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OVP POWER AMPLIFIER
MPPW R A L 2 ' DUL Now enjoy a

world-widg reputation for quality. reliability and performance at a realistic price. Four models
available to suit the needs of the professional and hobby market. re  industry. Lesure,
Instrumental -and Hi-Ft. etc. When comparing prices. NOTE ali modeis mclude Toroidal
power supply. Integrat-heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.
OMP100 Mk Il Bi-Polar Output power 110
watts R.M. S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%,
S N.R. —118dB, Sens. for Max. output
500mV at 10K, Size 355 X 1156 X 65mm.
PRICE £33.99 + £3.00 P&P.

OMP/MF100 Mos-Fet Qutput power 110
watts RMS. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
80. Slew Rate 45V/uS, THD Typical
0.002%, Input Sensitivity 500mV, SN.R.
—125dB. Size 300 X 123 X 60mm. PRICE
PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200
watts RM S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Siew Rate 50V.uS, TH.D. Typical
0001%, Input Sensitivity 500mV, S N.R.
—130dB, Size 300 » 150 X 100mm. PRICE
PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet QOuiput power 300
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V /uS, TH.D Typcal
0.0008%. input Sensitivity 500mV, S N.R.
—130dB, Size 330 x 147 x 102mm. PRICE
PRICE £79.99 + £4.50 P&P.

NOTE: Mos-Fets are supplied as standard (1 00KHz bandwidth & Input Sensitivity 500mV) If required
P A version (50KHz bandwidth & tnput Sensitivity 775mV) Order - Standard or P A

Vu METER Compatible with our four amplifiers detailed above A
very accurate visual display employing 11 L £ D diodes (7 green. 4
red) plus an additional on off indicator Sophisticated logic control
circuits for very fast rise and decay times Tough moulded plastic
case. with tinted acryhc front Size 84 - 27 - 45mm

PRICE £8.50 - 60p P&P

LOUDSPEAKERS 5" to 15" upto 400 WATTS R.M.S
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S.AE. (28p) for free details.

POWER RANGE

8 50 WATT R.M.S. Hi-Fi/ Disca

20 oz magnet 1'." ally voice coit Ground ally hxing escutcheon Res Freq 40Hz Freq Resp to
6KHz Sens. 92d8. PRICE£10.99Available with black grille £11 99 P&P £1 50 ea

12" 100 WATT R.M.S. Hi-Fi/Qisco

50 oz magnet. 2" ally'voice coill Ground ally fixing escutcheon Die-cast chassis White cone Res

Freq
25Hz Freq Resp to 4KHz Sens 95dB. PRICE £28.60 - £3.00 P&P ea

McKENZIE .

12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco

2" ally voice coil Ally centre dome Res Freq 45Hz Freq. Resp. to 6 5KHz Sens. 98dB PRICE £29.99
+ £3.00 P&P ea.

12" 85 WATT R.M.S. C1285TC P.A/Disco 2" aily voice coll. Twin cone.

Res. Freq. 45Hz Freq. Resp. to 14KHz PRICE £31.49 + £3.00 P&P ea

15" 150 WATT R.M.S. C15 Bass Guitar/Dlsco.

3" ally voice coil Die-cast chassis Res. Freq. 40Hz Freq. Resp. to 4KHz PRICE £57.87 + £4 00 P&Pea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.

2" voice coil. Res. Freq. 75Hz Freq. Resp. to 7 5KHz Sens. 99dB. PRICE £19.99 + £2.00 P&P
10" 200 WATT R.M.S. C10200GP Gultar, Keyboard, Disco.

2" voice coil. Res. Freq. 45Hz. Freq. Resp. 10 7KHz. Sens. 101dB PRICE £44.76 + £3.00 P&P

15 200 WATT R.M.S. C15200 High Power Bass.

Res. Freq. 40Hz. Freqg. Resp. 10 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 ?&P

15" 400 WATT R.M.S. C15400 High Power Bass.

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB PRICE £89.52 +£4.00 P&P.

WEM

5" 70 WATT R.M.S. Multipte Array Disco etc.

1" voice coil Res. Freq. 52Hz Freq. 52Hz Freq. Resp. to SKHz Sens, 89d8 PRICE £22.00 + £1.50 P&Pea
8” 150 WATT R.M.S. Multiple Array Disco etc.

1" voice coll. Res. Freq. 48Hz Freq. Resp to SKHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.

10" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

1" voice coil Res. Freq, 35Hz Freq. Resp. to 4KHz Sens. 92dB PRICE £36.00 + £2.00 P&P ea.

12" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

11" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 94dB PRICE £47.00 + £3.00 P&P ea

SOUNDLAB (Fuit Range Twin Cone)

65" 60 WATT R.M.S_ Ni-Fi/ Muitiple Array Disco etc.

1" voice coil. Res. Freq 63Hz Freq Resp to 20KHz Sens. 86dB. PRICE £9.99 1 £1.00 P&P ea
6'," 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

1" voice coil. Res Freq. 56Hz Freq Resp 1o 20KHz Sens 89d8 PRICE £10.99: £1.50 P&P ea
8”60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

11," voice cor Res Freq 38H:z Freq Resp to 20KHz Sens 89dB. PRICE £1299 s £1.50 PRPea
10" 60 WATT R.M.S. Hi-Fi“Disco etc

11,” voice coill. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2.00 P&P

PHOBBY KITS. Proven designs including glass
@Aﬂ fibre printed circuit board and high quality 4
components complete with instructions. i
FM MICROTRANSMITTER (BUG) 90/105MH:z with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (3 voit)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional performance. Range up to 3 miles 36 x 84 x 12mm
{12 voht) Price: £14.43+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relsy with 2amp/240 volt contacts. Ideal for
many applications. Receiver 90 x 70 x 22mm (9/12 voh). Price:
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.28
P&P + 75p each. S.A.E. for complete list.

3 watt FM
Transmitter

- } POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL

VISA ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT

BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.0.0. ACCEPTED.

MODULES

* PRICES INCLUDE V.A.T. » PROMPT DELIVERIES = FRIENDLY
SERVICE » LARGE S.A.E. 28p STAMP FOR RRENT LIST

BURGLAR ALAR IDEAL for Work-

Betier to be -Alarmed’ then ternfied. shops, Factories,
Thandar's famous ‘Minder’ BsurglfrglarT‘SysteT. Offices, Home,
Superior microwave principle. Supphedas three units,

complete with nterconnection cable. FULLY etc. S u_pplled
GUARANTEED. ready built
Control Unit — Houses microwave radar unit. range
up to 15 metres adjustabie by sensitivity contro!
Three position, key operated facia switch — off — test
— armed 30 second exit and entry delay.
Indoor alarm Electronic swept freq
104dB output

Outdoor Alarm — Electronic swept freq siren 98dB
output. Housed in a tamper-proot heavy duty metal
case

Both the control umt and outdoor alarm contain re-
cnargeable batteries which provide full protection
during mains failure Power requisement 200/260 Volt
AC 50/60Hz. Expandable with door sensors, panic
buttons etc. Comptete with tnstructions

SAVE £138.00 usual Price £22885
BKE's PRICE £89.99 + £4.00 P&P

? Why buy a crilzction of self assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quaiity and value. Made speciaily to suit todays
need for compactness with high sound output levels Fin:shed in
hard wearing black vyni’= with protective corners, grille andcarry
handle All models 8 ohms Full range 45Hz - 20KHz Size 20" -
15" « 12* Watts RM S per cabinet Sensitivity 1TW._ 1mitr dB

OMP 12-100 Watts 170dB. Price £149.99

per pair.

OMP 12-200 Watts 102dB. Price £199.99

per pair. : Dehvery Securicor £8.00 per pair

0219 STEREO RACK AMPS

siren

1 K-WATT
SLIDE DIMMER

« Controt loads up
10 TKw

» Compact Size
4% 17 A 2%

» Easy snap in fix
ing through panel
cabinet cut out

» Insuiated plastic
case

» Full wave con
trol using 8 amp
triac

* Conforms to

Professional 19” cased Mos-Fet stereo
amps: Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies. XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4 ohms). Input Sensitivity 775mV.

MF200 (100 + 100}W. £169.00 Securicor
MF400 (200 + 200)wW. £228.85 Delivery
MF600 {300+ 300)W. £322.00 £10.00

BS800

* Sunable for both resist
ance and inductive loads In
numerable applications 1n
industry. the home. and
disco’s. theatres elC

PRICE £13.98 - 75p P&P

BSR P295 ELECTRONIC TURNTABLE
* Electronic speed control 45 & 33' . r.p m = Pius

Minus varable pitch control « Beit driven = Alu

minm platter with strobed rim » Cue lever # Anti
skate {bas device) » Adjustable Counter balance *
Manual arm = Standard cartnige fixings -
Supplied compiete with cut out template » D.C.
Operation 9-14v D.C 65mMA

Price £36.99  £300 P&P

ADC Q4 mag. cartridge for above Price £4.93 ea. P&P 50p

PIEZO ELECTRIC TWEETERS - MOTOROLA .
Join the Piezo revolution The low dynamic mass (no voice coit) of g Piezo tweeter produces an
improved transient response with' a lower distortion level than ordinacy dynamic tweeters As a
crossover is not required these umis can be added to existing speaker systems of up to 100 watts
{more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.
TYPE ‘A" (KSN2036A) 3" round with protective wire
mesh. deal for bookshelf and medium sized Hi-fi
speakers Price £4.90 each - 40p P&P

TYPE ‘B’ (KSN1005A) 3'," super horn For general
purpose speakers, disco and P A systems etc. Price
£5.99each - 40p P&P

TYPE 'C’ (KSN6O16A} 2" N\ 5" wide dispersion
horn For quality Hi-fi systems and quality discos etc
Price £6.93 each : 40p P&P

TYPE ‘D’ (KSN1025A) 2 N\ 6" wide dispersion
horn Upper frequency response retained extending
down to mid range {2KHz) Suitable for high quahty
Hi-fi systems and quality discos. Price £3.83 each

- 40p P&P

TYPE 'E’ (KSN1038A) 3%~ horn twester with
attractive sitver fimish trim. Suitable forHi«fi monitor
systems etc. Price £5.99 each « 40p P&P

LEVEL CONTROL Combines on a recessed mount
ing plate, fevel control and cabinet input jack socket
85 %\ 85 mm Price £3.99 + 40p P&P

STEREO DISCO MIXER

STEREQ DISCO MIXER with2 X\ SbandL. &
R. graphic equalisers and twin 10 segment
L.E.D. VuMeters Many outstanding features
5 Inputs with indwidual faders providing a
useful combination of the following
3 Turntables (Mag). 3 Mics, 4 Line .plus*Mic
with talk over switch. Headphone Monitor
Pan Pot. L. & R. Master Qutput controls. Out-
put. 775mVv_ Size 360 X 280 X 80mm
Price £134.99 — £3.00 P&P

DEPT

B. K. ELEGTRONIGS =

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR TEL: 0702-527572
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» British customers can now buy

components from Conrad Elect-
ronic, a West German company
which claims to be the largest
specialist mail-order component
supplier in Europe. The complete
range is described in six cata-
logues, one of which describes
the more popular product lines
and is written in English. The
others are in German but the
samples we have seen are well
illustrated and fairly easy to
understand. Prices are quoted in
Deutsch Marks but the order
forms explain how to convert to
Sterling. For details contact
Conrad’s distributors, Smith
Electronics, 157 Chapel Street,
Leigh, Lancashire WN7 2AL. Tel:
(0942) 606 674.

In 1990 a new EEC directive will
come into effect requiring em-
ployers to check noise levels and
reduce them where appropriate.
Workers in noisy environments
will also have the right to demand
ear protectors and to have regular
hearing checks. To help us under-
stand the new regulations (and
presumably to advertise its own
services), a company called Noise
Reduction Ltd has prepared a
series of factsheets looking at
various aspects of noise pollution
and the new regulations. Copies
can be obtained by writing to
them at Factory 1, Phoenix Park,
Chickenhall Lane, Eastleigh,
Hampshire SO5 5RP. Tel: (0703) 611
6171.

® The British Standards Institu-
tion has published two new
papers relating to broadcast video
tape recorders. BS 6758 covers type
C helical VTRs and is designed to
ensure compatibility between
machines from different
manufacturers. BS 6865 specifies
time and control codes for VIRs,
providing a standard digital code
format in accordance with IEC 461
which allows VTRs to be linked to
one another and to separate audio
recorders. Copies of both docu-
ments can be obtained from BSI
Sales, Linford Wood, Milton
Keynes MK14 6LE. Tel: 01-629 9000.

® |OTech is based in Cleveland,
Ohio, and manufactures control-
lers, converters, buffers, exten-
ders and software for use with.
equipment employing the IEEE488
bus standard. The range includes
interfaces which allow any com-
puter with an RS232 port to com-
municate with IEEE488 equipment
using simple commands in BASIC
or other high-level languages. A
catalogue describing the 10Tech
range is available from the
company’s distributors, Keithley
Instruments Ltd, 1 Boulton Road,
Reading, Berkshire. Tel: (0734) 861
287.

Colour Portables On The Way

he race to put a pocket LCD
colour television on the
market is hotting up with both
Sharp and Ferguson due to launch
products in the next few months.
The Sharp model was pre-
viewed at the recent Brown
Goods Show and is due to go on
sale before the end of the year.
Now Ferguson has an-
nounced its PTV01 pocket tele-
vision which has a 2.6in LCD
screen. It receives all four UK
television channels and features
a built-in loudspeaker which can
be disconnected for earphone
listening, a telescopic aerial and
a socket for use with an external
aerial. It offers up to 2% hours
continuous operation on alkaline
batteries and can also be powered
by a rechargeable battery pack or

from the mains or a car battery
using optional adaptors.

