optimum
design.

The action of the circuit can be
understood with reference to Figure 8.
There is no D.C. collector voltage on TR1,
and for small signals it behaves as a resistor
whose value is determined by the base
current flowing through R2. It thusactsas a
potential divider with R1. In order to keep
distortion low, the signal level ar the
collector should not exceed about 30mV
£.m.s. On the other hand, if the signal level
is set very low to minimise distortion, the
signal-ro-noise ratio is poor. This signal is
amplified in Al and rectified to produce a
smoothed’ D.C. voltage across Cl. This
voltage then produces the current through

—_O
Al Rectifier
R1
r‘l7\| ]
R2 l
IN ‘”/i 1 | ouT
| (65—
|
o St o

Figure 8. Basic audio A.G.C. circuit using a
bipolar transistor as a current-controlled
resistor.

R2. An increase in input signal level thus
produces an increased current through R2,
which turns on the transistor more, so that
the signal fed 10 Al does not increase in
level as much as the input signal did. It
must increase somewhat of course, in order
10 produce the higher currentin R2, so that
we may expect the circuit to give an output
level which rises with input level but by a
far less extent. The larger the value of R2,
the more output voltage change accurs, but
if R2 is too low, the distortion rises.

There is an optimum value for R2.
which gives minimum distortion for a
particular input level, and an acceptable,
indeed desirable, change in output level.
The reason that this is desirable is that
Grandma wanis, [0 @ certain extent, [o
know whether the original sound is loud or
soft, and if they are all converted to the
same loudness by the A.G.C., then the
subjective effect is not pleasant. Since Cl is
charged by the rectifier circuit, svhich can
have a low outpui impedance, but
discharges through R2 and the base-emitter
resistance of TR1, which can be several
thousand ohms, the A.G.C. has a fast
‘attack time’, i.e. it responds quickly o a
sudden loud sound, and a slow ‘fall dme’,
i.e. the gain increases slowly after a loud
sound stops. This prevents undesirable
‘pumping’ effects in the reproduced sound,
and is a GOOD THING.

The Gain Budget

The final amplifier board needs about
60mV input for full output, and the electret
microphones that are most convenient for
use in this system produce about 3mV at
90dB sound pressure level. So it would
appear that the preamplifier needs a gain in
the region of 20 times. However, the signal
rectifier needs much more input than
60mV, in order 1o overcome the diode
voltage drops. At the same time, we must
not have more than 30mV or so ar the
transistor collector for any likely value of

sound pressure level at the microphone.

This can be achieved by a gain of 13.5 times
before the A.G.C. transistor, and & gain of
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122 afier it. The signal at the second stage
output then needs to be attenuated about 7
umes in order to feed the final amplifier
correctly,

The gain of the amplifier for low level
signals is very high, so it is essential to
minimise the bandwidth 1o that required
for audio signals. Therefore, capacitors are
fitted across the feedback resistors of both
the TLO72 amphﬁers, giving each stage a
—3dB bandwidth of just over 10kHz. It is
also essential that, while direct connections
to the power supply are made for the =8V
supplies, the OV connection is made to the
signal input terminal of the TBA810 board
and nor te the power supply! An error here
will cause violent distortion and instability.

Input Circuits and

Connectors

It is necessary to provide a very smooth
and well-decoupled supply voltage for the
preamplifier in the electret microphone,
and it is also helpful 1o provide inputs for a
seli-contained microphone (with an inter-
nal battery) and for direct injection (ves,
just like DI) of line-level signals from a
radio or cassette recorder, thus eliminating
the room reverberation problem mentioned
carlier, and providing a much higher
quality signal. These objectives can be
achieved by providing a 3.5mm mono jack
for an electret microphone capsule such as
FS43W (very inexpensive but you provide
vour own case and grille), and a 5-pin 180°
DIN socket for a self-contained micro-
phone or line-level source.

Alternatively, the microphone connec-
tions on the DIN socket can be transferred
w a 6.3mm (Yin.) jack for one of the
tie-clip microphones LB69A etc., and the
3.5mm jack with the D.C. voliage feed
eliminated. The microphone can be fixed
near the loudspeaker of the television or

radic by means of a clip, or the
Velcromounts (FE45Y) are very effective.
The complete circuit of the preamplifier
and its input connectors is shown in Figure
9, and this. regarded as an audio A.G.C.
module or circuit function on its own, can
be used in hundreds of other applications.
In the interests of stability and low hum and
distortion, no part of the circuit (excluding
the green/yellow wire of the mains lead),
should be connected to the case, except the
0V wire at one of the input sockets (most
conveniently the 3.5mm jack if JKO2C is
used).

The Indicator Board

It is highly desirable to be able to
monitor the operation of the system
independently of Grandma's hearing aid,
which may be switched off or have a flat
battery at the most inconvenient times. The
first need is for a power supply indicator,
but it is also very helpful to monitor the
actual current through the loop (in case it
has gone open-circuit), as well as the sound
quality of the amplifier output signal,

For the current monitor, a transistor
detector working on the voltage drop across
a very low-value resistor in series with the
loop is convenient and inexpensive. If this
is used with a low-current LED as an
indicator, it is possible, by connecting a
capacitor across the LED and its current-
limiting resistor, to give the indicator ‘peak
programme meter’ (PPM) characteristics,
i.e. like the A.G.C. circuit it responds
quickly 1o signal peaks and the indication
dies away slowly afterwards. This sort of
indication is much more useful, and less
annoying, than a madly-flashing fast-
response indicator would be. The current-
sensing resistor must have a low value
compared with the loop impedance,
because it takes up output capability

(WA

(*power’). and a value 0f 0.21), giving about
0.4V on current peaks, is suitable. This is
most conveniently made from five 101
(MIR) resistors in parallel. The transistor
detector is used in the common-base mode
and runs, like the low-current LED used
for the power indicator, from the —8V
supply. The circuit of the indicator board is
shown in Figure 10. The germanium diede
provides temperature compensation for the
base bias voliage of the detector transistor,
and the preset resistor is adjusted when the
system has been set up. When the amplifier
volume control has been adjusted so that
Grandma is satisfied with the sound level
that the svstem produces in her hearing aid,
the preset resistor can be adjusted so that
the LED just flashes on peaks of signal,
rather than being on all the time.

It should not be necessary for
Grandma to adjust the volume control of
her hearing aid (from the position that she
normally sets it to) when she uses the loop
svsiem, To have to do this means that the
loop system is not set up properly, and is
very inconvenient for Grandma. Sound
quality is easily monitored by connecting
headphones across the 0.2€) resistor. A
series resistor is necessary, otherwise
acoustic feedback may well occur between
the headphones and the system micro-
phone, which could damage your hearing if
you are unlucky. The circuit diagram
shows the jack (FK03D) wired such that
the two earphones of a lightweight stereo
headphone (YM38R) are connected in
‘series, and the 56() resistor is suitable for
these. You may have to increase this value
in some cases. The jack socket body must
be insulared from the metal amplifier case
by means of thin plastic washers, otherwise
there is a spurious earth parh which may
cause distortion, and only one earphone
will work!

M +8V
s : + Q
| oM | 100nF
— H D”‘ 1 56k w 100nF
DIN 2 ——% T{_O?2 1 ¥
connector i | Pin 8 I
Mic.1/4-2 3 | Sem =
Line 3?’5—2 = D"’” 1/2 TLO72 1/2 To7z mmA7NF
| +—||_ 2u2F 10k R ‘ 2u2f .
I ) lzzﬂni‘ ’_E/ ll » 9—1 7 | Output to
| 4 | final amp.
- TN41 | -
‘ ‘ Nt board
Mic.+Preamp. | 00 v 0—2° ‘ T I—i | ! ]__”“} I ?Gk
! _ 1nF ‘ 220pF og
power (8V) | o . I'"I ‘ - "p | 1N4148 ‘
1 \' | 3k8
$— b = BC549 g I i
I | . I l +H | oV te final
| | 22nF o 121<D Dikz ’ DSBOR | 100uF @@ | 3| | amp. board
| I | ' T | | Input only
> ! ‘ . +—0
EGOnF-
. — R\
TLO72 80-’
Pin 4

Fugu.re 9. Pre-amplifier with a.g.c., and input circuit connections. The 22nF capacunr across the input is to prevent r.f. pick-up. The 330(} resistor in

series with the volume control preserves a (weak) signal even if the controlis set to minimum by mistake.
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Connecting to the Loop

~ Since the loop is made of one stranded 5 f;’,. r?;:tn: n
wire (7/0.2 or 10/0.1), the most convenient [ Heodphone jack | =0 6n final
-connector is BW72P, ‘Lever term. 2-way’, ‘ O Q amp: . board

which can be mounted on the back of the

box. The red terminal goes to the final [A—o— TN
amplifier output, while the black terminal | |
goes 1o the 0.20) resistor on the indicator To E AAT1G

board, and the other end of this resistor
goes to the earthy output terminal of the
final amplifier. Now these wires carry
enough current to produce magnetic
feedback to the early stages of the amplifier,
so they should be twisted together tightly so
thar their magnetic fields cancel. The loop
wire itself can be run around the floor.
providing no-one could trip over it, or at
ceiling level. The resistance should be no
less than 20); it can be greater if the loop is
less than about 20m in perimeter.

Measured Performance

The prototype amplifier was measured
with a test load consisting of a 200 7W
resistor in series with a S4uH air-cored coil
(30 turns of thick wire wound on a large
coffee jar!), and the output was measured
across the internal 0.2() current-sensing
resistor, thus accurately representing the
output current. The inductance and
resistance represent a loop of 7/0.2mm
equipment wire, of about 25m perimeter
(PA45Y, if you don't want at least two
joints in the run!), which is ambitious for
this amplifier. but the measured results are
quite encouraging. For a smaller room, a
10m loop of 10/0.Imm wire (BL46A) is
suitable. Remember that wire thicker than
7/0.2 will restrict the frequency response,
as well as driving the TBASIO into
short-circuit protection mode, and don’t
coil up any spare loop wire, as this will
obviously increase the inductance a great
deal! The same applies if you try to use
more than one turn. The results are shown
below, and practical tests, with volunteer
‘Grandmas’, show that the system performs
quite well (better than some commercially
available systems).

Measurements on the
Prototype Household
Loop Amplifier

Conditions

Mains supplv 250V 50Hz.

Load: 20} in series with 54uH. Signals to
the microphone input.

Results

Minimum input voltage for ‘just clipping’
at output: 350u V.

Output current at clipping: 1.25A con-
tinuous (1kHz).

Output current at 10% THD:
continuous (1kHz).

Note: Because the power supply voltage
drops from 13.6V with no signal to 10.7V at
clipping, the output current on programme
peaks is considerably higher than the above
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1.67A
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Figure 10. Indicator board circuit. The ‘sleeve’ connection znd'body of the headphone jack should
not be connected to the case. Insulating washers should be fitted.
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Figure 11a. A.G.C. control characteristic of the pre-amplifier.

figures suggest: approximately 2A can be
obrained. This gives a magnetic field
strength of about 0.3Am™ ' at the centre of a
loop of 25m perimeter, which is capable of
giving sansfacmry resulis in the absence of
magnetic interference (e.g. from a vacuum
cleaner motor). For small loops, field
strengths in excess of the values given in
BS6083-4 can be obrained (see Part 1 for a
discussion about these).

A.G.C. Action and Harmonic Distortion
Refer to Figure 11.

For this test, the volume control was
set 1o 20dB attenuation, to avoid overload-
ing the final amplifier. The A.G.C. range is

-about 50dB for a 7dB change in output

level, while for a 10dB change (approxi-
mately a 2:1 change in subjective loudness
for a person not suffering from the hearing
defect known as ‘recruitment’), the input
range is nearly 60dB.

Frequency Response
Refer to Figure 12.

For this, and subsequent tests, the
input signal level was set to about 8mV, so
that the A.G.C. was in operation (and thus
producing distortion), and the volume
control set o give an output current of 1A.

Noise: Measured by the CCIR-weighted
quasi-peak method (not CCIR-ARM), the
signal-to-noise ratio was 47.5dB. Not CD
quality but not too bad. The A-weighted
noise measured 53.4dB. but this is
misleading because the magnetic coupling
to the hearing aid, and the aid frequency
response itself, both produce treble boost,
so the lower value is probably more
realistic.

Distortion: At the fixed input level of 8mV,
the total harmonic distortion results were:
40Hz 3.0% 100Hz 1.5% 315Hz 0.5%
1kHz 0.8% 6.3kHz 0.9% 10kHz 1.8%
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Excepr for the 315Hz measurement,
these values include noise up to 22kHz.
The distortion at 1kHz was investigated
further with a wave-analyser, with the
following results:
2nd 0.7% 3rd 0.3%
5th 0.1% 6th 0.03%

4th 0.04%

It can be seen that the distortion is
mostly second harmonic, which does not
sound so bad as odd-order.

Larger Loop Systems

Traditionally, loop systems in public
buildings such as churches and halls have
used one large loop, running more or less
around the perimeter of the floor area.
However, this rechnique produces rather
more overspill than is usually desirable. For
example, a passing Grandma may be able to
hear what is going on inside the building
quite well, and it could be the Council
discussing next year’s Community Charge!
For many churches, of course, which stand
in their own grounds, this is not a great
problem.

We have already seen that the simple
voltage-drive technique, with an amplifier
designed for a low-impedance load, can be
used for quite large loops, provided that the
loop wire is no thicker than 7/0.2, (or 1/0.6
as the real top limit). However, amplifiers
for sound reinforcement systems often have
a 100V (or some lower voltage) line output,
and it may well be desirable to use the same
type of amplifier for the loop system as is
used for normal sound reinforcement. Note
‘the same type’; using one amplifier for
both purposes is full of snags and is best not
attempted unless you are very confident.

Now, unless of very high output, these
line amplifiers require quite a high load
impedance. For example, a 50W 100V line
amplifier requires a load impedance of
100%/50 = 2000). We could get this from a
loop of many turns of very thin wire, but it
would be very prone to breaking. It is
clearly necessary to use a multi-turn loop of
reasonably thick wire, but this is bound to
have far more inductance than resistance at
5kHz, so how can you get a flat frequency
response? Well, you could just turn up the
treble boost on the amplifier, hoping that it
won't overload and that the frequency
response correction is somewhere near
right. But I hope you won't, because a
simple equaliser, consisting of a capacitor
and resistor in parallel, allows the required
frequency response to be achieved and the
loop to be driven directly from the 100V
line amplifier without an expensive ‘march-
ing transformer’. The equaliser is inserted
at by far the most convenient place, too.
Not inside the amplifier, nor in a screening
box between the preamp or mixer and the
final amplifier, but between the amplifier
and the loop itself, using an ordinary
junction box. The author (and the industry)
is indebted to Mr Frank Poperwell for
suggesting this rechnigue, but any errors in
the mathematical analysis and its conclu
sions are entirely the author’s responsi-
bility.
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Figure 11b. Total harmonic distortion as a function of input signal level for the pre-amplifier. The
distortion is mostly 2nd harmonic, which is relatively harmless in terms of sound quality.

\

|
|
\

| l
| |
| | |

| 1]

200 500

1k 2k 5k 10k 20kHz

Figure 12. Frequency response of the output current of the Household Loop Amplifier. Load 20+ _

S4uH. 0dB=1A.

