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Available for the first time! The new Maplin

magazine binder that holds twelve issues of

Electronics, the Maplin magazine. If you have not

gotthe world of Electronics covered, now’s your chance!

This great, quality binder comesin hard wearing, _— 3

laminated art board, that not only looks good on your R HOLOGRAMS
bookshelf or workshop desk, butis also a great way to SR 3 4 e
build up an Electronics reference library of your own! =) f

Now you can keep all of your copies of Electronics,
the Maplin magazine, together and on hand for when
you need that extra piece of information. To order your
binder simply fillin the order form provided in this issue of ] .
Electronics. Only £5.25 (plus £1 handling charge). o " bl o HN TV T
Order no: XH99H. R i - e e

THE NEW MAPLIN MAGAZINE BINDER...
A GREAT WAY TO GET THE WORLD OF ELECTRONICS COVERED!




EDITORIAL

Bin this issue there are some feally great
projects and features. Firsta moisture
proof temperature controller, ideal for
controlling heating and cooling devices
In damp environments such as
greenhouses, sheds or outbuildings.
Sauare One looks at the baslc
architecture of microprocessor systems.
The 24-line PIQ card for the IBM PC is
designed to provide a host of interfacing
facilities. Amateur Radio gets more than
justa look-in with the ‘Ranger’ 160 Metre
Receiver. Qutand About pays a visit to
the London Planetarium and there's
some tickets for you to win! Data File s
on the SSM2045 Music Voicing IC,
which is ideal for use In electronic music
and effects applications. AFILS presents
some practical circuits for monitoring
and measuring loop signals and field
strengths. Plus the serials on Robotics
and Programming in BASIC. For
beginners the ‘Watch as you build' kitis
reviewed. Alan Simpson investigates the
current state-of-the-art of HOTV. And
there is of course all of the usual regulars
too. So why not read on and enjoy!
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DATAFILE:
SSM2045

# Music Voicing IC ideal for
synthesisers and audio
effects.

TEMPERATURE
CONTROLLER

# An ingenious design with
temperature displays.
|~

IBM PC 24-LINE
P10 CARD

/

B Allows external devices
and sensors to be controlled
and monitored.

4 8 ‘RANGER’ 160m
RECEIVER

8 A superhetfor the 160m

aBFOtor SSB and CW
transmissions.

PROJECTS

amateur radio band, includes

FEATURES

7 HEARING,
DEAFNESS AND
ELECTRONIC
TECHNOLOGY

¥ Part two deals with
cochlear implants.

SQUARE ONE

§ Part seven deals with
busses, microprocessor,
address decoding and

memory.

4 ASTRONOMERS’
DELIGHT

B Our intergalactic roving
reporter takes a light-speed
trip to the outer reaches of
our galaxy —all frominside
the M25 boundary.

4' PROGRAMMING
INBASIC

B Jeft Scott continues this
series about programming
techniques and methods.

4 PRACTICAL
ROBOTICS

B Practical aspects of
building and controlling
simple robots.

AUDIO
FREQUENCY
INDUCTION
LOOPS

B Inthe final part John
Woodgate presents some
practical designs for aloop
receiverand field strength
meter.

b

5 WATCHAS YOU
BUILD

¥ David Holroyd takes a
beginners’ eye view of this
new Maplin kit.

HDTV
B Alan Simpson looks at the

future of HDTV and some of
the problems now being

encountered.
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Zero Crossing Oplo Switch
Page 56: due o the change of speciticalion ol RASEL (Zero
Crossing Opto Triac) the value of R1must be decreased to 470R
for9¥ operation or 220R for SV operation

Page63 PartsList, R1 should be changed as above. Stock
numbersfor Euro plug/socket should be FT64U and FT63Tand
notHL15R andHL16S as listed
0 February to March 1991 VOL. 10 No.42

Anintroductionto Programming inBASIC - Part One
Page 71: the figure numbers and captions for Figures 7 and 8
were Iransposed, as were the true’ 2nd faise’ labels on both of
these diagrams.

High QualityPower Supply
Page 2 the circuit diagram, Figure 1, contalns adrawingerrar, in
which twa connections to the bridge rectifier are iransposed The

lowet end of the f w voltage secorgary winding snould connect o
thejunction o DS -nd D6 and st to the junction of D8 and DS as

| Indicaied Theun. .qulated nege live supply rail should connect to

thejunction of 08 ang DS and autto the junction ot D5 and 06 as

~ indicated

Page2:the capacitor specifications, Table 1, contain several
tyoe-settingerrors 10,0004 F 63V Can Table- The leading digit
onlines 1,2 and4ot the 1kHz column have shpped leftwar as (G
Jointthe 400Hz column. Skmilarty on the 10,000uF 637 Audio
CanTable - The leadingdigitonlines 1 ang 2 of the Tid42culumn
have slipped leftwards (o join the 400H: column
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Instant 32-Bit
Performance
Enhancement

Cost-effective and easy to install, the
FASTCache-SX plug-in accelerator
card from MicroWay enhances 16-bit
286 IBM compatibles with 32-bit per-
formance.

Based on a 16MHz 80386SX micro-
processor, it maintains complete hard-
ware and software compatibility with
existing 16-bit systems and enables AT
users to run 80386-based multi-tasking
operating environments such as UNIX
386, DESQview 386 and Windows 3,
as well as 32-bit protected mode code
such as the MicroWay NDP-386 series
of compilers.

In performance tests, using the
Whetstone benchmark as a basis for
comparison, the FASTCache-SX was
shown to be ten times faster than a
6MHz IBM AT and 85% as fast as a
16MHz 80386 computer

Designed to fit into a short or
standard expansion siot in the 'O
channel of the AT, the FASTCache-SX
half length card includes 32K of high
speed cache memory (expandable to
64K), which accelerates 16-bit and
32-bit applications such as Lotus 1-2-3,
AutoCAD and Microway's NDP-386
compilers. A socket for an optional
80387SX fioating point co-processor
accelerates the speed of numerically
intensive applications.

Several innovative features distin-
guish the FASTCache from other
cached accelerator cards. System

\

| tasking operating system on

oF"

performance, for example, is improved
by up to 50% by placing data in the
write buffer” before passing it to
system memory during write opera-
tions. Consequently, the processor can
ccntinue to execute code from the
cache while the previous write to
system memory is being completed.