The screen uses an efficient
backlighting system to ensure
bright pictures even in the dark
and Ferguson says the viewing
angle is large enough to allow
more than one person to watch
the picture simultaneously. The
LCD has a resolution of 56,000
pixels and uses an MIM (metal-
insulator-metal) active matrix
system.

The PTV01 measures 85 x 145
x 35.5mm ( 3.35 x 5.7 x 14in) and
weighs 330g (11.80z). It should be
on sale in November at a retail
price of around £250.

Ferguson, Cambridge House,
Great Cambridge Road, Enfield,
Middlesex EN1 1UL. Tel: 01-363
5353.
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Fast Soldering Takes To The Road

Cirkil has introduced a
rechargeable soldering iron
which it says is ideal for use on
static sensitive circuitry and in
situations where no mains supply
is available.

The Turbo Solderor is rated at
12W and can be recharged either
from the mains or a car battery.
Features include a 2mm diameter
illuminated tip, fast warm-up time
and a capacity of around 200
standard joints on each 12-hour
charge.

It comes complete with a
wall-mounting socket, a mains
charger unit and a 12V charging
lead which plugs into a standard
car cigarette lighter socket. A
safety hood is provided for pro-
tection during operation and
Cirkit says it will also be supplying
spare illuminated tip assemblies.

The Turbo Solderor costs
£15.00 plus VAT and postage from
Cirkit Holdings PLC, Park Lane,
Broxbourne, Hertfordshire EN10
7NQ. Tel: (0992) 444 111.

DAT Arrives —
For The Few

The first digital audio tape (DAT)
recorders are due to go on sale
in this country in the next week or
two.
Manufactured by Sony, the
machines will sell for around £1300
and will include a ‘spoiler’ to
prevent direct digital copies being
made from compact discs.

The DTC1000ES is described as
a full-function DAT player. It can
record from analogue signals in
the normal way and will also
accept digital signals sampled at
48kHz. It will not accept digital
signals sampled at the 44.1kHz rate
used on compact discs, although
CDs can be copied by going
through an intermediate analogue
stage.

Sony expects the DIC 1000ES to
be bought by professional and
semi-professional recording
engineers and musicians. The
company accepts that the high
price will deter all but the most
affluent of hi-fi enthusiasts.

The launch of DAT outside
Japan follows a long period of
heated debate between the re-
corder manufacturers and the
record companies. Many believed
that DAT would kill off the market
for compact discs, threatening a
technology in which record com-
panies have invested hundreds of
millions of pounds.

In response to this threat some
record companies have an-
nounced thadv they will not
produce pre-recorded DAT cas-
settes and have urged other
companies to do the same. There
has also been a coordinated
demand for some form of spoiler
system which would prevent
direct digital copying from
compact disc. Without pre-
recorded tapes and with no ability
to record from CDs, the average hi-
fi enthusiast would be unable to
make use of the high quality
offered by the DAT system and
would therefore be more likely to
stick with CDs.

Sony insists the attitude of the
record companies is ‘misguided”
but is very careful to stress DAT as
a successor to the compact cas-
sette rather than the compact disc.

It points out that digital tapes
will wear out just as analogue cas-
settes do and also that the access
time for tracks on the cassette is
far higher than on CDs. Because
of this, DAT is seen as complemen-
tary to compact disc with particu-
lar advantages in the car or,eventu-
ally, in Walkman-style tape players.
However, Sony says it will be some
time before DAT players become
as small as present day compact
cassette players.

Sony (UK) Ltd, Sony House,
South Street, Staines, Middlesex
TW18 4PF. Tel: (0784) 67000.
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IC Industry
Short Of Staff

Senior figures in the UK semi-
conductor industry believe the
current recession may be nearing
an end but fear that a shortage of
skilled staff will hinder future
progress.

These are the findings of a
survey carried out by Plus Four
Market Research on behalf of
Cahners Exhibitions, organisers of
the Semiconductor International
Exhibition held in Birmingham at
the end of September. The survey
found that 76% of senior engin-
eers and managers in UK semicon-
ductor manufacturing companies
expect to invest more in plant over
the next three years and 52%
expect to take on more staff.

Sixty percent felt that the
levels of trained staff in the
industry have risen over the last
three years but over 80% con-
firmed that electronics designers
and engineers are still in short
supply. A significant. number
believe the situation is actually
getting worse.

The survey also noted that
22% of respondents are looking at
the use of gallium arsenide.

Cahners Exhibitions Ltd,
Chatsworth House, 59 London
Road, Twickenham, Middlesex
TW1 3SZ. Tel: 01-891 5051.
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Micro Control Systems says its
new Multi-ROM interface is
the first device to allow easy
switching of ROM:s on the Sinclair
QL micro-computer.

The Multi-ROM is a 16K RAM
pack which stores the contents of
several ROM cartridges, allowing
the cartridges themselves to be
swopped in and out without hav-
ing to switch off the computer.
Operation is by simple com-
mands which can be loaded into
a bootfile sothatthe correct ROM
is selected for each application.

The device can also be used to

ROM Switching On The Sinclair QL

develop ROM-based software,
allowing code to be downloaded
for testing without blowing an
EPROM. It includes a facility
which convinces the QL that it has
only 128K of memory, making it
easy to run programs which do
not like expanded machines.

The Multi-ROM measures 90 x
60 x 20mm (3.5 x 2.4 x 0.8in) and
is backed by a two-year warranty.
It costs £49 plus VAT.

Micro Control Systems, Mita
House, Hamm Moor Lane, Addle-
stone, Weybridge, Surrey KT15
2SB. Tel: (0932) 58266.

UK Out Of Step
On Robots

he UK is a ‘notable exception’

in the general trend towards
increased use of robots in
industry.

A recent report by inter-
national market analysts Frost &
Sullivan shows that the total
number of robots in this country
in 1986 was only around 3200 —
less than the increase alone in
West Germany in 1985.

Japan and America have both
invested heavily in industrial
automation and the report claims
that Japan in particular has gained
definite economic advantages
through the use of robots. By the
same measure, many of the weak-
nesses in UK industry are attri-
buted directly to our failure to
automate fast enough.

The report predicts that
European countries will increase
their total spending on robots by
around 20% a year in an effort to
catch up with Japan and America.
On present form the highest rates
of growth are likely to be in West
Germany and Italy with the rest of
Europe well behind and France
and then the UK trailing the field.

Frost & Sullivan Ltd, Sullivan
House, 4 Grosvenor Gardens,
London SW1W ODH. Tel: 01-730
3438.
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new, low-cost optical power

meter is now available and
should prove of interest to anyone
who is experimenting with optical
fibres.

It's made by Ellmax Electronics
and uses a large analogue scale to
display optical levels from below
1nW up to 1mwW and from
-60dBm up to 0dBm. The calibra-
tion wavelength is 820nm and
detection is by means of a large
area silicon photodiode contained
in either an SMA or STRATOS
connector housing.

Power Meter For Fib

e Optics
The unit is battery operated
and has a current consumption of
around 1mA, giving a typical
battery life of some 500 hours. An
output socket is included for use
with a DVM where greater scale
reading accuracy is required.

The meter comes in a carrying
case complete with manual and
accessories and costs £275.00 plus
VAT and postage.

Ellmax Electronics Ltd, Unit 29
Leyton Business Centre, Etloe
Road, Leyton, tondon E10 7BT. Tel:
01-539 0136.

@ Lightning strikes and mains
surges have been responsible for
some rather nasty incidents lately,
as anyone who reads a newspaper
will know. It therefore seems a
good time to tell you about a n¥w
designers’ guide from Texas In-
struments which explains how to
protect against lightning and acci-
dental mains incursion in modern
telecommunications equipment.
The guide is 40 pages long with
illustrations and is called ‘Tele-
communications Protection Cir-
cuits’. It is available free-of-charge
from Online Distribution Ltd,
Melbourne House, Kingsway,
Bedford MK42 9AZ. Tel: (0234) 217
915.

@ Solex International supplies
multi meters, frequency counters,
bench power supply units and
various instruments for measuring
chemical and physical parameters
such as pH, temperature, relative
humidity and even blood pres-
sure. Theinstruments carry either
the Solex or Soar brand names
and are described in a full-colour
32-page A4 catalogue. Contact
Solex International, 44 Main
Street, Broughton Astley, Leices-
tershire LE9 6RD. Tel: (0455) 283 486.

@ RR Electronics has put together
a quick reference guide to the OP
series of op-amps from PMI.
Plastic laminated for durability, the
guide is A4 size and lists the op-
amps against a range of major
parameters. This makes it easy to
select a device for high output
current, low noise or any other
desired characteristic. For further
details contact RR Electronics Ltd,
St. Martins Way, Cambridge Road,
Bedford MK42 OLF. Tel: (0234) 47211.

® The latest catalogue from J.A.
Crewe and Co lists engineering
materials, tools, electronic
components and various surplus
stock items. Electro-mechanical
components are particularly well
represented and the range in-
cludes solenoids, relays and many
types of AC and DC motors,
among them a 200 step/revolution
miniature stepping motor which
can be supplied complete with a
dedicated development board in
kit form. The catalogue costs 75p
from J. A. Crewe & Co, Dawn
Edge, Spinney lane, Aspley Guise,
Milton Keynes MK17 8JT. Tel:
(0908) 583 252,

@ Power Development Ltd manu-
factures a range of ceramic NTC
thermistors specifically designed
to limit high switch-on surge
currents. The latest additions to
the range are described in a new
brochure which is now available.
For further details contact Power
Development Ltd, Cadmore lane,
Cheshunt, Waltham Cross, Hert-
fordshire EN8 9SE. Tel: (0992) 34266.
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The December ETI is the fitting place to find the
electronic answer to your fuel bill problems. Next month
sees the project to computerise your central heating
system. Save money and keep warm this winter with ETI!

&

No, it's nothing to do with small white radiators despite
the central heating controller. If you know a little about
radio you'll know t%'nis stands for standing wave ratio and
you'll know why you want one. If you don't, read ETI next
month and find out.

rrcTIAIS™ YTIAATO

We all know that some kind of test equipment is a good
idea but with such a bewildering variety around, mostly

at mind boggling prices, it pays to know exactly what you
need and how to use it. ET! reveals all next month. If you
spendglour last few pennies on the mag you'll also be
pleased to read the article on making your money go
further — what to look for and what to avoid when buying
second hand test gear.

Of course, next month sees the free components to build
the Dream Machine on this month’s free PCB. There's also
all your favourites packing out next month’s issue —
Hardware Design Concepts, Circuit Theory, News, Diary,
Open Channel, Playback, Keynotes, Readers’ Ads and so
on. Don't miss your copy of ETl — the mag to be seen
reading this winter.

The articles listed are all under way but unforseen circumstances may prevent publication.

<ONLY £14.95
O\ina P&P”

sl

THE TIME -

PRECISELY

THE SOLEX MICROCIRCUIT LABORATORY TIMER

Special Offer!

Free five function stopwatch worth £40
(inc. VAT) with every timer ordered

o

¥ Fully programmable with
liquid crystal display

V¥ Count-down, count-up
facility with electronic alarm

V¥ Roll-over facility — indicates
time over-run

V¥ 4 separate count-down time
intervals can be stored at anyone time

V¥ Pocket clip adapts to bench stand
with magnet for attaching to steel
cased equipment

V Battery supplied.

7/

before 315t December 1987 /5%,
Ny

Send no money — we will send
your Solex timer and your free
stopwatch on 14 day approval.
It not completely satistied “8"/
you can return them.

| SOLEX INTERNATIONAL
44 Main Street,

Broughton Astiey,
Lelcestershire /
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NEWS: NEWS: NEWS: NEWS:

NEWS: NEWS: NEWS:

arge, flat-panel graphics
displays can be constructed
with ease using a new 8 x 8 dot-
matrix LED array from Siemens.
Available in orange or green,
the displays incorporate a CMOS
IC which handles multiplexing,
memory, lamp drive and internal
logic. Each dot is separately
addressable via an 8-bit TTL-
compatible data bus.

Siemens Ltd, Siemens
House, Windmill Road, Sunbury-
on-Thames, Middlesex TW16 7HS.
Tel: (09327) 85691.

adition and innovation are to

meet head on with the forma-
tion of a new Company of Infor-
mation Technologists.

Alongside such ancient
Companies as the Weavers, the
Cutlers and the Grocers, many of
which began their lives as craft
guilds in the middle ages, the new
Company will concern itself with
the setting and maintenance of
standards in business conduct
and with charitable works.

The City Companies are gene-
rally known as Livery Companies
because many of the craft guilds
adopted distinctive dress for use
on ceremonial and other occa-
sions. As with other Companies
formed in modern times, the
Information Technologists will not
be adopting a livery but they have
applied for permission to use
armorial bearings.

In keeping with City traditions
the new Company has 100 founder

members and its management
committee follows the historic
structure with a Master, Senior
and Junior Wardens, Assistants
and a Clerk. All the founder
members have strong connections
both with the City and with infor-
mation Technology, many holding
senior positions in UK computer
and electronics companies.

The Company of Information
Technologists, 25 Enford Street,
London W1H 2BH. Tel: 01723 5882.

® Those of you who read about
the FLT-101 analogue worksta-
tion in the August issue may be
interested to learn that Flight
Electronics has introduced a
digital version. The FLT-100 has
thirty logic gates with mimic
diagrams and a large solderless
breadboard which allows gates
and other components to be
connected up as required. Also
included are a pulse generator
and dualrail stabilised power
supplies with short circuit pro-
tection. For further details con-
tact Flight Electronics Ltd, Ascu-
part Street, Southampton SO01
1LU. Tel: (0703) 227 721.