The relevant circuit is shown in Figure
13. One way of looking at the problem is 1o
consider that we could ‘ger rid of the
unwanted inductance by resonating it with
a series capacitor. By itself, this is
disastrous: you get an enormous peak in the
frequency response at the resonant fre-
quency, and a very low load impedance for
the amplifier, which will object strongly!
We have to damp the resonance, so that its
good effects are spread over a larger

frequency range and the very low input
impedance raised. Overall, we are looking
for a response without a peak (‘maximally
flar’), which is —3dB at SkHz. This
‘response’ is the current produced by a
constant input voltage, which is what the
amplifier produces, and the ratio of current
to voltage is the input admittance (recipro-
cal of impedance) of the equaliser plus loop.
The complete mathematical analysis is
given in the appendix, and will probably be
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included in the British Standard Code of
Practice for AFILS. The results are simple
equations for the circuit values, in terms of
the loop inductance (which is fixed by the
dimensions and the number of turns only)
and the upper —3dB frequency f., here
taken as the optimum value of SkHz. The
equations are:

Ry = 2nf.L,/2.652

Cl = 4.121/47% 2L,

R;_ th R3 — ZHfCL]_rG.?SI
Z| = 1.29"rf,_\L|

We can use these equations as follows.
Let I be the current we would need in a
1-turn loop of size a metres to obtain the
required maximum magnetic field strength
H,. Then for an n-turn loop, we need I/n.
The inductance of the 1-turn loop is 8a uH,
so that of the n-turn loop is L, = 8n%a uH
(nearly). The voltage required to drive a
current I/n through Z, is thus:

V=Z;xIn

=0.162na 1, if f. = 5kHz

But I = 7aH_/2V/2 (see Part 1)
So V = 0.178na’H,

We have to choose n so that V is as
close to 100V (or whatever line voliage the
amplifier is designed for) as possible,
without exceeding it. For example, ifa =
15m and H, = 0.56Am ™},

V=224n,

so that n = 4 is optimum. For a lower field
strength, more turns are better: quite the
reverse of what you would expect. For
0.35Am ™, 7 turns are required.

For the 4-turn loop, Z; = 390 and a
250W amplifier is necessary, but if the
magnetic interference level is low enough,
the reduced field strength is likely to be
perfectly satisfactory, and the 7-turn loop
has an impedance of 119}, requiring an
amplifier of just 84W. It has 1o be said that
‘good results have been reported for loops
equalised by this method even when using
amplifiers of lower power in acoustically
and magnetically ‘quiet’ conditions, but it
is likely that 50W is the minimum practical
power rating. Amplifier overload causes all
sorts of problems, including potental
interference, and must be avoided.

The equaliser component values are
easily calculated. For the 7-turn loop:

R; = 69.70
R, = 49.30
C; = 0.71uF

If the resistance of the loop is less than
the above value of R;, a fixed resistor Rz is
necessary in the equaliser to make up the
difference. The power ratings of the
resistors can be calculated from the current
flowing, remembering that the average
r.m.s. current is only about one-fifth of the

C1

i 1
i R3 (see text)

(o]
From Amp.

Z1
0

L1 Loop inductance

R2 Loop resistance

(+ additional resistance R3
included in the

equaliser — see text)

Figure 13. High-level equaliser for feeding a multi-turn loop from a sound reinforcement amplifier
with 100V (or other) line output. Z1 is the input impedance of the equalised loop.

maximum current, i.e. 0.71A for a
100V/84W amplifier. Thus, R; should be a
2W resistor and R; need be no more than
1.5W. However, they may burn up if the
loop is short-circuited, so take precautions
in mounting them.

Next Time

In Part 3 we really will look at current
drive, and some other ideas as well.

Appendix

High-Level Equaliser

Referring to Figure 13

VZ, =1V =

V{(Ry+sL) + Ry/sC(R,+1/sC))
LetCR, = T, and UR_:; = T,. Then:

R,(1+sT))
Ry(1+sT,) (14sT5)+ R,

L’Zl =

Let R1 = aR; and Tg = ﬂT[. Then:

}.+ ST]
(1+a)+s(1+B)T,+s°B*T,>

1Z,

Lety= Vl+aand T = V(BY)T,.

Then:
VZ, = y{1+sT/ V(B'Y)}
1+sTy(1+BY V(By) +5°T
For a maximally flat response, the

squares of the moduli of numerator and
denominator, after substituting s = juw,
must be Butterworth polynomials, i.e. of
the forms, in this case, 1+ T?and 1+ T*
respectively. Hence V/(By) = 1and
YA+BYV(BY)=V2,i.e. =1+ V2,
vy=V2—landa=V2.

Also T, =T/V(By)=T.

At th_t; upper band-limit frequency w,,
I+ TH(1+ulTH=1/2
Therefore, w T2 = 14+ V2

so that
T=T;=V(l+V2)w.= 1.554/w,

and Ty= (1+ V2)V(1+V2)w.= 3.751/w;

Thus, R; = w L/(1+V2)V(1+V2)
= L/3.751

R = V2u L/(1+V2V1+V2)
= w.L/2.652= V2R,

and C= {V(1+ V2)e.)

{Q+V2)V(1+ V2 V2w L}
=(1+V2¥V2ulL=4.121/u’2L

Corrigenda to Part 1

Second line on page 37 column one,
sentence should read: It can be shown that
this technique reduces the field strength
outside the area of the loops quite
significantly, but it also produces a ‘comb
filter® frequency response for the field
strength inside the loops, with a null every
100Hz (Figure 4).

The first equation on page 37 should
read H, = U/Zr. The second equation at
baottom of same (first) column should have
been H, = 21V/(a? + b?) /mab. Equarion at
end of first paragraph of second column
should be H, = 2V 2 /.

On page 39 column 1, the first
equation after the heading ‘Inductance of
the Loop’ should be L = (p./7) {b In(2a/g
+ a 1n(2b/g)}. The equation at the bottom
of column 2 on the same page should read
a = 2V21/7H_s. Finally there are several
mathematical symbols in the text of
column 3, page 39 which are enclosed in
single quotation marks but shouldn’t be.
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Part'1.= The New Digital NetWe
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Some of us have had to reprint our
slationery because BT decided to change
ourtelephone number. We have also
been able toclick our telephone tone/
pulse swifches to ‘tone’, resultinginthe
delightful musical peeps which now
accompany our keying-out, and a much
faster connection to our called number,
Why? Because we have atlastbeen
hauled into the new communications age
by theinstallation of alocal digital
exchange.

This article concentratesonwhy a
new network was needed, how it has
beenimplemented, and what servicesit
will offer you. The next will describe the
network’s architecture and operation.

The photograph which accompanies
this article shows a typical exchange
installation. Like most modern
technology, itis difficult to tell from the
outside whatitis. Only the tidy bundles of
cable, lying neatly in their overhead
baskets, give a small clue that an awful lot
of something is being sent somewhere
else.

The idea of changing a country’s
telephone system from analogue to digital
is adaunting one. The huge investmentin
nationwide equipment means that it must
be operational for a large number of years
in order tojustify the initial cost. Some of
the equipment being replaced today has
beenin use for forty years or more.

The major constraint of the old
systemsis their analogue operation.
During the decades when speech was the
only signal which needed to be
transmitted, this was not a probiem.
Modern communications however need a
worldwide, digital network which can
integrate voice, data, text and video
transmissions.

Justlook at the list of services which
have become availablein the last ten
years, and compare it with the original
telephone service of 100 years ago, and
even with that of just ten years ago.

1890

Telegraphy

Telephony Y456
Telegraphy

1930 Telephony

Telegraphy  Talex

Telephony  Radiophone

Telex Radiopaging

1980 Confravision

Telegraphy Daajt(el

E}zghony Telecommand

; Telemetry

F!ad!ophope Viewdata

gad;upqg] ng Viewphone

Dg?e:'awsmn Electronic funds transier

Fax Elecironic office
Prestel
X-Stream
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The International
Marketplace

Asthe technology improved and
allowed the non-voice features to become
available, business users wanted them.
National PTT’s wanted to ofier them, and
there was really no reason why they
should not. Customers were happy,
PTT’s and equipment manufacturers
made more money (usually); business
flourished.

Butonly within each country. In
western Europe, with fourteen different
PTT's, this became a problem. Well-
established international analogue
telephone links could pass acall
efforilessly from Inverness to Rome, but
any otherkind of fransmission came up
against national boundaries and
international inconsistencies. And for
multi-national companies with offices in
allmajor cities, the public telephone
networks offered very limited facilities.

World demand for voice-based
systems is growing by about 4% each
year; but for non-voice systems the
growih rate is more than 20% peryear.

The process of agreeing
international standards is much slowsr
than the time taken tointroduce a new
product, and the new services were made
available in individual countries before
such standards could be set. The natural
result has been that terminal equipment
designed to meet the signalling standards
of one country cannot be installed in
another country without first undergoing
expensive and time-consuming
radifications.

But manufacturers in every country in
the world had had, out of necessity,
staried to make digital equipment, In the
UK, the first digital network switch was
called System X. Achieving an
internationally accepted digital
transmission standard has been a painful
progress through technical and political
minefields, and System X was the first to
be designed specifically to operate within
agreed ISDN and common-channel
signalling protocals.

However, we are all on aur way
towards the internationally agreed ISDN
(Integrated Services Digital Network). As
well as providing the international digital
links required by business, it will offer
improved quality and facilities — faster
connection times, higher fax transmission
speeds, high definition full colour
electronic mail, home banking, home
shopping, on-line database access,
dial-up video conferencing, centralised
meter-reading for utilities. Whether you
think you need it or not, it's coming.

The Need for System X
in the UK

The political and financial
background to the development of
System Xis more complicated than any
TV soap opera script. System X resulted
from studies carried outin the late 1960's
to determine the future requirements for

TSI ITIIIIIIIITISISSISysys.

the UK's telecommunications network.
Upgrading the analogue network had
been carried out piecemeal, and aplan
was needed which would take the UK's
public telephone network into the next
century.

Itwas clear even then thatthe
emerging microslectronics technalogy
would be able o provide systems with
greaterreliability and at lower costs. A
family of exchanges was envisaged which
would incorporate digital switching and
transmission, stored-program control and
common-channel switching.

By the time development had started
on System X, the UK had 25 million
telephones connected by 16 million
telephane lines to over 6,000 local
exchanges. (By 1988 this had increased
to 30 million telephones and 20 million
conneclions.) The local exchanges were
grouped into 400 switching centres, which
were connected by nearly one million
circuits to the main network, which itself
had 300,000 circuits. Replacing the
swilching for this lot would be a bit more
complicated than re-wiring the kitchen
(regular readers will also be relieved to
know that oursis now finished). Doingit
whilst still being able to plugin the kettle at
any socketwould be even harder.,

The Development of
System X

The actual development of System X
startedin the mid-1970's and was carried
out jointly by BT, GEC, Plessey and, fora
shorttime, STC. |t was described by one
of BT's departmental directors al the lime
as "achallenge unmatchedin the
previous history of UK
telecommunications”. How right he was.

The fundamental principle was to
design basic hardware modules which,
given different soitware, could he joined
up to control the different types of digital
switching required for local, long-
distance, and international voice and data
transmission. The same modules would
be grouped toreplace exchanges of
different sizes —existing insiallations
varied from 5,000 to 50,000 lines. Andin
ithe longerterm, enhancements and
improvemenis could be installed via
changed software with minimal disruption
to the working netwaork.

BT could have abandoned its
traditional British suppliers, and boughtits
replacement exchanges overseas.
Certainly, by the time GPT (asitis now)
was experiencing major development
problems with System X, Canadianand
Swedish telecommunications companies
were able to supply proven systems. But
all of this staried before BT was
privatised, and the idea of a major
nationalised industry re-equipping itself
from abroad was unthinkable. Even
though other systems existed, they woula
have had to be changed to meet UK
standards. The UK was one of thefirst to
develop digital technology; itwas
important to maintain this lead. ltwas also
important to retain the skills available in
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the ‘home-grown' telecommunications
indusiry.

Plessey and GEC were putinthe
unusual position of co-operating, with BT,
on the design and development of the
system, but competing to supply BT with
finished exchanges. Development and
manufacturing would take place at
different sites, so standardisation was
essential. Design and development rules
covered circuit design techniques,
hardware interfaces, soitware language,
components, power supplies and
converiers, enclosures, and construction
methods. With a development project as
large as this one, it was inevitable that
new technology and techniques would
become available during the process;
they were incorporated or exploited
where possible.

To beginwith, work concentraied on
replacing the main trunk and tandem
exchanges, to provide a backbone
national network (see Figure 1).
Eventually, the network would extend to
the existing 6,500 local exchanges.
These would be replaced by fewer and
more flexible System X exchanges, each
capable of covering larger geographical
areas—this explains why some of your
STD codes have changed too.

Lack of software expertisein the
early stages of development meant that
some of the initial software was inefficient,
creating many problems later. Early
installations were fraught with failures,
some caused by software bugs. others by
insufficient connections to the existing
analogue exchanges. Local ‘down times’
of several hours occurred, calls were cut
off, and would-be callers received the
busy tone from businesses whose sales
siaff were wondering why the phones
didn'tring.

As with any development project,
delays occurred and costs spiralled.

By March 1985, the System X cost per
exchange line was estimated o be
around £200 (BT sinitial orderwas for 2.6
million lines). Then Thorn-Ericssonwas
given a £100 million contract by anow
privatised BT to supply similar systems,
with a cost-per-line reported as being
about £170. The cost-reduction chase
was on.

By the end of 1985, System X was
reported to be fiteen months and over
one million lines behind schedule. Both
Plessey and GEC had closed downsome
of their manufacturing plants with a joint
loss of over 1,500 jobs. The first four
exchanges had been shipped, although
only 2,000 lines were actually connected
to customers. (Not surprisingly, one of the
earliestinstallations was at the exchange
covering BT s research station.)

But the development companies had
finally solved the major software
problems which had slowed the project
down for so long. Then staff at the Plessey
site developed a special digital switch
which could reduce the largest System X
exchange (220,000 erlang switch) from
forty racks to four. They also started to
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Figure 1. The digital trunk netwark nearing
completion.

use surface mounting for assembling line
cards. Since the line cards form nearly
50% of the cost for local exchanges, any
savings here make a significantchangeto
the overall exchange cost.

Encouraged by these sudden
breakthroughs, BT announced a
completion date of 1988 instead of 1992
for full conversion of the UK trunk network
using 57 System X computerised
telephone exchanges.

Installation of local digital exchanges
was carried on in parallel with the trunk
network. All the electro-mechanical
exchanges will be replaced, together with
the small electronic (TXE2) local
exchanges. This workis due tobe
completed by the end of the 1990°s, and
the total cost will have been more than
£5 billion. But offset against this cost,
which would have been incurred anyway
since we needed a new public network, is
the fact that once the networkisinstalled
and running, the maintenance and
accommodatlion costs will be muchless
than they are at present. Already,

System Xis proving to be extremely
reliable, and is performing better than the
international standards specify.

The 500 or so larger existing
electronic exchanges will remain in use
for some years yet, although they will be
enhanced to give the high-speed call
set-up achieved by common channel
signalling, and to allow itemised billing.

Some business areas, such asin the
City and Dockland development areain
London, already have direct digital links,
provided as private wires rather than as
part of the public network. However, for
the rest of us, the completion ofa
door-to-door digital public
telecommunications network cannot be
expecled untilwellinto the next century,
sodon't throw your modems away yet!

Push Button
Telephones and
Star Services

Sowhat advantages does the new
network offer? Here is a summary of the
ones currently available, and there are
more tocome.

Push-button telephones offer
benefits to both the sysiem userand
system supplier. Inthe old days, the
speed of rotary dial pulses had to be
controlled so that the exchange
equipment could deiect each series of
pulses accurately. An average 10-digit
number would take 15-20 seconds to dial,
tying up line and exchange equipment for
that length of time even before the call
was established. And we don't start
paying until we start talking.

Keying anumber on a push-button
telephone takes less than hali the time.
The fingering is easier; wedon'thave to
squint around and through scratched
plastic to make sure we are putting our
fingersin the right hole. The increased call
connectlion speed meansthat BT gelsa
much more efficient use of the equipment
and a largerincome, because non-paying
connection timeis reduced, and the
number of calls per hour is significantly
increased.

