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“Excellent - EASY-PC does many things  Already used in :-
that our other £3,000 package doesn’t!” 206 Colleges, Universities ctc.
“li’s delightfully easy to use! A reallyuse- 38 Government Establishments

full product.” 37 British Telecom Depts. {

“EASY-PC really deserves its BRITISH and in thousands of companies in L O T
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"ANALYSER [I" — Analyses complex circuits for GAIN,
Z-MATCH — Takes the drudgery out of R.F. matching | PHASE, INPUT IMPEDANCE, OUTPUT

problems. Includes many more features than the IMPEDANCE and GROUP DELAY over a very wide
standard Smith Chart. frequency range.

Provides solutions to problems such as Ideal for the analysis of ACTIVE and PASSIVE
TRANSMISSION LINE MATCHING for AERIALS and | FILTER CIRCUITS, AUDIO AMPLIFIERS,

RF AMPLIFIERS with TRANSMISSION LINE LOUDSPEAKER CROSS-OVER NETWORKS,

TRANSFORMER and STUB MATCHING methods WIDE-BAND AMPLIFIERS, TUNED R.F.
using COAXIAL LINES MICROSTRIP, STRIPLINE AMPLIFIERS, AERIAL MATCHING NETWORKS, TV

and WAVEGUIDES. The program takes account of |.F. and CHROMA FILTER CIRCUITS, LINEAR
TRANSMISSION LINE LOSS, DIELECTRIC INTEGRATED CIRCUITS etc.
CONSTANT, VELOCITY FACTOR and FREQUENCY. | STABILITY CRITERIA AND OSCILLATOR CIRCUITS
Z-MATCH is supplied with a COMPREHENSIVE can be evaluated by "breaking the loop".
USER MANUAL which contains a range of WORKED | Can save days breadboarding and thousands of
EXAMPLES pounds worth of equipment.
£195 for PC/XT/AT etc £195 for PC/XT/AT etc.
Write or "Phone for full details:- o o
Number One Systems Ltd. ] The CAD Specialists
REF: PE, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, England.
Telephone: 0480 61778 (6 lines) ACCESS, VISA, AMEX Welcome.
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AUDIOPHILE DECKS

C D inventor Philips are adding a
new three head Dolby HX Pro
cassette deck. the FC870. to their
acclaimed 8 series hiti separates
range.

The FC870 cassette deck features
a three-head design with separate
hard permalloy heads for recording.
playback. off tape monitoring and
direct source tape comparison.
Separate capstan and reel motors are
included in the solenoid electronic
lape transport, with precision ground

system which continuously monitors
the audio signal and on reaching high
frequency saturation point increases
high frequency response by several
decibels without increasing low
frequency distortion. The deck has
many teatures including quick music
search (QMS), automatic music scan
(index scan), record mute, blank skip
and a choice of Dolby C or B. The
expected price is around £249.

For more information contact
Julie Harding, Mathieu Thomas Ltd,

M aplin tell us they are assisting
the mouse breeding cause by
introducing two all-new 3-button
serial computer accessories, designed
tor use with IBM PC/XT/AT and
compatible computers. At just £29.95,
the neatly styled 3-button serial
mouse produces a serial output signal.
This is connected to the serial
(RS232) port of the host computer.
thereby eliminating the need for an
interface card or extra hardware. The
mouse ‘tail” is 1.5 meters long and is
terminated in a 25-way D-type
socket. A neat environmentally
conscious feature ensures that no

SEE HOW THEY RUN

can be placed in the bracket.
preventing accidental damage. A
good investment for only £1.28.

Also newly introduced is a 3-
button serial track-ball. This is a
neatly stacked track-ball which
provides an alternative to a mouse
when desk space is limited. It’s
compatible with most IBM PCs and
sofiware intended to be mouse driven.
It features a pop-up menu which
allows it to be used with programs
that are not normalty mouse driven.
The price is just £59.95.

For further information contact
any of Maplin’s nationwide shops, or

8 Westminster Palace Gardens,
Artillery Row, London SWIP IRL.
Tel : 01-222 0833.

capstan featuring a large flywheel to
eliminate wow and flutter.

Philips say that superb recordings
are guaranteed by the Dolby HX Pro

the head office at PO Box 3.
Rayleigh, Essex. SS6 8LR. Tel : 0702
554161.

mouse need be homeless - a mouse
bracket is available which can be
attached to a convenient surface.
When the mouse is not in action it

CATALOGUE

DATABASE

Our browse through recently

received literature

Greenweld’s great 32-page spring supplement catalogue can hardly
have been missed by readers who bought our May 90 issue, into which it
was bound. For the benefit of those who, for whatever reason, missed the
issue let me highlight some of the bargains in Greenweld’s supplement.
The first one to catch the eye is the offer of a free soldering iron when
you order over £20 of goods. It shouldn’t be hard 10 find goods to inspire
you to spend that amount. Some terrific value disco gear is featured, for
example, and some excellent high power amplifiers. 12 new models of the
popular Metex digital multimeters have been added, plus lots of other
new test gear items as well. And if you’'re looking for surface mounting
components, mostets perhaps, Greenweld can help you. There are many

other good offers, too. If you haven’t got a copy of this latest bargain list,
get one! Greenweld Electronics Ltd, 443 Millbrook Road. Southampton,
SOI1 OHX. Tel : 0703 772501.

Cirkit’s splendidly thick Summer 1990 constructor’s catalogue has
come in. It offers hundreds of versatile new products for an ever-
widening range of electronics construction applications. There are 184
pages teaturing more than 3000 product lines, arranged alphabetically in
sections for quick and easy reference. You'll find products from batteries
to test equipment and tools, meeting the requirements of users at all skill
levels and with a wide variety of interests. Cirkit also offer a ‘super-fast’
mail order service which, they say, ensures that all orders received by
4pm are despaiched the same aftemoon. Of the many new products
featured, the expanded digital multimeters range will be of interest. as will
the other varieties of meter available, including one specially for use in
automotive tault finding and servicing. Complementing the catalogue’s
bigger. brighter product ranges are a wide selection of books, battery
chargers, inductors, crystal filters, satellite tv cables, and a very broad
selection of components of interest to all readers. And you could win
some rich rewards in Cirkit’s latest competition. Circuit Distribution
Ltd, Park Lane, Broxbourne. Herts. EN 10 7NQ. Tel : 0992 4441 it.

STC produce a variety of catalogues of interest to the sophisticated
constructor. We’ve received two of their latest, their 1990 Tool Book, and
their 1990 Cable and Wire Book. The 1ools catalogue contains
practically every conceivable tool of use in electronics. and the cases to
keep them in as well. You’'ll also find test accessories and assembly aids,
benches and storage equipment, pcb production materials. cable and
wiring aids, tapes and adhesives, batteries and chargers. The cable and
wire catalogue is virtually an encyclopaedia on the subject, containing
‘ordinary’ assembly wiring as used in your day-to-day project
construction, plus computer cables, telephone and power cables, and high
performance wires. There is also a section of wiring accessories, basically
covering mains plugs and sockets, eic. STC Electronic Services,
Edinburgh Way, Harlow, Essex, CM20 2DF. Tel :0279 626777.
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HI-D COLOUR
PRINTER

high-detinition colour video

thermal printer providing A4
copies has been introduced by
Thurlby-Thandar. The CH5504
features a range of optional interfaces
providing RGB, parallel, and hybrid
data inputs.

The printer has been designed to
be simple 1o operate, yet offer a fully
adjustable print to meet a wide range
of applications which include cad,
medical, general video. and industrial
requirements.

For further information contact
Thurlby-Thandar Ltd, 2 Glebe
Road, Huntingdon, Cambs, PE18
7DX. Tel : 0480 412451.

CFC solvents. Over the last three
years BOC has developed a paste free
of this flux, as well as a special
atmosphere in which the soldering is
carried out. and which allows the
paste to decompose leaving the board
clean. The new process is claimed by
the manufacturers to help cut
environmental damage and costs.

PCBS AND
CFCS

he PCBs of which we hear in the

news regarding environmental
problems are not the same PCBs
which you use when constructing
electronic projects. The first term
relates to harmful chemical products,
the latter to the essential and benign
components of electronic assembly,
printed circuit boards. (Your Ed
comments that they may be benign
but he’s found their use totally
addictive!) Levity apart, electronic
pcbs have recently been linked to
matters concerning CFCs (those
ozone-unfriendly products).

BOC, formerly the British
Oxygen Company, became aware that
the cleaning process involved prior to
commercial assembly of pcbs
required the use of chemicals
containing CFCs. The company has
now developed a process which
allows board makers to mount parts
without such potentially hazardous
cleaning.

Normally, the solder paste used in
the assembly of surface mounted
devices contains a rosin-based flux
which, following the soldering
process, needs to be washed off by

PARALLEL
PROCESSING
TRAINING

S alford ITeC has been chosen as
one of only 14 training centres in
the UK 1o offer assistance to local
businesses in a rapidly expanding
area of computers, parallel
processing.

Unlike conventional computers
which carry out instructions one at a
time, parallel processing carries out
many steps simultaneously, ie. in
parallel.

Centre Director David McArthur
said the ITeC had been chosen
because of the positive commitment
of the ITeC staft in seeking to meet a
growing training need. He added that
the ITeC is now equipped with
specialised computer equipment, and
he hoped many organisations
throughout the North West would
benefit, particularly in manufacturing.

Salford ITeC is an independent
training company which ofters
computer training 10 young people
and to the business community. It is
sponsored by Ferranti International,
the University of Salford, and Salford
City Council. The company is an
equal opportunities employer and is
registered as a charity.

For more information contact
Stowell Technology Centre, Holland
Street, Salford, M5 2SE. Tel : 061
745 8442.

If you are organising any event to do with
electronics, big or small, drop us a line, we
shall be glad to include it here.

Please note :

Some events listed here may be trade or restricted
category only. Also, we cannot guarantee information accuracy, so
check details with the organisers before setting out.

340946.

May 27. Plymouth Radio Club annual radio and electronics fair.
Plymstock School, Church Road, Plymstock, Plymouth. 0752

London. 01-486 1951.

May 30-Jun 1. Computer Training and Services Show. Olympia,

26699.

Jun 26-28. Infrared Technology. Wembley Conference Centre. 0799

Sep 25-27. British Laboratory Week. Olympia, London. 0799 26699.

Oct 2-4. Eurostat-90. Barbican Red Hall, London. 0799 26699.

Nov 6-8. Total Solutions. NEC Birmingham. 0799 26699.

SATELLITE
TRUCKING

ids for the new series of Inmarsat

3 mobile communications
satellites have been arriving at the
organisation’s London headquarters
by the truckload.

The size and weight of the
proposals reflect the degree of
technical and financial detail needed
to assess the new satellite series. The
bids, received from satellite
manufacturers around the world, and
each taking up to a year to prepare,
totalled more than 11 tonnes of paper.

The rewards to the winner will be
considerable. The contract, 10 be
awarded in December this year. will
cover an initial purchase of three or
four dedicated spacecraft which, with
the additional options for up to a total
of nine. could cost well in excess of
$US | billion.

The new satellites, which will
reach orbit beginning in 1994, will
have enough power and capacity so

that customers all over the world will
be able to communicate with each
other via telephone, fax. personal
compulers or pagers using terminals
small enough to be hand-carried.

The total EIRP (effective
isotropically radiated power) of the
satellites will be 48dBW, nearly ten
times the effective capacity of the
Inmarsat 2 satellite, due to be
launched later this year and in 1991,
or 30 times the capacity of the
satellites currently in operation.

Inmarsat is at present operating a
system of eight satetlites to provide
mobile satellite communications
worldwide.

For further information contact
Elizabeth Hess. Inmarsat, 40 Melton
Street, London NW | 2EQ. Tel : O1-
387 9089.

ADVERTISERS AWAKE!

on't let your competitors steal all

the glory of PE News Page
Publicity — have YOUR interesting
new products highlighted here as well
as theirs! Send us concise details plus

PRACTICAL ELECTRONICS JUNE 1990

a good photo and we'll do our best to
publicise them

First come first served, and it must
be interesting. It's up to you to keep
us all informed!




NON-CFC PHOTORESIST

product ideal for the

environmentally conscious
electronics constructor has been
introduced by Electrolube. Believed
10 be the first aerosol photoresist
product using an ozone-friendly
propeltant, the new Electrolube RP50
is a fast-drying positive resist for one-
10-one reproduction of circuits.
diagrams and images on metals from
positive transparency masters.

Available in 75ml and 200ml
aerosols. RP50 is particularly suitable
for all production requirements either
in the lab or at home. | litre and 2.5
litre bulk containers are also available
for larger volume users. With a solids
content of approximately 2%, RP50
aerosols have a shell life of one year
unused, and give coverage of about
2.2 sq metres (75ml) and 5 sq metres
(200ml).

Easily applied, the resist is quick
drying and simple to process. It gives
greater resolution, flexibility and
economy in use than dry {ilm resist
and pre-coated pcbs. Processed
RP50’s green colour produces a high
contrast image with a resolution of
better than O0.1mm. A fine spraying
nozzle ensures extremely thin,
uniform edge-to-edge coating. with
thickness entirely within the user’s
control. Dried coatings are resistant to
mechanical stresses and fluctuations
in temperature and humidity.

After applying the resist 10 a
clean, grease dust free surface (ie the
copper surtace of fibreglass pcbs) the
coated boards are left to dry
overnight, or aliernatively oven dried
for 10-15 minutes at 75-80 degrees C.
The design artwork is then placed on
to the coating which is then exposed
to an ultraviolet light source.
Developing is carried out using
diluted Electrolube photoresist
developer PRD, producing a clear
green image of those areas not
exposed (o the uv, on a copper
background. The remaining
photoresist on the design pattern is
removed with undiluted photoresist
developer leaving behind the printed
circuit pattern ready for subsequent
operations.

RP50 can also be used to achieve

a wide variety of technical and artistic
reproductions on various metal
surfaces, for example pictures on
copper plates. steel. brass, etc.
Electrolube also manufacture a
complementary range of etching and
related chemicals to meet all
production requirements.

For further information contact
Electrolube Ltd. Blakes Road.
Wargrave, Berks, RG10 8AW. Tel :
0734 40403 1.
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ROBUST
CASING

E uromas, the robust environmental
case, has become available direct
from Bopla UK Ltd. Widely used
throughout the electrical and
electronics industries, the Euromas
range is available in four different
materials, diecast aluminium,
polycarbonate, ABS and glass-filled
polyester. These cover a wide range
of sizes.

The diecast aluminium range
ofters excellent screening properties.

Its smart appearance and outstanding
specification makes it ideal for
housing all types of instruments and
control gear.

The polycarbonate version is
virtually unbreakable in normal use
and has good electrical properties. In
addition it is resistant to chemical
attack and temperatures ranging from
-40°C to 130°C. Popular sizes are
stocked with clear lids. Recessed
neoprene o-ring gasket seals are
standard. The ABS range withstands
temperatures ranging from -40°C 1o
80°C and is unatfected by alkaline
solutions.

Probably the toughest in the range
is the glass-filled polyester housing.
Its heat. moisture and chemical
resistant properties combine with
good electrical insulating qualities.

For further information contact
Bopla Ltd, 29 Faraday Road,
Aylesbury, Bucks, HP 19 3RY. Tel :
0296 399339.

DISTURBANCE
ANALYSING

A n even clearer picture of the
disturbances atfecting mains
supply is now available with the
launch of the PDA 10| Power
Disturbance Analyser by Megger
Instruments.

The PDA 101 allows the choice of
measuring spikes and hf noise either
between phase and earth or between
neutral and earth through simple
switch selection.