A four-way set associative cache,
more efficient than direct-mapped and
two-way caches, enhances system
speed by achieving hit rates in excess
of 80%. Coherency between the cache
and main memory contents is main-
tained utilising a “snoop bus”, a
connection to the 1/0 channel which
monitors DMA accesses so that stale
data is not left in the cache.

Both 16-bit 80286-based code and
32-bit 80386-based applications can
be run on the FASTCache without
modification. The 80386SX/80387SX
processor pair used on the card is
cornpletely compatible with software
written for real address mode, virtual-
8086 mode, protected 80286 mode
and protected 80386 mode.

Microway is currently offering a
Window 3/FASTCache-SX bundle,
which enables PC users to run Micro-
soft's popular 80386-based multi-
their
80286 machines. Prices start at
£360.00.

Further information can be obtained
from Mr Yehia Oweiss, Technical
Manager, Microway (Europe) Limited,
32 High Street, Kingston-upon-
Thames, Surrey, KT1 1HL. Tel: 081-

| 541 5466

Getting the Picture

One range of products not affected by
the Christmas economic shopping
slow-down was that of Camcorders
Now Sony have introduced an 8mm
video cassette recorder for camcorder
users. The Sony EVS550 features
Hi-Fi stereo recording and playback
with a 60 channel NICAM tuner, plus a
choice of terminals for easy connection
to a stereo TV or Hi-Fi system. Various

2

playback modes can be selected in
either direction by use of editor shuttle,
which can also act as a recorder or
player control for another compatibie
camcorder or video recorder. Supplied
with the system is a remote comman-
der with LCD panel. Up to six events
one month in advance can automati-
cally be set by remote control with a
memory facility for four favourite set-
tings. Price £549.99. Details: 0784
467371

Very Trendy

Trend's Test and Analysis Division has
signed a sole distribution deal for
Tekelec's (Tekelec Inc. of Calabasas.
California, U.S.A)) full range of data
communications diagnostics test sys-
tems, in the U.K. and Eire

Trend, already a leading player in
the test and analysis market believe
that the Tekelec partnership not only
extends their already quality range, but
gives them the opportunity to introduce
new products to the market quickly. As
confirmation, the agreement coincides
with the launch of the new ChameLAN
100, a FDDI (Fibre Distributed Data
Interface) network test system. The
unit is the first truly portable LAN
analyser for FDDI developers and
users to be offered in the UK. The
ChameLAN 100 is also the first FDDI
test system to ensure continuous
network testing regardless of traffic
loads or problems on the network, for
the full 10CMbps bandwidth.

Trend's Test and Analysis Division
are also able to offer the Chameleon 32
and Chameleon 20 in Tekelec's range
of protocol analysers. Chameleon 32

| has established itself as a leading

product for supporting data com-
munication protocol development for
X25, ISDN, SNA, OSI, FTAM and X400
systems. The Chameleon 20 has been
adopted by many PTT's world-
wide for use in End Office Test Sys-
tems for maintenance of X25. X75 and
ISDN networks, in particular DASS I
and DPNSS for the U.K. ISDN market

Already taunched in the UK. is the
Trend Testman 705 field portable
protocol analyser range for WAN and
ISDN networks, Trend's agreement on
the Testman 705 extends into interna-

|

tional markets, including Europe and
the Middle East. The portable Testman
705 can perform in both field service
and development environments, com-
bining a wide variety of protocol
analysis, data line monitoring and
testing capabilities together with ISDN
protocol decodes and emulation. The
Testman 705 range is fully upgradable,
from the 705 Super to the top of the
range 705 CEPTI. The Testman 705
supports not only ISDN but aiso a
number of other protocols including
X25, SNA, DDCMP and BERT/BLERT
at speeds from 50bps to 2Mbps
Completing the current Trend
Tekelec offering is the Message Gen-
eration Test System MGTS, a multiport
evaluation system for Signalling Sys-
tem Number 7 (SS7). This product
prevents SS7 service disruption by
testing worst case conditions before
the network is installed, protecting the
network with in-service surveillance
and complete SS7 node simulation.
The MGTS system also supports the

GSM signalling system in use with
cellular telephone networks

Trend’'s Managing Director Arthur
Fisher commenting on the partnership
said 'We are pleased to add Tekelec's
systems to our product offering be-
cause they are already highly re-
spected by the data communications
community”. The agreement provides
Tekelec with a safe pair of hands for its
products, Peter Vicars, Tekelec presi-
dent and Chief Executive Officer
agreed "Trend as a member of the
Telemetrix plc Group has a winning
mix of marketing and technical skills to
match our distribution objectives

For further Information please con-
tact Sharon Bernstein, Corporate
Counsel Limited. Tel: 071-637 8575

Too Little and
Probably Too Late

BT's new Electronic Data Interchange
service planned for later this year has
been dubbed 'too little and too late
According to Michael Naughton of
Applied Network Research, the leading
U.K. EDI authority, most major U.K

| markets have aiready been sewn up by
| such suppliers as ISTEL and INS

|

'There could however be some oppor-
tunities in Europe for a BT service
While the global reach of BT Tymnet
value-added data networks is very
impressive, the built-in PTT/Post Office
culture of BT may impede its move into
the highly commercial world of EDI

Meanwhile, Michael Naughton sees
EDI booming over the next four years
with large users and vendors being
encouraged to join the club by their
customers. “What we are seeing is EDI
moving from awareness to imple-
mentation. Increasingly companies are
implementing EDI not just as a high
tech tool, but as a practical and
effective business solution

‘Cowabunga!’