Assuming that you have gota
push-button telephone, there area
number of features that you can now use,
or will be able to when the networkis
complete. These are called Star services,
and are available toresidential as well as
businessusers. The ‘%’ ('star’) and'#’
(inexplicably called a ‘gate’ by BT)
symbols on telephone keypads enable
you io accessthe facilities offered by
digital exchanges. (Because of the delay
inimplementing the much publicised new
telecommunications network, BT
installed dedicated minicomputersin
analogue exchanges to offer some of the
services which would eventually be
available in the new digital exchanges. So
some of these features were actually
available before the exchanges were
replaced.)

Some of the services already existed
on analogue exchanges via the human
operator, and these are slill available
automatically. Others are familiar to those
of us who use modern PBX's but they are
new to the public network. and have fo be
arranged and paid for on a quarterly
basis. ,

They are:
RE-DIAL —which allows you to call the
previously-keyed number using one key,
rather than re-keying the whole number.
This feature may be included in your
telephone as well; itis ceriainly a useiul
feature, since most of us make more than
half our telephone calls to less than ten
othernumbers.

ALARM CALL—where you can keyinto
the local exchange using '#55% and
praogram the required time (current cost
10ppercall).
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Figure 2. The low cost of an integrated digital network is shown relative to alternative systems.
CALL COST—where, by prefixing the asubsequentincoming callis received H e
called number with the code %404, you ‘ (youcanthenputthefirstcallonholdand | A PDStSCfIPt
will automatically be called by the Teleshopp ing

exchange atthe end of the call and
advised of its duration and cost (current
cost 5p percall).

ITEMISED BILLING (at last!) if requested
—where calls occupying more than ten
unifs can be listed separaiely in the
quarterly bill, which shows the time the
callwas made, the called number, and the
costof the call. This facility is long
overdue, and was particularly welcomed
by our own design consultancy company, |
since it allows us to charge our clients the
actual costof calls as well as threaten our
teenage children with a bill.

The new facilities (currently
chargeable as shown) are:

SHORT-CODE DIALLING (£4 per
quarter)—which enables you to program
and store a series of irequently-used
telephone numbers and implement them
by keying an abbreviated code. Some
telephones of course allow this as part of
thetelephone’s features, ratherthan the
exchange’s, but an exchange-based
short code will mean that all your
household telephones can access the
shori code, rather than having to be
programmed separately.

CALLDIVERSION (£7 per quarter) —the
most popular service at the moment—
which allows you to program an
alternative telephone number to which
callers will be diveried (either
automatically or under user-determined
conditions).

NEW CALL INDICATION (£4 per quarter)

talk to the second caller). J

THREE-WAY CALLING (£4 per quarier)
—where you can put an existing call on
hold, call another number, and either
switch belween calls or combine all three
conversalions.

CALL BARRING (£7 per quarier)—which
enables you to selectively bar outgoing, or
incoming, or both, calls. Full service is
resumed viaa PIN issued by BT. For
incoming calls, you can also temporarily
‘switch off’ the telephone and the
exchange will play a recorded |
announcement to incoming callers.

| came across two other thoughtful
facilities when reading the System X
literature. Oneis the capability of an
operator to frace malicious calls. The
otheris for disabled subscribers, who are
presumed to bein distress and are
automatically re-routed to a preset
number if their outgoing call is not keyed
within a known number of seconds. There
isno mention of these facilities inBT's
generalfeature list, butif you need themiit
would be worth asking your local operator
if they are available from yourtelephone. ‘

Otherfeatures are aimed at mobile
users or businesses with PBX's, butifyou ‘
are a business user you probably know
about them anyway. ‘

Ifyou have been on holiday in France
and have wondered why advertising
hoardings sometimesjust display a
telephone number, you have been
experiencing the influence of Minitel. Inan
inspired marketing campaign, the French
PTT gave terminals to anyones who
wanted {o access the range of services
offered by Minitel, from airline bookings to
grocery orders. Having provided the
terminals, the PTT sat back and counted
the income from customers all over
France using the telephone to do their
shopping.

Similarinteractive systems are on
their way in the UK, although no mention
is yet being made of free terminals,
(France started charging for Minitel
terminals as soon as people started
demanding them.) One teleshopping
company is already signing up home
users wellahead of BT's ability to do the
same. You have been warned!

Acknowledgements: thanks are due
to British Telecom and GPT for providing
some of the technical and statistical
information contained in this article, and
tothe BT Picture Library for the
photographs.

—where you can be besped during a callif
52

Ring back

Creditcall
Messagecall
Automatic ireephone

And for the future? This is BT's published list: Time will tell what they all mean!

Conference call

Diary service

Universal access number
Personalringing
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The Semiconductor
Diode

The diode is the simplest type of
semiconductor device, For obvious
reasons, it is known as a ‘two terminal’
device. In spite of its simplicity it isable
to perform a number of very useful
functions. Some of thess will be explored
in this article. The circuit symbol for a
diode is shown in Figure 1 (a). Sometimes
this symbol may be drawn ‘filled in'.
Nonetheless, it is.always instantly
recognisable by its distinctive shape. The
two terminals are known as the anode
and cathode, these being identified in this
figure. Since there are some variants of
the basic device, minor variations will be
found in the symbol to indicate these. For
example, the zener diode has its cathode
bar shown cranked downwards, as seen
in Figure 1 (b). There is another diode
lmown as a DIAC, that also has its own
symbol. However, this type is rather
specialised and will not be discussed
here,

semiconductors, the original meaning of
the word valve tended to be forgotten,
and what had previously been known as
a diode valve became a semiconductor
diode, or just plain diode. Enough of
history!

Diode Construction

There are two main types of diode,
kmown as point contact diodes and
junction diodes respectively. The latter
are by far the more numerous, although
the older point contact types still have
their occasional uses, Junction diodes
may be made from either of the usual
semiconductior materials, germanium or
silicon. The latter are more robust and
have lower ‘leakage currents', but the
germanium diode has a lower ‘forward
voltage', which can be useful on
occasions. These terms can be better
understood by looking at Figure 2.

This shows the forward and reverse
characteristics for a diode. The forward
characteristic is obtained by plotting the
relationship between the voltage and

LN !\
(2) (b)

Figure 1, (a) Basic diode symbeol and (b)
symbol for a zenerdiode.

Diving back into history for the
moment, the diode was the first type of
‘valve' to be developed. It was called a
valve because it only allowed current to
flow through it in one direction. This
direction corresponded to the case when
an applied voltage made the ancde
positive with respect to the cathode, The
word valve is used in many instances to
describe a device which allows the flow
of some quantity in one direction only.
Examples that may spring to mind are the
valve in a car tyre or a valve for
controlling water flow. With the advent of
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Figure 2. The forward and reverse
characteristics for a diode.

current when the anode is positive with
respect to cathode. This is the normal
conducting direction. The reverse
characteristic really speaks for itself.
Ideally, in the latter case, there would be
no current flow no matter how large the
applied voltage. In practice a very small
leakage current flows, often of little
practical significance. What is of the
utmost imporiance however is the fact

that, if the reverse voltage is made large
enough, the diode breaks down
suddenly, a large reverse current flows
and the diode burns out. It does this
because of the combination of high
voltage and high current at the instant of
breakdown, and this means high power,
so "phut”! It is worth mentioning at this
point that a diode must always be chosen
to have an adequate reverse voltage
rafing to avoid this catastrophic event
ever taking place. The reverse break-
down voltage for a diode may lie any-
where between a few tens of volts and
several thousand volis, according to type.

Now looking at the forward
characteristic, what do we learn? The
device starts to conduct at a very low
forward voltage and the current then
rises rapidly. The diode must be
designed to be able to pass a particular
maximum value of the latter and this may
have to be bome in mind when choosing
a diode for a particular application, To
put actual figures to the forward voltage
to produce conduction, it is necessary to
consider the cases of germanium and
silicon diodes separately. These figures
are nominal only, but it is usually accept-
ed that a germanium diode conducts for
a forward voltage of about 0-2V, while for
a silicon diode the figure is about 0-6V.

Diode Ratings

Obviously it is necessary to speciiy a
dicde in terms of the maximum reverse
voltage that can be applied to it and the
maximum current that it will be expected
to pass. The former is quite easy; it is
specified as the Peak Inverse Voltage
(PIV). The forward current may be
specified in two ways. These are the
‘peak forward current' (Ip) and the
‘average forward current’ (Iz), both of
which are fairly obvious in meaning.
Ancther factor that may be specified is
the reverse current (Iz), at a given
reverse voltage (and at a given
temperature, usually 25°C, since this
current is temperature dependent). The
following data will give some idea of how
these values may vary from one device to
another. See Table 1.
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Device Name Construction
OAS0 Ge point contact
INg14 Si

1IN4001 Si

1IN5408 Si

PIV(V) Maxl; MaxIy

30V 10mA <1-ImA @ 30V
100V 75mA <25nA @ 25V
50V 1A <10pA @ 50V
1000V 3A <10pA @ 1000V

Table 1. Diode ratings.

Rectification

The flundamental point from the
foregoing is that the diode only conducis
when the anode is positive with respect
to the cathode. This means that, if the
applied voltage is alternating, current will
only flow on alternate hali-cycles. In
Figure 3(a), a mains transformer develops
a low level voltage across its secondary
winding, which is applied to a diode and
a resistor 'load’. Figure 3(b) shows
essentially the same circuit, the only
difference being that the dicde is
reversed. As a result, in the first case the
diode will conduct when the upper
terminal of the secondary is positive with

respect to the lower one. In the second
case the reverse will be true. Notice the
direction of current flow and the
waveforms that appear across the load in
each situation. The load current, and
hence load voltage, consists entirely of
either all of the positive hali-cycles only,
or all of the negative half-cycles only.

An alternating input to the diode has
produced a unidirectional output. The
A.C. input is said to have been ‘rectified’
by the diode; the latter is then also known
as a 'rectifier’, This does not necessarily
mean that it is physically different from
any other diode, just that this term
describes its application. Having said

Load _Jﬁ \_’,_ T A VY 5 Y e
. . X

Voltage

Qutput for rectifiers (o)
and {b)

Figure 4. Full-wave rectifiers (a) bi-phase and (b) bridge.
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that, there are diodes that are produced
for the specific purpose of rectifying
alternating supplies. A rectifier in which
only alternate half-cycles produce any
output is known as a ‘half-wave' rectifier,
and consists of one diode.

The outpiit shown is not pure D.C.,
but a mixwure of A.C. and D.C, We could
determine the value of the latter by
connecting a D.C. voltmeter across the
load resistor. It would read the average
value of the pulsating waveform. This
would be found to be roughly ‘one third
of the peak value' (more accurately, peak
value/pi). A peak secondary voltage of,
say, 21V would give an effective D.C.
output of about 7V. Not very efficient! Not
only that, but there is a great deal of A.C.
left. This wouldn't matter much if the aim
of the rectifier was simply to charge
batteries, but would be quite useless for
powering electronic equipment.
However, before considering how to
eliminate the unwanted A.C. content, it
would be more productive to see how the
efficiency could be improved first. What
must be done is, in some way, to make
use of the other half-cycles rather than
just eliminating them. Two methods for
doing this are shown in Figure 4. They
both use what are known as ‘full-wave'
rectifiers.

The circuit of Figure 4(a) is known as
a ‘bi-phase’ rectifier because there are
two secondary voltages from the
transformer that are equal in magnitude
(voltage value) but opposite in phase. As
aresult, diode D1 will conduct when the
top of the secondary is positive, current
flowing down through the load as shown,
while diode D2 will conduct on the next
half-cycle, when the bottom of the
secondary winding is positive. Current
will then flow through the load, also in the
downward direction. The output now
consists of positive half-cycles without
any ‘gaps’ between them, and the
average value of the load voltage has
doubled. The rectifier comprises the two
diodes, which may occasionally be found
combined into one component but are
usually separate components.

This latter type of full wave rectifier
is not much used these days, although it
has had a long history. The use of a
‘push-pull' transformer secondary
achieves full wave rectification with only
two diodes, which used to be an
important consideration — originally they
would have been thermionic valves (most
often two diodes sharing a common glass
envelope or ‘tube'), or, later on, a pair of
the earliest semiconductor devices,
either of which were invariably bulky
and/or expensive. Nowadays it can be
argued that this method is no longer to be
seen because it needs a mains
transformer with either a centre-tap ora
double secondary, which may be
expensive, This isn't much of an

-argument, since most small mains

transformers have double secondaries
anyway. The real reason for the lack of
popularity of this circuit type is the
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Figure 5. (a) Adding a reservoir capacitor, (b) how ripple voltage is developed.

availability of cheap bridge rectifiers.
Which brings us to Figure 4(b).

The bridge rectifier consists of four
diodes which, nowadays, are invariably
integrated into a single package. Of the
four pins on this package, two are
marked with the A.C. symbol and are
connected to the ends of the transformer
secondary winding. The other two are
marked with plus and minus signs and
give the polarity of the output. Those
readers who built last issue's power
supply project will be familiar with this
device already.

In use, two diodes always conduct
together. In the circuit shown, D2 and D3
conduct whenever the top of the
secondary winding is positive; diodes D1
and D4 conduct on the other half-cycles.
The output looks exactly the same as for
the previous full-wave circuit, of course.
I there is a disadvantage of the bridge
rectifier, it is that two diodes conducting
at once means that there are two forward
voltages in series. Since the diode volt
drops sublract from the available output,
this reduces the latter slightly, It is
possible to lose anything between about
12V and 2-2V across a bridge rectifier, In
use this rarely has much practical
significance,

Since the output of a rectifier
contains A.C.aswellasD.C., it is
necessary to remove the former. This is
daneg, to a large extent, by connecting a
very large electrolytic capacitor, known
as the ‘reservoir’ capacitor across the
rectifier output. This is shown in Figure
5(a), the action being explained by
Figure 5(b).

When the power is initially switched
on, the first positive hali-cycle out of the
rectifier charges the reservoir capacitor
up to approximately the peak value of the
rectified voltage, If no current was drawn
by the load, the voltage across the
reservoir capacitor, and hence across the
load also, would be absolutely constant.
In other words, the output would be pure
D.C. Naturally, the load will draw some
current, which must come from
somewhere. It is drawn out of the
reservoir capacitor. As a result, the
terminal voltage of this capacitor dips
slightly, until the next positive hali-cycle
comes along and ‘tops it up’. The result is
an output voltage on which there is
superimposed a voltage variation known
as ripple'. The greater the load current
drawn, the greater will be the ripple
voltage. Formerly, it was standard
practice to [ollow the reservoir capacitor
with a low pass filter, either a
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combination of inductance and
capacitance, or resistance and
capacitance. This practice is less used
nowadays. IC regulators are so cheap
that it is actually much cheaper to provide
a regulator after the reservoir capacitor,
Not only is the ripple totally eliminated by
the regulating action, but the output
voltage is constant with changes of
supply voltage or load current.

Reference to (the previous) Part
three in this series will serve to illusirate
the use of the above philosophy. In the
power supply design included in that
article, a bridge rectifier was used to
develop D.C. voltages of equal
magnitude across two reservoir
capacitors, One supply was positive, the
other negative. These were then used as
inputs to chip regulators to develop the
stable D.C. oulptt voltages.

The zener diode characteristic is
shown in Figure 6, At first sight, this
doesn't look too different from thatof a
normal diode. Essentially it isn't in ‘shape’
very different at all. Where it does differ
is in the magnitude of the reverse voltage
that causes breakdown to occur. It is very
low, anywhere between about 3 to 24
volis being a typical range, Another point
to notice is that, when it breaks down,
there is a very large flow of reverse
current for an almost constant value of the
breakdown voltage. In other words, the
characteristic is almost vertical.

At this stage it may be remembered
that it was the combination of reverse
voltage and reverse current that caused
the destruction of the rectifier type of
diode! Why doesn't it happen here? The
answer is that it can if you let it, it just
happens to be easily avoidable because
of the low value of breakdown voltage.

g4
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To take a few figures to illustrate this
point:

Case A: a rectifier diode breaks
down at a reverse voltage of 200V and
passes areverse current of 0'1A. The
power in the dicde at this time is the
product of voltage and current, which
equals 200 x 01 = 20W. Unless this isan
exceptionally beefy, high power device,
the result will be instant destruction.