STC has produced a 4-page full
colour brochure on its range of
Union Carbide Kemet capacitors.
Among the product lines featured
are two different types of dipped
tantalum capacitors, several multi-
layer ceramic types and a number
of axial and radial mouided capa-
citors. Full product specifications
are included and there are also
some notes on applications for
some of the BT-approved capaci-
tors in the range. Contact The
Capacitor Group, STC Electronic
Services, Edinburgh Way, Harlow,
Essex CM20 2DF. Tel: (0279) 26777.

DIARY: DIARY:

DIARY: DIARY:

DIARY: DIARY:

DIARY: DIARY:

Ramada Renaissance Hotel, Brighton.
Organised in conjunction with the American
IEEE and staged outside of the USA for the first
time. Contact CARTS-Europe on (0425) 73578.

I\.ﬁ'é;;(;po.l'é Convention Centre, Brighton. See
July ‘87 ET! or contact Cahners at the address
below.

BAFTA, London. Training seminar organised' .by
the BKSTS. Contact them at the address below.

The IEE, L0}1d0I:1, See July ’87 ETI or contact the
IEE.

Wembley Conference Centre, London. For
details contact Online on 01-868 4466.

The I?E, Llondon. Discussion meeting
featuring speakers from the small firms centre.
Contact the IEE at the address below.

8

Strand Palace Hotel, London. See July ‘87 ET!

or contact the IEE at the address below.
\.

Metropole Exhibition Centre, Brighton. See
July '87 ET! or contact Peter Peregrinus Ltd at
the IEE address below.
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‘I"Ee IEE, .Lo-r}don. For details contact the {EE at
the address below.

Radar '87 — October 19-21st
Kensington & Chelsea Town Hall, London. See
July ‘87 ET! or contact the IEE at the address

below.

Testmex ‘87 — October 20-22nd
Business Design Centre, London. See July ‘87
ETI or contact Network Events at the address

below.

At pul - 1
G-Mex, Manchester. For details contact
Database Exhibitions on 061-456 8835.

‘ gu gn — November 5th
The IEE, London. Tutorial lecture. Contact the
{EE at the address below.

November

Reproduced pund Conference —
Hydro Hotel, Windermere. Topics covered
include acoustics, digital techniques, measure-
ments and electro-acoustic music. Contact the

Institute of Acoustics on 031-225 2143,

The IEE, london. Lecture by Sir Clive Sinclair.
Contact the IEE at the address below.

Kensington Exhibition Centre, London.
Contact Network Events at the address below.

ral overs 1
Kensington Exhibition Centre, London. See
June ‘87 ET! or contact Network Events at the

address below.

te Communi pNns A roadcasting

Londont For venue and other details contact
Online on 01-868 4466.

=ora

The UK Space Progr: December 7th
The IEE, tondon. Llecture by R. Gibson of the
British National Space Centre. Contact the |EE
at the address below.

ame

The Which
19-22nd
NEC, Birmingham. Contact Cahners at the

address below.

Computer Show January

Electro-Optics And Laser UK — March 22-24th
NEC, Birmingham. Exhibition which runs
alongside the Optics-Ecoosa ‘88 conference at
the Birmingham Metropole Hotel. Contact
Cahners at the address below.

I RadioMSvEterns At Techniaues April

|-13th

The IEE, London. Conference organised by the
IEE and the Institute of Mathematics and its
Applications. Contact the IEE at the address
below.

British Kinematograph Sound and Television
Society, 547-549 Victoria House, Vernon Place,
London WC1B 4D). Tel: 01-242 8400.

Cahners Exhibitions Ltd, Chatsworth House,
59 London Road, Twickennham TW1 3SZ. Tel:
01-891 5051.

Institution of Electrical Engineers, Savoy Place,
London WC2 0BL. Tel: 01-240 1871.

Network Events Ltd, Printers Mews, Market
Hill, Buckingham MK18 1)X. Tel: (0280) 815 226.
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MORLEY ELECTRONICS

TELETEXT
ADAPTER

Would you like access 10 free high quality software and over
a thousand pages of information, but Prestel access charges
and phone bills too expensive? Then read oni
The answer is Teletext. Yes the same system everyone has
8een incorporated into television sets, but with a difference.
:Vahen Teletext is read by a compuler you can actually use the
a2
The MORLEY TELETEXT ADAPTER introduces you to the
world of Teletext at a price that won't break the bank. Inside it
you will find the latest in second generation Teletext chip
technology, which unilke our rivais who are still using chips
designed more than ten years ago, will be fully compatible
with any future advances In the Teletext system.
With the Morley adapter you will get a state of the art unit that
automatically tunes self into the required station (no more
messing around with screwdrivers or twiddling little knobs in
the back of the case), a user friendly menu driven program,
easy 10 loilow instructions and a 12 month warranty. Add to
this the free downloadable telesohtware and we are sure that
you will agree that we are offering you one of the best
bargains on the market today.

FEATURES:
° Advanced design uses the latest technology, will handle

ANY future enhancements to the Teletext system e.g.: full
fleld; 8 bit data transter; 2k pages etc.

° Simply plugs into the user port.

* Low power consurnption, lass than 200ma. Optional power
supply available.

* User friendly menu driven software including extended
OSCLI and OSWord commands for access from BASIC
programs.

* Supplied with 18k ATS (Advanced Teletext Software) and
16k support ROM software Inc, printer durmps, page
spoolers elc.

* FREE Telesoftware, no access charges (updated weekly).
* Save selected pages to discrape for later retrieval.

* Fult access to all Teletext services and channels 6.g.:
CEEFAX, ORACLE, 4-TEL.

* Gives you a real-time clock at your disposal {* TIME).

* Software upgrades to allow for any enhancements 1o the
Teletext service, 6.9.: extra channels, full field data on cable &
satellite systems etc. (only the media charge),

* Easy to follow comprehensive user guides.

° No hardware limitations, it can for example recsive virtually
unlimited numbers of channels.

* Utits disc avaitable including printer drivers allows pages to
be selected and dumped direct to a printer {no more TV or
Radio Times to buy).

WHAT THE REVIEWERS SAID:

“.. .Interms of price, performance, {uture expansion
possibilities and those little touches that show thought for the

)

end user | would recommend the Moriey unit."~(Acom User,
January, 1986).

“.. .The Morley unht has been designed to ensure that its
operation 8 simple and smooth. ht is the ideal Teletext
adapter for school use."-(A&8 Computing, June, 1566).

°. . .Using It over a number of months in different schools, 1
has proved utterty reliable, and may confidently be
recommended.”—(The Times Educational Supplement,
September, 1986).

THIS IS THE BIGGEST SELUNG TELETEXT
ADAPTER CURRENTLY IN PRODUCTION
WORLDWIDE, AND COMES WITH A FULL MONEY
BACK SATISFACTION GUARANTEE.

To order please fill in and send order form to: MORLEY ELECTRONICS, Unit 3, Maurice Road Industrial Estate, Wallsend, Tyne and Wear NE28 6BY.

Adapter Software Piease send me at i i
y. O M/B DESIGN7Y scr. d i .

ROM m] Qty. O ModeyTeletext adapters @ £119.95 inc. VAT Qty. 0 1 Mbyte RAM dis:en g %(ql‘ EZS%?S?%NY.AJAT
SWR DISC 0 Qty. 0 Optional PSU @ £9.95 inc. VAT Qty. O 2 Mbyte RAM disc @ £349.95 inc. VAT
40 TRK 0 Qty. O Master Copy ROM @ £13.95 inc. VAT Qty. O Eprom Programmer V.2 @ £27.95 inc. VAT
80 TRK _ 0 Qty. O Master Copy Disc @ £11.95 inc. VAT Qty. O Desfax : @ £23.00 inc. VAT
Please Tick Qty. O Teletext utilities on Disc @ £5.95 inc. VAT Qty. O Morley Masterboard “AA” £45.95 inc. VATETI/11

g Total £
For further details on all products call 091 262 7507 after 4.00pm. @m
NAME PHONE No. CHEQUE No.
ADDRESS

POSTCODE

Please atd £3.00 P+P on Adapters and RAM Discs, £2.00 P+P on PSU's and Programmers, £1.00 P+P on Software.
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HART ELECTRONICS are specialist producers of kits for
designs by JOHN LINSLEY-HOOD. All kits are APPROVED

by the designer.

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

-

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER
SYSTEM.

Our very latest kit for the discerning enthusiast of quality

Please allow 28 days for delivery

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

sal-

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads could restore perform-
ance to better than new! Standard mountings make fitting
easy and our TC1 Test Cassette helps you set the azimuth
spot-on. We are the actual importers which means you getthe
benefit of lower prices for prime parts. Compare us with other
suppliers and see! The following is a Hst of our most popular
heads, ali are suitable for use on Doiby machines and are eX-
stock.

HC20 Permalloy Stereo Head. This is the standard head fitted
as original equipment on most decks ................ £7.66

iComplete record and replay circuits for very high quality low
noise stereo cassette recorder. Circuits are optimised for our
HS16 Super Quality Sendust Alloy Head. Switched bias and

-equalisation to cater for chrome and ferric tapes. Very easy to

assemble on plug-in PCBs. Complete with full instructions.

Complete Stereo Record/Play Kit.................. £33.70
VU Meters to suit ......

Reprints ot original Articles
860X Sterec Mic Amplifier

LINSLEY HOOD 300 SERIES AMPLIFIER KITS

Superb integrated amplifier kits derived from John Linsley-
Hoods articles in ‘HiFi News".
Ultra easy assembly and set-up with sound quality to please
the most discerning listener. Ideai basis tor any domestic
sound system if quality matters to you. Buy the kit complete
and save pounds off the individual component price.

K300-35. 35 watt. Discount price tor Compiete Kit . £98.79
K300-45. 45 Watt. Discount price for Complete Kit £102.36
RLH445. Reprints of Original Articles from 'Hi-Fi News'

T ey, SO AN £1.05 no VAT

sound and an exotic feast for lovers of designs by John
Linsley-Hood. A combination of his ultra high quality FM
tuner and stero decoder described in "ELECTRONICS
TODAY INTERNATIONAL” and the Synchrodyne AM
receiver described in "Wireless World”. The complete unit is
cased to match our 300 Series amplifiers. Novel circuit
features In the FM section to inctude ready built pre-aligned
front-end. phase locked loop demoduiator with a response
down to DC and advanced sample and hold stereo decoder
together make a tuner which sounds better than the best ot
the high-priced exotica but, thanks to HART engineering,
remains easy to bulld. The Synchrodyne section with it's
selectable bandwidth provides the best possible results from
Long and Medium wave channels, so necessary inthese days
of split programming. If you want the very best in real HiFi
tistening then this is the tuner for you. Since all components
are selected by the designer to give the very best sound this
tuner is not cheap, but in terms of it's sound it is incredible
value for money. To cater for all needs four verslons are
available with variations up to the top of the range full AM/FM
model, with any unit being upgradeabte at any time. Send for
our tully illustrated details.

STUART TAPE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reel-to-
reel recorders. These circuits will give studio quality whh a
good tape deck. Separate sections for record and replay give
optimum performance and ailow a third head monitoring
system to be used where the deck has this fitted. Standard
250mV input and output levels. These circuits are Ideal for
bringing that old vaive tape recorder back to llfe.

K900W Stereo Kit with Wound Coils and Twin Meter

£65.67
... £1.30 no VA

HS16 Sendust Alloy Super Head. The best head we can find.
Longer life than Permalioy, higher output than Ferrite, fan-
tastic frequency reSpoNSe ... .....corvvaneeercanres £14

HQS551 4-Track Head for auto-reverse or quadrophonic uésed °
£14

Full specification record and ptayback head........ |
HX100 Stereo Permalioy R/P head. Special Offer £2.49
13.35

MA481 2/2 Language Lab R/P head. ........... £

SM166 2/2 Erase Head. Standard mounting.
ACKIVECE WERSR: v § b ial i sse o Bpss WY 28 ) 7 110 Ty giriDP £8.85
SM150 2/2 Erase Head. DC Type ............... £3.60

HQ751E 4/4 Erase Head for Portastudio etc. ... £46.80
Full specifications of.these and other special purpose
heads in our lists.

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level,
head azimuth and tape speed. invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnetisation causing
noise on playback .............c..o.ll £4.54
Curved Pole Type for inaccessible heads ......... .£4.85

Send lor your Iree copy of our LISTS. Overseas please send 2
IRCs to cover surfae Post or § IRCs for Airmail.

Piease add part cos! of post, packing and insurance as follows:

INLAND OVERSEAS
Orders up to £10 - 50p
Orders £10 to £49 - £1

Surtace or Air Post as
Orders over £50 - £1.50 :

required.

Personal callers are always very welcome but
please note that we are closed all day Saturday

24hr SALES LINE
(0691) 652894

33

ETI| NOVEMBER 1987

Please send sutticient to cover

A

ALL PRICES EXCLUDE VAT c*\‘s\jo
UNLESS STATED oW Gt rE
LEERE
Ly s‘:"’-s‘g“‘“gﬁ
(o)



LETTERS

READ/WRITE

Portable Problems

Alan Watling appears to have
things in a slight muddle when
he wired up the speakers for his
portable PA system (ETI September).
He says the ideal loudspeaker
system would be a line source. He
could have achieved that in effect if
he had wired up the five loud-
speakers as shown.
John Tyzzer
Guildford, Surrey.