Turtlemania has reached the comput-
ing world. Currently riding high on the
top selling computer games software
charts, those Teenage Mutant Ninja
Turtles have emerged from the depths
to challenge such delights as 'Space
Invaders' and 'PACMAN'. Best sellers
are the Spectrum, Amstrad, Commo-
dore and Atari versions

Cable Connections

With OFTEL putting increasing press-
ure on the cable television companies
to get out and start digging, the Cable
authority is claiming that in broadband
cabled homes. the proportion of view-
ers watching cable and satellite pro-
grammes is nearly 50%. Not unex-
pectedly, the most popular channel is
Sky Movies from British Sky Broad-
casting. In fact, Sky Movies and Sky
One have overtaken Channel 4 and
BBC 2 in the ranking charts, for homes
which can receive satellite broadcasts.
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Testing the Spectrum

Closer to home, in Wiltshire to be
precise, Raychem has installed a
special facility to design and test
equipment against the Electromagnetic
Spectrum. The centre is equipped to
evaluate the performance of products
as regards both susceptibility to elec-
tromagnetic radiation and radiated

emissions, and conducted suscepti-
bility and conducted emissions. Exten-
sive varleties of powerful pulse gener-
ators are available to simulate lightning
and electro-magnetic pulse effects
under EEC directives. Detalls: 0793
528171

Backroom Boys in Top
Gear

It's not often that the automobile
industry gets much of a look-in in
‘News Report', but this issue aims to
change all that. Engineers at Ford's
research and engineeiing centre at
Bunton, Essex — down the road from
the Maplin editorial offices, as it
happens — are leading the develop-
ment of a plastic engine which gener-
ates 30% less noise than an equivalent
metal unit. The BRITE engine project,
which saw the light of day back in
1987, has now culminated in road
testing an engine which, apart from its
combustion chambers, cylinder walls
and moving mechanical parts, makes
use of special fibre-reinforced plastic.
So watch out for that specially modified
Fiesta quietly purring around the
highways and byways of Essex.

Chips with Everything

Those backroom boys at IBM obvi-
ously did not take much time off over
the Cnristmas break. They have just
announced that they have bullt transis-
tors out of a promising computer chip
material called 'silicon-on-insulator’
that runs three times faster than
comparable pure silicon transistors.
The transistors are the Complementary
Metal Oxide or CMOS type of electro-
nic devices, a mainstay of computer
chips that power laptop and personal
computers. The development, says
IBM, indicates the long range promise
of silicon-on-insulator, a material that
could someday speed operation and
decrease errors in computer Circuits.
No mention as yet of IBM ex-
perimenting with the Ford developed
plastic material

Schools Out

A final note on education. ‘Computer-
gram’ reveals that U.S. students now
believe that it is more important to
know how to use computers than to
merely understand how they work
Apparently, for the third consecutive
year, the number of degrees awarded
In computers and information sclences
was down. Experts blame the decline
on a lost love affair with personal
computers.
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Wrong Number

What do you get if you ring a friend in
Hong Kong? Answer: A Wong number.
What do you get if you phone someone
in London? A polite operator telling you
to re-dial using the prefix 071 or 081

Now, just when we have got used to

| the new BT numbers, comes the news

that BT is proposing yet further
changes. Apparently BT is seeking to
change to a ten digit numbering plan
for its fixed network. This would involve
the insertion of the extra digit 't" in
each STD code after the "0

It now seems that pressure on the
existing numbering capacity is mount-
ing with the increasing demand for
numbers for additional telephone lines
and as a result of new services and
facilities.

The proposed change, says BT,
would enable a range of new numbers
to become available through the use of
additional digits other than '1". Cur-
rently, the Office of Telecommunica-
tions (OFTEL) Is examining the pro-
posal. If approved, then this time
perhaps OFTEL will pay some regard
to the customer and help reimburse the
costs of producing new stationery!

At least, such changes will not be
necessary in China. According to the
industry bible 'Computergram’, with
one telephone per 100 people in the
People’'s Republic of China, the aim is
to increase that number to three per
100 by the end of the century.

However, the ‘extra number’ news
will not please at least one enterprising
company, Datapoint, who are market-
ing a new computer-based telephone
directory system. This allows users to
automatically find telephone numbers
through a computer terminal, PC and
modem. The system allows anyone
access to BT's Phone Base service.
Designed for tele-marketing opera-
tions, the system has an access rate of
five numbers per minute - less
presumably if that extra digit is incor-
porated.

intelligent Phone-ins

Aimed at TV and radio phone-in shows
and response lines, BT is introducing
an Intelligent Network. Any sudden
deluge of calls to a station results in
engaged numbers and irritated callers.
The new system, which involves GPT
and Tandem Computers, makes use of
a database clustered around the
network's telephone switches, to antici-
pate heavy demand before it happens.
Lets hope the system will be extended
to certain box offices which handie top
line rock events and West End
musicals

Getting the Picture, 2

A video telephone system which
transmits video images over a stan-
dard telephone line has been de-
veloped by Imagebase Technology
The colour Photophone lets you use
your telephone to communicate both
voice and images, interactively. As a
reeult, users can see and discuss the
texture and colour of fabric at a
supplier’s centre, the colour coding on
a circuit board, or any drawing where
colour is critical to making a decision.
One of the first users was Ford, who
have installed the system in their
design engineering plant. Details:
081991 1396.

Taking the concept one stage fur-
ther, a development by leading French
manufacturers including Thomson and
Matra Is a colour video telephone that
transmits moving images alongside
speech and data over telephone lines.
But don't all rush at once. Currently
available at about $6,000, by 1995 the
price is expected to have tumbled to
just $1,000.

Getting Your Cards

Having devoted much time, energy and
money to saturating town and country
with telephone boxes, BT and Mercury
are now turning their attention to
Phonecards. Apparently BT executives
have their business cards printed on
10-unit Phonecards. At least the re-
cipients will not instantly ditch their
cards. Meanwhile, Mercury will be
featuring team photographs of many of
the top English teams on their tele-
phone cards. To encourage coliectors,
Mercury are planning a further 4,000
card phones in the U.K. during the next
six months

Hole in the Wall

According to a recent report by the
banking ombudsman, nearly 100 users
of banking cash cards received a cash
bonus in the past twelve months. The
bad news is that the banks' automatic
teller machines recognised the fault
and debited the appropriate accounts
with the amount paid out — not for the
sum requested.

Even more strange, only five of the
lucky users disputed the fact that they
had received the extra cash.

Not before time perhaps, a leading
bank has donated an operational
automatic teller machine to the
Science Museum. Although not quite
in the historic class, at least the exhibit
does work.

Moving with IBM

At the risk of this issue of ‘News
Report’ turning into an IBM House
Magazine, mention must be made of
the news that IBM is setting up its
Communications Systems Headquar-
ters in London. The division develops
the full range of IBM networking
products and services around the
world. The move has been welcomed
by Peter Lilley, U.K. Trade and Industry
Secretary, who lost little time in
suggesting that it was the UK's
liberalised and deregulated environ-
ment which encouraged IBM to choose
London. On their part, IBM suggest
that the move has been triggered by
the need to capitalise on expanding
business opportunities in a unified
Europe and around the world. (Job)
details: 0532 1212.