Case B: a zener diode breaks down
at the reverse voltage of 5V and also
passes a reverse current of 014, The
power in the diode in this case is equal to
5x 01 = 0-8W. This is well within the
capabilities of most zener dicdes so no
harm is done. The only real difference
between a ‘normal’ diode and a zener
diode lies in the physical construction
(which means more than its mechanical
arrangement), that causes the latter to
break down at a very low reverse
voltage. It is then only necessary to
ensure that, when breakdown does occur
(a deliberate event in this device), the
reverse current is limited to a safe
amount. This is easily done by the use of a
series resistor, often known as the
‘ballast’ resistor as shown in Figure 7.

The circuit of Fiqure 7 is known as a
‘shunt requlator’' because the zener diode
(the regulator) is in 'shunt’, that is, in
parallel with the load. The zener dicde is
connected so as to conduct when the
positive voltage on the cathode exceeds
the breakdown or zener voltage. Thus,
the normal operation of the diode is in the
breakdown region. The voltage across
the diode is known as Vz and the current
through it is I.. Figure 7 shows that there
are two other voltages and two other
currents. The D.C. input voltage Vs s,
naturally, greater than Vz and the
difference between the input voltage and
the zener diode voltage is Vs — V2. Thisis
the voltage that is dropped across the
ballast resistor Rs. A current I, flows in
the load, so that the total current that is
drawn from the supply is the sum of Iz
and I, namely I + I;.

The ouiput voltage across the load,
namely V=, is supposed to be consiant,
since that is the object of the circuit. The
input voltage Vs may be assumed, for our
present convenience anyway, o be
nominally constant also. With these
assumptions, the voltage across Rs must
also be more or less constant, which
means that the current in this resistor is
constant also. This current is ‘shared’

Ig=Ilz+I
N Vg—Vz
+O
Ballast ¢!z vl
resistor | =
d.c. Rs v DL d
Input Vs ZE z _oa
— O

Figure 6. The zener diode characteristic.

Figure 7. The zener diode shunt regulator.
Continued on page 61. 55



STEREO DYNAMIC NOISE

REDUCTION SYS

Introduction

Based on National Semiconductor's
LM1894 IC, the Dynamic Noise
Reduction (DNR) System reduces audible
noise already present in source material
such as pre-recorded cassette tapes and
FM broadcasts. To ensure correct
operation, line-input signal levels of
300mV or greater are required by the
processor and the DNR section can be
switched in or out of service with little
insertion loss. Processing is dynamic —
according to the bandwidth of the input
signal — as opposed to encaded or
companding type noise reduction systems
like the well known Dolby B employed in
many domestic hi-fi's.

In order to explain the operation of
the processor, we need to delve into the
realms of ‘auditory masking’ and ‘psycha-
acoustics’ — a subjective area concerned
with hearing and the perception of sound.

The LM1894 DNR processor IC
depends on three basic operating
principles: -

1. Audible noise is proportional to system
bandwidth. In other words, decreasing
the systern bandwidth will reduce the
level of noise.

2. The required signal is able to mask the
noise when the signal-to-noise ratio is
high enough. If the noise level is equal
to (or greater than) the wanted signal,
then the signal will be lost as the noise
level ‘masks’ the signal.

3. The human ear is unable to detect
distortion in less than one millisecond.
For a time period less than 1ms, the ear
acts as an integrator and becomes less
able to detect distortion.

Dynamic Noise Reduction entails
continually changing the system
bandwidth in response to the frequency
and amplitude contents of the source
material. Speciral weighting filters
inserted in the system control path ensure
that the bandwidth increases enough to
pass any music present. It would be of
little use restricting the system bandwidth
to 1kHz in order to reduce the noise level
when the source material bandwidth
extends to 20kHz, for example!
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* Two switchable (stereo) phono inputs

TEM SM-666

"tapes

* DNR defeat and phono outputs

General Specifications

Supply voltage
range:

Average supply
current:

Max. allowable
input signal:

Min. input signal for
flat frequency
response:

9to 12VDC
20mA max.

3-5Vr.m.s. @ 1kHz

300mV

Input impedance:
Noise reduction:

Total harmonic
distortion, 300mV

input for full

bandwidth of

20kHz:

20k0)

—10dB @ 20kHz
—5dB @ 5kHz
—4dB @ 1kHz

<0:04%
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Listen (with Mother)

Whilst a particular sound is being
heard (perceived?), the listener becomes
less able to hear another sound — a hit like
the sensation of pain, it would seem (have
you ever hit vour thumb with a hammer
and then dropped the hammer onto your
toe?). Soundwise, this effect is known as
‘auditory masking” and becomes
particularly important when noise is
‘masking’ the ability of the listener to hear
tones. In the ear, the hearing mechanism
incorporates a membrane with nerve
endings spaced along its length, instead of
all being ‘clumped’ together at one end,
and each nerve is responsive to one point
in the sound spectrum. This tends to
ensure that the ability to hear at one
frequency is not masked by a sound at
another frequency when the signal
frequencies are well separated —
ingenious, no? On the ather hand, white
noise has spectral components at all
frequencies which stimulate many of
these nerve endings, all together at the
same time — masking therefore occurs.
The eifect of this is particularly noticeable
with single tones—fortunately, music
waveforms exhibit goed noise masking
qualities concentrated around the most
sensitive region of our hearing, between
700Hz and 1kHz, and can be up to 30dB
more effective than single tones.

Chips Under Pressure

Signals recorded with a Sound
Pressure Level (SPL) averaging 40dB allow
the full audio bandwidth to be used
without any noise becoming apparent, but
speech and solo musical instrument
signals exhibit noise due to their similarity
to single tones.

If signal sources were able to
continuously remain at high Sound
Pressure Levels then noise reduction
systems would not be necessary. Of
course, this could hardly he the case as a
momentary drop in SPL results in the noise
becoming un-masked and hence able to
be heard. DNR systems must therefore be
able to track the source programme
dynamics very closely if noise is to be kept
below audible levels. Also, a sudden
increase or transient in the source
programme must be met with by a quick
response from the system if distortion is ta
be prevented. For the LM 1894, a variable
cut-off frequency, low-pass filter (LPF) is
inserted into each audio channel, as can
be seen in the block diagram of Figure 1.
The control path is generated from the
stereo source material dynamics and is
filtered and detected before driving the
filter stages.

Based on the principle that the
human ear is unable to detect distortion
for less than 1ms, signals having sufficient
energy to mask noise will open up the
system bandwidth by driving the low-pass
filter cut-off point above 30kHz in less
than Tms. Conversely, the system
bandwidth is lowered by driving the LP
filters down to 1kHz, taking
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Figure 1. LM1894 block diagram.
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Figure 4. Notch filter response.

-~ approximately 60ms to do so, thus
allowing enough time for the music
‘ambienge’ to remain without allowing
noise thraugh.

Circuit Description

Figure 2 shows the circuit diagram of
the DNR, but this is too confusing to see
how the system operates, therefore a
block schematic diagram showing
essential operations is included, Figure 3.
Signal inputs and outputs to/from the
LM 1894 are AC coupled and the layout of
both audio signal paths is symmetrical. In
fact, there are three signal paths: left and
right stereo audio channels, and a
bandwidth control path. This control path
generates a bandwidth control signal
which simulates the human ear’s
sensitivity to noise in the presence of a
tone. Signals from both left and right
channels are summed together to

The kit of parls before assembly.

Tape centralise the stereo image, and then
BicyoE [ L connected to the potential divider (shown
as a potentiometer) at pin 5. The actual
RUAA N values of these resistors have been chosen
pre—amp. in order to allow the noise level from a
SM T‘;:“‘ Power cassette tape to just open the bandwidth of
666 valume amps. the valtage controlled LPF's. The control
F.M path gain is approximately 60dB, as set by
tuner .y
the control amplifier and peak detector
stage gains, and is high enough to ensure
VI.R/TV = ! R that the LPF bandwidth can be opened
output (increased) by very low noise threshold
levels. Two capacitors, of values 100nF
Figure 5. DNR following initial pre-amplifier and equalisation stages. and TnFat pins 5 and 6 respectively,

attenuate low frequency transients —
below 1-6kHz —and determine the
Speakers control path frequency weighting

s characteristic at 6kHz. This prevents
signal transients of high amplitude and

Q
o

' _ low frequency content (below 1kHz),
g EI?‘-@ Right such as bass drum etc., from momentarily
51 = L for s Turntable activating the control path detector and
ER JT ] F 1.9 e ‘pumping’ the audio bandwidth.
— L Niiiase For signals that have a high frequency
L [t sources content the control path sensitivity is
LR It 3] {é L @ g———30 Lent (Replay) increased at the rate of 12dB per octave
00 0 Main Aux Line |1, Line | Uine 9, and allows for the fact that the harmonic
i cassette 4 h 4 =
r L Ampiifier IN QUY. 5 i OUT ployer content of program material falls off
RCr—— = R G5=——— —=©) Right rapidly with increasing frequency. The
L 47nF capacitor is chosen for the 12dB par
DNR SM — 665 octave slope characteristic here, and

module

Figure 4 shows the control path gain
peaking at 6kHz (dotted line). Signal
energy content between 1kHz and 6kHz
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Figure 6. Fitting the DNR in your system,




will therefore cause the audio bandwidth
to extend to 30kHz, thus allowing any
high frequency signal component through
the audio path. LP filters in the audio path
are of the variable transconductance type
with linearising diodes for minimum
distortion levels. When the
transconductance of the stage changes,
then for a fixed value of capacitance
between pins 11 and 12, or 3 and 4, the
filter's cut-off point will change with a 6dB
peractave slape characteristic. As a point
of interest, decreasing the value of the
3n9F capacitor will increase the
maximum audio bandwidth, set here at
965Hz to 34kHz, and vice-versa!

Finally, the capacitor coupled to the
peak detector at pin 10 forms the control
path tracking envelope. What this means
is that a fast attack response time is
required to cater for fast transient signals,
and yet a relatively slow decay time is
needed to maintain the ‘ambience’ guality
of music signals, which is taken care of by
this stage.

Construction

The PCB legend has been labelled
with the actual values of the components
to be fitted at these positions, which is
difierent to the usual Maplin technique
where the devices are numbered and
listed with reference to a parts list. If you
are used to this then the component value
identification method used with this kit
may give rise to some confusion! The
‘three figure’” markings of some capacitors
may be obscure unless you are familiar
with the convention — for example ‘392",
Here the third digit, in this case 2,
indicates the number of noughts or zeros
that must be added to the value indicated
by the first two numbers. The final number
is-always in picofarads (pF). Here ‘39’ plus
two 0s = “3900pF’; this can also be
written as 3n9F (3.9nF), and 0.0039uF.
‘473" is ‘47" plus three 0's or ‘47000pF’
(also 47nF and 0.047uF), etc.

The longest lead of the radial
electrolytics is usually the positive (+)
lead, the ather is identified by a black
stripe and minus (—) sign on the body.
These must be inserted into the PCB with
regard to correct polarity, the hole for the
positive lead is marked with a '+’ on the
board. The resistors are easier and should
be matched against the apprapriate figures
on the board, e.g., 1500 te “150', 100k
to ‘100K’ etc. Positions of electrolytics are
indicated by circles, non-electrolytics by
lozenges and resistors by rectangles.

Fit a wire link between the two holes
marked ‘] besides SW2. Links can be
fashioned from 24 s.w.g. tinned copper
wire or left over component lead off-cuts.

Building this project is very simple
and should not create any problems for
anyone with average construction skills, A
methodical approach and attention to
detail, especially when soldering, is the
main requirement while building projects
and kits and it is recommended that the
track side of the PCB is well cleaned with
a suitable solvent when complete.
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Using the DNR

The DNR requires an average signal
input level of 300mV ar mare and should
not be coupled directly to tape heads or
magnetic pickup cartridges, the output
level from these is far too low. Figure 5
shows the DNR following initial pre-
amplifier and equalisation stages from
such signal sources. The pre-amplifiers
need to have a RIAA (for magnetic
cartridga) or NAB (for tape) equalised
frequency response. The reason for this is
that the un-corrected tonal characteristics
will change the signal noise floor (basic
level) and hence the bandwidth of the
DNR. Installing the DNR at a position
before any tone controls will reduce the
system noise at maximum boost settings,
particularly with treble boost controls. If
the signal levels available at the chosen
installation position for the DNR in the
system are very small (below line level),
then a further separate preceding pre-amp
will be needed to raise the level. Various
types are available from the range of
Maplin ‘Mixer’ Modules, see the projects

section of our catalogue for details.

Power Requirements and

First Time Trial

A well smoothed and regulated
power supply of +9 to 12V is required for
the module to operate and is connected to
the two supply pins marked + DC — on
the PCB. Current consumption is 17mA
on average, but can vary up to twice this
figure depending on the actual supply
voltage. Connectthe module into your
system as indicated in Figure 6, apply
power to the DNR and play a cassette tape

H{si

Figure 8. Varying the contral path time constant.

or FM radio through the system. Just how
the module performs is best evaluated by
switching the DNR “in‘ and ‘out’
repeatedly with SW1 and listeningto a
variety of source programme material.

Improving the

Improvements!

Some solo instruments and speech
signals may produce a ‘noise pumping’
eifect as the signal leve! changes, or the
source signal to noise ratio may be so poor
that masking will not be completely
effective. Under these conditions the
noise floor threshold needs to be changed
to accommodate these varying input
sources. This is best achieved by replacing
the two sensitivity control resistors
between pins 5 and 6 with a 1kQ
potentiometer or presel, see Figure 7. A
really poor signal to noise ratio could be
improved by changing the control path
detector’s envelope decay characteristic
with a resistance placed across the
envelope timing capacitaor at pin 10,

ICi

Figure 9. Reject filter.

allowing it to discharge faster. Fora
variable decay time connecta 47k} to
100k potentiometer between pin 10 and
0V, as shown in Figure 8, and which may
be used in conjunction with the 1k() noise
threshold control to even greater effect.

Feeling Dejected?

Audio sources such as TV's and FM
radios can present particular problems
due to the presence of part of a 15kHz
timebase signal (TV) or 19kHz pilottane
(stereo FM) which manages to find its way
through into the main audio signal proper.
These can be detected by the DNR control
path and upset the noise threshold setting,
consequently requiring adjustments to the
noise level adjustment resistors. If a
different audio source is then played
through the system, or the timebase/pilot
signals are no longer present, then source
noise will become audible again,
requiring further changes to be made to
the noise level setting. However, a simple
reject filter can be inseried between the
control amplifier and detector input, as
shown in Figure 9, and attenuation of
these frequencies to —15dB is possible.
Figure 4 shows the expected response of
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this filter on the control path and the value
of capacitor ‘C’ needs to be 15nF for FM
correction and 22nF for TV audio
correction.

Signal Switching

Switch SW1 has been included to
allow the DNR system to be bypassed
when required. Although this method is
fine in practice, there will tend to be
noticeable changes in pragramme quality
whilst aperating the switch, like insertion
loss, accasional clicks and pops if input
and output connections are referenced to
different DC levels! The only way to avoid
this is to ensure that all four inputs are AC
coupled only and linked to ground with
high value leakage resistors. An
alternative method for defeating the DNR
operation without changing any switch
positions is to merely ground pin 9 to OV,
as shown in Figure 10a. Here the cantrol
path is disabled by this action forcing the
audio filters open to their full 34kHz
bandwidth. A further method is suggested
in Figure 10b; here the detector filter input
is connected via a 1kQ resistor to the +V
supply rail and this forces an increase in
system bandwidth up to 50kHz.