This is a key factor in accurately
profiling disturbances atfecting the
voltage or its trequency outside user-
defined limits. The introduction of the
analyser is in direct response (0
international market demand from

such sectors as computer maintenance
and system installers.

The unit monitors mains supply
voltages from 90V o0 260V and is
capable of reporting voltage sags and
surges, high or low average voltages,
dropouts as short as |1.5ms, and power
cuts of as long as 10 hours duration.
While measuring frequency
variations, it is also capable of
measuring voltage spikes (0 a
resolution of 100V and high
trequency noise up to 20MHz.

Disturbance events are recorded in
real time and can be printed out in
English. French or German, or stored
in memory. Up to 900 events can be
stored for a month.

For more information contact
Megger Instruments Ltd. Archcliffe
Road, Dover, Kent, CT17 9EN. Tel :
0304 202620.

REVOLUTIONARY
CATE

he computerisation of train

enquiry offices has reached its
half-century, with the 50th installation
now in use at Cardift.

Complex journeys can be planned
in seconds using the Computer
Assisted Timetable Enquiry system
(CATE). developed by British Rail
Research.

Starting and destination points are
keyed in by the operator, together
with any other details such as day of
travel and time of departure. The
system then rapidly produces a
journey plan showing routes, times
and changing points for even the most
complicated journey. Other useful
information. such as availability of
refreshments or the need for advance
reservations is also clearly shown.

“CATE has revolutionised train
enquiries”, said Mike Robinson. BR’s
Systems Development Manager. “The
lime taken to process each enquiry
has been reduced from minutes to
seconds, accuracy has increased and
staft training needs have been
reduced.”

All BR stations are listed in the
system, together with selected off-rail
locations and the major European
railheads of Paris, Brussels. Cologne
and Amsterdam.

Development work is going on to
get fares and short term train
alterations into the system, and to
design a self service version for
customers at stations. It is also likely
that a version of the system will be
developed for use by travel agents
and, with the advent of low-cost
terminals, CATE could eventually be
available in the home.

CATE is believed to be the most
advanced system of its type in the
world and a number of foreign
transport operator have expressed
interest.
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POWERFUL CLAMP-DOWN

M easuring both ac and dc current
and voltage, the new SK8300 is
the latest multifunction clamp meter
from TMK Instruments. This
handheld. yellow cased instrument
has a 3 1/, digit liquid crystal display
and can accommodate S0mm
conductors. Additional features
include Data Hold for retaining the
reading. Peak Hold for measuring the
current of transient signals, diode and
continuity tests, and a dc voltage
resolution of 0.ImV.

Supplied complete with a safety
wrist Strap. carrying case, test leads
and instructions, this battery operated
unit measures both alternating and
direct current up to S00A. The two
ranges have a basic accuracy of + 2%
with overload protection to tOO0A.
DC voltage is in three ranges to
1000V, and ac voltage to 750V. Input
impedance for both ac and de
measurements is greater than [0M
ohms. Resistance measurement is to
2k ohms. with 1 ohm resolution.
Measuring 230 x 70 x 36mm and
weighing just 380gms, the SK8300 is
fully guaranteed for 12 months and
costs £115. plus vat.

For further information contact
TMK Instruments, Building 3, GEC
Estate. East Lane, Wembley. Middx,
HA9 7PJ. Tel : 01-908 3355. and ask
tor Mike Dixon.

HIGH SPEED
VIDEO

A video instrumentation system
that can capture thousands of
tframes of high-speed action in the
blink of an eye has been developed by
Batielle.

The system combines solid-state
imaging electronics, an automatic
event-detection processor. a high-
volume memory, and a personal
computer for ease of operation.

“The camera can be programmed
1o monitor. auromatically record. and
then play back frame by frame an
event that takes place in a few hundred
microseconds”. said Ronald Gorenflo,
electro-optics systems engineer at
Battelle. “People are amazed when |
demonstrate by showing them selected
frames of a firecracker exploding or a

balloon bursting.” he said. “We’re
aware of no other video system that
can record so much so fast.”

The camera can freeze action rates
ranging from 200 to 12,000 frames per
second. The high-volume memory
stores 4096 images betore. during and
after an event is detected. Images can
be retrieved arbitrarily from memory
for display and permanent disc
storage.

Battelle 1s an international
technology organisation that serves
industry and government in
developing. commercialising and
managing rechnology. With a wide
range of scientific and technical
capabilities. Battelle puts technology
1o work in more than 30 countries.

For more information contact
Renate Siebrasse, Operations
Manager, Battelle Institute Ltd, |5
Hanover Square, London W IR 9AJ.
Tel : 01-493 0184.

SOLDERING
STATION

he new SAS00 soldering station

from OK is claimed to set new
quality standards for low cost
soldering equipment.

Its 70W ceramic heater has closed
loop control to provide a temperarure
range adjustable from 315°C to
427°C. and led heater and power-on
indication is provided. The low-
leakage soldering iron has a slim
profile handle and non-burn cord
sleeve. A wide range of tips is

available. It is supplied as a compact
benchtop unit with built-in iron
holder. The price is around £64.

For further information contact
OK Industries UK Ltd. Barton Farm
Industrial Estate. Chickenhall Lane.
Eastleigh. Hants, SO5 S5RR. Tel :
0703 619841.

CHIP COUNT
UPD78310 16-BIT PERFORMANCE

A new cmos single-chip microcomputer aimed at real time control
applications and offering true 16-bit performance has become available
from Impulse.

Manufactured by NEC, the uPD78310 is the rom-less version of the
uPD78312. Although designated as 8-bit devices, this family of
microcomputers has a 16-bit cpu and internal bus architecture which
allows it to perform true 16-bit operations, including [6 x 16 bit
multiplication and 32/16 bit division. It is therefore ideal for applications
with real time processing requirements or with heavy demands on
arithmetic or logical operations.

The pPD78310 is compatible with the 8085 type of multiplexed bus
structure, and in addition to the 256 bytes of on-chip ram, external
memory of up to 64k bytes can be addressed. On-chip features include
multiple 16-bit timers and counters offering a range of modes; two pulse-
width modulation units; a 4-channel 8-bit analogue to digital converter
and two 4-bit real time output ports suitable for stepper motor control. A
total of 48 in/out lines are available.

The sophisticated instruction set provides 94 types of instruction on
up to 317 operands. With a [2MHz crystal, instruction cycle times of
(0.5ps are achieved, and an instruction pre-fetch queue further enhances
performance. On-chip interrupt control allows up to three external, 12
internal and two non-maskable sources to be employed, with eight
priority levels. Both hardware and software context switching is
supported.

The pPD78310 will operate from a single 5V supply over the
industrial temperature range of -40 to +85 degrees C. Applications
include office automation systems, automotive and robotics as well as
industrial control systems. particularly those involving motor or
positioning control.

PHD 16N8-5 HIGH SPEED DECODER

Philips have announced their fastest programmable decoder. The
PHDI6N8-5 features a propagation delay of Sns and uses bipolar ttl
process technology. It is intended for the address decoding functions
required by any of the current high-performance 32-bit architectures,
such as Sun Microsystem’s SPARC, Motorola’s 88000 and Intel’s 1860. It
is also designed for use with the popular 80386, 80486 and 68000
architectures.

The new decoder is targeted for some high speed 16L8 PAL
applications, where 16L8PAL devices are used for address decoding
functions. This includes memory decoders, code detectors, random logic,
peripheral selectors and state machine decoders.

The device’s high speed capabilities (33% greater than the fastest
16L8 currently available) help systems to achieve true zero-wait states,
keeping pace with today’s high-performance microprocessors.

The PHD16N8-5 will be beneficial to systems regardless of cpu speed
since it allows designers to design-in more accessible and less cxpensive
ram, thus helping to reduce total system costs. It is the first in a new
family of high-speed decoders from Philips, based on a streamlined
version of their 7.5ns PAL architecture. This new architecture ofters
designers higher performance products with a proven process technology
which eliminates risks and simplifies product qualification.

BST25A AND BFG25AX RF TRANSISTORS

Two new low voltage, low current rf transistors from Philips are ideal
for the rf stages in ‘pagers’, and feature low noise and high gain up to
1GHz.

The BST25A is an npn device in the SOT-23 outline, and uses second
generation rf techniques to achieve a gain of 15dB and a noise figure of
2dB when measured at 1GHz. The BFG25AX is an npn transistor in a
plastic SOT-143 surface mounting package with four tabs. It also uses
second generation techniques to provide a gain of 22dB and a noise
figure of 2dB at 1GHz.

MANUFACTURER'S ADDRESSES

Impulse Electronics, Hammond House, Caterham, Surrey, CR3 6XG.
Tel : 0883 46433.

Philips Components Ltd, Mullard House, Torrington Place, London
WCIE 7HD. Tel 01-580 6633.
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id you ever wonder how radio and tv

commercials get from the production

houses where they are made, and
which are mainly in London, out to the tv and
radio studios dotted round the country?
Sometimes both radio and tv adverts, for
instance for Today newspaper, go on air within
hours of being made, because they centre on a
topical news story.

And how do radio news items, like
interviews, get distributed to local radio
stations round the country, for local editing? If
a Scottish MP talks in London about housing
in Edinburgh, London radio stations will not
be interested, but Scottish stations will.

Commercial tv stations round the UK get
their advertisements sent by British Telecom'’s
landline and microwave links twice a week, on
Thursday afternoon and Saturday. If a topical
advert misses these slots, it has to be sent by
dispatch rider or courier. Until September
1989, commercial radio stations got their
adverts on tape (either dat cassette or
continuous loop cartridge) by rail, road or air
freight. It was a painfully slow and clumsy

connected by RS-232 serial computer line to a
control box built by British company ASC of
Aldermaston.

The next step will be to use digital
compression, probably the system developed at
Belfast University and adopted by British
professional audio company SSL, to reduce the
word length from 12 bits to 4 bits. This will let
SMS cram more programme material into the 2
MBit stream.

INTERACTIVE

John Ross-Barnard has always been known in
the industry as a forward thinker. Already he is
thinking forward on the next development for
SMS. As radio stations round the country install
more and more automated equipment (many
stations now play music from banks of cds stored
in juke boxes under touch screen computer
control) J.R-B wants to make the SMS system
interactive. This would let radio stations transmit
their ‘traffic’ information by satellite back to a
central logging station.

Traffic information is the key to survival of
commercial radio stations. Advertising breaks

operation.

NG

SATELLITE MEDIA

In America, over 4000 radio stations have for
many years been getting their material by
satellite link. They also get syndicated music
programmes, like pop concert recordings, by
satellite. For the last 18 months a similar system
has been operating in Britain. Satellite Media
Services is run by ex-BBC and Coventry Cable
tv man John Ross-Barnard.

The SMS nerve centre is at Euston in
London, near Capital Radio. Advertising
agencies, recording studios and news services
deliver programme material and commercials to
the centre, either on tape or down a high quality
telephone line. SMS then collates the material
and sends it down another line to British
Telecom’s satellite uplink station in Docklands.
The signals go up to the Intelsat satellite, and
from in a 2 MBil/s data stream down to any
radio station in the United Kingdom or Eire
equipped with an SMS downlink dish and
receiver. Currently there are 52 downlinks,
serving over 100 stations. The receiver
equipment is made by Scientific Atlanta.

The 2 MBit/s stream contains two 768 kbit/s
stereo streams. Each gives broadcast quality
stereo pairs; |5kHz bandwidth with 15 bit linear
coding companded down to [1 bits, with one bit
added for parity to give 12 bit code. There are
also two half-bandwidth sound channels for
speech, two 32 kbit/s data channels, and a remote
control channel which can trigger up to 128
commands at the downlinks around the country.

Every radio station is equipped with a bank
of dat recorders modified to respond to the
remote control commands coming down from
the satellite. Header words let the commands
individually address selected downlink stations.

BY BARRY FOX
Winner of the
UK Technology Award

Implementing hi-tech
advertorial links
makes sound sense
for commercial radio.

So from the Euston office, SMS can pick any of
the 52 banks of dat recorders dotted around the
country, switch them to record, transmit a
programme or commercial, and then switch the
machine off again. In this way any programme
material delivered to Euston can be squirted to
any radio station within a matter of minutes,
irrespective of whether there is anyone on duty at
the radio station. Provided there is a blank tape
in the machine, it will record whatever is beamed
down from the satellite, while dat machines in
other stations remain dormant.

SPACE WATCH

Actually, there’s quite a lot more to it than
that. The remote control triggers must ‘tickle’ the
dat machines through a complex series of
operations, to ensure that an incoming signal
does not over-write existing material. The tape is
remotely fast wound to the end and then
searched for a safe blank space. The codes have
to cope with any length of tape. A computer
countdown system at Euston switches on
warning lights ahead of each transmission, so
that if anyone is using one of the dat machines,
they can quit in time for the next transmission.
The dat recorders are Sony DTC-1000 models,

are the station’s only (or main) source of
revenue. Likewise radio stations have to provide
the PRS (Performing Rights Society) and MCPS
(Mechanical Copyright Protection Society) with
a listing of all music played, so that copyright
fees can be charged.

A station only gets its money from
advertising, after all the necessary transmission
certificates have been provided, and all queries
settled. This can take many months when
everything is done on paper.

MUSIC LOGGING

There is room in the bit stream on a cd or dat
music recording for copyright information. So it
is relatively easy to automate the logging of all
music played. If SMS can provide an uplink in
each radio station, this information could be
beamed out of the station in real time, or at the
end of every day. This would speed up payments
all round.

Technically there are no real obstacles. All it
needs is an agreed digital protocol so that all
stations are uplinking their traffic and copyright
information in the same or compatible form. But
legally, there is a major obstacle. The uplink
becomes a communications service and under
the current duopoly arrangements only British
Telecom and Mercury can run a full
telecommunications service in Britain. The first
crack in the law came with the grant of six
Specialised Satellite Service licences, e.g. to
British ~ Satellite  Broadcasting’s  subsidiary
Datavision and firms serving betting shops. But
these only permit the broadcast of business data
or programming one way, from one point to
many. The DTI has said it will look at two-way
licences when it reviews the telecommunications
duopoly scheduled in November.
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he National Consumer Council

has published a lengthy paper

: which examines the European

Community’s  anti-dumping regulations

from a consumer viewpoint, focussing on

the measures that have been used in the

consumer electronics sector, and at what
cost.

The paper relates details of a number
of anti-dumping cases in the EC involving
imports of consumer electronic goods,
mainly from the Far East. Apparently, in
all these cases, the interests of injured
producers have been of greater concern
than those of consumers, even though the
measures taken have resulted in con-
sumers being forced to pay higher prices.

Estimates are put forward in the paper
concerning some price increases resulting
from duties imposed by the EC on cheap
foreign imports. For example, in order to
protect EC manufacturers from what they
see as unfair competition, consumers
have to pay, on average, around £13
more for a cd player, £20 more for a video
recorder, £74 more for a computer printer,
£31 more for an electronic typewriter, and
over £181 more for a photocopier. These
measures probably cost UK consumers
over £274 million a year in higher prices.
EC consumers as a whole probably pay
around £1170 milion more for their
goods. This is the equivalent of five per
cent of the total Community spending on
consumer electronic goods.

These estimates only relate to immedi-
ate costs and do not take into account the
long-term  effects.  Protection  could
encourage inefficiency in the domestic

PRACTICAL

UNDUMPING
CONSUMERS

industry, resulting in higher costs, which
lead to yet higher prices. There is also the
deterrent effect which the mere threat of
anti-dumping measures has on trade. It is
possible, too, that exporters to the EC
might raise their prices in anticipation of
duties being imposed. This effect could be
even greater than the actual price rise
resulting from the imposition of anti-dump-
ing duties.