Sky Wars

British Sky Broadcasting has put at
ease those unfortunate purchasers of
the rival BSB service. Not only does
Sky intend to continue broadcasting
the full ‘BSkyB' service of five channels
on the Marco-Polo satellite for an
indefinite period, subject to the fran-
chise being withdrawn by the IBA, but
will replace the receiving equipment of
everyone who has installed BSB with
the Astra-based satellite TV equip-
ment, with installation free of charge!
Details: 071 782 3000.

Top Quality

Top marks must go to British Telecom
whose quality of service is now
achieving record levels. In the past six
months, more than 99% of the 80
million calls made every day get
through at the first attempt. Also 96%
of BT's 95,000 public payphones are in
full working order at any one time. On
average, the company adds, fault on a
line will occur only once in every six
years. Any adverse comments on
these claims to BT, please, not to the
Editor!

Sound Sense

If you haven't yet invested in the Maplin
NICAM digital stereo TV sound sys-
tem, you had better look sharp. The
IBA has now successfully completed
the first phase of installations bringing
NICAM to ITV and Channel 4 through-
out the country. The target, to make
NICAM available to 79% of viewers,
and to every ITV region (except
Channel), has been reached. This year
will see the second phase of NICAM
increasing coverage to over 90% of the
population. Details: National Trans-
communications, 0962 822582.

Picture Caption
Challenge

Now, just what is BT up to?
Answers please on the back of a
new five pound note to the editor:

* BT cleans up its act after Mary
Whitehouse watches a replay of a
Crystal Palace football club match
relayed by satellite

* BT sponsors a detergent commer-
cial.

* Having run out of payphones to
clean, BT turns its attention to
satellite dishes

+ BT's Chairman trying to scrub the
government's duopoly review out of
his hair.

* 'Those graffiti writers get every-
where

Well, realising that the chances of
you finding any clean five pound notes
are remote, the editor will save you
money and postage and reveal the true
answer

A BT rigger finalises the installation
of a new satellite dish to provide
speech and data communications
facilities for a North Sea Oll platform



‘Data Files’ are intended as
‘building blocks’ for constructors

to experiment with and the
components supplied provide
a good starting point for
further development.

FEATURES |

* 2-POLE AND 4-POLE LOW PASS FILTER
* ON-CHIP MIXER/VCA * LOW NOISE

APPLICATIONS » Electronic Music * Sweep Oscillators
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Introduction

The SSM2045 is a general
purpose IC offering a wide
range of filter and mixer options.
A Voltage controlied Low Pass
Filter with both 2-pole and 4-pole
outputs is provided on-chip,
together with an uncommitted
mixer/VCA combination. Figure
1 shows the IC pinout and Table
1 shows some typical electrical
characteristics for the IC. Figure
2shows the IC block diagram.

IC Description

The SSM2045 is effectively
in 2 parts; the filter section, and
the VCA.

Filter Section

The filter section provides
both 2-pole and 4-pole low pass
functions. Inputlevelsup toa
maximum of 150mV peak to
peak may be used, and the
signal input has an impedance of
approximately 300€). Higher
levels may be used within the
specified maximum limits, but an
increased level of distortion will
be apparent - this may actually
be desirable for some sounds -
and input signals can be summed
using a resistor network. The
signal to noise ratio for the filter
section is approximately 84dB
for a signal of 150mV peak to
peak at the input.

The 'Q control input
accepts a control current froma
sowrce which mustbe above
approximately +0-6V. An
internal 1-8k() resistor in series
with the emitter of a grounded
base PNP transistor provides
short circuit protection. This
current modulates a voltage
controlled feedback amplifier
which provides built-in
electronic Q of the filter stages
as a whole, with a minimum of
in-band loss at the oscillation
point. With alow Q the response |
of the filter block is nearly flat,
whereas with a high Q the
response can be sharpened up
to the point of oscillation.

Itis also possible to sweep
the operating frequency of the
filter over a range of 5000:1.
However, the sweep is usually
restricted to 1000:1 to remain
practical and this corresponds to
+90mV range at the F¢ input, pin
5, of the IC.

Mixer Section

The mixer/VCA section is
entirely independent of the filter
section allowing optimum
flexibility. In addition to the
mixer's control inputs (‘Lin Mix 1’

April 1991

Maplin Magazine

Parameter

Supply voltages:
Positive
Negative

Supply current:
Positive
Negative

Signalinput level (pin 2)
Q current required at
pin 17 for oscillation
Distortion (THD):
Filter section in band
Filter section max.
Mixer/VCA section

Filter output level

Filter output source current
Filter output sink current
VCA gain

VCA signal to noise ratio
Frequency control range

Conditions

*see note below

pinS =0V,
currentpin 15, 17 = OmA

peakto peak

input = 150mV peak to peak
input = 150mV peak to peak
input = 40mV peak to peak

peakto peak

Ipin 15 = I pin 16 = 500uA,
V pin 14 = 0V

* A resistor is required in series with pin 10 of the IC for voltages more negative than — 6:8V.

Min Typ Max
+5V +15V  +18V
-5V -15vVv  —18v
+37mA +50mA +7-:0mA
—-58mA —65mA —7'1lmA
150mV  300mV
120u”A  150uA  185uA
0-1%
1%
0-3%
v 3V
SmA 10mA 15SmA
600uA  750uA  S00uA
3842us 4085us 4330us
82dB
1000:1  5000:1

Table 1. Typical electrical characteristics.

and ‘Lin Mix 2), there is a third
input provided called ‘Expo
Mix', which may be used to
determine the relative levels of
the input signals in the final
mixed output.

Power Supply

Requirements

The SSM2045 is optimised
for use witha + 15V power
supply. Positive supply voltages
down to +5V can be used, but
with a progressive degradation
of performance; in particular the
VCA offset and control feed-
through are affected. However
the negative supply rail can be
any value greater than — 5§V
without any significant variation
in performance. A negative
supply voltage greater than
—6-8Vis clamped by an internal
zenerdiode, and soitis
necessary to connect a current
limiting series resistor between
pin 10 of the IC and the negative
supply rail if this is the case.