Optional Display

You can include an optional
bandwidth display circuit which will
show how the control path of the DNR is
responding to signal inputs. This facility is
nat absolutely necessary if the DNR is to
be used as part of an audio sound system
or hi-fi, and only shows how the DNR
system is performing. This bandwidth
indicator, shown in Figure 11, is based on
the LM3915 bargraph display driver IC
and is operated by the voltage across the
detector filter capacitor at pin 10, but note
that the display will not operate if the
previously mentioned decay modification
is implemented. The LEDs light in 3dB
increments of input voltage, and
component values used are based on the
minimum audio bandwidth setting
needed to operate the first LED; the full
audio bandwidth voltage should then light
the last LED. In practice, adjusting the
sensitivity (1k{) pot} so that the second
LED just lights — with no input signal —
should produce the best results. Apart
from the ten LED's there are only four
ather components and so the display
circuit can easily be accommodated on a
small piece of veroboard.

The optional display can be used as
an indicator to show how the DNR system
is responding to input signal level. Fora
truly flat frequency response, the display
should indicate maximum — the bargraph
cdoss not indicate signal level, but the
instantaneous bandwidth of the two
filters, as sampled from the control path
peak detector output at pin 10. This
control voltage is then converted into a
control current to modulate both
transconductance amplifier blocks which
form the basis of the filters. In short, if the
1500 and 8200 resistors are changed for
a 1k potentiometer as Figure 7, the
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Figure 10b. 50kHz bandwidth bypass system.

bargraph display is a visual aid to
adjusting the bandwidth sensitivity to
cater for different music sources, which
have different noise floors. If this is
implemented then essentially the 1kQ
control is adjusted for a minimum reading
on the bargraph while only the noise is
present.

DNR is a trademark of National
Semiconductor Corporation.

SM-666
PARTS LIST
RESISTORS ' Watt 5%
100

1500

8200

100k0

CAPACITORS

1000pF ceramic

3900pF 5% polysster

47nF 5% polyestar

100nF 10% radial polystyrene
1F 25V radial electrolytic
100xF 16V radial electrolytic

SEMICONDUCTORS
LM1894 (ICT) 1

MISCELLANEOUS
14-pin DIL socket
6-way phono socket
2-pole latch switch
4-pole latch switch
1:5mm terminal pins
SM-666 PCB

il

e —

S 1 Y k2l ek

Available in kit form only:
Order As LP21X (DNR Filter) Price £14.95
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SQUARE 1 continued from page 55.

| 8—-5.1=3.9V
=R S0l

60mA(constant)
| Rg Y

1 to
10mA 50mA

to [I Load

60mA
51V

— O

Figure 8. The zener shunt regulator— design

example. -

between the zener diode and the load, As

one takes more, the other takes less. That

is the key to the success of the circuit.
It now becomes possible to calculate

a value for the resistor Rs if the values of

Izand I; are known. The problem is

kmowing what value to assign to I. The

criteria are:

{a) I must never fall below the minimum
value shown on the graph of Figure 6
as IZ(MIH]-

(b)At the other extreme it must never
exceed the value that corresponds to
the power rating of the device. This
value of maximum diode current can
be found by dividing the diode power
rating by the zener voltage.

It might be helpful to take a specific
design example. Assume a 5:1V zener
diode is to be used for a simple 50mA
supply, where the unregulated D.C., input
is 9V. The circuit of Figure 7 is shown
again in Figure 8, with the voltage and
current values added.

It is fairly safe to take 10mA as the
value for Iy, What is then necessary
to assume (or know) is the likely variation
in load current. Suppose that the figure of
S0mA is the maximum value and that, in
practice, it could be anything between
zero and 50mA. This straight away
provides some useful information:

(i) The total supply current will be
10 + 50 = B0mA.

(ii) When the load current is zero, the
diode will have to pass the whole of
this current, namely 60mA.

(iit) When the load current is the full
50mA, the zener diode current will be
just I0mA.

From (i) it is possible to calculate the
value of Rs.

Rs = (Vs—Vz)/(Iz + 1)),
= (8-51)/(0-010 = 0-050) {putting the
currentsin A}
= 3-8/0-060
= 65 ohms (practical value = 68 ohms)

It is important to decide the power
rating of this resistor as well. This can be _
done by using P = ?x R, for example. In
which case, the power rating of
0:06% x 68 = 0:245W. Thus, a 1/4W resistor
will suffice.

From (ii) it is possible to determine
the power rating of the diode. This is
equal to ‘zener voltage ¥ maximum zener
current’. Thus, power rating is 51 2 0:06 =
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0-306W. A 500mW (0-5W) device will be
adequate.

This is about the simplest design
procedure; it can be much more
complicated if one has to consider the
effects of possible input voltage
variations too. The aim of the above is to
give an insight into the operation of the
shunt regulator circuit.

Miscellaneous Uses
of Diodes

In spite of its basically simple nature,
the diode appears in a great variety of
different circuits, some of which make
direct use of its 'one-way’ property, some
of which use some other, perhaps less
obvious, characteristic. A few such
varied applications will now be
described.

The Diode as a

Protection Device

Because of its unilateral conduction
quality, the diode can be regarded asa
‘voltage sensitive switch’. By this it is
meant that it will only conduct when the
polarity of applied voltage is correct —
anode positive with respect to cathode.
This allows it to behave as if it weren't
there at all when reverse biased (cathode
positive), since the resisiance in the
reverse direction is extremely large
(many Megohms) compared with the
forward resistance, which may be
measured in ohms only. Use is made of
this fact in the circuit of Figure 9.

Here the diode is connected in
parallel with a relay coil. Although the
primary purpose of this coil is to allow the
flow of direct current through it to
develop a strong magnetic field to atiract
the armature, it nonetheless behaves asa
high value inductor. It will have all of the
properties of an inductor including one
that is covered by Lenz's law. This latter
states, in simple terms, that when the
current flowing in an inductor tends to
change (for example when it is switched
on or off), an EMF is induced in the coil.
Thus, if the current is falling the induced
EMF tries to sustain it; if the current is
rising, the induced EMF opposes this
growth. Now back to the relay coil of
Figure 9!

Suppose that a sudden positive
voltage 'step’ is applied to the transistor
base; the transistor will start to conduct,
current will flow in the relay coil, and the
relay will ‘pull in'; that is, its armature will
move, causing the switch contacts to
close. The rising current will be opposed
by the induced EMF just mentioned.
Apart from delaying the moment when
the relay operates, this action is of no
great consequence.

However, when this base drive is
suddenly removed, the current in the coil
will immediately try to fall to zero, an
action that will be opposed by an induced
EMF of opposite polarity to the previous
one. In the absence of the diode shown,
this induced EMF would cause the

———————— +VCC

Relay / E |

coil

g

+*

ov

Figure 9. Diode used to protect transistor
with inductive load.

collector voltage to rise well above the
normal supply value (V_.). This sudden
rise of voltage at the collector could be
well in exCess of the rated value for the
transistor, causing sudden failure.

How does the diode prevent this
from happening? It does so because,
whereas it is normally reverse biased, as
soon as the collector voltage exceeds V.-
by about 0-6V (the amount required to
cause a silicon diode to conduct in the
forward direction), the diode resistance
changes from a very high to a very low
value. This low resistance absorbs the
magnetic energy siored in the coil and

_ the induced EMF collapses.

This action may perhaps be better
understood by considering the coil as the
electrical equivalent of the ‘flywheel’. The
latter, when rotating, acquires
momentum. Asa result, it cannot stop
instantly. The energy that it contains has
to be absorbed by some form of brake.,
Any tendency to stop it while in motion is
opposed by its momentum. Similarly,
when it is at rest, a suddenly applied
force (a step) will not cause it to reach full
speed immediately. Its inertia cpposes
the accelerating force, slowina.the
process dowrn.

A second way of using a protection
diode, this time to protect an entire
cirouit, is shown in Figure 10. The
intention here is to guard against any
failure resulting from an attempt
(accidental of course!) to connect the
supply tothe circuit the wrong way
round. Sometimes even a momentary
reversal, such as might oceur sometimes
when changing the baitery, can cause a
catasirophe. A diode connected in series
with the D.C. supply so that it normally
conducts when all is well will cbviously
not conduct if the supply is the wrong .
way round. Since no current can flow
under the latter conditions, no harm can

Electronic oo
circuit B

Bypass |
capacitor |

Figure 10, Using a diode to protect a circuit
from supply reversal.
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be done. Simple but effective. Sometimes:

it may be necessary to fit an electrolytic
capacitor as shown, as a bypass.

It is possible to use diodes soas to
make a circuit totally independent of the
supply polarity. All that is needed isa
diode bridge, just like the one described
earlier for rectification. The difference is
that, this time, both input and output are
D.C.! This is shown in Figure 11. [t may be
remembered that, when it wasused asa
rectifier of A.C., the polarity of the D.C.
output was the same for both polarities of
the A.C. input. Thus, by the same rules,
the output will have the same polarity for
either polarity of 2 D.C. input. Againa
bypass capacitor may be necessary
sometimes.

The final use of a protective diode is
shown in Figure 12. Here, two diodes are

5 M/C

meter

| I
li' 3

4

Path for excess current
in event of overload

Figure 12. Using diodes to protecta
moving-coil meter.

connected ‘back to back’ (also known as
‘inverse parallel’) across the terminalsof
a moving coil meter. It is assumed that
when the meter is reading its full-scale
value, the voltage across the meter coil is
less than (:6V. Neither diode will then
conduct. Now suppose that the meter is
used incorrectly by passing an
excessively high current through it.

This can easily happen in a thoughtless
moment. Since moving coil meters are
quite delicate instruments, such a large
overload could damage it — an expensive
mistake! However, if the voltage across
the coil reaches the diode conduction
value of 06V before any damage is done,
the now conducting diode will bypass
any excess current safely away from the
meter coil. By including two diodes as
shown, the meter is protected from
overloads in either direction.

The Varicap Diode

The ability of a TV or radio receiver
to ‘tune in’ a particular station depends
upon the selective property of a circuit
comprising inductance and capacitance,
and known as a ‘resonant’ circuit. The
inductance may be in series with the
capacitance or in parallel with it,
depending upon the specific tuning
arrangements. In general, a parallel LC
circuit is used to develop maximum
signal voltage at the required station
frequency. Any particular combination of
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Figure 11. Method for making circuit independent of supply polarity.

Land C gives a resonant frequency that
corresponds to some station frequency.
To change stations, it is necessary to
change either the value of L or the valus
of C. In the case of continuous tuning, as
with most radio receivers (except those
in cars) a variable capacitor is the usual
method. In the case of push-button
selection of a limited number of stations
(car radios and TV's), either fixed values
of capacitance or inductance could be
switch-selected. The TV ‘turret’ tuners of
the past are a good example.

Current television practice adopts a
somewhat different approach. It is, of
course, still necessary to change the
value of, say a capacitor in order to
change stations, The difference is that the
capacitor is not identifiable as an *actual’
capacitor, but is a diode that, when
reverse-biased, behaves as a capacitor of
small value. Furthermore, the
capacitance value is dependent upon the
value of this reverse voltage. This makes
it possible to control a tuned circuit by
varying the D.C. voltage applied toa
‘varicap’ diode (as it is called). In
practice, each channel to be tuned in has
its own preset resistor. When the
receiver is first put into use, the wiper
position for each selected channel is
adjusted to tune in the required channel.

Figure 13 shows part of a TV tuner
circuit in which the varicap diodes and
their controlling potentiometers can be

recognised. Note the special symbol for
this type of diode, a combination of
capacitor and diode symbols.

It is possible to go on at great length
on thé' many ways in which diodes can be
used. Space limitations, apart from any
other considerations, preclude such a
possibility. It is hoped that, by now, the
reader has acquired a sound
understanding of the diode’s basic
behaviour, enough to help him/her to
appreciate its value and perhaps to
recognise what its particular function is
when it is seen in use.

The Project

The project this time has a degree of
usefulness out of proportion toits
extreme simplicity. It will take no time at
all to make, so there is no excuse for not
having it ready to use, by the time that the
next issue of your favourite magazine
comes out! Of course, if you already have
a logic probe, then that will do all that this
one will do and more besides. Itisn'ta
serious servicing tool but a simple
indicator of the two possibie logic states,
logic 0 and logic 1. As you may now
gather, the next issue will start to look at
the basics of digital electronics.

‘For the moment though here is yet
another type of diode, the light emitting
diode, or LED, This diode is so
constructed that, when it is forward
biased (with about 2V across it) it emits

. 1
rr e’
T

Lré

= = 0
IR

Varicap diode

'One stage of TV tuner’

!

Stabilised

‘Channel tunning' preset

Figure 13, Varicap diodes are used in TV tuners,
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-after completion proceed as follows.

visible light. It is usual to house the
semiconductor device in a coloured
plastic ‘bulb’ inorder touse itas an
indicator. Red, yellow and green are the
usual colours. To limit the current through
it to a safe value, a current limiting
resistor is always included in series
with it. 1

The circuit for this ultra simple logic
probe is shown in Figure 14. It uses only
one IC, three resistors, one capacitor, two
LED's (of different colours), a 14-pin DIL
socket for the IC and a small piece of
stripboard. A pair of crocodile clips is
needed for hooking it into the 5V supply
of the test circuit and a probe of soris is
required. The probe was a gold plated
PCB pin attached by means of two wire
loops fitted to the board and soldered in
place, this is illustrated in photo 1.
Anyone who fancies boxing it up is
welcome to do so. However, it isn't really
necessary; after all, there are no more
than 5 volts on the circuit board. To test it

Connect a 5V supply to the clips.
Touch the probe tip to +5V and LED]
should light up. Touch the probe tip to the
0V line and LED2 should light up instead.

7404

They should never both be on together.

I i
R1
270R |

Lo1 /% RreD 5_02?/} GREEN
i

+aV
]:llk ‘ . oCroccdile
7404 ] lead
Clem YP14
ICle 7404
O.1ufF = T p7
Crecedile
7404 -I lead
IC1d E\T

That's all.

The circuit works as follows. The
7404 IC contains six logic level inverters.
Only two are used for the project, wired
in series. Thus, a signal applied to the
input of the first inverter (pin 1) appears
inverted at pin 2 and is inverted again by
the second inverter to reappear at its
original logic level at pin 4. When a logic
0level appears at the output of an
inverter, it causes the LED at that output
to light up. Thus a logic 0 input causes
LED?2 to light up (since two inversions

Figure 14. & simple logic probe project.

gives a logic 0 output from the second
inverter), while LEDI is unlit (since the
output from the first inverter is logic 1). If,
instead, the input is logic 1, then LED1
(red) will light up and LED2 will be unlit,
In this way, a simple indication of logic
level is obtained, sufficient for
investigating the basic properties of a
wide range of digital circuits.