The justification for imposing such bur-
dens on consumers is queried in the
paper. It is argued that the competition
posed by Far Eastern exports is not nec-
essarily unfair. In none of the cases
examined could it be demonstrated that
Far Eastern exporters were dumping their

products at below their domestic costs of
production. EC manufacturers tend to
argue that if their sales fall this must be
because of unfair low pricing by competi-
tors outside the EC. Japanese manufac-
turers, however, argue that their market
share is increasing because their prod-
ucts are superior in quality and perfor-
mance. The Japanese also criticise EC
producers for bad investment decisions
and for failing to update their technology.

Reduced consumer choice is another
possible result of import restrictions. This
can occur if domestic manufacturers can-
not produce enough to fill the gap left by
low-price imports. In some cases, EC pro-
ducers had already abandoned the
cheaper end of the market by the time
anti-dumping measures were imposed.
Additionally, it is possible that foreign pro-
ducers who specialise in cheap, mass-
produced goods may move up-market to
avoid duties. The effect could be to
increase competition in other market
areas, the opposite of what may be
required for the domestic industry to sur-
vive.

Of several recommendations made in
the report, one in particular stands out,
that before duties are imposed on cheap
imports from outside the community, the
cost to consumers should be calculated
and weighed against the benefit to the
Community industry. The report com-
ments that there has never been a case
where the EC has ruled out duties on the
grounds that they would harm consumers.

It's about time that it did.
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1
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27512

PLEASE ADD £1 p&p & 15% VAT
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In last month's Intelligent LCD Modules
I]arlicle we examined in detail the nature

of the Sanyo LCM570 display module.
We saw that it contains an 80 symbol memory
and a liquid crystal screen on which sixteen
symbols can be displayed simultaneously in a
two-line format. We further saw that the
module’s internal character generator ram
contains 160 pre-programmed symbols
consisting of alpha characters in upper and
lower case, punctuation marks, mathematical
symbols, plus a selection of Kana and Greek
characters. (Last month the wrong symbols
for theta, omega and zeta were shown in
Fig.3, but the correct ones were shown in the
dot matrix table of Fig.l.) Additionally,
information on how to create your own
library of eight symbols was given.

We went on to discuss how a message or
pattern of up to 80 characters in length could
be programmed into the module’s display
memory and how that pattern could be shifted
and modified by the simple use of control
codes. It was shown how these codes could be
sent either as 8-bit or 4-bit blocks.

SM
MESS

RTER LCD
GE MAKING

MESSAGE FROM
CONTROL

This month I shall describe a control
circuit which can be used as a dual-purpose
board for experimenting with the numerous
attributes of the led module and for actively
displaying messages or patterns in practical
situations. The board can be controlled either
directly from a computer parallel port or via
an eeprom, or both. An example of a
computer program, written in Basic, is also
shown, in which the main control modes are
illustrated as practical examples.

The lcd module has 11 control lines, eight
for carrying data (D0-D7), and three for mode
selection (RS, RW and E). By putting the
module into 4-bit control mode, four of the
data lines (D0-D3) are not used. This means
that we really only need to use seven output
lines from a computer, eprom, or eeprom.
However, as you will see in a moment, I have
used nine computer lines to control the board,
allowing other functions to be controlled as
well as the module. The computer lines used
are the normal eight data lines, DO-D7, plus
the ATN line. The latter is used to control the
read/write mode functions of the board.

As you will probably have surmised from
last month’s article, you can in fact control
the led module directly from the computer
without the need for any interfacing
electronics. The purpose of the circuit is to
allow you to use an eprom or eeprom as the
main lcd controller, and to program it either in

John Becker’s
experimental
crystal gazing
softly rams the
message home to
the board.

an ordinary eprom programmer, or directly
from a computer. Once the eeprom has been
programmed, the computer link becomes
unnecessary and the message maker board
becomes totally self-contained, complete with
its own control clock, the rate of which can be
varied from a panel-mounted potentiometer.

THE CIRCUIT

The circuit has been designed so that
computer lines DAO-DA3 control the Icd lines
D4-D7. DA4 controls the lcd read/write (RW)
operation, DAS5 controls the lcd RS mode
select pin. DA6 and DA7 are used to control
two ‘wait-a-bit’ delay times to give pauses
and variety to the rate at which messages vary
on the screen. The same two lines also control
the reset function which returns an address
counter to the start of its cycle. As previously
mentioned, the ATN line controls the eeprom
read/write line, and it simultaneously steps the
address counter.

The complete circuit is shown in Fig.1. It
consists of a control oscillator (IC7a/b), an

address counter (IC1), the eeprom (IC2), a
computer interface buffer (IC3), and the lcd
module. Additionally, there are two function-
control gates (IC5 and 1C6), a delay-state
counter (IC4), and a second oscillator driving
an inverter to generate the negative voltage
required by the Icd module.

NEGATIVE GENERATOR

IC7c and IC7d are configured as an
oscillator running at about 400Hz, as set by
the values of R13 and C2. The output is
buffered by IC7e which drives the inverter
circuit consisting C3, DI, D2 and C4, the
latter smoothing and storing the resulting
negative voltage. The lcd screen contrast
depends on the negative voltage presented to
the module’s pin 3. VR2 is used to set this
voltage, and it may be a preset pot as shown,
or a panel pot for manual control to suit
ambient light conditions. As mentioned last
month, the screen contrast will also depend on
which line and font mode is selected.

CLOCK AND COUNTER

When under direct eeprom control, the rate
at which the message is shifted and displayed
is controlled by the oscillator around IC7a/b.
The basic rate is set by Cl, but is manually
controllable from the panel by VRI1. Taken
via the gates in IC5 and IC6 (more on which
in a moment) the oscillator output provides
the clock pulses for the address counter IC1,

PRACTICAL ELECTRONICS JUNE 1990
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and also the trigger pulse controlling the lcd

module’s ‘E’ line.

The counter’s output lines sequentially
control the addresses of the eeprom IC2. Each
time the led ‘E’ line is triggered, the module

responds to the data pres
eeprom data output lines.

ented to it from the

DELAY COUNTER

The duration between address counter
pulses can be varied by switching a delay

PRACTICAL ELECTRONICS JUNE 1990

counter in and out of circuit. The counter is
IC4 and is clocked by the osciliator 1C7a/b.
The Q7 and Q4 outputs of IC4 are taken to the
gate ICS5, as are the full-rate clock pulses. The
choice of which clock rate is selected is
controlled by the status of eeprom lines D6
and D7, which control the A/B multiplex lines
of IC5. The gate passes the full-rate clock to
its Y output when D6 and D7 are either both
high, or both low. With D7 high and D6 low,
clock Q4 (medium delay) is passed through.
With D7 low and D6 high, clock Q7 (longest
delay) is passed through.

COUNTER RESET

The counter ICI can be reset by a suitable
control code from the eeprom. This enables
messages shorter than the full eeprom length
(2048 address locations) to be looped
repeatedly, resetting 1o the start at the selected
moment. If a reset code is not given the
counter will cycle repeatedly through all 2048
addresses. In order to reset the counter
eeprom lines D6 and D7 both need to be set
high. The X output of IC5 is then opened to
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the high level present on input X3, which
resets the counter. Immediately the counter is
reset, D6 and D7 cease to be high (providing
you’ve programmed the data properly!) and
so ICS shuts off the reset level allowing the
counter to restart.

The counter can be manually reset at any
time by S1. This must be done prior to each
time you wish to program the eeprom directly
from a computer.

READ/WRITE GATE

A second set of gates, within IC6, controls
the signal routing required for eeprom or
computer control running.

When under eeprom control, S2
switches the gates in IC6 so that the

tcomeuter clock pulses via IC5 are routed to the

counter IC1. The gaie simultaneously

holds the eeprom in read mode (WE

high, OE low), and the interface buffer
IC3 closed to the computer lines. When
switched to the opposite mode, S2 opens the
gates in IC6 to allow IC3 to open to the
computer lines, and for the eeprom lines WE
and OE to be put under control from computer
line ATN. The clock pulses via IC5 are
simultaneously shut out. In this mode the lcd
module is entirely under computer control. It
is also in this mode that the eeprom is directly
programmed by the computer.

POWER SUPPLY

The board and module need to be powered
by a stabilised +5V supply, at around 60mA.
This can come from an existing 5V psu or
from a 9V supply via IC8 and adding
capacitor C7 as in Fig. 5. The other ics and
the lcd module must NOT be powered
directly by voltages greater than 5V.

COMPUTER PROGRAM

The illustrative program in Fig. 3 has been
wrilten in Basic, and apart from making minor
changes in the dialect, plus changing five
control numbers, it can be run on any
computer having an 8-bit parallel input/output
port, such as a Centronics or User port.

The control numbers you are likely to have
to change to suit your own computer are those
in line 100, relating to DRT, OUT, DN, UP
and. AT. DRT is the data direction register
which sets whether the port is to be
configured as an input or an output. OUT is
the register to which you write in order to
send data out through the port. AT is the
register which controls the ATN (attention)
line. DN is the code which sets the ATN line
low, and UP is the code which sets it high.
Check your computer manual for the relevant
codes and substitute them for the numbers
given in line 100.

For example, with the standard BBC
computer the codes are : DRT = &FE62, OUT
= &FE60, DN = 14, UP = 206, AT = &FE6C.
For the Commodore 64 : DRT = 59459, OUT

PRACTICAL ELECTRONICS JUNE 1990



106
118
120
130
140
150
1€8
176
180
190
266
210
29
230
240
25m
26@
270
28a
290
e
316
320
336
240
350
368
370
380
390
460
410
426
43@
442
450
46@
478
480
490
50
516
520
53a
542
55
560
570
580
590
600
616
620
630
640
650
660
670
680
690
704
710
720
730
740
750
760
770
760
790
300
810
820
83@
340

PRINT" MESSAGE MAKER Z1.JANSE":DRT=55453: OUT=53471 ' IN=285:UF
FOKEQUT, &: POKEDRT . 255

DIMCC11).AC255) :C(@AY=0:C(13=15:0C1@8>=32 C(11)=45:60TI246
REM BINARY TC DECIMAL CONYERSION

POKEDRT, 255 : .J=@:C=~1: FORB=LEN(B$ > TO1STEF-1 : C=C+1
D=(21CORYAL CMIDSCBS . R, 1)) 1 J=T+D:NEXTE

FEM EXTRACT COLDES

E=INT(J/16) :F=(J-C(E¥16) > :PRINTCCRY . E<F

REM SEND DATA

Y=C(RIOREORX : W=CCRICORF : ¥=01: 5=5+2

FOKEOUT . : POGKERT , 1P : POKEAT , [N : PGKEQUT . W : POKEAT . UP - FOKEAT . It - RETLRH

REM PRUSES

FORY=1T010@@ : HEXTY : X=125: RETURN

FORY=1T(1268 : NEXTY : X=64 : RETURN

PRIMT"INITIALISE" :R=00:B$="0@110611" :GOSUR1GH

PRINT"SET FGR <4-BIT OPERATION":GOSUR19%:R=06:R$="0a116516" GOSUEL12G
PRINT"FUNCTION SET, 2 LINES":R=@u:E£="00101108":G0SUB10

PRINT"SET DISFLARY OFF., CURSCOR OFF. BLINK OFF":R=80:B$="008@1004"  GUSLEL3E
PRINT"DISPLAY CLEAR":R=06:R$="00000001"  GOSUE] 3¢

PRINT"EHTRY MODE SET":R=0@:E$="@0000110"  GOSUEL
PRINT"RETURN HOME - CURSOR AND DD RAM TO ZERQY R
REM ... END' INITIALISATION ...
PRINT"SET DISPLAY ON. CURSCOR OH. ELINKIMG CFF":R=2@:E$="06661110" GOSUEL3S
PRINT"DISPLAY DARTA AT RAM ADDRESS SERO":R=16:B="@@118060" GOSUEL3G
FPRIHT"CONVERT LAST CHARACTER INTO LECIMAL" M=E#16+F

PRINT“CHRNGE DD RAM ADDRESS" :R=60:Bf="1@006a11" :GOSUBL3d

PRINT"INCREMEHT CHARACTER AND ADDRESS Z@ TIMES"
R=10:J=1:FORA=1TOZ0: J=J+1 ' GOSUB1 7@ NEXTA

PRINT"REWERSE DISFLAY IN 16 STEPS"
R=00:B$="G0011080" :GOSUR1Z0: FORA=1TO1S  GOSUEL1 28 GOSUB23@ : NEXTH
PRINT"FORWARD DISFLAY IN 16 STEPS"
R=00:B$="0001119a" :GISUE138: FORA=1TO2 : GOSUER13@ : GOSUB230 HEXTAH

PRINT"RETURN HOME" :R=00:B$="00060610" : GOSUEL 36

PRINT"CHANGE DD RAM ADDIRESS TO LIME Z":R=0@:B$="11800080" GOSUB13E
J=96:REM CHAMGE CHARACTER

PRINT"INCREMENT CHARACTER AWD ADDRESS =@ TIMES"

R=18'FORA=1TO20: J=J+1: GOSUEL 7@ : NEXTA: GOSUE2Z9

PRINT"REVERSE DISFLAY IN 2@ STEP3"

F=00: B$="00011000" :GOSUE138  FORA=1T01%:GOSUEL 20 GOSUR230: NEXTA: GOSUB230
PRINT"RETURN HOME" :R=06:B$="00000010" : GOSUB13@ : GOSUR
PRINT"BLANK BOTH LINES":R=1@:J=32: GOSUBI78:FORA=1TO3S;
R=00:E$="11000000" : 50SUB13@:REM LINE 2
R=10:J=32:G0SUB17@ :FORA=1TOZ2 : GOSUE130 : NEXTA
PRINT"DISFLRY SPECIFIC MESSAGE"

B$C(1)="READ PRACTICAL ELECTROWICS EYERY MOMTH!"
B$(2»=" AT ONLY $1.5& IT~S GOOD 1336/S “ALUE!"
FORA=1TOLENC(B$(1)>:R=80:J=127+A:G0SUB17@:REM LINE 1
R=1@:J=ASC{MID$(B$C1>,A. 1)) :GOSUBLT@:REM CHARACTER
R=00:J=191+A:G0SUBI7@: REM LINE 2
R=1@:J=ASCCMID$(B$(23.A, 1))

IFJ=36THENJ=7 :REM CHANGE SYMBOL TO HEI ONE (ONCE FRCOGRAMMED)
GOSUB170: IFA>?PTHENR=00 : J=24 : GOSUBL1 7@ REM LEFT SHIFT

NEXTA : GOSUBZ3@

PRINT"DISPLAY LOOP"

B=LENCB$ (1) ):R=00:J=24:GOSUB170:FORA=1TOR: GOSUE136@ : GOSUE236 - NEXTA
PRINT"FLASH DBISPLAY"
FORA=1T03:R=00: B$="00001000" :GOSUB130: GOSUR238: REM BLANK DISPLAY
R=00: B$="00001100" :GOSUB130: GOSUB23@:REM SHOW DISFLAY

NEXTA:GOSUB230

R=00:B$="10000000" :GOSUF13@:REM SET DD RAM ADDRESS TO ZERO
PRINT"BLANK BOTH LINES":R=1@0:J=32:GOSUB17@ ' FORA=1T0Z3: GOSUE18@:NEXTA
R=00:B$="11000000" :GOSUE130:REM LINE 2 )
R=1@:J=32 ' GOSUB170 ' FORA=1T039: GOSUE120 : NEXTA
PRINT"RETURN HOME" :R=06:J=2:GOSUB17@