Mr. Tyzzer's arrangement will give
maximum output in the centre of the
line (C), a lower level of output from the
loudspeakers on either side of the centre
(B and D) and a lower level still from
either end of the line (A and E). This
gives a reasonably close approximation
to ideal line-source characteristics and
works well when the loudspeakers can
be pointed directly at an audience. In
the Portable PA, the loudspeaker column
has been deliberately tilted backwards
by a few degrees to provide mechanical
stability. To counteract this, the
loudspeakers are arranged so that there
is more output in the lower part of the
sound distribution pattern. This involves
a further departure from true line-source
characteristics but works well in practice.

RIAA (Again)

In Read/Write of the August ETI Mr.
Leach wonders whether the
equalisation used br record com-
panies is sufficiently accurate to
justify the use of precise RIAA replay
networks in hi-fi amplifiers.

The listening chain contains a
number of elements (microphone —
record cutter — cartridge — amplifier
— loudspeaker, to mention just the
major ones) and it is possible to take

ETI NOVEMBER 1987
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the view that highly-accurate equal-
isation at one point in the chain will
almost certainly be compromised by
greater variations elsewhere. |
remember a graph prepared in the
1960s (I forget the source) which
showed wide variations in recording
equalisation from one company to
another, some being as much as 6dB
out from the RI standard over
certain parts of the audio spectrum.

Fortunately things have changed
since then. Recording equalisation is
necessarily more complex than
replay equalisation because it has to
take into account the characteristics
of the cutting head but even so the
better record companies aim for an
accuracy of 0.2dB.

Surely Mr. Leach cannot be
satisfied with errors of the order of
1dB in his replay network, especially
when greater accuracy can be
achieve§ at trifling cost?

Wilfred Harms

Bexhill, East Sussex.

Circuit Theory

have read many electronics

magazines and books but have
always found them empty. It has
taken me seven years to see this
emptiness.

People read electronics mag-
azines with a goal of understanding
what electronics is about. How It
Works sections of your published
projects help towards achieving this
goal but in themselves are not
enough.

To understand would need more
than giving component values in
circuit diagrams. How they are
arrived at must be shown. It would
be a blessing to show, using
intermediate mathematics (not a
minefield of equations and theory)
where and how component values
are obtained.

This would enable many readers
to do a lot of thinking for you and
contribute projects rather than just
buiIdiné them parrot fashion.

N. Gharebeigui

Chiswick, London.

It is indeed one of the aims of ETI to
teach an understanding of electronics
and we try to do this in several ways. The
How It Works sections of projects are the
simplest attempts. We run two regular
series teaching the principles behind
electronics design. Circuit Theory is
intended to cover the more funda-
mental end of the spectrum and to
introduce basic -mathematical tools.
Hardware Design Concepts is for more
advanced readers and looks at the latest
ICs available and advises on design
techniques when using them. Other
features go into specific topics in more
depth.

A good many ETI projects do include
some history of their design. Many are
arrived at by a good deal of trial and
error which cannot be ‘taught’. If we
were to include a full mathematical
explanation of every project we would
not only repeat ourselves continually but
only publish around three projects a

year! ETI

| bespeckle the otherwise immaculate

| December issue.

Winter’s drawing in. The days are
shortening and soon leaves will

tarmac of Golden Square. Now is the
time for settling down of an evening
with a good book, a good electronics
project or even with pen and paper
to compose a letter to bolster those
ever-labouring boys in the ETI office.
Write now and you may catch the

Electronics Today International
1 Golden Square
London WIR 3AB.




Barry Thurlow, a sttems Designer at Logica, explains the

workings behind t
future developments.

n its common form, as the Ceefax and Oracle services,

teletext can be seen on display in TV stores and many

homes all over the country Eut few people really know
its capabilities nor how it arrives at the set. This article
aims to introduce some of the services available now and
some of the exciting services proposed for the future and
to explain the details of how the system works.

Teletext is a digital data signal carried as part of the
broadcast TV signal and arrives in the home via the TV
aerial. The explanation of the teletext signal, then,
depends on the nature of the TV broadcast itself.

In a TV camera the picture is scanned from top to
bottom in 3125 evenly-spaced lines. Then it is scanned
again making another 312.5 lines positioned in the gaps
between the first set. This two-pass scanning is called
interlacing (Fig. 1).

The total number of lines for a full resolution picture
is 625 which is why the system is often referred to as the
‘625-line system’ The scanning is interlaced to reduce
flicker in tr\e scanning process. The analogue waveform
which represents the luminous intensity along the lines
is transmitted along with added pulses which mark the
start of each line.

It takes 52us to transmit the picture information for
one line of the picture. A further 12us is allowed for the
receiving monitor to reposition for the start of the next
line. During this time a negative goinF pulse (the ‘line
sync’) is transmited (Fig. 2a). So a total of 64us per line
is required, giving a line rate of 15625kHz.

The full 3125 lines displayed in one sweep from top
to bottom is called a ‘field’ The two separate fields in the
interlace system are called ‘odd’ and ‘even’

e teletext system and delves a little into
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e B 18
————————— A I
Fig. 1 Interlace structure of a TV image.

When the bottom of the picture is reached, extra time
must be allowed for the receiving set to return to the top
for the next field. This period before the start of each field
is called the vertical blanking interval (VBI). The VBI is
25 lines long leaving 2475 lines per field for the picture.

To indicate to the receiving monitor when to return
to the top of the picture the regular chain of line sync
pulses is changed. The normal 47;s line sync pulse is
extended to 27.3us with a second pulse occuring in the
middle of the line (Fig. 2b).

Since many old TV sets take a long time to recover
from the return to the top of the screen, the picture
information is held off until line 23, leaving lines 7 to 22
unused.

LINE SYNC

RE

L 3

IME REF

BLANKING
12us

52uS PICTURE SIGNAL |

— -0.3V

LINE PULSES l EQUALISING PULSES |

start of the fiel

BROAD PULSES |

Fig. 2 The TV sifnal. (a) Analogue line data and sync pulses. (b) The modification to the line pulse train to signify the

EQUALISING PULSES | LINE PULSES
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However, the broadcasters are not ones to let these
lines go to waste. Lines 19 to 21 are usually used for test
signals which allow for constant monitoring of sitgnal path : -
quality. Line 22 is usually quiet and is used for noise Bl | = | K _] | o
m;easurements. Lines 13 to 18 carry a digital signal — == A | S L | ¢ c
teletext. : - :

The Teletext Waveform

Fi%ure 3 shows the line sync pulse for line 13 and the
digital signal which follows it. The first eight cycles follow .
a fixed regular pattern. These 16 alternate 0’s and 1's are *
known as the clock run-in. This enables the receiver to ; EAD . . DMORRO
lock-in to the centres of the data bits.

Following the clock run-in is another fixed pattern of

- L
vy ¥V 7% 17 '™
-

eight bits known as the framing code. These bits read -- ACE 4 -
11100100 (from left to right) and as the data arrives eight -
consecutive bits are compared with the expected framing 00D l

code. This is done at each bit boundary by shifting the
data through an 8-bit register and testing the parallel

output.
! 12uS:$:; ! HAP ITALY. . ITALY MAP 22nAR82
i I
| ' :
L JUUUUUTUY LT
(L7 ) %
I‘ CLOCK RUN-IN 2 BYTES " FRAMING CODE I DATA
>4
9
Fig. 3 Teletext data following the line sync. MEDITERRANEAN &

4
L

.
Pal o
& ora *"‘Ill

When the 11100100 pattern is seen in the 8-bit window
the receiver knows it is looking at a whole byte rather
than eight bits from two adjacent bytes. During the rest
of the line, allocation of groups of eight bits into bytes
is done by counting bits from this known reference.

The SAA5230

There are a number of ICs on the market which
perform the task of recovering the teletext data stream
from the video signal. One of the most common is

BT Mullard’s SAA5230 (Fig. 4). The Mullard chip perform:s all

— ! T the video processing functions required to turn the 1V

. of . comgosite video waveform into serial data and clock.

oara T o ves The main functions of the SAA5230 are sync

.’ g 4w | separation, 6MHz voltage controlled oscillator (VCO),
I l L adaptive data slicing and data clock regeneration.

Fig. 4 Block diagram of the SAA5230 (courtesy Mullard).

TTO
TTC

<

Sync separation is the process of recovering the start
of line and start of field pulses from the video signal. The
soa —phesl e mrenrace cuamacten  [—otd chip first slices the video signal at about 015V to produce
¥ g s | @ TTL waveform corresponding to the negative or sync
1 Fart of the video. This signal %VCS on pin 25) contains
4 | ine sync pulses of about 47us width at 64us separation
and the field pulse encoded as broad pulses for 2.5 lines

MEMORY INTERFACE every ZOmS
The 6MHz VCO is used in conjunction with an
external divide-by-384 counter in a phase locked loop to
T T make a locked dot-clock for a character generator. The
| chahay B e S Ml VS R E D ALR LR SAAS5240 chip (Fig. 5) contains both a suitable divider and

Fil 22 |23 |24 125 [26 (27 ;28 |29 |30 |31 [32 |33 {34 {38 |38 [37 [38 j30 [a0[2 [3 [a [s

a character generator. 1S '
Fig. 5 Block diagram of the SAA5240 (courtesy Mullard). The adaptive data slicer is used to convert the video

data bits to TTL. It comprises maximum and minimum
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detectors and an analogue comparator whose threshold
is the half-way Eoint. The capacitors on pins 5 and 6 store
the signal peak and zero levels respectively. The sliced
data at TTL level is available at pin 15. The use of adaptive
slicing makes the circuit insensitive to changes in
amplitude and DC offset on the input.

A clock signal (TTC on pin 14) is generated using an
accurate crystal oscillator. Tﬁe oscillator runs at twice the
teletext bit rate and is divided down and re-phased from
transitions in the data. TTC is timed to have a rising edge
in the centre of each valid data bit.

Specification

After successful trials with teletext at the BBC in the
mid 1970’s it was realised that commercial teletext would
only take off if the cost of including the decoder in the
TV set was low. The target figure was for the teletext-
equipped set to cost no more than £50 more than a
similar model without.

This meant the set makers would need a special chip
set to do the complex decoding task instead of the 30
or so TTL chips used in the experimental decoders. Such
chips are easily connected to form a complete teletext
decoder (Fig. 6). However, the chip manufacturers needed
a fixed specification to work to before they could commit
to the large development cost required to design and
produce such a chip. Jointly the BBC, the IBA and BREMA
published the ‘Broadcast Teletext Specification’ in
September 1976.

This document defines the signals and data which are
transmitted and the characters, colours and other
responses which are expected of the receiver. Both the
BBC’s Ceefax service and the IBA's Oracle service work
to this specification.

The specification ensured the chip manufacturers
knew what was being transmitted and the broadcasters
knew how their pages would look to the viewer. It is still
the reference document for Level 1 Teletext.
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Fig. 6 A simple sin
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le page
the SAA5230 and SAA5240 (

The Teletext Page

The photographs show several typical teletext pages.
There are 40 characters per row, with 24 rows including
a page header at the top. Each row (incIudin% the header)
is transmitted as a single packet of data filling one TV
line in the VBI.

Each packet contains 45 bytes including the first three
(the clock run-in and the framing code). The next two
bytes contain the magazine number and row address
used to position the row on the scree

For example, the header has an addar"éss of 0 as it is
the top row. Addresses 1 to 23 give the row position down
the page. As there are no rows 24 to 31 packets with these
codes are treated differently and we'll come to these in

a while.
The header (packet 0) is required not only as the top

Eight Hamming code peculiar

to page-header

—

Page number Time code-‘Minutes’

1
Time code-‘Hours First character

=

Units Tens Units Tens

Units Tens : of page-header

| 1M 1T - L] Y
20 21 22 283 0 1 ;2 33 30 51 32 33 ;0 51 2 € 0

L 1
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{Row 0) run-in run-in code row addrless group -l fens) uillts ::‘ & B group A group B
T
Aowi1 Ciock Clock Framing Magazine and
run-in un-in code row-address group \
1
Clock Clock F M : d
o raming agazine an h
Row 2 run-in run-in code row-address group (GHariiaferitiy 23
1
T
A Clock Clock Framing Magazine and
ow 3| run-in run-in code row-address group Ca Erase
! E‘J Message bits cg Newsflash
l\ Cg Subtitle
Cy Suppress header
Row 4 H Protection bits Cg Update
etc. Cg interrupt sequence
Cqp Inhibit display
Control bits tn {edangs e}
1
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Magazine
number

Clock run-in sequence Framing code

L L
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}

Synchronisation

Magazine and row address group
L )

Hamming codes co

Fig. 7 The format of the header (packet 0).

mmon to all rows
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row containing the familiar service name and date but
also as a key to decoding the rest of the page. It contains
(in binary) the paﬁe number and various flags indicatin
the t?/pe of page display required. It is always transmitte
one field before the rest of the page to allow the decoder
time to act on the information. The format of the header
is shown in Fig. 7.

The decoder compares the transmitted page number
with the one selected by the viewer and updates the page
display only if a match is found. Having the page number
on Kin the header packet is a great saving in bytes over
each row being exﬁlicitly addressed.

The price for this is that an error in receiving the
header would render the whole page unreadabFe. To
alleviate this difficulty the eight control bytes are
Hamming coded for error recovery.

MESSAGE 8ITS

b b RESULTS OF
2 B i PARITY | INFERENCE|  ACTION
0 0 0 |+% ABC [ ©
0 0 1/9 AN
g g § (: z E el Correct| No errors Accept message hits
I 1 o 3 :
g 1 g 1 2 1l co‘:vllct e:::ct Error in by | Accept message bits
0 1 g1010 -
2 § ; ; 3 : E 2"::::: Correct M"::gz" Reject massage bits
10300 = ERES Refer to table 1(b )
11010 rjola Notall | Not to identif
8.8 G - 'y error.
: 3 2 g ; : - correct | correct | Single error Correct error if
H H 111 |0 in message bit
: : ; 2 g OECODING ACTION
- g

HAMMING CODE B

D PROTECTION BITS

® TESTED BiTS

TESTS FOR ODD PARITY

Table 1 Hamming codes and error checking.