A limitation of this circuit, a result of
its extreme simplicity, is that the logic 1

LED is always lit, even when the probe is
not on the test point. However, touching it
on logic 0 (e.g. the 0V supply line) should
then cause it to go out and the logic 0 LED
to light instead. Furthermore, if the probe
1is connected to a slow enough pulse train,
such as isused when testing counters and
Tegisters, the two LED's will flash
alternately at the pulse rate. Thus, this
‘logic probe' is adequate for the type of
testing envisaged,

R3

Component side

-5V

Probe

RED wire

To crocodile
clips

BLACK wire
- OV

GO
o} o] O
ol | I =i
I] =]
=]
o {ICT
o Ujg
o O|&]
o
ol

Truck side

0000000 CO0OO00
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cccooeoce@e e(0)o
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© Breck track

Photo 1. The assembled logic level indicator.
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by Alan Williamson

EATURES

* Wide supply voltage range

* Adjustable input * Safe operating area (SOAR)

sensitivity
) * Short circuit protection
* Small size (PCB,
: S57mm x 76mm) + Thermal protection
|
!
- with or without the bootstrap.

| Specification of Prototype Introduction The IC features protection
' Test Conditions: Vi = +27-5V, R3 = 20k(), input signal The TDAI514A is a high against AC and DC short

1kHz sinewave. quality power amplifier IC circuits when used with

Rated output power which is com-atible witha symmetrical supplies, The IC
' Rl = 80: 39W rms wide range of source material, | also includes an output mute
' Rl =40} 78W rms including compact disc. circuit preventing ‘clicks'and
| Supply current (full output) . = ‘pops’ during switch on and
I Rl = 80: 22R IC Description switch off, eliminating the
; Rl = 44X 44A The TDA1514A is possibility of damage to
| Q,I,}“ﬁg*"‘:eg:{g“p[p&me“‘f g&limﬁ supplied in a 9-pin SIL plastic delicate speakers. The
: Sig'na? t' 2 ‘o.utpul. e package (SOT131A). The amplifier is also protected
i o noise ratio: 92dB : : : 2
. Frequency response: 20Hz to 25kHz -3dB amplifier IC is used with a against thermal runaway and

symmeirical power supply, includes SOAR (Safe

Maplin Magazine Qctober 1990
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‘Operating Area Region) 5%
;—protecuonmakmg the davice [#e
: A :5
dam is shawu in I-'igum 1, Ve
and- 'he pll'l m! dﬂ'alls EIB 8 bgotg{rqp 7
‘shown in Figure 2. Graph 1 ‘ -
shows the SOAR protection
characteristics and Graph 2 |
shows the thermal derating {
curve. 5
Circuit ‘ |
Description - 5 4:
The amplifier uses the
mcm{shm n l’-'ig'nxe 3.The . ‘ power stage
circuitalsoincludes the | ‘
previously mentioned \ PROTECTION 2z
bootstrap. If the circuitisused - _
without the bootstrap, pin 7 Vref1 ]—/ THER{"G“L SEAR
must be connected to pin6and = +Vp
the associated components =
(R4, RS, C5, C6) removed; the = |
power output will be reduced Vief2 3 - "
by approximately 4 watts. + /: Stanc
The input impedance of - L |
the ampli-fier module is 20k(}, —
determined by R1. The gain of 13 ‘
the amplifier is adjustable over | |
the range 20dB to 46dB, deter- ' - TDA1514A"
mined hY R2 and R3. See ] switch
Table 2 1o select the required Vref3 ?
input sensitivity. s |
Ej VPo VPM
Input Sensitivity R3 Value
300mV 36kQ) L——L
500mV 20k}
v 10k} —Vp
2V k1) Vexzl
Table 2. Figure 1. Internal block diagram.
IC Power Supply
Parameter Conditions Symbol Min Typ Max Requll‘emgnts
The IC has a wide supply
Sl_:pply w_:nltage range range, the minimum
:;E g &pindwrt v gy L30v requirements being =9Vtoa
£ = = maximum of =30V, To deliver
Total quiescent an SO’W intoa 40) the amplifier
current Vo= 2275V L — 80mA  — requires a 23V supply and to
deliver 40W into 8() the
Qutput power (rms) THD = —€0dB amplifierrequires a 27-5V
Ve = 215V supply;see Table 1.
R.=80 P, — oW —
V= #2323V 1 3 Wt
ioan B B = :rmt:d Circuit
Oar
Closed loop voltage Ahigh - >
: : gh quality glass fibre
" osviaiiinrical ———— printed circuit board, witha
y e — :
silk screened component
Input resistance Determined leg@nd to aid construction is
externally Ry — 20k0 — available, the order codeis
GE84U. The PCB has a 0V star
Signal plus noise earth to minimise current
to noise ratio Po = 50mW S+N)=N — 82dB — return interaction from the
S vl speaker, amplifier and input,
pply voltag SN L5k
ripple rejection £ = 100Hz SVRR B ) — this "3“ m“;egﬁgm
=wi the PCB and component
= with ;
wE=wiiespeeh legend. Figure 5 shows the
required leg shape and drilling
details for mounting the
Table 1. Quick Reference Data. TDAI1514A IC onto a heatsink.
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| Wiring details Thermalrating
-| " ggm'e & shows the module Note: Thermal resistance
with the minimum power isshownwrittenK.W ' = K/W
TDA 1514A —— d
C supply required, which (kelvin per watt).
consists of a transformer and
|_ bridge rectifier. Figure 7 The theoretical maximum
' showsthe module wiredupto | power of dissipation for an
an existing supply, note the output power of 40 Watls is:
speaker 0V returns to the main - 5
power supply. Vo™ =(2x7 2Ry) = 18W
i where Vp = =2T5V; Ry, = 8(L.
1234567849 Powersupply ;
The amplifics requitesa Thermal resistance from
S equur i i R -1
1. Non—inverting Input (#1) supply of +27:5V, preferably junctiontobase: Ry .y = IKW
L smoothed. The absolute With an ambient temperature
3. MUTE maximumvoltage being =30V, | of80°C and a maximum
e _V.E whichshould be avoided if = junction temperature of 150°C,
2' i‘:’ftl’”t driving aload of less than (). the total thermal resistance is:
7‘ Boststrap The supply must be capable of .-
8. OV Non—inverting Input (#2) | | delivering peak currents of 8 Rai= El% 80) = 19=
3. Inverting Input amps or more, otherwise 83KW !
distortion will occur at full
volume during loud passages Taking into account power
Figure 2. IC pinout. and bass transients. dissipation of the package (1K°%):
SOAR 10 T T T Power 80 | | |
protection "‘*I\ T[] derating | ‘ .
C =i 1 I curve | : Infinite
curve \ | | 60 i hantmnk
A | |
. A ! At
5 E \ l | Peot 40 \
N o *° LT INC
[N | <L | | |\
~ | 20 N | I G| (R
i iR N |
| | . heatsink — :
6 [ ] | | T—— o Rih h=s= 43 K/W A
0 20 40 60 B
VeolV) —25 0 50 100 150 Tgmb(°C)
Graph 1. SOAR protection. Graph 2, Thermal derating.
£V
)
! | { 4 O 5
R4 7
82R 688K Ij | |
RS
2 158R ce o ma C1l '
£ €2 | 228F mm . 228
1WF == 18nF 11 ¥ +
T 1 18|17 rparsisn ™ S 3 6 =)
s ‘\\ 5 182nF B 22807 B | 23BGF
1/P Rt g - = > & L ? O P3
28 LT.l8 gﬂF o/p |
3 wm R2 ra |3 6-8R I
228pF . GEBR 50T RB
l 3R3 P4
P2 S S = 4 o O PB
-L 8 = * Ci4
av & 478~FEE B 228F
c4 12 3 €13 ,
4UTF * IEEIuF* q 18880F ,
—1 o FP7 i
K |
J

Figure 3. Application circuit.
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A heatsink of thermal
resistance 43k W 'orlessis
required.

Applications
The TDA1514A amplifier kit
was designed to provide a
small, low cost Hi-Fi equipment
to be easilly built.
Applicationsinclude
active speak-ers; achieved by
‘removing the cross-over unit
fromthe speaker enclosurs
-and powering each speaker
directly from anamplifier. A
suitable electronic crossoveris
thenfitted between the
QOciober 1980 Maplin Magazine

preamplifier and power
ampilifiers.

Other applicationsforthe
TDA1514A module range from
building a small ‘midi' amplifier
to replacing blown power amp
IC's that are difficult to obtain,
by simply picking up the signal
atthe preamp output, and using
the existing supply.

The amplifier meduleis
alsoideal for use in high power
carstereo applications, a
switch mode power supply
wotld be required to step up
the 12V carsupplyto £25V.
See 'Switched Mode Power
Conversion— The Secreis
Revealed' articles and watch

this space for a practical design.

) (411

Acomplete kitof parts with
four different value R3'sis
available, kit number LP43W.
The amplifier willrequire a
heatsink (notincluded in the.
kit) with a thermal rating of
4:3K.W ' orless: heatsink type
2E(2 1K. WY isideal, the order

heatsinkis electrically
connectedto earth, 0V orany
supply line, a suitable washer
isavailable the ordercodeis
UL74R. The TDA1514A should
be secured using either M3
bolts or No. 4 seli-tapping
screws of suitable length. Care
should be exercised to avoid

code is HQ70M. Aninsulating overtightening fixings, which
washermust be used between willresultindamage tothe
the IC and heatsink if the plastic package.

Mounting

> 24mm _ face
%
20mm oy \
= \
=l \?

% TDA 1514A

|

Figure 5.1C leg shaping, heatsink mounting

Figure 7. Using an existing supply.
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Parameter Conditions Symbol Min Typ Max Parameter Conditions Symbel Min Typ Max ’
Supply voltage range Inputimpedance note 3 Z; MO — B |
pinB&pindwripin8 Vi =9V — =30V I
Outputimpedance Z = - 010 |
Maximum output ’
current (peak value) sy max B4A — — Signalto '
noise ratio note 4 I
OPERATINGSTATE Po=38mW &N 80dB — = |
Input voltage Output offset
pin3topin4 Vas 6V — w valtage Ve - 2mV —
Total quiescent : Inputbias ¢
current Rl== L., 30mA 80mA  90mA  curent L i —0IpA  — '
Output power THD = —&0dB P, 3TW  40W = _ i
THD = —20dB P, — 51W — =
MUTE STATE
Output power V=223V !
THD = —60dB Voliageon . |
Ri=80 Po — 2BW — pin3 *Va 4 2V — 4-5V
RI=40 Po — 50W — |
Qutput voliage Viems =2V |
Total harmonic f=1kHz Vo = 100pV  —
distortion P.=32W THD — —80dB —B80dB
Ripple rejection RR — 70d4B —
Intermodulation
distortion P,=32W
note 1 din = —80dB = I
STANDBY STATE |
Power bandwith —3dB I
THD =—-60dB B — 20Hzto — Voltage on
25kHz Hz pin3 Vs 3 ov — v
Slew rate dvidt — 10V.us * — Total quiescent
current - 20mA _
Closed loop
volltage gain note 2 G. — 30dB — Ripple rejection RR — 7048 —
Openleoop Supply voltageto
voltage gain G, — 85dB — obtain standby state =Ve 45V — 7oV
Table 3.1C Data.
Notes to
characteristics
Parameter Symbol Min Max
1. Measured withtwo Sanriviici |
superimposed signals of 50Hz uppy volage
anrc)i ?kmlngwilhanamplil i pinS&pin4 wriping Ve — =30V !
5 |
ratioof 4:1. Bootstrap voltage |
= in7wrtpin4 V; —_ oV
2. The closed loop gainis pImfvmpm e |
delarmin’_ed_by lhe.rasistors R2 Ouiput current |
&R3, the gainis adjustable repetitive peak I e 8A !
between 20 and 40dB.
: Storage temp Two —B5 +150°C
3. The inputimpedance of the
circuitis determined by the Thermal shut-down
biasresistor R1. protection time Lo — 1 hour :
|
5 % |
4. The noise output voltage is Short circuit _
mea-sured ina bandwith of protection time 1= — 10 minutes
20“'2 to QOK}':S ::gh B BOULCS Mute voltage
resistance of 2k{). pin3wrtpind V= — w
8. The quiescent current into :
s 7 Al wrt=with 110,
pin 2 determines the minimum iy
supply volt-age at which the
mute function remains in
operation, V,, — V., =1 ;;xR4
+ Vi ony max Table 4. Maximum ratings,
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¥ q"y ¥ Q‘Qé‘ q‘*’&' q"%&‘ <7 TDAI514 POWER AMP PARTS LIST
'RESISTORS: All 0.6W 1% Metal Film .
Rl 20k 1 (M20K)
R3 10k (Sea text) 1 (M10K)
R3 5kl (See text) 1 (MBK1).
- R¢ 2R 1 (MB2R)
o RS 150R 1 (MI50R)
=i RE 3R3 1 (M3R3)
D a RT 680k 2 (MBEOK)
> cl 1uF Polylayer 1 (WW53H)
t D c2 L0nF Polys = 1 (BX92R)
E3 a3 220pF Polystyrene 1 (BA30H)
Cs 4uTF 63V PCElectrolytic 1 _(FFO3D)
s 100nF Polylayer 1 (WWs1l)
cs 220uF B3V PC Electrolytic 1 _(FF14Q)
| CI .'M'Pﬁlsila_y’ér 1 (WW33L)
.~ C8,10,12]13 1000:F 50V SMBS 4 (LS7M)
ClLla ‘220nF Polysster 2 (BXTBEK)
ICH TDAI1S14A g 1 (UK75S)
! PLT in 2145 1 Pt (FL24E)
1 (GEB4U)
1 (XH7SL).
OPTIONAL (notinkin) e
Insulator TO218. 1 (UL74R)
Heatsink Type 2E 1 (HQ70M)
f ‘Nod.x L) 1 Pkt {BFG5V)
[ { . 'i‘-he above ilems, Exéiﬁding Optional, are available as a kit
Order As LP43W (TDA1514 Power Amp) Price £15.95 '
The following item is also available separately:
PC Board Order As GE64U Price £4.95. |
MAPLIN’STOP | Bl
§ -
I Or would you prefer to
THIS LAST ORDER KIT  DETAILSIN | Work at what you enjoy?
MONTH DESCRIPTION OFKIT CODE PRICE PROJECTBOOK If vou are an electronics enthusiast and looking for an interesting
. (2) & 150WMOSFETAmplifier LW51F £19.95 Bestof E&RMM career with a future, Maplin has the answer.
2 (1) e DigitalWatch FS18U £1.98 Catalogue We cu Thavevacancies
3 (4 e LiveWireDetector LK63T £335 14 (XA14Q) ryiyhavemonces Toe
4. (3) e CarBatteryMonitor LKa2v £895 37 (xa3rs) | | JUNIOR AND SENIOR
5 [5) 4 |RProx Detector LM13P £9.95 20 (XAZOW) ‘
6. (10) o CarBurglarAlarm LW78K £9.95 Comp2(XC02C)
7. (12) « PWMMotorDriver LK54J) £9.95 12 (XA12N) | TECHNICAL SALES STAFF
8 (16) « LM3B6Kit LM76H £375 29 (XAZ9G) T
o (6) « Pamylte LW93B £3.95 BestofE&MM At SOUTHAMPTON and our new store shortly
0. (11) « 8WAmplifier LW36P £585 Catalogue . to open in BRIGHTON
> e ke |
e (14) : USOHLCC“[A.farm LK?.SS E19,9§ 15 (XA15R) | These vacancies are being creared asa result of the Maplin cxpansion
12 [ Sy TDAT000 Radio MKII LMSSK  £13.35 27 (XAZTE) rogram and offer real prospecis up 1o and imcluding Branch
13. (7} e SirenSoundGenerator  LM42V £4.25 25 (XA26D) ‘ Macagoint. e e
14. (8) - Mini Metal Datector LM350 525 25 (XAZ5C) .i kngwl'dﬂ'. Sb sl dilionah 55 SEE. i ST L R D
1. [+ &= CarDigital Tacho LK7SL  £13.95 37 (XA3TS) ' ‘ i:\ccome garzti-iyth;: I:.'im \m: do need tnix self motivated and havea
16. (8] e TDA2822StereoPowerAmp LPO3D £6.45 34 (XA3AM) cheerful personality. Applicants should also be smart and have a
17. (15 15W Amplifier YQ43W £6.75 Catalogue ‘ knowledge of clectronic components.
18. (-} ¥, AudioControlledSwitch  LP29G £595 38 (XA38R| B Y T L I TR
18, () o Laser&PSU LM72P £9985 29 (XA2SG) ok coommieion a0 aration ponsimateme | E
2. (13) o WattWatcher LMSTM £395 27 (XAZPE) Apply in writing enclosing CV to: David Snoad, P.0. Bos 3,
Over 150 other kits also available. All kits supplied with instructions. ‘ Rayleigh, Essex. Or for further information, ring (702 534155,
Thedescriptions above are necessarily short. Please ensure you know If you areseeking an interesting carcer in 2 Hi-Tech environment then
exactly what the kitis and what it comprises before ordering, by checking the ‘ contact us
appropriate Project Book mentioned in the list above. No W/
|
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A readers forum for your views and comments. If you want to contribute, write to the Editor,
‘Electronics — The Maplin Magazine’, P.0. Box 3, Rayleigh, Essex, SS6 8LR.