PRINT"CHANGE CG RAM CONTENTS

DATA11111, 10000, 10000 . 10660. 160000, 16660. 10000. 11111
DATA11111,00001.00001.P0001,.00001,00001,00001.11111:REM
DATA10000., 10000, 10009, 1000, 10002, 10000, 11111 . 80000 : REM
DATRGOOA1, 00001 , 00001 . 0BBG1, 6EI0G1 , 00B6B1, 1111100500 : REM
DATA11111,00000,00000. 00000, COCKE. 00DV, 3OREO, 11111 :REM
DATAGBADO, GO0, 0OPO0, BAOAB, POBNO . AENGA., 11111 .60AAA : REM
DATA11111,00000.00100.01110,00100. 60006 . 0ORAA, 11111 :REM
DATAGO110,01001,01000,11100,01000.71000, 11111, 20068 : REM
PRINT"SEND NEW SYMEOLS TO CG RAM"

FORP=@T0?7 :R=00 : J=P#%8+64 : GOSUB1 7@ :REM SET 5G RAM AIDIRESS

@ E$="00eaa16"  GOSUBL 30

&

OSUE130 : NEXTA

‘REM HENW
NEW
NEW
NEW
HEW
HNEW
HEW
NEW

SYMRQOL
SYMBOL
SYMBOL
SYMBOL
S¥YMBOL
SYMEOL
S'YMECL
SYMEOL

NV RO R e D

85@ R=10:FORA=@TO7 : READRS : GUSUR1 3@ : NEXTA

868 R=00:J=P+126:G050UB170:REM SET DISPLAY ALIRESS

870 R=10:J=F:GOSUB17@:REM DISPLAY MEN SYMBOL

880 NEXTP

890 PRINT"DISPLAY NEW SYMBOLS AS PATTERM SET IH FA$":AS="0464646127575755"
90@ R=00:B$="10000000" :GOSUB12@:REM SET ADIRESS LINE 1

910 FORA=@TO15: IFA=BTHENR=0@: J=19Z : GOSUR17@: REM SET RIDRESS LINE 2

520 R=10: J=VAL (MID$CA$.A+1, 15D :GOSURL 7@ NEXTA: GOZUE220: REM SEND CHARACTER
920 PRINT'DISPLAY CLEAR" :R=00:B$="@0A00RE1" : GOSUR1 3@

940 F=152:00SUB1 56 :STOP {REN SET RESET MARKER AT ENI

960

970 :

980

a9@

1000 PRINT"DISPLAY FULL SYMBOL SET WITH CODE NUMBERS™

1010 R=00:B$="1000A00R" GCSUB13A:REM ADDRESS T ZERD

1620 FORA=OTO255: BS=RIGHTS(" "+STRE(AY+" ".4)> :R=0@: E=9:F=2: GOSUE1 % REM HOME
1030 R=10:FORB=1T04: J=ASCCMID$(ES$, B, 1> :GOSUE17@: NEXTE ' REM SEND HUMEER
1040 J=A:GOSUB17@: REM SEND SvMBOL

1650 GOSUE230: NEXTA

1860

tave

1080

1650 :

1166 PRINT"SET AND DISPLAY AS SINGLE LINE Sk7 LOTS

1116 R=0@: B$="@0106000" : GISUB130: GOSUF22@:REM SET FUNCTION

1126 PRINT"SET ANL DISPLAY AS SINGLE LINE 5 X 18 IOTS . .
1130 R=00:B¢="060160100" :GOSUBL30: GOSUR22@:REM SET FUNCTION Fig 3. Experimental
1148 PRINT"RETURN TO DOUBLE LINE DISPLAY OF 5 X 7 DOTS software listing
1156 R=@@:B$="001@1166" GOSUE13@:REM SET FUNCTION :
1160 R=00:B$="00001106" GOSUR1 36 REM ELAMK CURSCR

ZEADY.

-

PRACTICAL ELECTRONICS JUNE 1990

COMMUNICATIONS PROJECT *

=56577, DN = 251, UP = 199, AT = 56576.

Line 110 sets DRT as an output, placing zero
on the output port lines. In line 120 the required
DIM statements are set and the codes which
control lines RS and RW set into the array C( ).

As we saw last month, the lcd module’s
control codes are varied by the setting of
individual bits in a binary code. In order to
make these codes clearer in this illustrative
example, in most instances I show the actual
binary code we need to use and then let a
subroutine in lines 130-150 handle the
conversion from binary to decimal.

Since we shall be working with the module
in its 4-bit control mode each control code must
be split into two parts, representing the decimal
value of the left hand four data bits, and the
right hand four data bits of the binary code. For
simplicity, this extraction is done by
manipulating the equivalent decimal value of
the complete 8-bit binary code, and is carried
out in line 170. E holds the equivalent left hand
code, and F the equivalent right hand code. The
PRINT statement also in line 170 simply shows
the conversion on screen, plus the current code
held for lines RS and RW. The PRINT
statement may be omitted if preferred.

Lines 190-200 hold the routine which sends
data to the output port and toggles the ATN line
up and down. The meanings of the other
variables shown in line 190 will become
apparent once you start using the program.

The delay pauses that can be built in to the
eeprom program are accessed in the subroutine
at lines 220 and 230. The Y loop is just for the
computer simulation; it is X which sets the
relevant code on to lines DA6 and DA7.

When the lcd module is first powered up it
needs to be taken through an initialisation
routine, setting the number of display lines, the
font, the 4-bit or 8-bit control mode, and various
other parameters as discussed last month.

At switch on, the module automatically
resets itself to 8-bit mode, therefore, since we
are about to use 4-bit control, this is the first
parameter that must be changed. In line 240,
R is set to 0, determining the status to which
RS and RW will be set, and B$ is set to hold
the first data code to be sent, ie 00110011.
The subroutine at line 130 converts this to
decimal, line 170 splits it into two halves,
which are then sent to the output from lines
190 and 200. This code has to be sent twice to
the module; but since we have already
converted and split it, the second sending can
be performed by immediately going to the
subroutine in line 190, as performed in line
250. We next need to send code 00110010, as
in the second part of line 250. Having sent the
above codes the module now knows that any
subsequent data will be sent in 4-bit format.

We next tell the module how many lines
and which font we wish to use. In this
instance we want two lines, which have only
one font available. The code is 00101100, and
is sent from line 260.

Line 270 controls the on/off modes for the
screen, cursor and blinking. The code 00001000
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Fig 4. Pin connections for the LCM 570.

sets them all off. In line 280 the display is
cleared using code 00000001. The entry mode is
set in line 290 by code 00000110, which you
will see from last month’s article sets the DD
ram to increment by one each time it is written
1o. It also sets the cursor to shift right by one
place (if activated) and for the screen display to
remain unshifted.

Next, in line 300, the Return Home mode is
called using code 00000010, resetting the DD
ram address to zero and returning the cursor and
screen to their primary positions.

That completes the initialisation routine,
following which we can start sending data and
shift commands to the display. Any of the above
codes can be changed from those shown to suit
your particularly needs, and full details of the
alternatives were given last month. However,
with the Message Maker circuit, it is essential to
send the commands in lines 240 and 250
following switch-on in order to put the module
into 4-bit mode.

DISPLAY EXAMPLES

The remainder of the program shows a
selection of example codes and data which can
be sent to the module to illustrate the principle
functions which it can perform. You will notice
that in some cases [ have chosen to bypass the
binary to decimal conversion routine, for
example by quoting the decimal number directly
(as implied by J in lines 370 and 440), and by
using the computer’s Ascii conversion facility to
take a message written in English and send the
correct data codes to the module (eg line 570).
Note that your computer must have the same
interpretation of Ascii codes as the module,
otherwise you will have to insert a code
conversion routine.

There are several examples, too, of shifting
the display, both by sending the shift code

directly (line 480), or by modifying the shift
function primary command (line 610).

SYMBOLISING

An example of programming-in your own
symbols is shown in the routine from lines 740
to 880. The matrix data, as discussed last month,
is held in the data statements at lines 750 to 820.
The data in line 820 produces the £ sign which
becomes the symbol referred to in line 600. Try
changing the data codes in lines 750 to 820 and
see what results you get.

You will find several examples of the use of
the delayed clock setting in which lines 220 and
230 are called.

RESET, STOP AND

ONWARDS

The address counter reset code is the final
command of the main program, and is the F =
192 call in line 940. Once 192 has been ORed
into the eeprom, the counter will be reset to zero
when that code is recognised by IC5. This
means that you must avoid allowing that code to
be entered into eeprom address zero. If you do,
the counter can never be stepped forward and
the display module will give every impression of
being inactive. The eeprom must be allowed to
at least complete its initialisation routine before
reset is called.

The program has a STOP call in line 940.
This is because the eeprom capacity is too small
to take all the previous commands plus those
from line 1000 onwards. If you want to examine
what lines 1000 to 1160 do, remove the eeprom
and just run the unit under computer control,
deleting the STOP command. (The program
contains a counter, variable S, which keeps track
of the number of commands sent to the circuit.)

Fig 5. Power oY

supply (see
text)

out

+5v

COMPONENTS

RESISTORS

R1-R9 1k (9 off)

R10,R12-R14 10k (4 off)

R1l 33k

All 0.25W 5% carbon or better.

CAPACITORS

Cl, C2, C8-C10 100n polyester (5 off)

C3,C5 1p 16V elect (2 off)

C4 4u7 16V elect

Cé6 In polystyrene

C7 470u 16V elect (optional,
see text)

POTENTIOMETERS

VRI IM lin mono rotary

VR2 100k preset

SEMICONDUCTORS

D1, D2 1N4148 (2 0ff)

ICI 4040

IC2 eeprom type 2816 (2048 x
8-bit) (see text)

IC3 74HC245

IC4 4024

ICS 4052

1C6 4053

IC7 4069

IC8 7805 (optional, see text)

SWITCHES

Sl min push-make

S2 spdt min toggle

MISCELLANEOUS

LCD display module LCM570 or RS 585-

006, box 180 x 120 x 40mm, printed circuit

board, pcb supports (4 off), 14-pin dil ic

socket (2 off), 16-pin dil ic socket (3 off), 20

pin dil ic socket, 24-pin dil ic socket, 3.5mm

jack socket, knob.

EXPERIMENTING

The aim of the program is first to show you
what can be achieved with the lcd module, and
then for you to re-write or modify it in order to
achieve other displays and modes of control. As
long as you first set the module into 4-bit mode,
you can play with the codes as much as you
want. For much experimenting it is not
necessary to have the eeprom in circuit, and you
can just control the module from the computer.
When you have achieved a particular result, then
you can insert the eeprom and transfer data to it.
Once the data is stored, then the computer can
be disconnected and the message maker used on
its own to cycle through and display the
message or pattern routine.

Another option available if you do not have a
computer which can be coupled to the unit is to
program an (e)eprom using an (e)eprom
programmer (of which PE has published several
examples recently), and then to insert the
(e)eprom into the unit. (Note that only eeproms
can be directly programmed while in the
Message Maker.)

PRACTICAL ELECTRONICS JUNE 1990
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Fig 6. Control wiring details.

SIMILAR LCD MODULES

The LCMS570 is available from
Electromail under code number RS 585-006.
The optional EL backlighting inverter (see
last month) is available as code number RS
585-062.

COMMUNICATIONS Pno.lec'rél-:»

Other modules having different display
formats but identical command control codes
are :

CHAR x LINES BACK LIT CODE

16 X 1 EL 585-012
16 X 2 EL 585-028
24 X 2 EL 585-034
40 X 2 EL 585-040
40 X 4 E 585-056
8 X 2 LED  585-084
16 X 1 LED  585-090
16 X 2 LED  585-107
24 X 2 LED  585-113
40 X 2 LED  585-129

Do not use the other modules with the
Message Maker without first consulting RS
data sheet 9811. Note the difference in VO

drive for some modules, as in Fig.7. The
optional backlight inverter for module 585-
056 is coded 585-078, but the other EL
modules can all use the 585-062 inverter. The
led backlit modules do not need an inverter.

MORSE DECODER

Next month I shall describe another project
which makes use of the same LCM570 lcd
module. The project will be a semi-intelligent
morse code decoder which automatically
decodes and displays morse messages
received via a radio, or cassette recording, or
computer, or direct from a morse key. The
project will also illustrate other techniques by
which the lcd module can be initialised and

controlled.

Fig 7. Equivalent schematic diagrams of VO drive for RS code numbers indicated. The left hand circuit is the one

equivalently used in the Message Maker.
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COMPONENT SOLUTIONS LTD.
UNIT 62, ENTERPRISE CENTRE, BEDFORD
ROAD, STOKE-ON-TRENT, STAFFS. ST4 1WZ
SPECIAL OFFERS x SPECIAL OFFERS
Z80A CPU .85 2732 £2.30
Z80A S10 45 2764 £1.60
Z80A P10 45 27128 £2.35
780A CTC 45 27C256 £ 40 INDUSTRY EXPORT AND HOBBYISTS
Z80A DART | £1.50 27512 £5.00 BIG DISCOUNTS Dsml‘r’nECI%L OFFERS
8031 £1.50 6116 £1.30 FOR EDUCATION 0 mggzlss(stgé?(se)df):ls.ss
80C31 £3.00 62256 LP £6.00 @ Tools/Service I:ids Jgg;mg%{f%gsx rﬁ;ﬁfgg
fruments was (£11.95) £9.95
80C85 £1.60 4164 £2.00 n ‘{Gi‘-:‘z:gest in-stock Analogue M)M 27 Ranges
81C55 £1.60 41256 £3.75 Range) CAP/Hfe/Temp/ 10A AC/DC
_ /Bisco etc. was (£39.95) £29.95
82C12 £1.30 LM 324 .08 8 Public Address ALL PRICES INCLUDE VAT
82C55 £1.60 74HC74 .08 m Security/CCTV/
6809 £1.85 TLOB4CN 20 BN et e
. K e, Video msm“uhon Present g:tu(; r:;c:gz :v:eg purchasing and
68000 P8 £5.00 78LO5 .08 @ Components Chassis s discount.
2716F1 £235 78L0O8 .08 Speakers. :ug;:.s Tﬂ:liés OPEN 6 DAYS A WEEK FOR CALLERS
27C32 £1.95 Computien 872 |
10% DISCOUNT FOR ALL ORDERS OVER £25.00 HENRY'S &2 %0ncs
ALL ABOVE ITEMS FROM STOCK, ORDERS BY RETURN POST 404 Edgware Road, London W2 1ED
C.W.0. TRANSACTIONS PLEASE ADD .75p Instruments/Audio 01-7243564 =
P+P THEN 15% TO TOTAL ecurity/Communications, VO1-
C 01-723 -
ACCESS ORDERS BY ARRANGEMENT 0782 287038 Trage Eaucaton, Export 01258 1831 o2

Please note - from 6 May 1990 the 01 Code changes 10 07 1)
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by Jorge de Sousa Pires

It’s not easy to be an expert on every aspect of electronics -
but this 800 page integrated reference book will make sure
you can always find that vital information.

Well illustrated and detailed, it covers Digital and
Analogue Electronics, Tables and Standards, Com-
munications technology, Personal Computers, and
relevant Mathematics. The author has created an
environment where the reader will find answers to not
only those problems directly related to Electronics, but
also to those in related areas. The text includes all the
major definitions, theories, facts, equations, and
standards you need to use.

Very enjoyable to read, with numerous illustrations and
circuit diagrams, and a detailed index. Many of the
equations are accompanied by programs to ease other-
wise time-consuming calculations. Answering a wide
range of electronics-related problems, this is an invaluable
reference source for anyone involved in electronics.