Kit Available

A kit of parts is available to
build a basic application circuit
using the SSM2045. The kit
includes a high quality fibreglass
PCB with a screen printed
legend to aid construction.
Figure 3 shows the circuit
diagram and Figure 4 shows the
PCB legend and track. Note that,
because the module may be
used in many different
applications, some of the

component values supplied in

| the kit have been assigned an
arbitrary value. For this reason
minor modifications may be

| necessarytoadaptthe circuitto

system via either supply rail.
Power supply connections are
madeto P1(+V), P2(0V),and P3
{ (—=V).Figure §shows the wiring
| diagram.

| individual purposes. Signals to the filter input are
The module requires asplit | applied via P6 (input), P7 (0V)
rail power supply inthe region and P8 (input). Resistors R3and
+10V to +15V thatis capable of | R4 connectthese to acommon
delivering at least S0mA. Itis point atthe IC and enable the
important that the power supply | initial summing of the two input
is adequately smoothed and signals, which are directly
regulated to prevent any mains coupled and should be
derived noise from entering the | referenced to 0V (P7).
—4 el
2 POLE ouTNJ 18| +vce
= :
SIG IN Li :1—_7] Q
CFq L:s liﬂ LIN MIX 1
= SSM2045 fr=es
— m
ey 4 | 15/ LN MIX 2
=1 L}
Fcl 5 14| EXPO MIX
CF3 E 13| MIX OUT
CFa| 7 12/ MIX 2 +IN
— —-—
Fre—s 8
4 POLE OUT | B 11/ MIX 1 —IN
-
r—-‘
‘ | -V
GND L34 E EE
Figure 1. IC pinout.
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Figure 2. IC block diagram.

Q control adjustment is
achieved by either using the
on-board presetRV1,oran

suitable value is 22k and this is
connected between P23 (+ V),
P24 (input) and P25 (negative

control. A quality cermet preset
isused to ensure long term
reliability.

exceed the supply voltage.
Two outputs are provided
from the filter. A 2-pole output is

external potentiometer. Wire end stop). If configured in this Frequency controlis available between P9 (o/p) and
link LK2 selects which type of waythenbothR15andRV1 are achieved by applying a voltage P10 (0V) and a 4-pole output
controlis used. If LK2is not notrequired. If LK2 jsfittedthen | between P4 (F¢ input)and P5 between P11 (o/p)and P12 (0V).

fitted, then the module is
configured to accept an external

the Q control is via the on-board
preset (RV1)anditis not

(0V). To preventdamage to the
IC, input voltages at this pin

The inputto VCA lis
between P13 (‘—'/p)and P14

Q control potentiometer. A possible to use an external Q should not be allowed to (0V),and the inputto VCA 2is
P
v s - . s —— B
D I ‘
& C7 =m RIS
- 2F 188rF . i
RY1
R3 B = ~0—L52—oaf*5kﬂ)
P6 15k P24
o l e ] s S ————39 R17
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pg 15K ) = m = 2 P19 —t—{
3 | ] u
3 16 LK1 P21 1
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pa e 7 W oy 9 2k P17 P25
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Figure 3. Module circuit diagram.
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Optional
Q control pot.
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Figure 5. Wiring diagram.
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TEMPERATURE

.y

1 1ant Note
WARNING: The 240V AC UK. domestic mains /5 et H
supply is dangerous and potentially lethal. 7 ) 4

Al reasonable steps have been taken 4 ‘) / Z \’
to ensure that this project complies with ! ’ »
the relevant U.K. electrical safety e — L /’:’//
regulations and thatinformation o — ' —
presented here is accurate. T 2\ s
Howeverplease use common =" o A

using this unit. If you have any

doubts as to your ability to con-

struct this project, do notproceed \

and consult a qualified electronics SN
engineer, or if you have any doubt

as to how the mains wiring should be
connected, do notproceed and consult a
qualified electrician.

sense when building, testing and / . >.. '
A\
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General
Dimensions:

Supply Voltage:
Back-up Supply:
Display:
Temperature Sensor:
Output Modes
Low-temperature:
High-temperature:
Display Mode:
Set-point Adjust:
Cable diometer:
Fixing:

Mains Outputs
Number of Outputs:
Switching Capacity
Resistive:

Inductive

Specifications

150 x 110 x 70mm (excluding
controls and glands)

240V AC Mains 50Hz

1-5V AA Alkaline Cell
12-7mm high LCD

3m External probe

Manual, Off, Automatic

Manual, Off, Automatic

High and Low Set-points and Temperature
Set and Select

5 to 8mm

4 x 1 inch nylon bolt

2 {low and high temperature) -

240W
240W

Switching Arrangement:
Optically Triggered

Live Side Zero Crossing Triac,

Temperature Logging

Data Format:
Clock:

Temperature Module
Operating Temperature:
Display Range

Celsius:

Fahrenheit:

Display Resolution:

Basic Accuracy

-10°C to +40°C
—20°Cto —10°C

+40°C to +70°C
Change in basic accuracy
by probe length:
Temperature Set-Points:
Supply Voltage:

Supply Current:

13-bit serial
Data limited

-5°Cto +50°C

-19-9° to 69-8°
0°to 159-8°

0-1°

o,

I+ 1+ I+

11:E
2°C
8@

ae6®

(SXS,X8;)
K<<

+0-83°Cm™'
1° steps

1-25V to 1-65V (1-5V nominal)
15uA approx.

U] Fs3
NC R4 1
PL2 |3 Aok
1 6 T12
A P2 |2 r
A —< 2| or2 |[snc |
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NOUT 2| op1 |sNC I
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Introduction

The Temperature Controller project
was originally designed for use in a
greenhouse, and as such the whole unit is
designed to be fully moisture proof. The
unitis therefore ideal for use in other damp
environments such as a shed, outbuilding
or garage. The unit has numerous uses in
other areas where a temperature control-
ler is required.

The unit is based around a ‘Maplin
Precision Gold’ Temperature Module type
FE33L, which drastically simplifies the
design. The temperature module provides
a digital readout of temperature, in either
fahrenheit or celsius, on an LCD display.
Temperature sensing is by means of an
external thermistor probe which is con-
nected to the module in place of the
onginal self contained thermistor.