Pie in the Sky

Dear Sir,

lam very disappoinied that the
mag has descendedtodoinga
‘puii’ about Sky Television justto
geta prize ofier. It's not woriiy of
you. We expect articles with a
lechnical bias and an unbiased
assessment. Evenones
describing Kits to unscramble ‘film’
channels!Insiead we gotavery
biased view of Sky —no mention of
the higher technical standards
demanded of BSB by the British
authorities; the fact that Sky is
foreign owned andis still losing
money apart from the fact thatif the
BBC could demand £10 per
month, so effectively doubling the
licence fee, there would be an
uproar. Sainformation describing
the technical differences beiween
Astra and BSB would be welcome,
butan assessment of their
programmes is best leftlo
specialist magazines and
experienced TV journalists.

S. Casey, Stockport.

The article made no claims to be
technical, it wasintended as a
generalinterest article. I'm afraid
we cannot publish details of kits (o
descramble satellite TV channels,
ifwe did ‘Electronics’ would not be
around for very long! The merits of
DMAC fransmissions over PAL
werenot atissue here, butitis
hoped to deal with satellite TV
transmission in a technical arficle.
Perhaps other readers would like
to comment on the general feature
articles that we publish and the
competitions we run. After all we
don'thave toinclude free to enter
competlilions with good prizes...

Feedback on Swiiched
Mode PSU’s

Dear Sir,

With reference to your request for
feedback on switch mode power
supplies | have the following
suggestion for a project. Toenable
tocharge a 10 cell Ni-Cd battery
pack a voltage of around 24 volisis
required, the only way to obtain
this from a car batteryisviaa
voltage doubler. After browsing a
data sheet fora puAT8S40
switching regulator a unitwas
construcied using a 78540, L 200
and aLED in series with the output
toindicate correct operation . This
unit will now charge upto 10 celis
at40mA from about 7 volisinput
(the current falls off at 7 volis). |
have considered rebuilding this
unitbut have been unable to obtain
any 78540's from your stores
recently. How about adecent
project for all those radio

70
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ST-A-R LETTER
This issue, Dr S. W. Bateson from
Cleveland receives the Siar Letter Award

of a £5 Maplin Giit Token for his letter on
the SSM2015 Microphone Preamplifier.

Microphone Preamplifier
Dear Sir,

| am writing regarding two errorsin
this otherwise very useful project.
Thefirstis | think a simple
misreading of the data sheetis;
resistors R2 and R3 should be the
usual phantom powering value of
8kB8, not 68K, since phantom
powered microphones consume
upto about2mA each. The secand
is more interesting and concarmns
the values chosen for the input
coupling capacitors C4 and C5.
Thevalue (1uF) appearsto have
been chosenin conjunction with
R5and R4 inordertoform a low
frequency —3dB pointof 16Hz, as
is usual with line level amplifiers.
Thismeans thatat 16Hz the
apparentimpedance of the
capacitoris also 10k, so the source
impedance as seenbyine
amplifier rises at low frequencies.
This causes a significantincrease
in low frequency noise from two
sources: 1. voltage (Johnsan)
noise; V,,= (4kTRB)*®where Ris
theinputimpedance seen by the
amplifier; and 2. curreninoise from
the 2015 (up to 2pAHz% %)
appearing across the input
impedance. These facts mean that
the impedance of the input
capacitors should be very small
over the whole operating
bandwidth, thatis, the capacitors
should be as large as possible.
100uF, 63V would be satisfactory.
li phantom powering in unused
and direct couplingis acceptable
(e.g. with dynamic microphones) it
is better to omit (bypass) C4 and

C5 altogether. Theresultwillbea
dramatic reductionin low
frequency noise. The S8M2015is
capable of excellent performance
and | feelthatyourkits and the
article should be amended to take
advantage of this. ltmay alsobe
worth mentioning that the best
performancsa will be obtained from
a separate stable and low noise
power supply sinceitis all toeasy
io couple power supply noise inio
circuitground lines.

Gavin Chesseman from the
Design Laboratory replies:

I would like to thank Dr Bateson for
taking interestin the project and for
raising tive above poinis. Firstly, |
would like to point out that the
Datafile series of projects are
primarily building block circuits and
are designed as basic modules
which may be modified to suita
variefy of applications. With thisin
mind the projects are generally not
oplimised for any particularuse
and some componenis are given
arbitrary values.

Although, the module will work
satisfactorily inmany applications
using the componenis suppliedin
thie kit, the point regarding the
value ofinput capacitors C4 and
C5isveryvalid and as Dr Bateson
suggests, where appropriate these
may be linked out when the
phantom powering pari of the
circuitis notused. Largervalue
capacitors could also be fitted but
this may produce undesirable
results by coupling unwanted low
frequency signals into the system
fram some audio sources.

1 8. 0 0. 086808686686 8.8 ¢

amateurs, radio control modellers
whose only source of powerisa
car battery.

A. Lether, Preston.

Imust admit that we haven't
thought of using a switched mode
doubler circuitio charge Ni-Cd's
froma 12V supply. itis agoodidea
and has been passed onto the lab.
The supply problem of the
#A78540 s dueto National
Semiconductor Corporation
halting production toimprove the

specification of this device; by now
supplies should be back tonormal.

Thumbs Up for Maplin
Service!

Dear Sir,

Lastweek afriend lentmesome
recent copiesof the Maplin
Elecironics magazineinwhich |
was surprised to read lefiers from
customers complaining of the
Maplin servica. | buy elecironic
componeants, purely for amateur
use as | am relired, from several

1.

mail order firms and | can say
without contradiction that Maplin
are top of the league table for
speed and quality of service. A
couple of weeksago | ordered an
oscilloscope from you using one of
your pre-paid envelopes and was
amazed when the item arrived four
daysiater whichincluded the
weekend. Againoniy lastwesk|
ordered some items again by post
and the parcel arrivedin less than
48 hours. Compare this service
with thatof a firm in Surrey which
took nearly fourwasks tosupply
items which were held in stock.
However the record for slow
delivery goes to acompanyin
Bristol which on one accasion took
eleven weeks again to supply
components WHICH WEREHELD
IN STOCK. There are times when
Maplin run out of stock of certain
items and this can be quile
frustrating especially as Murphy's
law ensures that the missing item
is the ane most urgently required
buteven Maplincannotbe held
responsible for delaysin deliveries
from its own suppliers. Should you
receive any more complaining
letters about your service you are
atliberty to quote this letter at the
senders.

R. Christian, Cheshire.

Thank you for taking the time to
writein, itis always a pleasure to
receive complimentary letters!

Beginners’ Projecits
Wanted

Dear Editor,

I read ‘Efectronics— The Maplin
Magazine everytimeitis
published but | sconrealised that
aslamonly 13, alot of the projecis
are eithertoohard and a bitover
my head orarenousealall lome.
Thisis adisappointmant as the
restof the Magazine is VERY
good. | hope | amnotthe only one
complaining on this paint, but | feel
thatyoumight get a lotmore
younger readers reading your
magazineif youincluded some
simpler projecis.

M. Bridgstock, Cambs.

Maintaining a good balance of
projects, which cover abilities from
beginnerto exper, is not easy. But
we always endeavour (o provide
the best balance possible. The
conientofthe magazineis
determined by the feesdback we
receive from ourreadership, soif
you have any projecl ideas;
whetheraimed at beginner or
expert, please let us know.
‘Electronics — The Maplin
Magazine'is YOUR magazine,
help us to help you by writing in.

Maplin Magazine October 1980
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Please noie:

Aboutthe Book:

Contents:

Yourorder must reach us before 25th Ociober 1990 to qualify for the pre-publication offer.

Exclusive Pre-Publication Introductory Offer! Stop Press. . . Exclusive Offer!
Stop Press. .. Exclusive Offer! Stop Press. . . Exclusive Offer! Stop Press. ..

The Maplin Electronic Gircuits Handbook

A superb new book written especially for Maplin Electronics by Michael Tooley, published by Heineman-
Newnes, publication date 31st Oclober 1380. As an exclusive pre-publication offer, available o readers oi
‘Electronics — The Maplin Magazine', we have arranged a saving of £1.00 on the normal cover price

of £10.95. To qualify for this saving, send your order for the book to us and as soon as we receive stock from
the publishers, we will send you your copy direct to your door.

Order as SC30H (Maplin Elec Ccts Hbk) Price £9.95.
Youwill find an Order Coupon on page 78.

Whether you are an electronics engineer, technician, student, or justan enthusiast working from home, The Maplin Elecironic Circuits Handbook
is foryou. Itaims to explode two popular misconceptions conceming the design of electronic circuits: that only those with many years of experience
should undertake circult design and that the process relies on an undersianding of advanced mathemalics. Provided oneisnot too ambitious,
neithar of these populariy held beliefsis true.

Specifically, this book aims to provide the reader with a unigue collection of practical working circuits together withsu pporting information so that
circuits can be produced in the shortest possible time and without recourse to theoretical texts. All circuits describad have been thoroughly tested
and, as far as possible, a range of commonly available low cost components has been adopted ineach cass.

The Maplin Electronic Circuits Handbook assumes that the reader has atleast an elementary understanding of electrical principles and, in
particular, is familiar with common electrical units and quantities. Provided the reader has this knowledge and can perform simple arithmetic
caiculations, there should be no difficulty in following the mathematics presented here. A selection of the most popular Maplin projects are
described in the text and readers can be confident of obtaining the components from Maplin.

Passive compeonenis; Semiconductors; Powar supplies: Amplifiers; Operational amiplifiers; Logic circuits; Timers; Gamputarmlar!actng Toolsand
test equipment; Circuit consiruction; Selected Maplin projecis; Appendices.

VARIOUS

BABY MONITORS Hear baby's every
sound on an FM radio. Matchbox size,
long range. Ready foruse £10 each.
Mrs M. Hicks, 24 Brewster Road,
Boston, Lincs PE21 0DY. Tek 0205
352003,

GIANT CLEAROUT!

Components, ICs, capacilors, resisiors
— everything must go. Send SAE. for
Iist to M.].D. Blenheim, Walton Lane,
Bosham, West Sussex PO18 8QF.
MICROPROFESSOR-1B

TRAINING SYSTEM plus applications
board. switchlamp unit and books
£150. Kevin Edwards, 19 The Square,
Tatsfield, Kent TNIG 2AS.

BECEMAN DIGITAL
MULTIMETER, fully shockproof and

waterproof, £100. Transistor Tester £20.

Also various ATA communications and
various books for sale. Tel: 051 356
1112

THANDAR PFM 200A frequancy
counter 0-200MHz — £30. Veleman
K2823 30V/3 Amp variable Power
Supgly kit, ready assembled, with
toroidal — £15. Matsui Video Player,
brand new condition — £50. Polaroid
Instamatic, spanking new, used only
with first ilm pack — £12. Urgent nesd
of cash. Tel Derek on 08] 630 5158,
MAPLIN SURROUND SOUND
DECODER for sale, as new £33, Tel:
0844 53289,

COMPONENT BAGS resistars,
transistors, IC's, LED's, soldsr etc. £20
warth. Sell for £4 each. Add T6p P+P.
Mr B. Lioyd, Dorlan, Dolgran Road,
Pencader, Dyfed SA39 9BX.

FOR SALE Advance OS1000 dual tr=ce
o=cillescope, Complete with manual
and probes. Excellent condition. £175
o.qo. Tel: 0206 226568, evenings only.
FOR SALE Part Built Maplin Kits— gas
detector-£15, digital spesch record/
replay £20, play along mixer £12.
Ferrcgraph cassstie deck £680 plus
many other items. Tel: 0344 485243,
evenings.

October 1930 Maplin Magazine

CLANSSIFIED

1f you would like to place an
advarusement in this section, here's
your chance to tell Maplin's 200,000
customers what you wanl to buy or
sell, or tell them about your club's
activities - absclutely fres of
chargs. We wall publish as many
advertisements as we have space
for. To give a fair shars of the
limited space, we will prini 30
words fres of charge. Thereafter
the charge is 10p per word. Please

strictly profibited in the Maplin
Magazins.

Please print all adventisements in
bold capital letters. Box numbers
are available at £1.50 each. Please
send replies to Box Numbers to the
address below. Please send your
advenisement with any payment
necessary to: Classifieds, Maplin
Mag., P.O, Box 3, Rayleigh, Essex
556 BLR.

note that only private individuals For the next issue your
will be parmitted 1o adveniss. adverisement must be in cur hands
Commercial or trads advenising is by 1st October 1950.

CIRKIT DFMZ Mk II Digital FLUKE Digital Meter £50, HV Probe

Frequency Meter, 6 months old, £35.
Also Denco GP coils, blue range 3-4-5,
£6 slightly used. Seon Smyth, “De
Pomres”, 67 East Princes Street,
Helensburgh, Scotland G84 7DG.
MAPLIN STEREO DISCO UNIT -
unfinished project — nesds assembly
and wiring. Over £400 of paris
including 12V Varispeed decks, 150W
Mosfet Amps etc. Offers around £225 +
carriage. Tel: 0272 24B673 (day).
VIDEO DISC PLAYER — Philips, with
remote control, nine discs. £125. Tel:
Bristol 0272 246670 daytime, 685767
eVEnings.

PCPB's low cost and fast. Only £0.0628/
SCM. All done on HQ fibreglass, from
your/our ELV films or photocopy.
Milica Lalovic, Junkovac, 34313
Natalinci, Yugoslavia.

FOR SALE I have some periodic tables
available. Probably the best available -
atomic number, mass, density,
discovery date and morell! Send 3x 20p
coms and A4 SAE 5. Yousaf 137 The
Crescent, Slough, Berkshire SL1 ZLF.

£16. Megger £100. AVO Multiminor £16.
Tel: (81 685 2813, 6-Bp.m.

MUSICAL

MAFLIN MATINEE ELECTRONIC
ORGANS 2 for sale. Professionally built
—£350 each. Also Yamaha PSS-570
keyboard — £150 o.n.o. Tel Leeds 0532
B73251.

MAPLIN MATINEE ELECTRONIC
ORGAN in perfect condition. Built by
the designer of this instrument. Full
specification including 2 < 43 note
keyboards, pedal board, 30 rhythms,
Draw bar and pre-programmed voicing
plus many other effects. ideal
beginners organ. Genuine reason for
sale. £175 ono. Tel (702 339204

COMPUTERS

PRINTER FOR SALE Eps=on MX80
campatible printer, excellent condition,
RS5232 & Centronics interface, ideal 1=t
time buyers printer, with nbbon and
brand new spare. £65 workang. Tel: Les
on 0702 352638, Buyer collects.

ELEKTOR JUNIOR COMPUTER
Uncased but working, with power
supply and books. Also Maplin
Elecironics piano, working but nesds
tidying up — buyer collects. Offerson
Bristol 0272 350054.

180W CONMPUTER PSU +5.2V at
B8.75A, +132Vat05A,-13.2Vat

1.0A; Fan Cooled, Switched Mods,
£30.00 o.nio. Also various Maplin HQ
Mixer Kits, unused. Tel: Adamon 0777
102284 after Spom. for datails,

WANTED

CIRCUIT, GEN AND SWITCH REAR
positions for Manitor-keyboard of
Televideo mode! 850 (USA). Write
GZDHV QTHR or phone (81 300 1645,
ANY NAB TYPE Broadcast cartndges
for Sonifex cart machines. Must be
cheap as possible as for enthusiastic
student working in hospital radio, Tel:
Alex on 081 777 6241.

ANYONE OUT THERE with 2 project
to tap H5232 serial from the expansion
port onan Amstrad PCW? James M.
Clark, Flat 163 Hunter House, Walker,
Newcastle Upon Tyne NES 3XH.
MANUAL or any other information on
M-basic and Adler Alphatronic P2,
Also any software for above. Contact
Kimber, 2] Wzlton Closs, Wonhing.
West Sussex BN13 ZB].