£39:95, 1989, 800 pages, ISBN 0-86238-061-8
£29.95, SPECIAL OFFER TO PRACTICAL ELECTRONICS READERS

TWO OTHER GREAT VALUE BOOKS

Analogue and Digital
Signal Processing and Coding

by P M Grant, C F N Cowan, B Mulgrew, J H Dripps
Extensive coverage of signal processing and coding, both
analogue and digital, with a distinct practical flavour. It
is based on an industrial course given by the Electrical
Engineering Department at Edinburgh University.
Chapters 1-4 cover basic techniques such as Laplace and z-
transforms, Fourier transforms, sampling theory and time
domain analysis. Chapters 5-7 cover frequency filter
design - both Finite and Infinite Impulse Response types.
Optimal time domain estimation techniques such as
Wiener, Kalman and adaptive filters are covered in
chapters 8-10. The next major section, chapters 11-13
covers spectral estimation - including material on the
design of discrete and fast Fourier transforms and modern
spectral analysis. This is followed in chapters 14-17 by a
consideration of coding techniques, including forward error
correcting codes and data reduction techniques for voice
and image data transmission. Finally, chapters 18-20
cover some practical aspects of signal processing - includ-
ing analogue and digital implementations and the use of
matched filters in radar and communications.

£11.95, 1989, 450 pages,ISBN 0-86238-206-8

Electronics Handbook

onics,
Analog and Dig jegl (i's‘
: e

-

ol E
r.'-s

Saliod BSnOS ap absor

Studentliﬂeratur

&

Fundamentals of Microprocessor Systems

by Philip A Witting
This complete guide for designing microprocessor-based equipment
considers all the hardware and software issues to be resolved during
design. Theory is explained in a manner not specific to any particular
processor, however two chapters are dedicated to the Motorola 6800
family of devices. These chapters are paralleled by two appendices which
consider the Intel 8080/8085 family.
Microprocessors and Microsystems Review:"It is almost certainly
the best of the books on microprocessor systems design currently on the
market. I would strongly recommend it for all second and final-year
courses in microprocessor systems design. Owing to its size, it covers all
the topics likely to be found in such courses."
£11.95, 1984, 525 pages, ISBN 0-86238-030-8

TO: CHARTWELL-BRATT, OLD ORCHARD, BICKLEY ROAD, BROMLEY, KENT, BR1 2NE, TEL 01-467 1956

Electronics Handbook (£29.95)
Analogue & Digital Signal Processing &Coding (£11.95)
Fundamentals of Microprocessor Systems (£11.95)

[ | Ienclose my cheque for £ _ _
[ ] Please charge my ACCESS/VISA
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BASIC TUTORIALSS

ast month we looked at conduction in
[!semiconductors‘ We saw that there
are two types of semiconductors:
* n-type - in which the charge carriers are
electrons
* p-type - in which the charge carriers are
holes

Holes are really vacancies in the structure
of the crystal lattice. In an electric field,
electrons jump from hole to hole, which has
the effect of making the holes appear to move
along the semiconductor, from positive to
negative. They act as positive charge carriers.

We also discovered what happens when p-
type semiconductor adjoins n-type
semiconductor - the pn junction. The features
of this junction are:

* a depletion region, with no charge carriers

* one-way conduction

* an in-built cell, giving a forward vohage
drop (0.6V in silicon).

These features determine the characteristics
and behaviour of the simplest semiconductor
device, the diode. Now we look at something
a littte more complicated: the transistor.

THREE LAYERS OF

SEMICONDUCTOR

There are several kinds of transistor, but the
type we usually refer to as a ‘transistor’, is
more accurately called an npn silicon bipolar

SILICON OXIDE
- pd +  n-TYPE

(O) [ ﬂ/SILICON

HOLE ETCHED
IN OXIDE

(b)

LY
- TYPE SI

NEW OXIDE FHIRGEEILE]
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‘ 3
COLLECTOR METAL
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Fig 2. Stages in making an npn silicon
transistor.

continuous layer of oxide is then formed over
the slice (c). A similar. hole is made in this.
The slice is then exposed to the vapour of an
element which has 5 electrons in its outer shell,
such as phosphorus. This forms a layer of n-
type silicon (2d). We now have a 3-layer
‘sandwich’ and this is covered over with a
layer of silicon oxide (e). Finally (f), a layer of
metal (the collector) is plaied on to the other
surface of the substrate, and two wire contacts
are made through the silicon oxide to the p-
type region (the hase) and the small n-type
region (the emitter).

A transistor is very small, measuring a
millimetre or less across. To make it easier to
handle, it is enclosed in a metal or plastic case
with terminal wires connected to the three
regions.

USING A TRANSISTOR

A transistor has three terminal wires -
which way do the currents flow? This
investigation helps you find out.

Investigation 1 -

currents in a transistor

You need: battery box (6V)

R1 22k

R2 180 ohms

DI TIL209 or similar light-emitting diode

TR1 ZTX300 npn junction transistor

testmeter, breadboard

BASIC

ELECTRONIC

junction transistor. Taking the description a
word at a time:
* ppn: it consists of three layers of
semiconductor, a layer of p-type sandwiched
between two layers of n-type (Fig. 1).
* silicon: the material it is based on (its
substrate) is silicon.
* bipolar: conduction is by electrons and holes.
* junction: its action depends upon the features
of the pn junction.
* transistors: we will explain this when we
have seen how the transistor works.

Closely related types of bipolar junction
transistors are pnp transistors and those with a
germanium substrate.

Fig 1. Simplified structured of a
transistor.
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By Owen Bishop
Part 6 - Transistors.
The current goes one
way, the electrons go the
other, and the holes don't
move at all - they just
change place. This is a
PN junction.

MAKING A

TRANSISTOR

Before we go on to discuss how a transistor
works, let us see how it is made. Fig.2
illustrates one of the techniques used. The
process begins with a slice (or ‘chip’) of n-type
stlicon (a). One surface of this is oxidised to
produce a thin layer of silicon oxide. Silicon
oxide is a non-conductor. A hole is etched in
the silicon oxide, exposing the silicon beneath.
In a furnace, the silicon is exposed to the
vapour of an element with only three electrons
in its outer shell, such as boron. The boron
atoms diffuse a little way into the silicon. The
silicon is already n-type, so we have to diffuse
enough boron into it so that there are, on
balance, more holes than free electrons. The
overall effect is to form p-type silicon (b). A

R2
1800

TR
27X 300

27X 300
c@o)e
BASEb\/iEW
Figs 3 and 4. Circuit and layout for
Investigation 1.
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Set up the circuit of Fig.3 as in Fig4,
without the wire link in position. The led is
being used to indicate whether current is
flowing in through the collector of the
transistor. R1 is used to limit this current (if
any) to a safe level that will not burn out the
led.

Connect the power. Does the led light?

Add the wire link to the circuit. What
happens now?

Remove the wire link. What happens now?

Switch the testmeter to a low milliamp
range. Connect the testmeter across the two
terminals used for the wire link. What
happens to the led now? The resistance of a
milliammeter is very low so its effect on the
circuit is almost the same as the wire link. But
you can now measure the current. How much
current is flowing to the base of the
transistor? Is this enough to make an led
light?

How much current is flowing to the
collector of the transistor? Is this enough to
make an led light?

When the link is in position and the led is
lit, use the testmeler to measure the voltage
between the base and the emitter of the
transistor.

HOW A JUNCTION

TRANSISTOR WORKS

In Fig.5a the three regions of the transistor
are shown as they appear in the circuit-
diagram symbol. But this symbol does not
clearly illustrate the actual arrangement of the
layers. From Figs.l and 2 we know that the
transistor is a p-type layer between two n-type
layers. There are two pn junctions in it. The
two pn junctions are the equivalent of two
diodes, connected back to back (Fig.3b). In
Investigation 1, we passed a current into the
base. Obviously this current would pass
through D2 of Fig.5b and out of the emitter.
The base-emitter voliage was found to be a
little more than 0.6V, which is a typical value
for the forward voltage drop of a diode.

Now for the problem. We also found that a
relatively large current flows inro the collector
terminal of the transistor. Yet this would have
to flow through a reverse-biased diode. It
seems difficult to understand how this could
possibly happen. Fig.5c gives more detail
about what is going on. One really important
point that the diagrams do nor make clear is
that the p-type layer in a transistor is very thin.
When the transistor is operating as in
Investigation |, there is a small voltage (or
potential difference, pd) across the base and
emitter. The base-emitter pn junction is
forward biased. The pd, which has to be a little
over 0.6V to overcome the in-built cell of the
pn junction, causes a current to enter the base.
We call this the base current, symbol I.

When we speak of current entering the
base, we are referring to conventional current.
What really happens is that electrons leave the
base. These come from the lattice of the p-type
material and, as each electron leaves the base,
a hole is created. The base current now
consists of holes flowing in the p-type material
toward the base-emitter junction. At the
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Fig 5. The action of an npn transistor: (a

) symbol; (b) equivalent pair of diodes;

(c) motion of charge carriers; (d) currents through a transistor.

junction, the holes are filled with electrons that
have come from the emitter. The electrons
have come through the emitter from the
external circuit, as the emitter current, Ig. So
far, everything we have described is perfectly
normal for flow across a forward biased pn
junction.

Now we look at the base-collector
junction. There is a higher pd across this than
across the base-emitter junction. In
Investigation | the pd was about 5.4V (6V -
0.6V). The collector base junction is reverse
biased and the depletion region on either side
of it is wide. As electrons enter the base from
the emitter, only a few of them are captured
by the holes of the base current. This is
because the base material is only lightly
doped, so there are few holes in it. Most of the
electrons from the emitter pass into the
depletion region of the collector-base
junction. This is aided by the fact that the base
layer is so thin that the wide depletion region
extends well into it. The electrons entering the
depletion region extends well into it. The
electrons entering the depletion region find
themselves in the field of the in-built cell of
that junction. This field accelerates the
electrons across the junction into the collector.
From there they pass through the collector,
attracted toward the positive potential of the
collector terminal. They flow out of the
collector into the external circuit forming the
collector current, Ic.

In a typical transistor, of every 100
electrons leaving the emitter, only one
becomes captured by a hole in the base
region. The other 99 electrons move into the
depletion region and become the collector
current. But this action of the 99 electrons can
only occur if there is a base current - without
a base current there would be no electrons
coming from the emitter. In this way a very
small base current Iz allows a much larger
(about 100 times larger) collector current I to
flow through the transistor:

I is much larger than Ig.

The size of the base current determines
how many electrons flow through the emitter.
This determines how many electrons enter the
depletion region and then flow into the
collector. In other words:

The size of I depends on the size of Iy.

In Investigation 1 we simply switched Ig

on or off so were not concerned with
variations in its size. This is the subject of an
investigation which appears in a future part.

The electrons entering the emitter go either
to the base or to the collector. The emitter
current Ig is therefore the sum of the base
current and collector currents:

IE = IB + IC

Since the base current is relatively small, it
is usually accurate enough to write:

lE = lC

Summing up: In a transistor we use a small
current, the base current, to control the
strength of a much larger current, the collector
current. The transistor behaves as if it is a
variable resistor with collector current
flowing though it. The effect of variations in
the base current is transferred to the collector
current. This is why such devices were
originally called transfer-resistors. The name
has since been shortened to rransistor.

THERMAL RUNWAY

When we studied diodes we noted that a
reverse-biased diode has a small leakage
current flowing though it. This is due to the
presence of minority carriers in the diode. In a
transistor, the collector-base junction is a
reverse-biased diode, so leakage current flows
through this too. The current flows through to
the base and then through the base-emitter
junction to the emitter. This current becomes
added to any current that is already flowing
from base to emitter. Leakage current is small
- only a few microamps - so in itself does no
harm. But once it is in the base region and
flowing to the emitter, it has exactly the same
effect as ordinary base current. It causes a
much larger collector current to flow. The
leakage current may be small but it results an
additional collector current a hundred or more
times greater flowing through the transistor.
This causes the transistor to become warmer
and, since the higher temperature causes more
minority charge carriers to be generated in the
transistor, the leakage current increases. This
causes even further and larger increases in the
collector current. This runaway effect
increases the collector current more and more
until the transistor becomes so hot that it is
damaged or destroyed. The effect is called
thermal runaway.

PRACTICAL ELECTRONICS JUNE 1990



BASIC TUTORIAL[>

BLACK TRANSISTOR
~= ANODISED
ALUMINUM
(a) ™ TRANSISTOR
_# TRANSISTOR
TWISTED
VANES =
(b) Fig 6. Heat sinks: (a) small clip-on type; (b)
medium bolt-on type; (c) large power
heatsink.
Germanium transistors have a larger The transistor switch circuit of Fig.7 has an

leakage current than silicon transistors. Thus
these devices are much more prone to thermal
runaway. This is one reason why silicon
transistors are preferred for most applications.

One way of preventing thermal runaway is
to design the external circuit so that excessive
currents are impossible - by using resistors to
limit current size, for example. But in some
circuits we may want to have large currents so
this method is not applicable. In such cases we
have large currents so this method is not
applicable. In such cases we use devices
specially rated to withstand high currents
(power diodes and power transistors). In
addition we use heat sinks (Fig.6) to conduct
excessive heat away from the device. A heat
sink is make of copper aluminium, both of
which are good conductors of heat. Aluminium
heat sinks may have a matt black anodised
coating to maximise radiation of heat. Heat
sinks usually have an arrangement of vanes to
encourage air to flow past the sink and carry
the heat away. Of course, adequate ventilation
of the enclosure is essential to allow the air
currents to flow. In extreme cases we use a
small electric fan to force a draught past the
vanes of the heat sink.

TRANSISTOR SWITCHING

In Investigation 1 we found that the
collector current flows and the led lights
whenever we feed a small current to the base
of the transistor. We are able to turn the led on
or off by turning the base current on or off.
The transistor is being used as a switch. Fig.7
is a version of the same circuit, in which the
switching action is made clearer. This circuit is
the basis for Module.8, Fig.21. (next month).
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&
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Fig 7. Typical
transistor
switch
circuit.
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input for supplying current to the base of the
transistor. A resistor limits the current to a
safer level. When V| is greater than a certain
value, enough current flows to the base to
make a large collector current flow. This
current flows through the load. The load can be
any of a wide range of devices. In
Investigation | the load was an led with its
current-limiting resistor. Instead, you might
have a filament lamp, a buzzer (eg last month’s
Module 5), or a relay (Module 7). If the load is
inductive, the diode prevents the transistor
from being damaged by the large reverse
current generated when current to the load is
abruptly cut off. This effect was explained in
an earlier part.

The advantage of the transistor switch is
that it is a way of using a very small current to
control a device that requires a much large
current. But there are some limits on what type
of device can be controlled:

* The device must be one that operates on
direct current; the transistor can not switch
alternating current. if you have to control an
ac device, use the transistor to switch a relay
which in turn switches the ac.

* It must be capable of operating on the
voltage between the supply voltage and the
collector voltage. The collector voltage is
about 0.6V when the transistor is fully on.
With a 6V supply, this means that the device
must be able to operate satisfactorily on 5.4V.

* The device must not pass more current
than the transistor is rated to carry. A typical
low-power transistor can carry 200-500mA; it
will probably require a heat sink at the upper
end of this range. For larger currents we use
power lransistors capable of carrying several
amps.

Now let us look a little more closely at the
switching operation.

Investigation 2 - transistor switching

You need: battery box (6V)

R1 4k7

R2 180 ohms

VRI1 10k potentiometer (eg Module 3)

D1 TIL209 or similar light-emitting diode

TR1 ZTX300 npn junction transistor

testmeter

Set up the circuit of Fig.8, as in Fig.9. DI
and R2 are the load of the transistor switch.
The input voltage Vy can be varied by turning

+6V Qe
01w
TIL209
R2
VR1 1800
10k
TR1
zix300 |
e
C?
Qv.O— s
+6V

-DJ G 1919

Figs 8 and 9. Circuit and layout for
Investigation 2.