Table 1 shows the Hamming codes, how the
protection bits are generated and how the mar be
checked. Hamming allows for the correction of single bit

errors and for the detection of two bit errors.

When the Mullard SAA5240 decoder is used, the
Hamming corrections are automatically performed on
the appropriate bytes. If you plan to make your own
decoder the job can also be done using a 256-byte
EPROM.

Hamming coded data is applied to the 8-bit address
input. Four of the output bits are programmed with the
message bit patterns corresponding to the Hammin
correction algorithm. Further bits may be programme
to indicate that an error was found and corrected, that
no error was found or that the byte contains an
unrecoverable number of errors.

As the first eight bytes of the header are used for the
control bytes, the top row is displa?/ed with the first eight
positions blank. This space is usually used by the decoder
to show the keyed-in page number.

Bytes 6 and 7 hold the page number in binary form
and bytes 8 to 11 contain a sub-page code. This code is
usually set to the number of the page within a group.
It is common to group together pages such as the TV
schedule pages. The page changes by itself about every
60 seconds to show first the morning program list then
the early evening and then the late programs.

Such sub-pages are termed a rolling set and have sub-
page numbers 1, 2 3 ... The sub-page code may be
selected specifically on most decoders using the ‘timed
page’ buttons (so called as the sub-page code was
originally intended only for the time on the alarm clock

page).
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Figure 7 shows a number of single-bit flags in the
control bytes of the header. These are denoted C4 to C14,

C4 is the Erase Page bit and is set when the
broadcaster requires the decoder specifically to clear the
old page before showing the new one. This is usually
done between rolling pages or when the contents of a
page have been updated. It gives the editor the flexibility
to have an obvious change of content or (by not setting
the bit) to have a page cﬁange only in part. This is also
done sometimes to ﬁive an impression of animation.

C5 is the Newsflash bit, set if a page contains
information which the viewer may wish to see
superimposed on the TV picture. Most decoders will
allow the viewer to select the newsflash option in such
a way as to allow continued viewing of the program until
the newsflash occurs.

Pages intended to be seen as subtitles to a program
will have bit Cé set. This allows the decoder to display
them with the text set in a dark background cut into the
picture.

C7 is the Suppress Header bit. Setting this bit causes
the decoder to Eﬁank the header row. This feature is used
at the editor’s discretion to enhance the appearance of
the page.

Pages in teletext are transmitted repeatedly so
someone who has just switched on will not have long
to wait to see their chosen page. However, once the page
has been read the viewer may wish to go back to watching
the TV program until the paEe changes. This is part-
icularly true of a rolling page. The transmission computer
will automatically set C8 (the Update bit) for the first
transmission of a page after it has been updated. The
decoder may then signal to the viewer that a new paEe
is ready (usually by showing the page number in the
corner of the screen).

Some pages in teletext are transmitted more
frequently than can be allowed by sequential trans-
mission of all pages — for example, the index page which
the viewer may refer to more often than any other page.
Transmissions other than the first in a cycle will be out
of sequence and this would have the effect of making
the page number shown in the header roll in an erratic
way if it was not for the use of Out of Sequence bit, C9.

The decoder, detecting that a header is not in
sequence will leave the previous header at the top of the
screen. The rolling page numbers may pause briefly as
the out of sequence page goes past but will remain in
order.

C10is the Inhibit Display bit. Setting this bit prevents
the page from being seen by a TV set not specially
modified. This is used to avoid showing meaningless

13



displays such as would result from a page whose contents
were encrypted.

The Magazine Serial bit, C11 is used by the broad-
casters to allow flexibility in transmission methods
without adversely affecting the quality of the viewer’s
teletext display.

Bits C12 to C14 contain a 3-bit code for the Ianguaﬁe
of the page. More advanced decoders such as the
Mullard SAA5240 will use these bits to enable foreign
character sets to be used automatically.

Editing

Now we have seen how pages are addressed, we
should consider how these mechanisms are put to work
by the teletext editor when preparing pages for
transmission.

Teletext pages are accessed by the viewer using a three
digit code (000 to 799) and optionally by a sub code. The
editor may use the page number to group together pages
of a particular type. The hundreds digit of the paﬁe
number is termed the magazine number and has the
special property of being present in all packets. The
editor may choose to transmit the magazines in serial:

100 101 102. ..

200 201 202...

300 301 302. ..
or in parallel:

100 200 300 400. ..

101 201 301 401. ..

102 201 302 402...

If parallel transmission is chosen the viewer will see
only gage numbers from the selected magazine roiling
round.

On the transmission computer the editor will have a
library of 26 magazines (A to Z) from which he may assign
any eight to the transmitted magazines (0XX to 7XX). (As
the magazine number is three bits long, 0XX and 8XX may
be used interchangeably according to taste).

The editor can further control the transmission of
magazines by setting a transmission order in which a
magazine may appear more than once. During Saturday
afternoon, for example, the magazine used for sports (say
300) may be considered to require faster access than the
total number of pages in all magazines would allow. The
editor could therefore choose to transmit the magazines
in the order:

100 300 200 300 700 300. ..
thus cutting the waiting time for a 300 page to one third
that of the other magazines.

Subtitling

One of the most important uses of teletext is to
provide subtities on broadcast programmes for the hard
of hearing. The subtitles which we see on foreign films
are inserted into the video signal at the time the film is
edited so there is no choice about seeing them. Not
everyone, however, would want to watch English subtitles
all the time so a choice is provided.

Teletext subtitles are inserted in the picture by the
receiving set and, like other teletext pages, they are only
shown when selected. Insertion is done with boxing
where the text from a specified part of a teletext page
is made to appear on its own background superimposed
on the picture.

The teletext characters 10 and 11 (hex) are placed at
the points on each row where the changes from picture
to text and back are to be made. The subtitle creation
computer will allow the editor to choose whether the box
is rectangular (fitting the widest line of text) or variable
(followin%the shape of the text). The editor may also
position the boxed text anywhere on the screen so as not
to obscure the action.
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In preparation, teletext subtitles are viewed against
a tape of the program and the tape positioned to the exact
instant the text should appear. The time-code of the tape
position is stored with the text on the computer. This way
the text can be synchronised to a change of scene or a
movement of the lips. It can take several hours to prepare
the subtitles for a half hour show.

In transmission, the subtitles are read on the
transmission computer and their times for appearance
and disappearance compared to the time-code from the
video tape or film. When the times match, the trans-
mission computer schedules the subtitle page for
immediate transmission, out of the page sequence to
preserve the timing accuracy.

A recent development in teletext subtitles is live
subtitling. A news interview or sports event may be
subtitled. Obviously, the difficulty is how to enter the
subtitle into the computer when it is not known what
will be said. The subtitling computer helps greatly by
allowing for the use of ‘short forms.

In a political interview it may be a reasonable
assumption that the phrase ‘the Conservative
government’ may crop up. Before the interview the
computer is given a large number of such phrases and
shortforms such as ‘GVT. If the operator uses the
shortform during live subtitling the computer will
automatically expand it up to the long form and fit the
other text after it.

The SAA5240 provides a switching signal (BLAN) which
is used in the colour decoder chip to switch between text
and picture. This signal is used for boxed subtitles and
for superimpose mode where the text is cut-into the
picture.

Full Level One Facilities

So far we have been talking about what is called Level
1 teletext. That is to say, Level 1 as was cost effective to
implement in 1976. It has basic textual features and simple
graphics. Pages are all accessed by three digit numbers
which can take time to get used to.

Full Level One Facilities (FLOF) is the implementation
of several advanced features not very different to level
1 but which could not be economically processed by the
chips of the first generation.

Technology has moved on a great deal since 1976 and
now it is possible to put a lot more intelligence inside
a TV set. Appearing in the shops now are TV sets with
CCT (computer controlled teletext). The Mullard SAA5240
is a CCT device. Much higher integration density than
was previously possible has enabled more functions and
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a serial computer interface to be provided by only two
chips.

Fl)lemember the row address number — a 5-bit number
which only requires values 0 to 23? Some of the missing
codes are used in FLOF. Packet 24 is used to provide an
extra row of text which will contain operational prompts
as defined by the editor. Packet 27 contains link control
information for linked pages. Packet 8/30 (packet 30 of
magazine 8 only) contains various flags and digital
information.

Linked Pages

One of the infuriating facts about teletext is that there
is a wait for the selected page to appear. This problem
could be overcome if there was sufficient memory in the
TV set to hold all the pages, using the live signal only to
update this database. However, as there are typically
about 400 pages on the cycle, this would require a very
large memory. Page linking gets around the access time
problem while requiring only a modest amount of
memory.

For any given page there are a small number of likely
next pages. For a sports page, say, the viewer would
typically want to step on to the next sequential page, go
back to the sports index, go back to the main index or
EO to a profile of the goal scorer mentioned in the page

e is reading.

The four associated pages are made the ‘linked pages’
for the current page. The editor decides which pages are
to be linked to which and will enter the information on
the computer when the page is compiled. The computer
will also fill in any unused links if possible and inform
the editor of any inconsistancies before allowing
transmission.

Packet 27 contains a list of linked page numbers
readable by the CCT computer. These are used by the
decoder to acquire the linked pages in advance of the
viewer selecting any of them. This requires a memory of
only 4K.

éacket 24 of the current page will be displayed
(normally at the bottom of the screen) to indicate the
contents of the local memory. This might read:

NEXT SPORT INDEX MAIN PROFILE

Each choice is in a different colour corresponding to
four coloured buttons on the remote control. The viewer
may choose one of the linked dpages by pressing the
appropriate coloured button and as it is already stored
in the local memory there is no need to wait for the page
to come around.

Of course, if the page the viewer wants is not one of
the four then the f)age number may be keyed-in explicitly
and the page will be picked up as it is transmitted.

Television Service Data Packet

Packet 8/30 contains information about the broad-
caster whose signal is being received and about the time
and date. It is intended to be processed by the CCT
computer and so the use made of the data will differ from
one set to another depending on the software supplied
by the set maker.

Home Computer Teletext

It is possible to receive teletext data, including the
extra FLOF packets, on a home computer. A special
teletext adaptor is needed and several manufacturers
produce these.

Acorn and Morley produce models for the BBC micro
and a unit from Volex is available for the Spectrum and
Amstrad CPC micros as well as the Beeb.

Morley’s decoder for the BBC micro contains the
Mullard CCT chip-set and a tuner making it straight-
forward to connect, requiring only an aerial. The unit
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comes complete with software for the BBC micro to load
and display pages.

The use of teletext with a home computer allows more
than just paper printout. Pages can be stored in RAM or
on disk for really fast access. It is possible to have your
morning paper printed for you by your computer
accessing the news pages. Your paper will be hours ahead
of those in the local newsagent.

In the future you could have your computer
controlling the video recorder from the information in
packet 8/30 and record your favourite programe when it
actually comes on — without the 15mins of overruning
cricket causing you to miss the end of your film.

Telesoftware

Telesoftware is the name given to the service by which
free software may be broadcast via teletext. The software
appears as tokenised Basic or machine code bytes
compressed so the lines of the program wrap around the
teletext rows. Telesoftware is intended only for machine
reading and makes use of packets 27 to link Fages and
hence allow programs to be longer than 24 lines.

Teletext decoders for home computers are usually
supplied with software to make use of the broadcast
telesoftware.

Datacast

The latest use of Teletext is Datacast — the BBC's data
broadcasting system. This uses teletext packet 31 in a
Zpecial format to carry information on behalf of private

ata providers. -

Packet 31 is not received at all by the SAA5240 so a
purpose-built decoder is needed in order to receive it.
Such a receiver is available from Volex to work with the
BBC micro, Spectrum and Amstrad.

Datacast is intended for retail chains, financial
institutions and the like wishing to send data simult-
aneously to many branches. One newspaper is currently
considering installing a Datacast receiver in each of it's
newsagent shops to be connected to a suitable moving
message display.

The headlines would then be received simultaneously
in all the shops each morning and displayed in large
letters in the window to attract the attention of passers by.

To make use of the Datacast system the data provider
sends data to the BBC in London by landline wﬁere the
Datacast computer will format it for transmission. The
BBC is constantly improving the service and will be able
to help with the latest information on how to access
Datacast as a data provider.

For the data user, only a suitable receiver and a
computer is required to decode the special format. The
BBC produce a receiver for professional use which
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contains a Z80 microprocessor to recover the data from
the packet structure and to output it as an RS232 signal
suitable for a printer, computer or display.

This is a sophisticated receiver to allow it to process
the data it receives in an intelligent manner,
programmable to check errors and only send out error
free L)ackets or try for an error free packet and then pass-
on the last copy of that packet error-free or not.

At present the system is using one line on BBC1 and
BBC2 for a combination of real and test data. With a
single line an end-to-end throughput of 19,200baud is
possible. By contrast, a modem directly coupled to the
phone line can only usually achieve a throughput of
1200baud.

The contrast is further emphasised when comparing
the time taken to phone individual destinations with the
time taken on Datacast to broadcast to all at once. Take
a typical news headline of 100 characters which is to be

CLOCK RUN-IN
{ [—FRAME CODE

QAT

USER DATA [T]

CRC cycic rsdundancy srror M]_/

DL dats length
C)  contnuity ndicator
Rl repeet indicator

Address byts{s)
minimum- none
maximum: ux

AL sddress length
e FT formet type
b Fixed Fy for packat N
Dstw chatnel group

| Fig. 8 The format of the Datacast packet (packet 31).

sent to each of 1000 shops. A modem would take about
a second to transmit the data and around 10 seconds to
dial. For all the shops this would take around three hours.
Datacast would take about 55ms to send the data plus
the time taken to send the data to the BBC by phone,
say, around 15 seconds. A ratio of over 700:1!