The controller is housed in a water-
proof box with a transparent lid, allowing
the LCD disploy and LED indicators to be
clearly seen whilst maintaining a sealed

is desirable to maintain the temperature
set-points, which would otherwise be lost if
the mains power supply failed. Obviously,
during o mains power failure mains
operated heating and cooling will fail to
operate, but if a back-up supply is
provided, normal operation will resume
when the mains supply is restored.

Circuit Description

The circuitry for the temperature
controller is split across two circuit boards,
comprising the mains voltage circuitry on
one and the low voltage display circuitry
on the other. The mains voltage circuit
diagram is shown in Figure 1 and the low
voltage display circuit diagram is shown in
Figure 3. it should be noted that circuitry is
split in this way for safety reasons, and a
secondary benefit is that the assembly and
testing of the temperature controller is
easier.

It is as well to understand the circuit
operation as this will not only serve to

Anode

Cathode

Zero

N.C.

unit

crossing

Main
Terminal

Substrate
L RLC

Main
Terminal

Figure 2. Internal diagram of the MOC3041 zero crossing optoisolator triac.

enclosure. Mains cables enter the enclos-
ure via water-proof cable glands, which
also serve to firmly anchor the cable. The
toggle switches, which are used to select
various functions, are sealed by means of
water-proof polychloroprene covers.

The unit is designed to operate from
the 240V AC UK. domestic mains supply
and provides two triac-switched outputs
for controlling heating and cooling ap-
pliances. The two outputs are termed ‘Low
Temperature Output’ and ‘High Tempera-
ture Output’. Both outputs can be con-
trolled either manually or automatically.
When set to automatic, the low tempera-
ture output will switch on when the
temperature falls below a pre-set level {i.e.
to switch on heating). Conversely, the high
temperature output will switch on when the
temperature exceeds a pre-set level (i.e. to
switch on cooling).

The temperature set-points are held in
the temperature module’s memory, which
is volatile. For this reason a back-up supply

10

|
|

widen the reader’s understanding of
electronics, but also ussist trouble-shooting
should a fault occur.

Mains Voltage Circuitry

Referring to Figure 1, the mains input
is connected to TB1, and protection of the
temperature controller is afforded by FS1
which is fitted in the Live side of the mains
supply. Supply borne noise and interfer-
ence is aftenuated by C1, which is
connected between Live and Neutral. A
low voltage supply is provided by T1,
which develops 9 — 0 — 9V AC across its
secondary, which is fed along with an
earth wire to the display board via PL1.

Switching of the two mains outputs is
achieved with triacs TI1 and TI2, these
devices are isolated tab types, which
means that insulation washers are not
required between these devices and the
heatsinks. The triacs are triggered by zero
crossing optoisolator triacs OP1 and OP2,
and Figure 2 shows the internal diagrom of

the devices used in the temperoture
controller. The isolated low voltage inputs
to OP1 and OP2 are connected via PL2.
Firing the triacs at the zero crossing point of
the mains cycle is desirable as this virtually
eliminates all switching noise which would
otherwise occur. R2 and R4 limit the
current flow through the triac halves of the
optoisolators and therefore also limit the
gate current through TI1 and TI2. R1 and
R3 help to prevent false triggering of the
triacs by mains borne noise or interference.
Note that R1, R2, R3 and R4 are rated at
1W, this is not due to power dissipation
requirements, but simply because TW
resistors have a higher voltage rating than
the standard 0-6W Metal Film resistors
which are used elsewhere in the unit.
Snubber networks SN1 and SN2 help to
protect the triacs from spikes produced by
inductive loads. FS2 and FS3 serve to
protect the triacs against overload. The
mains outputs from the unit are taken via

TB2 and TB3.

Low Voltage Display
Circuitry

Referring to Figure 3, the 9 — 0 — 9V
AC supply from the mains transformer is
connected to the low voltage circuitry via
PL1. D1, D2 and C2 provide full wave
rectification and smoothing. A regulated
+5V supply is provided by RG1, decoup-
ling capacitors C3 and C4 serve to remove
noise and interference from the +5V
supply. ‘Power On’ is indicated by LDIT,
and R5 sets the current flow through LD 1 to
10mA.

The temperature module requires a
+1:25Vto +1-65V supply to operate, and
this is provided by an elementary shunt
regulator formed around R6, D3, D4 and
D5. The voltage developed across a
forward biased silicon diode is assumed,
by convention, to be 0-6V, although this
voltage is somewhat dependent on the
type of diode and the current flowing
through it. In this instance, the current flow
is just under 1-5mA and the voltage
developed across each diode is approxi-
motely 0-56V. The voltage developed
across the output of the shunt regulator is
approximately 3 x 0-56V = 1.7V.

D6 serves two purposes: firstly, in
conjunction with D7 and B1, to provide
automatic switch over to the back-up cell
supply in the event of a mains power
failure. Secondly to ‘drop’ a further 0-1V,
thus providing a 1-6V supply for TM1. C5,
a low leakage tantalum capacitor, serves
to provide a degree of ‘hold up’ during the
switch over process and prevents glitches
reaching TM1.

Under normal mains-powered condi-
tions, the anode of D6 is some 0-2V more
positive than the anode of D7. D7 is
reverse biased, whilst D6 is forward biased
and thus provides the supply to TMT.
When the mains supply is removed, the
converse is true, with the anode of D7
some 1-5V more positive than the anode
of D6. D6 is reverse biased, whilst D7 is
forward biased, allowing B1 to maintain
the supply to TM1.
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Figure 3. Circuitdiagram of the low voltage display circuitry.

Connection to the external probe is by
means of a 2-pole minicon connector PL4.
The external probe is connected in place of
the internal thermistor; pins 17 and 18 of
TM1 are the pads on the temperature
module where the thermistor was located
prior to its removal.

The display switch, $3, is a centre-off
double-pole change-over switch. In the
centre position, the probe temperature is
sampled at 1 second intervals and
displayed. When S3 is in the up position,
pin 12 of TM1 is pulled high and the HIGH
temperature set-point is displayed. When
S3isin the down position, pin 13 of TM1 is
pulled high and the LOW temperature
set-point is displayed. A (peculiar) require-
ment of the temperature module is that the
sample rate must be slowed to 10 second
intervals to allow the set-points to be
adjusted. This is facilitated by means of one
half of S3 and a pull-up resistor R13. if
required the sample rate can be per-
manently set to 10 second intervals by

April 1991  Maplin Magazine

omitting R13. When either set-point is
displayed S2 may be used to adjust the
temperature set-point.