VRI, which is a potential divider. The
testmeter is set to a voltage range to measure
Vin-

Turn VRI so that Viy is zero. The
transistor is off and the led is not lit. Slowly
turn VR1 to increase the voltage. Watch the
led. When you see the first glimmer of light,
stop turning VR1. This is the ‘just on’ value of
Vin- Make a note of this too.

Try to put into words what has happened in
this investigation.

Keep the circuit assembled, as you need
change it only slightly for the next
investigation.

You need: battery box (6V)

R1, R3 4k7 (2 off)

R2 1k

R4 180 ohms

R5 100 ohms

VRI 10k potentiometer (eg Module 3)

D1 TIL209 or similar light-emitting diode

TR1, TR2 ZTX300 npn junction transistor
(2 off)

testmeter

Set up the circuit of Fig.10, as in Fig.11.
The left-hand side of this circuit is like Fig.8,
except that we have a 1k resistor instead of the
load. Also the emitter of TR1 is connected to
the emitter resistor (R5) of TR2. The right-
hand side of this circuit is also like Fig.8,
except that it takes its input from point A
instead of from a potential divider. Also the
emitter is not directly connected to 0V, but
through the emitter resistor RS.

Turn VRI so that Vy is zero. TR1 is off,
TR2 is on and the led is lit. Slowly turn VR1
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Figs 10 and 11. Circuit and layout for Investigation 3.
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to increase the voltage. Watch the led. When you
see it go out, stop turning VR1. This is the ‘turn
off’ value. Make a note of this.

Turn VRI back again a small amount, to
reduce Vy by about 0.2V. Does the led come on
again? If not, continue turning VR slowly back
again, reducing Vy, until the led does come on.
Stop turning. This is the ‘turn on’ value of Vn.
Make a note of this too.

Turn VRI1 back in the original direction,
increasing Vyy again, by about 0.2V. Does the
lamp go off again. If not continue turning. What
value of V,y is needed to turn it off?

Disconnect the voltmeter from the circuit and
reconnect is so as to measure Vgg, the voltage
across the emitter resistor R5. Repeat the
investigation, noting the value of Vgg at each
stage.

Keep the circuit assembled, as you need it for
the next investigation.

Summing up: The led switches off very
sharply when V,y is increased past the ‘turn off’
level. This is usually called the upper threshold.
In this version of the circuit, the upper threshold
is about 2.2V. The led does not go out again
until V)N is reduced below the ‘turn on’ level.
This is the lower threshold. The lower threshold
is about 1.4V. This circuit shows /iysteresis, by
which we mean that the change-over level (or
threshold) depends on whether V) is increasing
or decreasing.

Discussion: Below are the results we
obtained when we tried the investigation. Check
to see if you obtained similar results:

Start: Viy = OV. TRI is off. Because no
current flows through RI to the collector of
TR, there is no voltage drop across R1 - the
voltage at point A is high. This means that a
base current flows along Rl and R3, turning
TR2 on. A collector current flows in TR2,
lighting the led. The emitter current from TR2
goes through RS. Vgg is 1.6V. This shows that
the current through RS is 1.6/100 = 16mA. This
i§ Ig, which is virtually the same as I, the
current through the led.

At this stage, the voltage at point B is 1.6V.
This means that the emitter voltage of TRI is
also 1.6V. Owing to the forward voltage drop
across its base-emitter junction, its base must be
at 1.6 + 0.6 =2.2V.

Increasing V|y: because its base is already at
2.2V, no current can flow to TRI until the
voltage at its base exceeds 2.2V. As soon as
VRI is turned enough to make Vy equal to
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2.2V, TR1 begins to turn on. Immediately, its
collector current starts to flow and a voltage
difference appears across R2. The voltage at
point A starts to fall. The base current to TR2 is
reduced. TR2 starts to turn off. The current
through the led falls. So does the current through
R5. The effect of this is important. As the
current through RS falls, the voltage across it
falls and the voltage at point B falls. This makes
the voltage at the emitter of TR fall too. Falling
voltage at the emitter of TR1 means that the
base-emitter voltage is increasing sharply,
making a larger base current flow and turning
TR1! further on. This causes all the actions
described above to proceed even further and
faster. Once the action has begun, currents and
voltages change rapidly. TR switches sharply
on; TR2 swiltches sharply off; the led goes
sharply out.

At this stage Vgg is only 0.6V, due to the
relatively smaller current flowing through R2
and TR1. Since the voltage at point B has fallen
10 0.6V, the voltage at the base of TR has fallen
100.6 + 0.6 = 1.2V.

Decreasing Viy: because the base of TRI is
now at 1.2V, base current continues to flow even
through V) is reduced by a small amount. Vy
must fall below 1.2V before TR1 goes off and
the circuit reverts to its original state.

SCHMITT TRIGGER

The circuit of Investigation 3 is one example
of the type of circuit known as a Schmitt trigger.
Iis advantages are:

* it has a sharp ‘snap’ action
* it has hysteresis.

These features are important in control
applications. For example, consider a circuit to
turn on a porch lamp at night. This is done by
using a light sensor to provide Vy for a Schmitt
trigger. Instead of the led and resistor of Fig.10,
we have a relay coil. The relay may switch a
lamp working on mains voltage. We begin in
daylight with Vg high, TR1 on, TR2 off, the
relay coil not energised, and the lamp off. It is a
slightly cloudy day. At dusk, the light level falls,
and so does V|y. As V| falls below the lower
threshold, the trigger energises the relay, which
switches on the lamp. This is a sharp action -
the current to the relay coil suddenly becomes
strong enough to move the armature. A weak
current would make the armature waver, making
the lamp flicker on an off in a disturbing way

and causing excessive sparking and corrosion of
the relay contacts.

Now the lamp is on, but the sun has not yet
set. Suppose that the clouds clear a little. The
increase in light makes V |y rise a little. But this
change is not likely to be enough to take it
above the upper threshold. There is no change in
the trigger circuit and the lamp stays on. Once
the lamp has been switched on, small variations
of light intensity have no effect. This is
preferable to having the lamp going on and off
every few seconds or minutes around the time of
dusk. The lamp then stays on until dawn, when
the reverse action occurs. The lamp goes off the
first time that Vg rises above the upper
threshold, and stays off for the rest of the day.

USING RESISTORS

When the subject of resistance was first
introduced it was mentioned that electrical
resistance is not just a nuisance and a waste of
electrical power. There are several ways in
which it is an asset. We now have seen enough
examples of this to summarise the usefulness of
resistance:

* for /imiting current to safe levels; example, the
resistor in series with an led (R4. in Fig.10).

* for potential dividing; example, the potential
divider VR1 in Fig.10.

* for ‘turning a current into a voltage’.

The last point needs explaining. Of course it is
not possible to turn a current into a voltage,
since current and voltage are two entirely
different things. But Ohm’s Law links current
and voltage with resistance. A resistance
through which a current is flowing has a voltage
across its two ends. In Fig.10, RS has a current
flowing through it. This causes a voltage to
develop across it, in proportion to the current.
As far as the operation of the circuit is
concerned, it is the voltage which is important,
not the current. The voltage is developed
because the emitter current goes through RS,
rather than through a wire connection as in other
circuits (Figs.3, 7, 8 etc). In this sense, the
resistor has ‘turned a current into a voltage’.

Fig.10 includes another example of this.
When TR is off, only the small base current of
TR2 flows through R2. Only a small voltage
develops across it. Point A is only a little less
than 6V. When TR is on, a large current flows
through R2. A large voltage develops across it.
The voltage at point A falls to about 1V.
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Fig 12. Action of an N-channel enhancement mosfet: (a) with no bias; (b) with

gate positively biased.

MOSFETS

These are another type of transistor, working
in an entirely different way. Mosfet stands for
metal oxide silicon field effect transistor. There
are several versions of the mosfet theme, of
which one is shown in Fig.12. The transistor
consists of a bar of p-type silicon, with a small
n-type region at each end (Fig.12a). The
transistor is connected so that one n-type region
is positive to the other. It is from the more
negative region that electrons with eventually
flow, so this terminal is known as the source.
Electrons will flow out of (or drain away from)
the silicon through the more positive region.
This is known as the drain. In Fig.12a, no
conduction is possible because there is a pn
junction at both ends of the bar - it is like having
two diodes back-to-back as in Fig.5b:

There is a meral plate, separated by an
insulating layer of silicon oxide, on the side of
the silicon bar (so that makes it a metal oxide
silicon transistor). If we charge the metal plate,
the electric field from the charge has an effect on
the holes in the p-type silicon (so that makes it a
mos field effect transistor, or mosfet).

If the metal plate (or gare) is charged
positively, the holes are repelled (like charges
repel) to the far side of the bar (Fig.12b). If you
prefer to think in terms of what is happening to
the electrons, free electrons are attracted toward
the gate. and accumulate close to it. They fill up
all the holes in that region and there are
electrons to spare. On the far side, there are very
few electrons and most of the holes remain
unfilled. The field effect has created a region of
n-type silicon close to the gate. This makes a
complete n-type path connecting the n-type
regions at each end. Electrons now flow freely
through the transistor from source to drain. In
terms of conventional current, current flows
from drain (Ip) to source(lg). Note that no
current flows in or out of the gate. The layer of
silicon oxide prevents this. There is nothing
equivalent to the base current of the bipolar
transistor.

Investigation 4 - A mosfet switch

You need: battery box (6V)

R1 180

VR 10k potentiometer (Module 3)

D1 TIL209 or similar light emitting diode

TR1 VNIOKM n-channel enhancement
mosfet

testmeter
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Figs 13 and 14. Circuit and layout for
Investigation 4.

Set up the circuit of Fig.13, as in Fig.14.
Begin with VRI turned to make V|y = OV.
Slowly turn VRI to increase Vy. At what
level of Vy does the led begin to glow? At
what level does it reach maximum brightness?

Remove VRI and the testmeter. Plug a
piece of wire about 10cm long into socket A.
Watch what happens to the lamp when you:

(a) rub a piece of polythene sheet with a
woollen fabric and hold the sheet near the
wire.

(b) rub other plastics (eg a ball-point pen, a
comb etc) with fabric and hold them near the
wire.

(c) touch the bare wire with your fingers;
touch the insulated part of the wire with your
fingers.

Explain what is happening.

Keep the circuit made up for the next
investigation.

BASIC TUTORIAL 5>

DISCUSSION

Investigation 1: The led lights only when the
wire link is in position, or when current flows
from A to B through the milliammeter. The
current through the ammeter is only about
0.3mA, which is not enough to light the led. You
can check this fact by wiring the led and the 22k
resistor in series and connecting the 6V supply.
If you put the testmeter in series. with DI and
R2, you will find a much larger current (about
18mA) flowing, enough to light the led. The
voltage between the base and emitter is about
0.6V (or a little more) when current is flowing.

Investigation 2: The ‘just on’ voltage is aout
0.75V. The ‘fully on’ voltage is about I.6V.
When Vy is OV, no current flows to the base of
the transistor, so there is no collector current. As
Vin is increased it is opposed, at first
completely, by the in-built cell of the base-
emitter pn junction. When Vg exceeds about
0.6V, base current begins to flow. Ig increases
and with it I¢, until I is large enough to make
the led glow. This happens when V;y is about
0.75V. As Vv increases more, Iz and I¢
increase, and the led becomes brighter until the
led is fully bright at about 1.6V. Above this
voltage, Ig increases but this has no further
effect in increasing I. We say that the transistor
is saturated.

Investigation 3: ‘Turn off’ voltage is about
2.2V. The led goes off very sharply at this
voltage - it does not just ‘dim out’. If voltage is
reduced slightly to say 2.0V, the led stays off.

The ‘turn on’ voltage is about 1.4V. The led
turns sharply on. If voltage is increased slightly
1o say 1.6V, the led stays on. It does not go out
until V) reaches 2.2V again.

Investigation 4: The led first begins to glow
when V| is about 1.5V. It reaches maximum
brightness at about 2.2V. Above this the
transistor is saturated.

Usually the lamp glows dimly, when the gate
is unconnected.

A positively charged object in the region of
the wire causes electrons to be attracted,
increasing the positive charge on the gate
(Fig.2! next month). Although the charge
involved is small, the voltage at the gate may
rise by many volts. No flow of current to the
gate is involved. The increased gate potential
increases the ampunt of current passing through
the transistor and the led shines brightly. A
negatively charged object causes the opposite
effect, making the led go out.

Touching the wire (either bare wire or
insulation) usually increases the gate potential,
making the led brighter. The positive potential
of the human body may be due to the body
becoming charged either by clothes rubbing on
the flesh, or by the soles of shoes rubbing on
floor coverings. There is also the effect of
magnetic fields produced by currents flowing in
mains cables and in mains-powered equipment
nearby. These field induce currents in the body
fluids and may cause an alternating potential at
the finger-tips. The led is turned on and off at
50Hz and appears to glow continuously.

Next month we'll look at other mosfets and
have some modules for you.
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BAKERS DOZEN PACKS
All packs are £1 each Note the figure on he extreme left of the
pack ref number and the next figure is the quantity of items in the
pack, finally a short descripion.

802 5 13A spurs provide a lused outlet to a ring main where
devicas such as a dock must not be switched off.

BDS 26V 1A mains ransformers upright mounting with fixing
damps.

BD11 1 6.5-in speaker cabinet ideal for extensions, takes our

speaker. Ref. BD137.

BD13 12 30 walt reed switches, It's surprising what you can make
with these - burglar alarms, secret switches, relay, etc., etc.

BD22 225 walt loudspeaker wo unit crossovers.

BD30 2 Nicad constant cument chargers adapt to charge almost
any nicad battery.

BD32 2 Humidity swilches, as the air becomes damper the
membrane strelches and operates a microswitch.

BD42 5 13A rocker switch three tags so on/off, or change over with
centre off.

BD4S 1 24hr time switch, ex-Electricity Board, automatically adjust

. for lengthening and shorlening day, original cost £40 each.

BD49 5 Neon valves, with series resistor, hese make good night
lights.

BDS6 1gMini uniselector, one use is for an electric jigsaw puzzle,
we give circuit diagram for this. Onepulse into motor, moves
switch through one pole.

BD67 1 Suck or biow operated pressure switch, or it can be
operated by any low pressure variation such as water level in
water tanks.

BD103A  1:6V 750mA power supply, nicaly cased with mains input
and 6V output leads.

BD120 2 Stripper boards, each contains a 400V 2A bridge rectfier
and 14 other diodes and rectifiers as wel as dozens of
condensers, etc.

BD128 10 Very fine drills for pcb boards etc. Normal cost about 80p
each.

BD132 2 Plastic boxes approx 3in cube with square hole through top
so ideal for Interrupted beam switch.

BD134 10 Motors for model aeroplanes, spin to start so needs no
switch.

BD139 6 Microphone Inserts - magnetic 400 ohm also act'as
speakers.

BD148 4 Reed relay Kits, you get 16 reed switches and 4 coft sets
with notes on making ¢/o relays and other gadgets.

BD149 6 Salety cover for 13A sockets - prevent those inquisitive
litle fingers getting nasty shocks.

BD180 6 Neon indicators in panel mounting holders with lens.

BD193 65 amp 3 pin flush mounting sockets make a low cost disco
pansl.

BD199 1 Mains solenoid, very. powerful, has tin pull or could push if
modified.