Datacast Packets

Figure 8 shows the contents of the Datacast packet
(packet 31). Individual receivers may be addressed using
an address field which is up to six bytes long giving a
24-bit address. The packet is further identified within t%]e
users data stream by the continuity indicator (Cl) and
repeat indicator (RI). The Rl gives the number of a packet,
which has been repeaed, within the set of repeats. The
Rl is modulo 16 and uses the lowest four bits of the byte.
The Cl is used to check that no packets have been missed
out in case of poor signal quality. It is a modulo 256
number incremented tor each new packet.

Following the Cl and Rl is a data length byte, the data
and finally a two byte cyclic redundancy check (CRC). The
CRC is calculated using feedback on bits 0, 4,7, 9 and 16.

These provisions make Datacast suitable for financial
and other numerical data where integrity is of utmost
importance.

Full details of the Datacast service are available from
the BBC. For professional consultancy on the use of
Datacast in business readers are recommended to
contact Logica.

Private Teletext

So far we have only considered the source of teletext
to be the two broadcasting companies. It is also possible
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to gain the advantages of teletext in a private video
network.

Hotels, chalet parks, large stores and even factories
may have their own network broadcasting video to their
guests, customers or workers. Such institutions can
include teletext in their signal and add to their services
the ability to distribute textual data. The advantage of
teletext over simply using computer terminals are
twofold.

® The network of cables already exists.

® The receiver (teletext TV set) is inexpensive.

It is possible to combine the signal from, say, the BBC
with locally-added teletext so that a hotel guest, for
example, can view the normal programs and also dial up
the latest menu, lists of hotel facilities or local tour
information. Using the newsflash facility a guest could
keep informed about the opening of the restaurant. The
hotel could incorporate a paging service too.

Building Teletext Generators

Level 1 teletext in its simplest form consists of largely
ASCII text with the magazine and row number and the
header added around it. At the hardware level it is merely
a series of black and white dots at a particular frequency
and in a particular position in the video field. A
Erogrammable raphics chip such as Motorola 6845 can

e programmed to produce such a dot pattern (Fig. 9).

To use the 6845 as a teletext generator the crystal
frequency must be changed to 6.9/MHz and the device
programmed to output on, say, line 18 only. The data on
the line will be from an area of RAM and at these
addresses bytes corresponding to clock run-in, framing
code, magazine and row address and row or header bytes
must be placed. Some care is required to ensure the
timing is correct. The penultimate cycle of the clock run-
in must be at 12us from the falling edge of line sync (as
in Fig. 4).

Tﬁe software must generate complete Eages of text
in memory including the header and initial bytes making
45 bytes per row. By incrementing the starting address
pointer of the 6845 it may be made to generate teletext
from one row after another. It would be best to use
interrupts to increment this pointer after each field sync
but if tEis is not possible on z/)our computer it does not
matter as teletext rows may be transmitted more than
once without harm.

Full Field Teletext

Normal teletext, more properly known as VB! teletext,

TIMEBASE %]  viDEO INPUT
GENERATOR = PROCESSOR —_0
1SAA5020] - SAA5030I

ENABLE

PAGE 0-23 BYTE
COUNTER COUNTER COUNTER
O-MAX PAGE ROW 044
FIELD
SYNC

TELETEXT
LINE SELECT

our

ADDRESS MUX

CLOCK
6 975MHZ

MEMORY

1K BYTES
PER PAGE

wnl ioe
CONTROLS |
Ll TETL = Bl

70 MICROPROCESSOR

PARALLEL
TO SERIAL
REGISTER

ANALOGUE
SwITCH

ADDRESS
YA

DA’

Fig. 9 Block diagram of a teletext transmission system.
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uses no more than 16 lines of the video field. This limits
the effective data rate to a maximum of 32K per second.
If there is no requirement to have a TV picture at all then
all 263 lines may be used giving a massive data rate of
526K per second.

With 300 pages in the cycle this would cut the access
time from around nine seconds to 0.6s.

This method has been successfully applied in the
Hong Kong Stock Exchange to provide very rapid access
to stock information for some 600 terminals. With teletext
the number of terminals is not important. If they had
been standard computer terminals the computer
servicing the requests would have had only 1ms to
process the request for each terminal in order to
guarantee the same performance.

The Future

To control the cost of teletext while allowing
manufacturers to move with technology, a number of
levels of teletext service have been defined by the DTI
in their document ‘The World System Teletext Technical
Specification and an Introduction to Videotext. Each level
is intended to be brought into service as and when
technology permits.

Level Tand FLOF teletext pages look similar with their
seven bright colours, limited character sets and crude
mosaic type graphics. However, in the future we should
be seeing lots of good things.

Levels 2 and 3 propose more colours for more subtle
effects, lots more characters allowing foreign language
and mathematical symbols to be mixed on a page. There
are also double height and double width characters to
make text diﬁalays more interesting (see Fig. 10). One of
the outstanding new features is the possibility of
redefinable characters. This means the bit-pattern for a
character square may be sent to the decoder in advance
of using the character so it can take any shape desired.

This can be used to produce high resolution graphic
images by grouping a number of redefined characters
together as a large bit-mapped area. Images such as the
space shuttle in Fig10 open the door to better
presentation of title pages and advertisers’ products.

The Mullard EUROM chip is a level 3 display
controller. It provides for 32 different colours at a time
chosen from a palette of 4096. It has redefinable
characters on a 10-by-12 matrix which may be used to
provide graphics with an effective resolution of 400 by
300 pixels or to give a very high quality text display. It has
four built-in character tables which provide a wide variety
of characters, foreign and English, symbols, and shapes
for line drawing. The EUROM can be used to make a
genuinely attractive display.

Further in the future are levels 4 and 5. Level 4 the so-
called ‘Alpha-Geometric’ presentation level will expect the
receiver to be able to produce many basic graphic
elements from transmitted instructions. A .number of
drawing primitives such as ARC, VECTOR, AREA FILL will
be used to produce ever better and more attractive
images.

Level 5 is termed ‘Alpha-Photographic’ presentation.
This level will require large amounts of memory and will
produce full resolution still pictures. The enormous
amounts of data required may limit this service to the
cable networks where a full channel teletext service could
use level 5 for home shopping for goods which need to
be seen and which previously would have required a visit
to the shop.

The high quality display system which will be in the
TV set of the year 2000 will I'm sure also be used as the
display for other parts of the home entertainment and
communication system. All the settings of the TV
brightness, volume, tuning, and so on, as well as those
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Fig. 10 Level 2 and 3 teletext screens.

of the radio, amplifier and CD will be shown and altered
using on-screen displays.

The video recorder will be programmed not by
programme times but, through teletext, by names of the
programmes and even actors and actresses. The home
communication system will search the listings on teletext
and automatically record all films starring, say, Peter
Sellers or any program with the word ‘gardening’ in the
title.

As storage devices become ever lower in cost we may
have our entire library on-line. Teletext could be used to
send us new editions and updates as they are ready. One
could subscribe to the complete Oxford English
Dictionary or Encyclopedia Britannica and have it
constantly updated and available for instant computer
access from your optical disk.

Teletext is really only just beginning. ETI
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Volex Electronics
Stowell Technical Park
Eccles New Road
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Logica Communications and
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Attn. Gwyn Morgan
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HARDWARE

DESIGN

CONCEPTS

Mike Barwise takes an introductory look at emitter coupled
logic (ECL) chips — superfast but tricky with it.

computers like Crays are made, has actually been

around since the mid 1960’s but has never caught
on among amateurs. There are many myths about the
difficulties of working with it but | don't think it poses
any insuperable problems for the enthusiast except
perhaps the cost of the requisite fast test gear.

The advantages of working with ECL are phenomenal
speed, noise immunity and the ability to use a wide range
of specialist components only made in this technology,
such as flash analogue to digital converters and content
addressable memaory.

The main disadvantages compared with more familiar
technologies (TTL and CMOS) are considerable power
dissipation and heat generation. Circuits of more than
about half a dozen packages should really be fan cooled.
There is also a need for much more rigorous adherence
to design rules and to some extent a lack of VLSI
components, although this is rapidly being corrected as
new devices appear at an amazing rate.

ECL was first introduced by Motorola in 1962 as
MECL I, which, at a working speed of 30MHz, was by far
the fastest logic family of its day. It has passed through
several alterations up to the present set of three types
or ‘families’.

ECL is currently available in various types which differ
in speed and use. Briefly, these are:

MECL10K (125-200MHz, introduced 197176)
MECL10KH (250MHz, 1981)

MECL 11l (500MHz, 1968)

(Motorola designations).

All of them work on the same basic principle but
differ in internal layout and silicon technology. The faster
types do get increasingly tricky to work with, so the one
| recommend for experimentation is MECL10K. This is the
slowest (a mere 150MHz!) and poses the least problem
to the rule of thumb worker.

Saturated And Unsaturated

The now familiar CMOS and TTL logic families work
l:g switching internal transistors fully on and fully off
(driving them into saturation and cut-off). The collector-
emitter current of a transistor varies according to the
current applied to its base. However, there is a point
beyond which additional base current cannot increase
collector-emitter current and this is termed ’saturation’

Similarly, with reducing base current, the transistor
will always stop conducting before the base current
reaches zero. Tﬁe base current at which this happens is
called ‘cut-off"

The superfast logic family, ECL, of which super

18

INTERNAL
TEMPERATURE
AND VOLTAGE
COMPENSATED
BIAS NETWORK
pr—N—

EMITTER
FOLLOWER

DIFFERENTIAL INPUT AMPLIFIER OUTPUTS
— .

Vee2 Vel
Rey Bca 2078
217R 245R
= e
g OR
Q8 QUTPUT

NOR
a1 OUTPUT

) a3 a4 a5 <®" o,
— 4 06
Ves
Rp R Rp Rp | Re
50k éf»gk | %sm ém e '%nm %s“ 438
o i

be L
Vee
Fig.1 The Basic gate circuit for the MECL10K family.
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The problem with switching between saturation and
cut-off is that it slows you down. Crudely speaking, the
capacitance of the transistor holds a charge when the
transistor is in saturation and this dissipates relatively
slowly, delaying the passing of the cut-off threshold.

EgL, unlike TTL, uses ‘unsatured logic. This means
that the internal transistors are switched within their
linear region, never cutting off or saturating. This is the
main reason why ECL is inherently faster than TTL —
150MHz to 500MHz as opposed to the maximum of
90MHz available from F series TTL.

The ECL Circuit

TTL gate inputs use multitple-emitter transistors which
are in effect a refinement ot the simple diode gate. ECL
works on an entirely different principle. Each input is the
base of a separate transistor in a parallel connected bank
which forms one half of an emitter coupled differential
amplifier (Fig.1).

The other half of this differential amplifier is driven
by a reference voltage, creating what amounts to a
comparator. In passing, it is worth mentioning that the
ECL input stage is reminiscent of the ‘long tailed pair’ of
valve days (dates me doesn't it!).
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Working With ECL

At first sight ECL looks rather odd to anyone familiar
with solely 1%L and CMOS saturated logic families. There
are no AND gates in any ECL family, most gates have true
and inverting outputs and the supply and logic levels are
funn/, being nominally -5.2V (yes, minus!) supply and
-09/-18V logic high/low.

However, none of these points constitute anzl real
problem to the user. They simply amount to a different
convention. Such problems as ECL does pose are not
unique to it. They are the general problems encountered
when working at the high speeds of which ECL is capable.

At switching speeds in excess of about 100MHz, inter-
connections exhibit inductive and capacitative charac-
teristics which must be carefully controlled to avoid
serious degradation of the signals passing along them.
The parasitic RC component of an interconnection
creates a ‘characteristic impedance’ which must be
matched to the input and output impedances of the
devices connected to either end of the interconnection.

Interconnections with defined characteristic imped-
ance are known as ‘transmission lines’ and their precise
performance can be defined and predicted by mathe-
matical means.

| do not intend to go into the calculations here, as
they would put you off (and me too!). It is sufficient to
say that without a lot of careful measurement and maths
you cannot reliably use MECL 1l (500MHz). However, you
can use the slower families (allowing 250MHz operation)
as Motorola have been very crafty in the design of
MECL10K and 10KH.

The two factors which affect overall logic system speed
are risetime (the time the logic takes to make a nominal
transition between high and low) and propagation delay
(the time between a threshold transition at the input of
a device and a resultant threshold transition at its output).

Of these two parameters, propagation delay is the
worst offender in slowing down systems. The propagation
delays of all cascaded logic stages add together, whereas
the risetime of an overall system can be roughly con-
sidered as the slowest component risetime.

However, risetime is the factor which most
significantly affects the requirements for transmission
line impedance matching as the ‘squarer’ the waveform,
the greater the range of high order harmonics present

85°¢C

OUTPUT VOLTAGE (VOLTS)

4 T | )]
-1.6 -14 -1.2 -1.0
INPUT VOLTAGE (VOLTS)

Fig.2 Typical transfer characteristic of the MECL10K
family as a function of temperature.

and so the greater the bandwidth of the system needs
to be.

MECL Il has equal risetime and propagation delays
of Ins. This means the bandwidth of the device inter-
connections must be greater than 1GHz (1000MHz) by a
factor of at least two. The craftiness in the case of
MECL10K and 10KH is to make the risetime slower than
the propagation delay.