The set and select switch, S2, is a
centre-off single-pole change-over switch,
biased both ways. When S2 is in the up
(SET) position the selected temperature
set-point will increment in 1° steps and
when S2 is in the down (SELECT) position
the selected temperature output can be
enabled or disabled. LO and HI segments
on the display indicate which outputs are
enabled.

S4 selects either fahrenheit or celsius
temperature scales, when S4 is off the
display is in degrees celsius and when S4 is
on the display is in degrees fahrenheit. If
permanent selection of temperature mode
is required, S4 can be omitted (celsius) or
replaced by a link {fahrenheit).

The high and low set-point outputs
from TM1, pins 6 and 7 respectively, are
connected to S5 and S6. S5 and S6 select
the operating modes for the two mains
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i ]
PL2 |2 S : :
LO2 I i
R7 R1@ . 3
15¢R 158R
01 RG1 06
RE R9 R12
IN4R1 0R47
LI H.—C’-f-»¢4—¢,+:}_+ o e S A o S S D o, W
0 K2 479K 479K
e & X B0 %0
IN4R1 4 4
PLL D 9‘»4 1N4201 OR47
+
4 mm RS 04 & s
1ONF . 300R IN4BB] B 1QUF s © ®
7 + o P3 )
oo L o /EZ - 05 MAN © & QAUTD | MAN 0 O 0 AUTO
478UF . 1 20UF / 1N42@) Bl — 4 Fi OFF
VGG iy T  —
4
PLI D SO SE—— PSS S S "S-, —— S - e Y L .
PLI » ' .
| “ c—
P Y - >— 9—
, o _|_1___ 539
000 000
[ i
R13
+—T T
12K 6 o
-]
-7 é S4
PL3 - 000
PL3 | 2 SSSS— AT eSS 4 1
PL3 — —— 4
Q (&) (&) (&)
4 -4 z =z
1 2| 3| 4| sl s 7| 8] 18, 11] 12 13 14| 15| 16
17 TEMP o
PLA | 1 —
PL4 - — E
LO ]
™

switched outputs. Each switch may be in
one-of-three positions; ‘'MAN’, ‘OFF or
‘AUTO’. In the MANual position the
relevant output is switched on; in the OFF
position the relevant output is switched off;
and in the AUTOmatic position the
relevant output is under control of the
temperature module TM1,

R8 provides base bias to TR1 when
either S5 is set to MAN or S5 is setto AUTO
and the high set-point output switches on.
This causes TR1, which is a darlington
transistor, to conduct and current will flow
through R7, LD2, OP2 (mains voltage
circuit, see Figure 1) and TR1 itself. Whilst
TR1 is conducting LD2 will illuminate to
indicate that the low-temperature output is
on. R9 ensures that TR1 turns off when
base bias is removed. The circuitry around
TR2 operates in the same way as described
above except its operation is relevant to
the high-temperature output.

The fahrenheit/celsius temperature
mode switch, S4, is mounted on the

1"
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Figure 4. Mains PCB legend.

underside of the Display PCB and should
be set before final assembly. Please note
also that operation of S4 will clear the
temperature set points from the tempera-
ture module’s memory. On no account
should any attempt be made to operate $4
with the mains supply connected.

Construction

Assembly of the two PCBs is relatively
straightforward, however it is advised that
the following guicelines are thoroughly
read before conshuction is undertaken.
The mains voltage PCB is a single sided
glass fibre PCB and the low voltage display
PCB is a double sided plated through hole
glass fibre PCB. ltisimportant to realise that
the mains PCB carries 240V AC mains and
it is therefore crucial that this PCB is
correctly assembled. The low voltage
display PCB houses a number of compo-
nents on both sides of the PCB and it is
important that the assembly order is
followed carefully otherwise it will be
foundthat itis difficult or even impossible to
fit some components after others have
been fitted. Numerous diagrams have
been included to ensure that the assembly
procedure can be easily followed without
resorting to lengthy descriptions.

Mains Voltage PCB

Itis recommended that construction of
the mains voltage PCB be undertaken first.
Referring to Figure 4 and the Parts List,
assemble the PCB as follows:

Start by inserting the four resistors R1

12

|

|

— ]

to R4 ensuring that the correct value
resistors are fitted in the appropriate
positions. Carefully insert the opto-
isolators OP1 and OP2, ensuring that they
are correctly orientated in relation to the
pin 1 marker on the package and the PCB.
Be careful not to overheat these devices
when soldering as DIL sockets are not
used. Insert the three terminal blocks TB1 to

TB3, ensuring that the cable entry side of
each terminal block faces fowards the
edge of the PCB. Next insert the three fuse
holders, do not at this stage fit the fuses.
Insert PL2 ensuring that the orientation tab
faces away from the edge of the PCB.
Insert capacitor C1 and snubber networks
SN1 and SN2. Next, using a pair of
snipe-nose pliers and with reference to
Figure 5, bend the leads of triacs TI1 and
Ti2 so that they will fit the PCB. Referring to
Figure 6 fit the triacs and the heatsinks to
the PCB with the M3 hardware.

The transformer assembly can be seen
in Photo 1, this should assist in the next
construction stage. Trim the blue and
brown primary wires of transformer T1 so
that they are 100mm long, then strip, twist
and tin them. Cut two 90mm lengths of
heat-resistant sleeving and carefully
thread the primary wires through the
sleeving. To prevent the sleeving from
fraying, use four 10mm lengths of
heat-shrink sleeving at each end of each of
the heat-resistant sleeves. A further 10mm
length should be placed about half-way
along the sleeved primary wires to keep
them neatly together. Carefully shrink the
sleeving into place by using a hot-air gun
or the heat from a soldering iron. Trim the
three secondary wires so that they also are
100mm long. Strip, twist and tin the wires
as for the primary. Prepare in the same
way a 125mm length of the green 16/0-2
wire, attach the M3 solder tag to one end
and cover the joint with heat-shrink
sleeving. Cut two 90mm lengths of
heat-resistant sleeving and thread the two
{white) 9V AC wires down one sleeve and
the OV (black) and earth {green) wires
down the other. Before fitting the minicon
terminals to the wires, thread three 10mm
lengths of heat-shrink sleeving over the
sleeved secondary wires and shrink the
sleeving in place as previously described.
Referring to Figure 7, fit minicon terminals
to each of the three secondary wires and