WANTED! Circuit diagram/PCB layoumt
to convert Maplin Wind Speed Module
into LED digital readout, if possibls
with memory. Pleases send information
to Richard Davies, Blackthoms, 16
Dingle Lane, Crundale, Haverfordwest,
Dyfed SAS2 4D].

MY FORTEL CCDHP tims base
correctior needs repair. Service manual
or circuit diagram or any other help
wanted for suitable fes. Tel: 0542
583075,

PLASTIC FUNCTION KEYSTRIP
wranted for BBC B. Also wanted: Aviator
on disc (need not be packaged) and
copy of Micro UserJuly 1883, Tel 0752
67690 after 4 p.m
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Revised and Updated by Alan Williamson
Original Design by Dave Roffey ;

FEATURES * Can be used in multi-instrument layouts
: . for instant unit shutdown on changeovers
* Provides automatic shutdown of unwanted
noise during ‘pause’ conditions * Can effectively cancel crosstalk in multi-
. .. L microphone set-ups
* Compander technique eliminates ‘signal
snapping’ * No circuit trimming required

* User adjustable characteristics for high or * Can be used in its own right as an effect to
low level network insertion create soft attack ‘bowing’ characteristic

[ R N |
Foreword
Specification Partficular projects from the Maplin range have
proven to be very popular over the years; but unforiu-
Supply: oV nately, technology and compenents often change, thus
Current consumption: 6mA resulting with these projects becoming obsolete. Some
Frequency response: 90Hz - 20kHz of our early pub!ic_ations such as the ‘Best of E&MM’, will
Input (min): 10mVY rms soon be out of print as many of the published projects
Input {max): NV rms and kits are now discontinued. However, some projects
Output (max): 1:6V rms remain available and will be re-published (with updates
and improvements as necessary) under the series fitle of
N~ o ] Bl o
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Introduction

In these modern times of multi-device
usage, noise or crosstalk can often become
such a nuisance that desired sounds often
have to be forfeited. Although this unit can
do nothing about the distracting noises
emanating from audiences, producers,
efc., it can considerably reduce, or even
eliminate, pause noise from devices in
which it is otherwise impossible to improve
on signal to noise ratios.

Several types of noise gate are
available for this kind of noise elimination
— 'snap-off’ units — programmable types —
externally confrolled units - low level
expansion devices, etc. In order that the
unit may have as wide a range of
applications as possible, the low level
expansion or dynamic gate has been
selected. This type tends to be less crifical in
sef-up and general use, giving a more
musically acceptable sound entrance and
exil than the ‘sudden shutdown’ units.

Having a wide range of user adjust-
able characteristics, it should find many a
useful working place with, for example,
guitar/organ/keyboards levels to mixer
desk/P.A/recording levels. Not only can it
be used for its main purpose, that of closing
down noise or unwanted signals below a
selected level, but as an effect in its own
right, crealing soft attack, bowing type
characteristics.

Noise gates have been in use for
considerably longer than most people
would imagine. In fact, the first application
of these devices was in the 1930’s, when

2:1
compress
®
ﬂa 74 Low level
4 5 pand [ istrach
1c1 caatrol
®
‘lﬁ‘lﬁ |
-3 9 ™1 Attenuator
Ic2

Output

Figure 1. Noise gate block diagram.

—o
I

. o

Figure 2. Circuit diagram for noise gate.
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they were used to reduce unwanted cracks
and pops from soundirack film that had
become dusty or scratched.

The most popular use for the dynamic
noise gate is that of removing undesirable
noise during pauses in live or recorded
performance. To achieve this, the threshold
(the level at which the incaming signal
operafes the gate) would normally be set
just under the required signal level.

The unit is easily consiructed and does
not require any ‘setfing up’. As a self
contained unit, it can be used in different
applications at will, although being very
compact it may be easily panel mounted
for ‘one-off’ noise conditioning.

Basic Functions

Referring to Figure 1, fake note of the
following:
1. When a mono jack plug is inserted into
the stereo jack socket (JK1}), the plug will
shori the socket ring and sleeve contacts
together fo effect power up.
2. A high input impedance stage is used to
reduce any input device loading. The
output of this stage serves also as the unify
gain stage for pre-post comparisons.
3. A switched gain stage provides
adjustable sensitivity and allows flexible
device usage.
4. The first stage of the dynamic noise
gate’s active circuity consists of a fixed 2:1
compression network.
5. The second stage of this aclive circuitry
consists of a 1:2 expansion network with a
simple resistive control element (potentio-
meter) for adjustable low level mistracking.
This action is responsible for the tfofal
characteristics of the unit.
6. A passive afienuator is switched in
conjunction with block 3, so that an overall
1:1 input/output level is maintained. A
straight-through route is included in the
switch position which allows for compari-
son tests. Forthose of you interested in such
details, phase inversion between input and
output does not occur.

Circuit Description

Referring to Figure 2, audio signals
enter the non-inverting input of ICl1a via
coupling capacitor C1. ICla is biased by
R1 and R2 via R3, the input impedance is
(R1//R2) + R3.The voltage set by R1 and
R2 ensures that outputs from ICla & IC1b
will be evenly clipped at maximum levels.
(At lower than normal battery levels
moximum posifive excursions will be
greater than available negative excursions
due to internal circuitry.) R4, connected in
the negative feedback line, equalises input
biasing (R3 = R4) for minimum output
offsetin ICla.

IC1b is also used in the non-inverting
mode and has gain levels of 0dB, +6dB

74

.Battery —ve
(black wire)

;
<
S|

Noise gate

Actual position
of RV1

itew +ve

(red wira)

Wire link
soldered to
body of pot

=<—PCB

Figure 4, Wiring.

Figure 3. PCB track and legend.

and +10dB, selected via Sla, which
introduces feedback reducing resistors R7
and R8.

Entry to the Compander section is
now effected via C3, with compression
achieved through IC2a and expansion by
IC2b. All components in this section have
been selected for the best overall perform-
ance in terms of frequency, speed of
operafion and distortion when bearing ifs
‘musical’ application in mind. *

In the expansion section, RV1 is the
resistive control element and operates by
giving an increasingly false representation
of a lower level of rectified signal, this
voltage appears across C10; increasing
the aftenuation rate is achieved by
decreasing RV1's resistance.

This increasing attenuation character-
istic creates low level expansion and is
used to reduce the dynamic range of any
signal within its domain, with a consequent
drop in noise level. At higher signal levels
RV1 becomes less effective in.iis role and
allows a return towards original signal
dynamics. :

Returning to normality, S1b selecis the
resistars (R15-R17) that are required fo
achieve an overall device gain of unity.
Slain conjunction with S1c also selecis the
output of ICla, enabling pre and post
‘gate’ comparisons to be made.

Construction

Please refer Figure 3 for the layout of
the PCB and to the Constructors Guide for
hints and fips on soldering and construc-
tional techniques when building the board.
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and toper end

Remove Position Stop Lock
location peg 4 ring nut
N \ I 1
\J
JaNN

- Cut eyelets off

washer

Figure 5. Switch location peg.

The rest of the consiruction details
relate fo the cased unit, for panel mounting
all that is necessary is to ‘flylead’ the input,
outputand RV1 wiring. Circuit board fixing
is effected by the rotary switch on which
the board is mounted. PCB assembly
should begin with the resistors, the offcuts
from the resistors are used to make two
wire links, which should be fitied next. The
copacitors and ICs may now be fitted.
Double-check polarised capacitor and IC
orientation. Two lengths of hook-up wire
are required for connection to RV1, these
are made from the hook-up wire provided,
remember that since RV1 is mounted
above the board, components beneath it
should lay flush to the board.

Solder the battery connector with the
positive lead connected to the pin next to
R7, and the negative lead to the cenire tag
of the stereo socket. See Figure 4.

Then fit the rotary switch. This switch is
normally obtained with solder type eyelet
tags which need simple modifications for
PCB fitting. Cut these eyelets off, as close to
the solder hole as possible using a pair of
snips, taper the ends to assist in aligning
and fitting into the board, you will also
need fo cut off the location peg on the
switch, see Figure 5. Next, the stop ring
needs to be moved, turn the switch to the
furthest position anticlockwise and fit the
stop ring tag in hole number 4.

Using the hook-up wire, OV, input and
output leads can be connecled to the
board.

After making sure oll components
have been fitted correcily, a few quick
checks with a multimeter will verify correct
basic operation. Switch the meter to the
100mA DC current range. Connect the
negative lead of the meter to the battery
OV, this isidentified from the symbols on the
side of the battery, connect the +V
terminal of the battery clip onto the battery.
With the remaining meter probe, briefly
touch the baitery clip OV terminal, if a
reading of less than 10mA shows all is well.
Remove the meter from the circuit. If you
obtain @ reading of more than 15mA,
something is wrong! Check to see if you

October 1990  Maplin Magazine

have any solder blobs shorfing out the PCB
tracks, also check to see if you have
inadvertently inserted the IC's with the
wrong orientation, or is there an incorrect-
ly fitted tantalum capacitor? If a capacitor
or IC has been incarrecily fitted and power
applied to the circuit, replace the offending
componentfs) even if it sfill works, other-
wise it may become faulty after a short
time. Voltage checks on the outputs of each
IC with a meter set to the 20V range will
confirm correct operafion of the cireuit,
pins 1 & 7 on IC2 should be approximately
5V and pins 7 & 12 of IC2 approximately

e
S if\%” Ki":
|
|
|

Figure 6. Drilling instructions.

3-6V. (These voltages are related fo
internal references that remain constant,
and therefore allow for battery voltage
reduction.)

All that remains now is o mount the
unit in a suitable case. The metal case
suggested in the parts list is ideal since it is
small, easily workable, and provides good
screening. Two appropriate holes in both
the fop and the side are all that are
needed, see Figure 6 for drilling instruc-
tions. The whole assembly is then %ﬁed into
the main case body and secured by the
switch, fitting the jack sockets into the case
first will make assembly easier, ensure the
jack sockets do not short out against the lid
of the case when fitted. A wire link
soldered to the body of RV1, with the other
end attached to the OV pin of the
potentiometer, will provide case screening,
see Figure 4.

Operation and
Application

To obtain maximum usage of the unit,
its functional characteristics should be fully
understood. This can be achieved mainly
by studying the response curves. The 1:1
gain slope (Figure 7) reference allows you
to visualise the deviation from the normal
input/output characteristics. The curve
closest to the 1:1 gain slope shows the
input/output of the device when setin any
gain position with RV1 set for minimum
effect (clockwise). Note that input signals
or noise below —60dBm (horizontal axis)
will be attenuated reducing iis effective
level as the output deviates rapidly away
from the 1:1 gain slope fowards —85dBm
(vertical axis), This is the operating region
of the unit. Signals above —60dBm will
have a virtually normal dynamic range.
The unit will completely shut down below
—38dBm with RV1 set to maximum  (this
setting will shut off most extraneous noises).

Since the compander section uses
rectified signal levels inifs operation, speed
of recognition of these levels becomes a
compromise between several factors, one
of which is the loading of the circuitry by
RV1. It should, therefore, be remembered
that the unit will take a finite fime to attack

and decay and that these items bear a |

direct relationship to the threshold level
(that level selected at which deviation from
normal characteristics occurs), and change
in amplitude of the input signal. For
example, with the noise gate set at OdB
gain and input levels gated from infinity fo
OdBm, attack times will vary for minimum to
maximum threshold seftings.

Before continuing with typical ap-
plicafions, it is pointed out that this unit is
designed for ‘pause’ noise reduction, and
has no “magic ingredient” for reducing
any noise present in actual signals.
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tered will be from microphones and low

Figure 7. Response curves for noise gate.

Wherever noise exists, in-line connec-
fion of the noise gate should discriminate
«and further separate it from the required
signal. Probably the lowest levels encoun-

‘output guitars (low Z mics will have to be
transformed or the unit modified to suit). In
the case of microphones, crosstalk (pick-up

76

from sources other than that intended) will

be the problem to cure. The +10dBm
setting will allow maximum dynamic range
with fast affack fo be achieved when
dealing with low level crosstalk (drum kit
miking, awkward placement instrument
miking, oulside recording in windy condi-
tions excluded).

ﬂ‘e _' Anoﬂmr.tntamsﬁng use ef'-
i e is for changing the aftack
“of an instrument. If the

aﬂack type sounds can be created, Similar

treatment can be applied fo speeml effects

units (Echo, Charus, Phasing, Distorfion,

‘etc.), by usin ‘? the noise gate between the
last unit an

its main amplrﬁcailon The
+6dB mode will be the norm in this
application, since typical peak levels may
infroduce clipping.

Multi-instrument set-ups can often
make the background noise unuccapfabla,

‘considering that all unifs probusx remain
set at the required output level when only

one or two instruments are actually being
used at any fime. Fifting individual noise

‘gates to the noticeably ‘noisey’ instruments

will automatically shut off their outputs
when not in use.

Exireme levels of noise, or higher
input levels, can be coped with in the 0dB
mode, makmg this seffing suitable for most
line and mixer desk levels.

Itis also possible fo reduce fixed delay
times of instruments or reverberation
treatments by suitable setting of the noise
gate confrol parameters.

| This obave items, excluding Ophonul are avaliable as a Im
Order LK43W (Noise Gate Kit) Price £9.95
The following items are also ovailable separately:

Noise Gate PCB Order As GA43W Price £1.48
Nosse Gate Panel Order As JR&TU Price £1.9B

Maplin Magazine October 1890
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A COMPLETELY NEW DIMENSION IN SOUND QUALITY!

DECODER

» Fully tested and aligned &
* Ready toinstallinto aimost (&
any modern colour TV set

The Maplin NICAM 728 Decoder converts the -2_- '
additional digital code present’ inthe TV signalto . _
a high quality stereo soundtrack with a quality
similar to that of Compact Disc.

This fully working system is based upon
the Toshiba NICAM chip set, and comes e
ready assembled.
TCumentiy being transmitted from Crystal Palace, Emizy Mooe
Wervoe Winter HE Mangip, Blsck HEl, Durns, CarsdenHlt
Dvis, Sangy Heath. Rownoge, Caldbeck and Beimont
accorong 1o (BA schedide

Upgrades almost any modern colour TV set—
no need to purchase a new TV set or VCR!

Features * Revertsto FMaudioif
* Single +12V power 'NICAM s not prasent
requirement * High Quality Optimum
* Automatic audio Performance without
‘swiiching (Mono- any additional IC’s This price available to trade only, ring 0702
‘Stereo-Bilingual) * NICAM mode 554171 and quote AMOOA special 250 off deal
% British Design indicators reference: Elecironics.

| Trade: 1 off —£95.60, 10 0ff —£75, 50 off—
| £69.50, 250 off— £60 plus VAT each.

=\ Normal Retail Price £109.95 (Inc. VAT) each
=01\ (Order Code AMODA)

Initia! avadabity limited — book your orders now!

/4 e gl IR, ELECTRONICS

CREDIT CARD HOTLINE

Issues34,35&360fthe
Maplin Magazine contain
full details of the NICAM

decoderand the NICAM TV i - PHONE BEFORE
tuner projects. - E 5PM FOR SAME
Order codes: DAY DESPATCH

XA34M price £1.45,
et 0702 554161
XA36P price £1.45.

ALL PRICES INCLUDE VAT.

* Build-it-yourself NICAM decoder in kit form; gl{]1 items sué»r:ct o i\-:i!‘:shuﬂ{‘ all items vﬁ:l b%g; sale m’uiur shops in ?q:rrmgham.
ghion, Brslol, Les Ammesmi wars, Manchester, Nottingham,
orderas LP02C £79.95 Newcastle-upon-Tyne, Reading, Southampion and Southend-on-Sea.




SUIDE TO ELECTRONIC COMPONENTS

ABLORMANCES DAV
U localblranch |
(” of WHSMI'TH

ONLY £9.45
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