So MECL10K has a risetime of 2%-3%ns and a propa-
gation delay of 1%-2ns and 10KH a risetime of 1.8ns and
propagation delay of 1ns. This means the interconnec-
tion bandwidth requirement is substantially relaxed even
to the extent that wire wrapping techniques may be used
(with care).

Design Rules For 10K And 10KH

The following rules are probably adequate for
prototypes and experimentation.

® Usea groto board with a ground plane and copper
power distribution. The board layout for my articles on
the construction of the TTL pulse generator (Fig:3) would
be a good starting point.

® All wiring should follow the shortest possible
route. This is called ‘point to point’ wiring. It may look

DO 0000000000000 00000000000 ¢

000000000000000000000000000

design for ECL experimentation and prototypes.

Fig.3 The topside power and ground planes foil of the pulse generator design (ETI, April 1987). A good all-purpose
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less tid);lbut it will dramatically improve performance. ‘ MECL 10K
® All wiring should be laid as close as possible to
the ground plane. With wire wrap this means in contact s e }g;gg 1% canll i
with the underside of the PCB. If soldered wiring is used,
it should be on the topside in contact with the ground | e ntroduced 1981 1y 173 T L T
plane. Bias Driver vee 10000 10000 ver | 10000
® Great care must be taken to ensure the power |Output Pulidown Resistors No No No No No
supply rails meet optimum voltage specifications. Per- |lnput Pulldown Resistors Yes Yes Yes Yes Yes
formance degradation in ECL is much worse than in other | Maximum Input D.C.
logic families with bad power supplies and will manifest | Loading Current 265uA 54 4104A WA | 3504
itself as reduced noise immunity. . | Specified Output Current | =2mA | =2mA | =2mA | =2mA | <DmA
@ ECL must be adquately cooled. It will blow up if | Maimn Output Curent | S0mA 50mA 50mA 5mA | 40mA
it is not! Even proto boards should be mounted in some | p.nemission Line Drive Yes Yes Yes Yes Yes
kind of case and have air blown over them by a fan if there |, Loading Fanout B 3 5 6 6
are more than 5-10 packages in the circuit. Input Capacitance 299f 2901 3301 _ 3300
Where To From Here? 8:::‘;:!"‘[‘;?):"52'3 . 7R y v
For further reading | strongly suggest the MECL (typical)g d 1.0ns s 1.50s 1255 | 1ns
Device Data manual and the MECL System Design |y fdge Speed
I(;Iandbook, both available at about £5 each from Motorola |10t %%) 1.8ns 3505 2505 35ns Tns
istributors. The latter book goes into the maths required | i
! : ; pFlop Toggle Speed (min}| 250MHz | 125MHz | 200MH: NA | 500MHz
for MECL I11 (if you feel strong!). There is no substitute e poyer waw | suw | smw | 2w | somw
for the information in these books — they will be your Open Wie Length (less
ECL‘I’vlzcl)b(I;fe'the most interesting components, however, are b8 ungerShOOt) » . o - )
the MCT0H124 and MC10H125, which are quad TTLECL  [STe4 Gy LV N AR WL P SR
and ECLTTL translators. Using these devices, the fastest stis(t)orse”es amping e Vi . Yes Yes
flash ADC chips (working at about 50 million samples per g Vo] Y y v Y Y
second which TTL can handle) may be used. [ will gointo | Yec npus % % — i %
these in more detail very soon, as they open the doors | Speed-Power Produd Bp) pl 3ol Abpl | 60p)
to a host of really neat designs. Wire or Capabilty Yes Yes Yes Yes | Yes
Next month | will take a look at new departures in  |*Voliage Compensated
analo§ue signal filtering, including both analogue and
digital solutions. Table 1 MECL family comparison ETI
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Now your computer can take control for
an affordable price. These tried and trusted
interfaces from DCP Microdevelopments are
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the documentation you need.

To order by post fill in the form below (or
a copy) and send it with your remittance to

INTERSPEC
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(Interbeeb) for airpost.
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Allow 28 days for delivery.
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connections.
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The Interspec unit plugs directly onto
the expansion edge connector of the
Spectrum to provide a full range of

The unit is housed in a plastic case
approximately 4%x3x1in which contains the
top quality double sided PCB and interface

four switch sensor inputs
four relay-switched 12V 1A outputs
eight channel multiplexed analogue to

15-way expansion bus

All sections of the interface are I/O port
mapped and designed for maximum com-
patibility with existing Spectrum
peripherals. Power is supplied through the
Spectrum edge connector.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home-built
devices. Connection is by multi-way PCB
connector and all the information required
for adding further devices is given.

The Interbeeb unit connects to the BBC
micro’s TMHz bus expansion connector
and is supplied complete with its own
power supply unit.

The interface unit is housed in a plastic
case approx 4%x3x1in which contains the
top quality double sided PCB and interface
connectors.
8-bit input port
8-bit output port
four switch sensor inputs
four relay-switched 12V 1A outputs
eight channel multiplexed analogue to
digital converter
precision 2.5V reference
external power supply
15-way expansion bus
All sections of the interface are memory
mapped in the TMHz expansion map for
maximum ease of use and compatibility
with existing peripherals.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home-built
devices. All the information required for
using additional devices is included.
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CIRCUIT THEORY

Paul Chappell delves further into phasors and finds that
capacitors can’t predict the future after all.

sented by rotating rods on a phasor diagram. In any

linear network driven by a sine wave, every one of
the resulting voltages and currents will also be a sine wave
of the same frequency, so phasor diagrams come in
handy for displayin tKe phase relationships between
them. Better than that, they also give a lot of help in
working out the voltages and currents in the first place,
as we'll see in a moment.

First of all, let’s take a look at individual components
and see what happens when a sine wave voltage is
applied. For a resistor the current at any instant is
proportional to the voltage, so it comes as no surprise
to find that the voltage sine wave gives rise to a current
sine wave in phase with it (Fig. 1a).

How about a capacitor? The relationship between
voltage and current is:

i = Cdv/dt
For a general sine wave voltage of peak voltage V, v =
sin(Vwt + 6) so the current will be:
i = VCd_ sin(wt + 6)

dt
wV.LC.cos(wt + 6)
wVC.(sinwt + 8 + 90°)

So the magnitude of the current will be wC times the
voltaﬁe and its phase will lead the voltage by 90° (Fig.1b).

The idea of the current leading the voltage that is
producing it often causes confusion. It seems to suggest
that capacitors have supernatural powers and can predict
the future!

Let’s put it to the test. We'll give the capacitor a sine
wave voltage input until point A of Fig. 1c, at which point
we'll let it level out. If the capacitor really does have
precognition, it should level out the current at point B.
Does it? Of course not! So much for psychic capacitors.
Figure 1d shows what really happens.

The reason for the apparent supernatural power is
that the voltage at any instant gives rise to a current
proportional to its rate of change at any instant.

If the voltage is sinusoidal, it just happens that the
current will also be a sine displaced by 90°. Leading and
la§ging is just a convenient way to talk about the phase
relationship between the two.

With other waveforms, the current waveform will not
even be the same shape as the voltage waveform (see Fig.
1e, for example) so any talk of leading and lagging is
meaningless. Can you think of a voltage other than a sine
wave that produces a current of the same shape? Don't
sFend more than five hours looking for one! (I'm not
allowing exponentials — they don't repeat!)

After that digression, let’s return to the business in
hand. Since a sine wave voltage applied to a capacitor
produces a sine wave current, if we only consider the
magnitude of the two sine waves the capacitor seems to
behave in a similar way to the resistor. The voltage
produces a current wt times as big, so the capacitor has
a kind of ‘resistance’ to sine waves 1/wC. This ‘resistance’
is not fixed — it varies with frequency. It’s also different
from ordinary resistance because it only works for sine

l ast month we saw how sine waves could be repre-
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Fig. 1 (a) The current throuﬁh a resistor with a sine
wave voltage applied. (b) The current through a
capacitor with a sine voltage. (c) Future L)re iction by a
capacitor. (d) What really happens. (e) The current
through a capacitor with a complex voltage wave.

waves and gives a shift in phase.

An inductor has a similar sine wave voltage to current
relationship, but this time the current lags the voltage by
90°. The ‘resistance’ of an inductor is wl.

Do these ‘resistances’ behave in the same way as
ordinary resistances? For instance, if a resistor R is wired
in series with a capacitor C (Fig. 2a) can we just add the
apparent resistances? s the ‘resistance’ of the two
components together R + 1wC? Let's use a phasor
diagram to find out.

If you remember from last month, the process for
making a phasor diagram is to arrange all the rods in the
correct phase relationship to each other. To make the sine

ETI NOVEMBER 1987



FEATURE

Ic {b) (c)

1/wC

{d)

T
1we !

(h} ()

Fig. 2 Phasors to describe the voltage and current
through a capacitor and resistor in series-(a). (b) The
current phasor. (c) The phasor for the voltage across the
resistor added. (d) The phasor for the voltage across the
. capacitor. (e) The phasor for the total voltage drop?
(H&(g) Differing overall voltage drops with different
frequency. (h) geparating the ‘resistance’ of the resistor
and capacitor. (i) Separate ‘resistances’ of a resistor and
inductor.
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waves, the machine is started up to spin all the rods
around, still locked in the same angular relationship.

Since all the rods move in a complete circle for each
cycle of the sine waves, we can put the first one in at any
old angle. As long as the others are arranged at the
correct angle to the first reference rod, the sine waves
will all have the proper phase relationship.

Let’s begin with the current phasor for Fig. 2a. Just to
make the calculations easy, we'll give it a en%th of 1,
making the current waveform peak at 1A. Quite a lot really
but imaginary components don’t burn so it should be
OK. The current phasor is shown in Fig. 2b.

The voltage across the resistor is an easy phasor to
add. It will be in phase with the current and R times as
long (Fig. 20).

The voltage across the capacitor will have an
amplitude of TwC and will lag the current by 90° so let’s
put that one in next (Fig. 2d).

Finally, we can work out the voltage across the whole
circuit. It will be the sum of the capacitor and resistor
voltage phasors (Fig. 2e).

The amplitude of the voltage is \V R? +1/wC? and since
the current has an amplitude of 1A, this is also the
effective resistance of the circuit to sine waves. It's not
quite the same as the R + 1/wC we were hoEing for!

The current in the circuit as a whole leads the voltage
by somewhere between the 90° lead for a capacitor and
the zero phase shift for a resistor. The contribution the
capacitor makes to the phase shift varies with frequency.
If the frequency increases, 1/wC becomes smaller and the
circuit looks more and more like a resistor to the driving
circuit (Fig.2f). For low frequencies the opposite is true
and the circuit looks more like a capacitor (Fig.2g).

There’s another trick we can do with this diagram. If
someone gave us the voltage and current phasors of the
circuit for a particular frequency, we could deduce the
values of R and C.

If the current phasor was of unit length and assumed
to be along the positive x axis, all wed need would be
the voltage phasor. The resistor’s resistance would be the
‘shadow’ on the horizontal axis and the capacitor’s
‘resistance’ (from which we could work out its value)
would be the shadow on the vertical axis (Fig.2h).

What would we make of the voltage phasor shown
in Fig.2i2 Obviously the circuit can't Ee a resistor and
capacitor because the voltage is leading the current. A
resistor and inductor would do the trick.

It's usual to split the apparent sine wave ‘resistance’
of a circuit into two parts. The part that gives a voltage
in phase with the current (the shadow on the horizontal
axis) is the resistance, the part that gives a 90° phase shift
(the shadow on the verticaFaxis) is the reactance. The sum
of the two is called the impedance. Resistance and react-
ance are both measured in ohms.

To distinguish between phase lead and phase lag, the
capacitive type of reactance, where the voltage lags the
current, is given a negative sign. The reactance of a
capacitor (Xs is —1wC. The inductive type of reactance
(voltage leading current) is given a positive sign. The
reactance of an inductor is wl.

The impedance of any combination of resistors,
capacitors and inductors can be split into reactive and
resistive components and so they will appear to the
driving circuit to be a resistor and an inductor or
capacitor. In general the driving point impedance will
change with frequency in a way that can’t be matched
by a pair of components, so the idea is not quite so useful
as reducing a resistor network to a single resistor. Having
said that, it is often useful to know how the driving point
impedance changes with frequency, so we'll have a look
at that next month. ETI
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THE UNUSED
OSCILLATOR

Neville Croucher finds innumerable uses for the humble

CMOS Schmitt trigger gate.

blocks in electronics. There are hundreds of

different designs ranging from atomic references
to simple RC circuits. Ever since the introduction of the
555 timer many years ago millions have been used, along
with the newer generation of low power equivalent
devices. However, there are another couple of ICs which
offer a choice of either four gated or six free running
oscillators. Combined with the extremely low power
consumption and near perfect output characteristics
these must be among the most underused devices
available.

The devices in question are the CMOS 4093 quad
NAND gate and the 40106 hex inverter. What makes these
special is that the inputs use Schmitt trigger switching
and while most designers are aware of t%ue application
of these as a waveform shaper it is not always known how
easy it is to produce an oscillator out of just one of these
gates as shown in Fig. 1.

To understand why the circuit works it is necessary
to understand what happens in a Schmitt trigger circuit.
Figure 2. illustrates the schmitt action.

When the input voltage rises above the upper
threshold point, the output changes from a high toa ﬁ)w
level. However, as the voltage falls below the upper
threshold the output does not change until the lower
threshold point is reached. This affect is called hysteresis
and the symbol used to represent a Schmitt trigger is a
representation of a hysteresis loop.