\l

t

Photo 1. fh;e ossembleid ﬁains voltage PCB.
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Figure 5. Bending triacleads.
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Figure 6. Mounting the heatsink and
triacassembly.
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Figure 10.Low voltage PCB legend.

earth wire and fit the assembled terminals
into the four-way housing as follows: 9V
AC wires — positions 1 and 2, OV wire —
position 3, earth wire — position 4. Next fit
the transformer assembly and the M3 tag
to the PCB using the M3 hardware as
shown in Figure 8, ensuring that the
secondary wires are nearest to the
terminal blocks. Solder the brown primary
wire into the PCB at the position marked
‘P1 L" ond the blue primary wire into the
PCB at the position marked ‘P2 N,

Next fit the PCB retaining screws and
nylon captive retaining nuts. The nuts also
act as spacers thus supporting the PCB at
the correct height from the bottom of the
box. Figure 9 shows how the nuts and
screws are fitted to the PCB. If a 6BA box
spanner is to hand it will be found that this
will assist in the task of fitting the nuts,
otherwise the nut may be held in place with
a pair of pliers. With the nut held firmly
drive the screw into the nut with a flat
bladed screwdriver. The screw/nut assem-
bly should not be over-tightened otherwise
it will not be possible to screw the PCB into
the box!

Finally, carefully examine the PCB,

Legend side
Mains PCB
GES8N

Viewed from
terminal block end

Secondary
wires

)

Transformer

M3 x 10mm
bolt

M3 Solder
tag

M3 Shake
proof washer [

M3 Shake
proof washer

M3 Nut

Figure 8. Mounting the transformer assembly.
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Figure 9. Fitting the mounting screws
and captive nuts.

checking for misplaced components, sol-
| dersploshes, untrimmed wires, etc. Photo 1
shows the assembled mains voltage PCB.

Low Voltage Display
' PCB

f Please note that the components
which are to be fitted to the underside of
| the PCB are indicated by the dotted
portions of the legend. Referring to Figure
10 and the Parts List, assemble the low
voltage display PCB as follows:
Start by fitting resistors R5 to R13,
ensuring that the correct values are fitted in
the appropriate positions. Next fit the
silicon diodes D1 to D5, ensuring that the
stripe on the body of each of the diodes
| tollies with the corresponding stripe on the
| legend. Carefully fit the germanium diode
l D7, ensuring correct orientation. The glass

envelope of D7 is fragile and will break if
| excessforce is used, anditis also important
to avoid overheating this diode. Do not
| insertD6 atthis stage! Next fit C5t0 C7,C5
and C7 ore both polarised types. C5
should be fitted as follows: the negative
lead of C5 is indicated by a negative ()
stripe on the can, this lead should be
placed in the hole in the PCB furthest away
from the hole marked with a positive (+)
symbol on the legend. The positive lead of
C7 isindicated by a positive symbol on the

13




Legend side
M2 10mm
Display PCB  § =~ ‘Bot
GE45Y

Temperature
I p

r;_[_’=,__] module
~——— = T
| |

D=4 M2 Nuts

(D-='|| _Solder
L
{ = 3
L i M2 Shake
‘w - proof washer
Link wire M- M2 Nut
0.54mm

dia. Bend leads
ﬁj by 90

Switch
Nuts

Switch washer

(Tang uppermost)

Toggle
switch

Legend side
Display PCB
GE45Y

Figure 11. Assembly of PL4 and the

temperature module.

Figure 13. Fitting thetoggle
switches.

Underside of temperature
module [FE33L] PCB.

o =< ramd B
© ' (®)
© !+ é. O
O O
I 1 .
//'

-
Remove
Internal Thermistor

L S o
Figure 12. Removal of the internal thermistor from the temperature module.

Earth bonding
wire 0.54mm

dia.

to PCB pads.

Attach two lengths
of 0.54mm dia. wire

Legend side
Display PCB

GE45Y

1mm dia.
sleeve

Solder 4

|

Figure 14. Attaching the earthbonding wire.

body, thislead should be placed in the hole
nearest to the hole marked with a positive
symbol on the legend. Fit regulator RG1
and transistors TR1 and TR2, ensuring that
they each line up with the legend on the
PCB; take care not to confuse the regulator
and the transistors as they have the same
case style.

Fit minicon plugs PL1 to PL2 (PL3 is
optional), these are mounted on the
underside of the PCB with the orientation
tabs facing towards the edge of the PCB.
Before PL4 is inserted its leads must be bent
through 90° so that the connector lies flat
against the PCB, this is illustrated in Figure
11.

It is necessary to modify the tempera-
ture module TM1 before it can be fitted.
The plastic cell box must first be removed,
this is achieved by carefully removing the
securing screws. Next remove the internal
thermistor, as indicated in Figure 12, and fit
two 20mm lengths of 0-54mm diameter
tinned copper wire in place of the
thermistor. Take great care not to damage
any of the surrounding tracks or com-
ponents. Bend and thread the two wire
lengths through the holes in the PCB
adjacent to PL4, and secure the tempera-
ture module to the PCB with the M2
hardware as shown in Figure 11. Thread
sixteen 20mm lengths of 0-54mm diameter
tinned copper wire through the holes in the
PCB and corresponding holes in the
temperature module PCB, and solder and
trim each wire (top and bottom) as you go.
Take care to ensure that each wire passes
through the correcthole asit is very difficult
to correct any mistakes!

Referring to Figure 13, fit toggle
switches $2, S3, S5 and S6. S2 is biased
both ways, whilst S5 and S6 are unbiased.
Before soldering the switches in place
ensure that:

1. Each switch is fitted flat against the
PCB;

2. The correct switch is located in the
correct position, and that

3. The locating slot in the mounting
shaft faces away from the temperature
module.

Abrade the inside edge of the tang on
each of the switch washers to facilitate
soldering. Loosely fit the switch washer
{tang uppermost) and the two nuts to the
switch shafts. Referring to Figure 14, solder
an 85mm length of 0-54mm diameter
tinned copper wire to each of the tangs;
this is to provide earth bonding to the
exposed metalwork. Thread a 20mm
length of Tmm systoflex sleeving {or
insulation from 16/0-2 wire) over the
bonding wire and solder the free end of