BD201 8 Koyboard switches - made for computers but have many
other applications.

BO211 1 Blectric dock, mains operated,put this in a box and you
nead never bs late.

BD221 512V dlarms, make a noise about as loud as a car horn.
Slightly soiled but OK.

BD252 4 Panostat, controls output of boiling ring from simmer up
boll,

BD259 50 Leads with push-on 1/4in tags - a must for hook-ups -
mains connections etc.

BO263 2 Oblong push switches for bell or chimes, these can mains
up to 5 amps so could be foot swilch if fittad into pattess.

BD268 1 Mini 1 watt amp for record player. Will also change speed
of record player motor.

BD283 3 Mild steel boxes approx Jin x 3in x tin deep - standard
electrical.

BD305 1 Tubular dynamic mic with optional table rest.

BD653 2 Miniature driver ransformers. Ref. LT44, 20k to 1k cente
tapped.

BD548 2 3.5V relays each with 2 pairs changeover conlacts.

BO667 2 4.7 uf non-polarised block capacitors, pcb mounting.

There are over 1,000 items in our Bakers Dozen List If you want a
complete copy please request this when ordering.

TOASTERS 2 SLICE toasters - may need slight attention only £3 each ref
3pe4,

GEIGER COUNTER KIT indludes tube, PCB and all components to make
a 9V counter £34. Ref 39p1

PERSONAL STEREOS Again customer returns but complete and with
stereo head phones a bargain at only £3.00 each. Our ref 3P83.

MAINS OPERATED MICROWAVE CONTROL PANEL with Touch
switches. This unit has a 4 digit display with-a built in dock and 2 relay
outputs - one for power and 1 for pulsed power level. Could be used for
all sorts of timer control applications, Only £6.00, Our ref 6P18.
EQUIPMENT WALL MOUNT Multiangle for speakers etc. £3 each ref
3P72.

SUB-MIN TOGGLE SWITCH Body size 8mm x 4mm x 7mm SBDT with
chrome dolly sixing nuts. 3 for £1. Order ref BD649.

COPPER CLAD PANEL for making PCB. Size approx 12in fong x 8.5in
wide. Double-sided on fibreglass middle which is quite thick (about
1/16in) so this would support quite heavy components and could even
form a chassis to hold a mains ransformer, elc. Price £1 each. Our ref
BD683.

MAINS FANS Brand new, snail type. Approx. 6° x 4* approx. 70W onry
£4.00..Ref. 4P58,

REAL POWER AMPLIFIER for your car, it has 150 walls ouyut.
Frequency response 20hz to 20Khz and signal to noise ratio better than
60dB. Has built in short circuit protection and adjustable input level to suit
your existing .car stereo, so needs no pre-amp. Works into speakers fef.
30P7 described below. A real bargain at only £57.50. Order.tef: 57P1.

POWERFUL IONISER

Generates approx. 10 imes more IONS than the ET1 and simifar
circuits. Will refresh your home, office, workroom etc: Makes you feel
better and work-harder - a mains op d kit, case induded
£12.50 + £2 p&p. Our ref 12P5/1.

REAL POWER CAR SPEAKERS. Stereo pair output 100W each. 4-Ohm
impedence and consisting of 6.5in woofer, 3n mid range and tin tweeter.
Ideal to work with the amplifier described above. Price per pair £30.00.
Ordex ref: 30P7.

STEREQ CAR SPEAKERS. Not quite so powerful - 70w per channel. 3in
woofer, 2n mid range and lin tweeter. Price per pair. £28.00. Order ref:
28P1.

VIDEO TAPES These are three hour tapes of superior quality, made
under licence from the famous JVC Company. Offered at only £3 each.
QOur ref 3P63. Or 5 for £11. Qur ref 11P3. Or for the really big user 10 for
£20. Our ref 20P20.

ELECTRONIC SPACESHIP. Sound
and impact controlled, responds to
claps and shouts and reverses when it
hits anything. Kits with really detailed
instuctions. [deal present for budding
youg electrician. A youngster should
be able to assemble but-you may
have to help wiht the soldering of the
components on the pcb. Complete kit
£10. Our ref. 10P81.

12" HIGH RESOLUTION MONITOR Amber screen, beautifully
cased for free standing, needs only a 12v 1.5 amp supply.
Technical data is on its way but we understand these are TTL
input. Brand new in makers' cartons. Price: £22.00

Order ref. 22P2.

14" COLOUR MONITOR made by the American Display Tek Company.
Uses high resofution ube made by the famous Japanese Toshiba company.
Beautifully made unit intended for console- mounting, but topand sides
adequatsly covered by plated matal panels. Full technical spec, on its way
o us. We have a limited number of these. Al brand new still in maker's
cartons. Price: £89 sach plus £6insured carriage. Order ref. 89P/1.
COMPOSITE VIDEO KITS. These convert composite video into separate
H sync, Vsync and video. Price £8.00. Our ref 8P39.

BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex system, using
a full range 4in driver of 4 ohms impedance. Mounted in very nicely made
black fronted walnut finish cabinets. Cabinet size approx 8.5in wide, 14in
high and 3.5in deep. Fitted with a good length of speaker flex and
terminating with a normat audio piug. Price £5 the pair plus £1 post Our
ref 5P141.

3.5in FLOPPY DRIVES We still have two models in stock: Single sided,
80 tack, by Chinon. This is in the manufacturers metal case wittf leads
and 1DC connectors. Price £40, reference 40P1. Also a double sided, 80
tack, by NEC. This is uncased. Price £59.50, reference 60P2. Both are
brand new. Insured delivery £3 on each or both.

REMOTE CONTROL FOR YOUR COMPUTER With this outfit you can
be as much as 20 feet away as you will have a joystick that can Famsmit
and a receiver to plug into and operale your computer and TV. This is
also just right jf you want to use it with a big screen TV, The joystick has
two fire buttons and is of a realfy superior quality, with four suction cups
for additional control and one handed play. Price £15 for the radio
conrolled pair. Our ref 15P27,

ASTEC PSU. Mains operated switch mode, so very compact. Outputs
+12v 2.5A, +5v.6A, +-5v 5A, +-12v 5A. Size: 7.5in long x 4.75in wide x
2.25in high. Cased ready for use. Brand new. Normal price £30+, our
price only £12.95. Order ref 13P2.

VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower. Made to drive
the Sinclair C5 electric car but adaptable to power a go-kart, a mower, a rail
car, mode!'railway, etc. Brand new. Prica £20 +.£2 postage. Our ref. 20P22.
ELECTRONIC SPEED CONTROL KIT Suitable for controlling our
powerful 12v motors. Price £17.00, Ref. 17P3 (heatsink required).

SINCLAIR C5 WHEELS. Set of 4 wheels with inner tubes and tyres.
213" dia. front wheels and 2 6" dia. rear wheels. Brand new £24 set.
Ref 24P3.

PHILIPS LASER
This is helium-neon and has a-power rating of 2mW. Completely safe
as long as you do not fook directly into the beam when eye damage
could result. Brand new, fuft spec. £35 plus £3 insured delivery. Mains
operated power supply for this tube gives 8kv striking and 1.25kv at
SmA running. Complete kit with case £15. As above for 12V battéry.
Also £15. Our ref 15P22.

ORGAN MASTER is a three octave musical keyboard. It is beautifully
made, has. full size (piano size) keys, has gold plated contacts and is’
compiete with ribbon cable and, edge connector, Can be used with many
computers, request information sheet. Brand new, only £15 plus £3
postage. Our ref 15P15.

FULL BRANGE OF COMPONENTS at very keen prices are available from
our associate company SCS COMPONENTS. You may already have their

catalogus, if not request one and we will sand it FOC with your goods.

HIGH RESOLUTION MONITOR. 9in black and white, used' Philips-lube
M247306W. Made up in a Jacquered frame and has open sides, Made for
use with OPD computer but suitable for most others. Brand new. £16 plus
£5 post. Our ref 16P1.

12 VOLT BRUSHLESS FAN. Japanese made. The popular square shape
(4.5inx 4.5in x 1.75in). The electronically run fans not only consume very
litthe current but also they do not cause interfersnce as the brush type
motors do. ldeal for cooling computers, elc., or for a caravan. £8 each.
QOur ref 8P26.

MINEMONO AMP on p.c.b: size 4in x 2in (app.)
Fitted Volume control and a hole for a tone
control should you require it. The amplifier
has three transistors and we estimate the
output to be 3W ms. More technical data
will be included with amp. Brand new,
perfect condition; offered at the'very low
price of £1.15 sach, or 13 for £12.00.

J&N BULL ELECTRICAL
Dept. PE 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.

fAIL OCRDER TERMS: Cash, PO or cheque with order. Plsase add £2.50
service charge. Monthly account orders accepled from schools and public
companies. Access and B/Card orders accepted - minimum £5. Phone
(0273) 734648 or 203500.Fax: (0273) 20377.

POPULAR ITEMS - MANY NEW THIS MONTH v

JOYSTICKS for BBC, Atari, Dragon Commodare, etc. All £5.00 each. All
brand new, state which required.

TELEPHONE TYPE KEYPAD. Really first dass rear mounting unij. White
lettering on black buttons. Has conductive rubber contacts with soft click
operation. Circuit arranged in telephone type array. Requires 70mm by
55mm cutout and has a 10 IDC connector. Price £2.00. Ref. 2P251.
SUB-MIN PUSH SWITCHES Not much bigger than a plastic tansistor
but double pole PCB mounting. 3 for £1.00. Our ref BD688.

AA CELLS Probably the most popular of the rechargeable NICAD types.
4 for £4.00. Our ref. 4P44,

20 WATT 4 OHM SPEAKER With built in tweeter. Really well made unit
which has the power and the quality for hifi 6.5in dia. Price £5.00. Our ref;
5P155 or 10 for £40.0076f. 40P7.

MINI RADIC MODULE Only 2in square with ferrite aerial and sofid dia.
wner with own knob. Itis superhet and operales from a PP3 battery and
would drive a crystal headphone. Price £1.00. Our ref, BD716.

BULGIN MAINS PLUG AND SOCKET The old and faithful 3 pin with
screw terminals. The plug Is panel mounted and the socket is cable
mounted. 2 pairs for £1.00 o 4 plugs or 4 sockels for £1.00. Our ref.
BD715, BD715P, or BD715S.

MICROPHONE Low cost hand held dynamic microphone with on/off
switch in handle. Lead terminates in 1 3.5mm and 1.25mm plug. Only
£1.00. Ref. BD711.

MOSFETS FOR POWER AMPLIAERS AND HIGH CURRENT DEVICES
140v 100watt pair made by- Hitachi. Ref 25K413 and its complement
25.118. Only £4.00 a pair. Our Rel. 4P42,

Also available in H pack Ref 25J99 and 25K343 £4.00 a pa¥. Ref 4P51.
TIME AND TEMPERATURE LCD MODULE A 12 hour dock a Caisius
and Fahrenheit thermomeler a too hot alarm and a too cold alarm. Approx
50x20mm with 12.7mm digits. Requires 1AA battery and a few switches.
Comes with full data and diagram. Price £6.00, Our tef, 6P12,

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our re. 3P60.
A REAL AIR MOVER Circular axial fan moves 205 cubic foot per min
which is about wice as much as our standard 4.5in fans. Low noise
mains operated 6.5in dia, brand new. Regular price over £30.00. Our
price only £10.00. Our ref 10P71.

600 WATT AIR OR UQUID MAINS HEATER Small coll heater made for
heating air or liquids. Will not corrode, lasts for years. Coil size 3in x 2n
mounted on a metal plate for easy fixing. 4in dia. Price £3.00. Ref. 3P78
or 4 for £10.0. Owr ref. 10P76.

EX-EQUIPMENT SWITCHED MODE POWER SUPPLIES Various makes
and specs but generally +-5, +-12V ideal bench supply. Only £8.00. Qur
ref 8P36.

ACORN DATA RECORDER Made for the Electron or BBC computer but
suitable for others. indudes malns adaptor, leads and book. £12.00. Ref.
12P15.

PTFE COATED SILVER PLATED CABLE 19 strands of .45mm copper
wilf camy Up to 30A and is virtually indestructible. Available in red or black.
Regular price is over £120 per reel. Our price only £20.00 for 100m reel.
Ref. 20P21 or 1 of each for £35.00. Ref 35P2. Makes absolutsly superb
speaker cablel

NEW PIR SENSORS infra red movemaent sensors wifl switch up lo 500w
mains, UK made, 12 monh manufacturers warranty, 15-20m range with a
0-10min timer, adjustable wall bracket. Only £20.00. Ref 20P24.
MITSUBISHI 35IN DISC DRIVES Brand new drives, 172 height double
sided, double density warranted. Our price £60.00. Rel. 60PS5.

10 MEMORY PUSHBUTTON TELEPHONES These are customer retwns
and sold as seen. They are complete and may need slight attention. Price
£6.00 Ref 6P16 or 2 for £10.00 Ref 10P77 BT approved.
NON-MEMORY PUSHBUTTON TELEPHONES. Same condition as
above with redial £3.00. Our ref. 3P79. BT approved.

SPECTRUM PRINTER INTERFACE Add a centronics interface to your
Spectrum complete with printer cable for only £4.00. Our ref. 4P52.
SPECTRUM SCUND BOX Add sound to your Spectrum with this device.
Just plug in. Complets with speaker, volume control and nicsly boxed. A
snip at only £4.00. Our ref, 4P53.

BBC JOYSTICK INTERFACE Converts a BBC joystick port lo an Atari
type port. Prica £2.00. Our ref. 2P261.

TELEPHONE EXTENSION LEAD Sm phone extension lead with plug on
onse end, socket on. the other. White. Price £3.00. Our ref. 3P70 or 10
leads for only £19.00! Ref. 19P2.

LCD DISPLAY 4.5in digits supplied with connection data £3.00. Ref.
3P77 or 5 for £10. Ref. 10P78.

CROSS OVER NETWORK 8 Ohm 3 way or- tweeter midrange and
woofer nicely cased with connections marked. Only £2.00, Our ref. 2P255
or 10 for £15.00. Rel. 15P32.

REVERSING LIGHT ALARM Fits to car reversing fight and sounds when
reversing. Onfy £2.00. Our ref. 2P248.

BASE STATION MICROPHONE Top qudlity. uni-directional electret
condenser mic-600r impedence sensitivity 16-18KHz - 68db buiit in chime
complete with mic stand bracket £15.00, Ref. 15P28.

MICROPHONE STAND Very heavy chromed mic stand, magnetic: base
4in high. £3.00 if ordered with above mic. Our ref. 3P80.

SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger.
Charges 4 batteries in 8 hours. Price £6.00. Our ref. 6P3.

MAINS SOLDERING IRON Price £3.00. Our.ref. 3P§5.

SOLDERING IRON STAND Price £3.00, Our ref. 3P66.

SHARP PLOTTER PRINTER New 4 colour printer originally intended for
Sharp compulers but may be.adaptable for other machines. Compleje
with pens, paper stc. Price £16.00. Our ref, 16P3.

CAR IONIZER KIT ‘mprove the air in your car, dears smoke and heips
prevent fatigue, Case req. Price £12.00. Our ref. 12P8,

NEW FM BUG KIT New design with PCB embedded coil v operation.
Priced at £5.00. Our ref. 5P158,

NEW PANEL METERS 50UA movement with three different scales that
are brought nto view with afever. Prica only £3.00. Rel. 3P81.

STROBE LIGHTS Fit a standard edison screw fight fiting 240V 4¢/min.
flash rate available in yallow, blue, green and red. Complete with socket
Price £10 each. Rel. 10P80 (state colour required).

EXTENSION CABLE WITH A DIFFERENCE It is flat on‘one side making
it easy to fix and look Bdy. 4 core, suitable for alarms, phones etc. Our
price only £5.00 for 50m reel. Ref. 5P153.

METAL PROJECT BOX Ideal for battery charger, powsr supply etc.
Sprayed grey size 8in x 4in x 4.5in. Louvred for ventilation. Price £3.00;
Ref. 3P75.



Ithough the IBM PC must be
considered as being the industry
standard, it suffers the drawback of

being unable to produce a split baud rate from
the serial port. This became apparent when
trying to communicate with Prestel or any of
the Viewdata bulletin boards operating on the
V23 1200/75 baud rate using my manual
modem which had previously operated
successfully with both a BBC and Spectrum
computer.

The problem arises from the fact that
while the receiving baud rate can be set to the
required 1200 baud, the modem expects
anything typed on the keyboard to be sent at a
baud rate of 75. However, due to the above
limitation, most of the communications
software packages available also send at the
1200 rate and expect the modem to produce
the necessary baud rate conversion using what
most manufacturers call a speed buffer. This
article describes & unit which carries out this
baud rate conversion and is easily installed in
the serial cable path between the computer
and the modem.

UART

The transmission and reception baud rates
of the 6402 uart are controlled by separate
clocks, the frequency of which must in bpth
cases be at sixteen times the desired baud
rate. The receive baud rate is therefore set at

INTERFACE PROJECT g

BAUD RATE

JNVERTER

Robert MacFarlane
Brings the PC down to speed for
split-rate comms.

1200 (19.2 kHz divided by 16) and the
transmit baud rate at 75 (1.2kHz divided by
16). In Fig.1, ICl is a fourteen stage binary
divider and clock oscillator running at 4.9152
MHz with R1, C1 and X1 determining the
fundamental frequency. The Q8 output from
ICI divides the crystal frequency by 256 and
drives the receive clock of the following 6402
uart (universal asynchronous receiver/
transmitter) at 19.2kHz. Similarly, the QI2
output from ICI drives the transmit clock at
1.2kHz.

C2 and R2 provide a positive pulse to the
reset input of IC2 on initial power-up.

The standard word status for viewdata on
Prestel at 1200/75 baud is 7 bits, even parity,
with 1 stop bit. This mode is set up using the
five control inputs (CLS1, CLS2, PI, EPE,

SBS) and loaded with a high level on the
control register load (CRL) input.

The receiver register disable input (RRD)
is held at logic O enabling the eight (RBR)
outputs of the receiver buffer register to be
directly connected to the eight (TBR) bits of
the transmitter buffer register inputs. The
status flag disable input (SFD) is also at logic
0, enabling outputs from the transmitter buffer
register empty (TBRE) and data received
(DR) flags.

The receiver register input (RRI) accepts
the 1200 baud data output from the computer,
while the transmitter register output (TRO)
sends data to the modem at the converted rate
of 75 baud.

The transmitter buffer register empty status
flag output (TBRE) is used to control the

e 45V

III10p
1
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Fig 1. Circuit diagram for
the baud rate converter.
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Fig 2. PCB
component and
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output of data from the computer using the
clear to send (CTS) input. Thus, after the
computer sends each individual character to
the converter at the higher 1200 baud rate, the
computer is made to wait by the CTS signal
until the transmitter has finished sending at
the lower 75 baud rate, this being indicated by
the TBRE flag going high.

A high level on the data received flag
(DR) indicates that a character has been
correctly received and transferred to the
receiver buffer register, but this output must
be reset before a new character can be
received. The quad two input NOR gate IC3
is used as an inverter, with R3, R4, C3
forming a simple timing circuit to stretch the
data received (DR) output and reset it by
driving the data received reset input (DRR)
low. The stretched pulse is also used to load
the transmitter buffer register (TBRL) with
the next received character.

Fig 3. Interconnections
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CONVERTER

The RS232CD driver chip (IC4) is used
since: this chip only requires a single +5V
supply and, using dc/dc converter techniques,
derives its own 12 volt supplies internally,
thus  simplifying the power supply
requirements of the baud rate converter
circuit.

To accommodate the possibility of the
CTS input on some computers being either
active low or active high, one of the quad
NOR gates (IC3c) is used as in inverter to
drive the input of IC4b through the selectable
tink L1. A spare RS232CD driver is available,
the input and output being brought out to
connector S5 and S6.

POWER SUPPLY

The +5V supply can either be obtained
directly from the computer, or from the
modem and fed through a spare pin of the
serial RS232 25-way cable, or from a separate
supply provided. Adequate supply decoupling
is provided on the board by C4, C5 and C6.

The board is fitted into the box using
adhesive horizontal hold down strips and the
two 25-way D-type connectors fitted on either
end. The through connections and the three
signal lines from the board are then wired to
the sockets as shown.

CONNECTION

The standard 25-way D-type serial
connector is used as input and output to the
baud rate converted circuit with all major
modem connections being looped through.
The TXD input of the modem and the CTS
signal from the board must be connected to
the CTS of the computer as shown in Fig. 3.

Communications are established in the
normal fashion with the converted now
transmitting at the slower 75 baud rate. If
difficulty is experienced when transmitting
continuous characters, inverting the CTS
output to the computer by changing link Lt
should solve the problem. m

COMPONENTS

RESISTORS

RI 4M2

R2 4Kk7
R3,R4  2Kk2 (2 off)

All 0.25W 5% carbon or better
CAPACITORS

Ct 10p ceramic plate

C2 47y 10V tantalum

C3 330p ceramic plate

C4 1O 10V tantalum

C5,C6 100n min polyester (2 off)
SEMICONDUCTORS

ICI1 4060

IC2 IM6402 UART

IC3 4001

IC4 RS 232CD
MISCELLANEOUS

4.9152Hz crystal, printed circuit board,
case about 120 x 90 x 30mm, adhesive pcb
guide strips, male and female 25 way D-
type connectors, 14-pin dil socket, 16-pin
socket, 40-pin dil socked.
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COMPUTER ICS

80C31 MICRO
P8749H MICRO
BBC MICRO PARTS
VIDEO ULA 201647
6845 CRT
6522 PIA
DM88LS120
AY3-1015D UART
8086 processor ex-equipment £2
USED 41256-15 £2.00
USED 4164-15 ex-equipment £1
9 x 41256-15 SIMM MODULE NEW

8 x 4164 SIP MODULE NEW
HD 146818 CLOCK IC
2864 EEPROM
27128A 250nS EPROM USED

FLOPPY DISC CONTROLLER CHIPS 1771
FLOPPY DISC CONTROLLER CHIPS 1772 .
68000-8 PROCESSOR NEW
HD63484-8 .
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED.

2716-45 USED
2732-45 USED
2764-30 USED
27C256-30 USED
27C512 USED (ALSO 27512) ..
1702 EPROM EX EQPT
2114 EX EQPT 60p 4116 EX EQPT
6264-128k statlc ram
TMM23256P 32K 150mS static Ram ... (s - et
4416 RAM
USED 4416-15 RAM
USED 41464-15

REGULATORS
LM317T PLASTIC T0220 variable
LM317 METAL

7812 METAL 12V 1A |
7805/12/15/24V plastic ..
7905/12/15/24 plastic ...
CA3085 T099 variable reg
LM338 5A VARIABLE

CRYSTAL OSCILLATOR

1.8342 MHz

CRYSTALS

2.77 MH2/4 000 MH2/4 9152MH2 20MHz 49.504MHz, 8M, 16.588M ....£1 each

TRANSISTORS

BC107, BCY70 PREFORMED LEADS
full spec

BC557, BC548B, BC238C, BC3088

POWER TRANSISTORS
N POWER FET IRF531 8A 60V
P POWER FET IRF531 8A 60V ...

25C1520 sim BF259

TIP141/2 £1.6a TIP112/125/428 .

TIP358B TIP35C

SE9301 100V 10A DARL.

2N3055 EX EQPT TESTED

PLASTIC 3055 OR 2955 equiv 50p

2N3773 NPN 25A 160V £1.80

QUARTZ HALOGEN LAMPS
A1/216 24V 150 WATTS
H1 12V 50W (CAR SPOT) .

14 WAY ZiF SKT
TEXTOOL dngo in line 32 way. Cn be ganged {coupling supplied)
for uge withi any dual in ine dOVICES. ............cuuiivemeeinirninaas 2182
28 WAY TEXTOOL ZIF SOCKET EX NEW EQUIPMENT ....£2.50

CAPACITORS COMPUTER GHADE
3300uF 350V SIC SAFCO FELSIC 037
2200uF 160V SIC SAFCO FELSIC CO38 .

TURNS COUNTING DIAI.S allfor 0.25" shaft
10 turn dial 21 mm dia. fits 3mm spindle €2
10 tum digital dial (3 digits) for 3mm or 6mm shaft

10 turn clock face dial for 6mm spindle

MISCELLANEOUS

MAINS ADAPTOR 9V DC 200mA
SLOPING FRONT PLASTIC CASE 225 x 215 x 76mm
76mm WITH ALI FRONT PANEL 200 x 130mm

HUMIDITY SWITCH ADJUSTABLE
WIRE ENDED FUSES 0.25A
NEW ULTRASONIC TRANSDUCERS 40kHz

12 CORE CABLE 7/0.2mm OVERALL SCREEN .

POWERFUL SMALL CYLINDRICAL MAGNETS .

OP AMP LM10CLN
BNC 50 OHM SCREENED CHASSIS socxsT
BNC TO CROC CLIPS LEAD 1 metre

LEMAG EARTH LEAKAGE TRIP 35A 30mA trip
BBC PRINTER LEAD
AMERICAN CHASSIS 2/3 pin SOCKET .
USED 3 172" FLOPPY DISCS D/S 720K ..

£2
£5

£10ea 10+ £8
£5

£3
£4.50
£2.50

£2 100/£1
£2 100/£1
£2 100/£1.60

35p 100+20p 1000+ 18p
33p 100+20p 1000+ 15p

€1 each

€1 £4/100 £30/1000
30/£1 £3.530100

KEYTRONICS

TEL. 0279-505543
FAX. 0279-757656
POBOX 634

BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

TO-220 HEAT SINK sim RS 403-162

SMALL MICROWAVE DIODES AEI DC1028A ...
D.I.L. SWITCHES 10 WAY £1 8 WAY 80p 4/5/6 WAY ...
180 volt 1 watt ZENERS also 12v & 75v

PLASTIC EQUIPMENT CASE 9 x 6 x 1.25 in. WITH FRONT AND
REAR PANELS CONTAINING PCB WITH EPROM 2764-30 AND
ICS 7417 LS30 LS32 LS74 LS367 LM311 7805 REG, 9 WAY D
PLUG, PUSH BUTTON SWITCH, DIN SOCKET .
VIN10LM 60v %A Sohm TO-92 mostet )

MIN GLASS NEONS

RELAY 5v 2 pole changeover looks like RS 355-741 marked
STC'47WB0ST
MINIATURE CO-AX FREE PLUG RS 456-071

MINIATURE CO-AX FREE SKT. RS 456-273 .

DIL REED RELAY 2 POLE n/o CONTACTS ...

PCB WITH 2N2646 UNIJUNCTION with 12v 4 POLE RELAY €1
400m 0.5w thick fitm resistors (yes four hundred megohms) 4/€1
STRAIN GAUGES 40 ohm Foil type polyester backed balco grid
alloy . £1.80 02 10+ €1
ELECTRET MICROPHONE INSERT

Linear Hall effect IC Micro Switch no 613 S54 sim RS 304-267
£2.50 100+ £1.50

10/£2.50

50p

HALL EFFECT IC UGS3040 + MAGNET
OSCILLOSCOPE PROBE SWITCHED X1 X10 ..
CHEAP PHONO PLUGS ..

1 pole 12 way rotary swnch
AUDIO ICS LM380 LM386 ...

555 TIMER 5/€1 741 OP A
ZN414 AM RADIO CHIP ...
COAX PLUGS nice ones ..
COAX BACK TO BACK JOINERS ..

4 x 4 MEMBRANE KEYBOARD .....

15.000uF 40V

INDUCTOR 20uH 1,5A ..

NEW BT PLUG + LEAD ...

1.25" PANEL FUSEHOLDERS

CHROMED STEEL HINGES 14.5 x 1” OPEN €1 each
12v 1.2w small wire ended lamps fit AUDI VW TR7 SAAB
VOLVO

12V MES LAMPS
STEREO CASSETTE HEAD

MONO CASS HEAD €1 ERASE HEAD ...

THERMAL CUT OUTS 50 77 85 120°C .

THERMAL FUSE 121°C 240V 15A

TRANSISTOR MOUNTING PADS TO-5/TO-18

TO-3 TRANSISTOR COVERS

STICK ON CABINET FEET ..

PCB PINS FIT 0.1" VERO

TO-220 micas + bushes

TO-3 micas + bushes ...

PTFE min screened cable .

Large heat shrifik sleeving pac

CERAMIC FILTERS 6M/9M/10. 7M

IEC chassis plug i filter 10A

Polenbomemers short spmdles values 2k5 10k 25k 1 m

1ea

500k lin 500k log <
40Khz ULTRASONIC TRANSDUCERS EX EQF‘T NO DATA

DIODES AND RECTIFIERS
1N4148
1N4004/SD4 1A 300V

1N5401 3A 100V

BA158 1A 400V fast recovery ..
BA159 1A 1000V fast recovery ...
120V 35A STUD
BY127 1200V 1.2A
BY254 800V 3A
BY255 1300V 3A
6A 100V SIMILAR MR751

1A 800V BRIDGE RECTIFIER
4A 100V BRIDGE
6A 100V BRIDGE ...
8A 200V BRIDGE ...
10A 200V BRIDGE
25A 200V BRIDGE £2
25A 400V BRIDGE £2.80

SCRS

PULSE TRANSFORMERS 1:1+1
2P4M EQUIV CIOED .......
MCR72-6 10A 600V SCR .

35A 600V STUD SCR

TICV106D 800MA 400V SCR .
MEU21 PROG. UNIJUNCTION ..

TRIACS

BT 137-600 8A TO-220
BT138-600 12A TO-220 .......
MEU21 PROG. UNIJUNCTION
NEC TRIAC ACO8F 8A 600V TO220 ..
TXAL225 8A 400V SmA GATE 2/
TXAL228 BA 400V 5mA ISOL TAB
3TA08-400 8A 400V S5mA GATE ISOL TAB
CA3059 0 VOLTAGE SWITCH ..

100/€£1.50

10/€22

€1.25

3/€1

. €1

€2

. e 100/t|5

2/€1

70p
/et
5/£2 100/£30

MIN CASH ORDER £3.00

CONNECTORS
D25 IDC SOCKET FUJITSU
34 way card edge IDC CONNECTOR (disk drive type)

£2

£1.28

CENTRONICS 36 WAY IDC PLUG .

CENTRONICS 36 WAY IDC SKT ... -
BBC TO CENTRONICS PRINTER L .5M
CENTRONICS 36 WAY PLUG SOLDER TYPE .. k4
USED CENTRONICS 36W PLUG +SKT . €3

USEDDCONNECTORS pnce per balr

D9.60p, D15£1.50, 025 £2, D37 £2, D50 £3.50 covers 80p ea.
WIRE WOUND RESISTORS

W21 or sim 2.5W 10 of one value . - . €1
R10 OR15 OR22 2R0 4R7 5R0 SRG BR2 1OR 12R 15R 1BR 20R
22R 27R 33R 47R 56R 62R 91R 120R 180R 390R 430R 470R
680R 820R 910R 1K15 1K2 1K5 1K8 2K4 2K7 3K3 3KO 