Once the action of the Schmitt is understood, it is
easy to appreciate the operation of the oscillator. When
the suppIJ is first connected the capacitor will be
discharged and so the input voltage will be zero (Fig. 3).
This will cause the output to go high and so the capacitor
will start to charge through the resistor. When the voltage
on the capacitor reaches the upper threshold voltage at
point 1, the output will then go low and the capacitor
voltage will fall. When the capacitor voltage reaches the
lower threshold voltage point 2, the output will go high
and the action continues indefinitely.

An oscillator is one of the most common building

It will be noticed that the time from start to point 1

is longer than that from 2 to 3 but this only occurs on
the first cycle. .

The frequency of the oscillator is dependent on the
threshold voltages and the values of the timing
components. Because the output voltage and the
threshold voltages are both dependent on the supply, the
actual frequency is difficult to predict as the threshold
levels vary from one device to another although as a
rough guide the complete time period is approximately
equal to the time constant RC.

For a frequency of TkHz a good starting value would
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Fig. 1 The Basic Schmitt oscillator.
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Fig. 2 The Schmitt trigger action.
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Fig. 3 The oscillator action.

be 100n and 10k. When choosing these values it is
sensible to keep the resistor between 3k3 and 10M. The
capacitor should ideally be chosen so that a resistor value
between 10k and 100k can be used. If this is done there
is plenty of tolerance in the resistor value to allow for
fine adjustment if necessary.

If the oscillator is to be gattery powered it is worth
bearing in mind that the low power consumption
available using CMOS is only an advantage if the rest of
the circuitry is not going to take a lot of power. This will
only be the case if quite high value resistors are used.

The pinout of the 40106 is shown in Fig. 4. This.chip
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Fig. 4 Pinouts of the Schmitt trigger chips used.
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Fig. 7 An efficient method of driving a loudspeaker
or other load.
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Fig. 8 A digitally selected two frequency oscillator.
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Fig. 9 A simple pulse generator built
around a single chip.

contains six separate inverters and so six different
oscillators can be made from one single chip. The 4093
is a quad NAND with Schmitt inputs which allows us to
gate the oscillator very simply as shown in Fig. 5. When
the gate input is connected to 0V the output of the gate
is forced high and does not oscillate. When the gate input
is taken high the oscillator is enabled. If the output is
required to be low when the oscillator is off then the
out%ut should be inverted using one of the other gates
in the package. As always with CMOS, unused inputs
must be connected to either 0V or the supply.

With the oscillators shown so far the duty cycle is
always 50%, allowing for tolerances within the device
itself. If a different duty cycle is required this can be
achieved in two ways as shown in Fig. 6.

In the first circuit, the capacitor is discharged only
through R1. When the capacitor is charging the diode
conducts and the resulting pulse width is dependent on
R1 and R2 in parallel. If a short off period is required it
is simply a case of turning the diode the other way.

In the second circuit the two time periods are each
controlled by a separate resistor by use of the two diodes.
R1 affects the high output and R2 affects the low output.

If the output is required to drive a loudspeaker or an
LED it is possible to drive the output directly. If however
a power efficient circuit is required, a useful technique
is to use the stored energy in the capacitor to power the
load. In Fig. 7 the capacitor charges from the supply
through the resistor. When the upper threshold point is
reached the transistor is turned on and the capacitor
discharges through the speaker (or LED or whatever). In
this way it is possible to build circuits for battery
operation that consume a minimal amount of power.

Figure 8 shows a circuit which selects between two
different outﬁut frequencies depending on whether the
input is high or low. This is useful for applications
requirinF tone encoding for transmitting digital signals.

Finally, Fig. 9 shows a a simple but versatile pulse
Eenerator circuit. The output may be continuous or gated

y the built-in modulator. The output frequency is in
three ranges covering approx 1-33Hz, 33-1000Hz, and
1-33kHz. The modulation has separate on and off times,
each variable between 10ms and 1s. The whole pulse
generator uses just one chip!

With all of these circuits the aim is to show how
simple to use and how versatile these devices are. They
are intended as examples only but should give plenty of
ideas for experimentation. ETI
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FEATURE

DESIGNING FOR
EFFICIENCY

Switching on a switch mode power supply isn’t as easy as it

sounds. Les Sage explains why.

found in modern switch mode power supplies

(SMPS) were described in last month's article.
A number of design problems were highlighted, and we
will now see how modern thinking has managed to
overcome these problems to produce SMPS offering very
high efficiencies and high reliability.

Switch On

Now that the normal runnin%‘operation is understood
it is necessary to look at what happens at switchon. As
we know, very little dissipation occurs in the transistor
when it switches on provided there is zero energy (a small
step in the collector waveform) in the transformer. The
coIFector current begins to ramp upwards linearly at the
rate of 1 = tV/L (where | is in amps, t in seconds, V in
volts and L in Henrys). As this forward phase is storing
energy in the core no output voltage will occur. The
feed Eack loop detects this and treats it as a heavy output
load requiring more input energy, so the control signal
to the drive circuit continues to increase the on-time still
further.

The point is that there will never be any output whilst
the chopper transistor is conducting because energy is
only transferred to the output when the transistor
switches off. The feedback loop is in fact holding off the
output energy so long as it senses low or zero output
volts. The net result is that the collector current continues
to rise until the core saturates. With a saturated core the
inductance disappears, the transistor comes out of
saturation and exceeds its safe operating area (SOAR)
turning into a now useless piece of scrap metal. The
feedback loop essential for normal correct operation has
in fact destroyed the transistor at switch on. This also

The operating principles and the various waveforms

LO——9 -
2
& -
’
MAINS
R
a7
DRIVE
ic (4 Q1 CHOPPER
; TRANSISTOR
+ +
———
N - Y
T Tool. 12v
mn Pdin R =2 Vmains?
=

= 2.5W for 23mA supply current

Fig.1 Start-up power for the SMPS is derived from the mains
via R, C and ZD. Once normal operation is established, the
power can be taken from winding on the transformer (1, 2).
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happens should the output be short-circuited or if the
mains input level falls dramatically (brownout), all
resulting in long on-times destroying the chopper
transistor.

There are two important points to get right regarding
these problems. The first is that the drive circuit must
be free-running (ie. self oscillating) with a frequency
sufficiently low to ensure that the free running period
is greater than the maximum on-time plus the off-time
required under worst case conditions, this occurring at
maximum output power and minimum mains voltage.

The second point is that at first switch on, only short,
low repetition rate pulses should be available. These are
not under loop control and serve to establish a small
output potential. If this potential does not appear the
logic circuitry detects this and provides the PSU with a
very short, safe, pulse width which can be maintained
indefinitely. This is the short circuit protection mode.

If the small output potential does appear, then the
pulse width is gracﬁjally increased until at a threshold
point a flipflop switches control over to the normal
feedback loop. Normal regulatory operation is now
resumed, although circuitry is normally included to
continuously monitor the input :nains and the output
DC. If the mains falls below a predetermined level
(undervoltage lockout) then the protection cycle is
re-entered.

This type of circuitry is not normally built in discrete
component form although some manufacturers have
tried. There are several modern integrated circuits which
perform all the functions required, although a lot of ICs
are only basic types which lack some or all of the features
discussed. Throughout this article | will at times refer to
discrete circuitry in an attempt to give a fuller and more
easily understandable explanation.

A Supply For A Supply

Drive circuitry can be quite complex, including linear
and logic circuits, and all this circuitry will need its own
power supply at, say, 12V.

It would \{)e silly to include a separate 50Hz mains
transformer to supply 12V for the drive circuitry. It would
be nice if the drive and control circuit could be driven
off the mains direct via a dropper resistor and zener.

The problem is that although modern technology
allows us to build all sorts of logic and linear circuitry
with a total consumption of only several milliamps, the
switching transistor itself requires much higher base
currents. As an example, a typical 150W switcher
operating at 30kHz would have a transistor collector peak
current of

Ic = 2.Po/VsTon.f = 3.6 amps max.

High voltage, high frequency chopper transistors with
low Vsat characteristics are notoriously very low gain. A
BU208A for instance has a current gain of just 3 at 36
amps, requiring over 1A base current to remain in
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Fig.2 The collector current ramp varies with input voltaie
and load, and the base drive must closely match the height
and angle of this ramp.

condition to condition. Figures 2a-c show the collector
current for various loads and mains input voltages.

It is therefore necessary to vary the base current ramp
in proportion to the collector current. The collector
current cannot itself be monitored very easily since the
collector is busy swinging up and down from 0 to +800V.
The emitter current is not a reliable means of collector
current monitoring since it includes the base current and
this is not constant since hFE varies with current and
saturation level.

A simple piece of circuitry designed to simulate the
collector current is used. Since the collector load is
almost a Fure inductor the collector current is
proportional to the supply voltage Vs with respect to time.
It is only necessary to monitor the supply voltage and
to integrate this over a time period to determine the
actual collector current at any given moment. This can
then be impressed upon the base current drive, giving
a base current proportional to the actual collector current
which will increase or decrease with supply variations,

saturation. To supply 1A base current direct from the
mains is clearly impractical.

Earlier it was stated that the initial turn on phase uses
very short pulses to establish correct operation. Figure
1 shows that power for this can be obtained initially from
the mains via a dropper resistor storing charge on a
decoupling capacitor. This capacitor then supplies the
required short high current ouput drive pulses required
by the transistor’s base. As soon as the PSU has
established an output voltage, this output voltage itself
can supply the power required to fully drive the chopper
transistor under normal conditions. This scheme is
almost universally adopted.

Collector Current Proportionality

It has been stated a few times that the key to modern
SMPS design lies in the base drive. We haven't quite
finished with drive yet as there is one more very neat trick
used to give quite a substantial increase in overall
efficiency. This is called collector current proportionality
and is achieved in a surprisingly simple way.

The normal DC power supply for most ICs is 12V.
Much less than this and the control loop comparator will
have insufficient headroom for complete control. How-
ever we have already seen that the chopper transistor
requires around 1A base current to fully saturate in a
typical application. Even thoth this current is supplied
by the SMPS transformer itself, 1A at 12V is 12W wasted
as heat, and this is almost 10% of the maximum output.

Worse still, if the IC is to drive the chopper transistor
direct (for low parts count) all this 12W drive power is
dissipated within the IC, requiring an expensive ‘power
package’ device. Figure 2 shows that the collector current
rises linearly with time, starting from zero and reaching
a maximum of 3.6A at the turn off point. It follows that
it'’s not necessary to supply the full 1A base current all
the time. 1A is required only at the end of the conduction
on-time phase. If the base current is therefore made to
rise linearly as well as the collector current, with just
enough current to maintain the transistor in saturation,
a considerable saving in drive power and IC dissipation
will result.

A typical value would be around 15W compared to
12W, allowing a low-cost copper leadframe-type DIL IC
to be used.

Collector Current Simulaiion

The base current must ramp upwards exactly in line
with the collector current, otherwise the transistor may
never saturate resulting in very high chopper dissipation.
The problem is that the collector current varies from

28

CHOPPER
TRANSISTOR |

OSCILLATOR,
START UP
LOGIC AND
M/S CONTROL
CIRCUITRY

Fig.3 Basic elements of a drive circuit incorporating collector
current simulation. R1, C1, Q1 and Q2 monitor and integrate
the supply voltage while R2 and R3 shift the DC level before
feeding it to the totempole output stage, Q3/Q4. Output
coupling capacity C2 provides a negative off-drive signal and
R4 is included to increase the Vceo to Vcer. The circuitry
within the dotted lines would normally be contained within
an IC.

and load on-time variations exactly following the collector
current variations.

A discrete circuit block achieving this for those
intrigued is shown in Fig. 3 while Fiﬁ. 4 indicates the
collector/base current waveforms. The base current ramp
is stood on a small pedestal thus ensuring collector
saturation at all times. The short spike at the beginning
of the collector current just as the transistor turns on is
due to the snubber capacitor energy discharge and
represents a small waste of energy.

The output driver stage consists of a high current
Totempole!style stage (Q2) acting as an emitter follower
for the forward phase whilst Q3 is the drive transistor
for the off phase. Remember we said that the most
important time is the off phase: that's why Q3 is
configured as a common emitter amplifier which turns
on very quickly since it provides current and voltage gain
over the control drive current. The base drive is
ca?acitively coupled to the base so as to give the required
oft drive potential.

The on phase, controlled by Q2, is actually very slow
compared to collector current, so Q2 acting as an emitter
follower will follow the signal at its base without adding
voltage gain. The output stage then satisfies the earlier
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Fig.4 Typical waveforms in -a proportionality SMPS.

exacting requirements. Also shown in Fig. 4 for the first
time is the transformer’s magnetizing current and as can
be seen it returns to zero on each phase creating the now
familiar step in the collector waveform.

Zero Energy Switching

The ideas put forward so far have enabled the
development of a very efficient, low cost and very reliable
SMPS of the type most common nowadays. There’s one
more significant and quite recent development which can

COLLECTOR V |
' NORMAL OPERATION  (a)
; =
| | |
fog oo |
MAGNETIZING 1 | | ! v
I = »|  LePERIOD OF ZERO FLUX
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J‘ | |
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il 11—
! [
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_m_/_
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> :" PERI00 OF ZERO FLUX
|
|
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(c)
| |

TIME FOR FLUX TO
|  RETURN TO ZERO

Fig-5 A comparison of collector voltage and magnetising
current waveforms for various load conditions.
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further improve the efficiency and reliability. Fig. 5a shows
the now familiar collector waveform with a small step
time and also the transformer’s magnetizing current. It
soon occured to designers that this step time was actually
wasted time, time in which nothing at all is happening.

Unfortunately it is required for regulation in a fixed
frequency SMPS and varies inversely with load/line
variations. Figures 5 b,c show the variation of this time,
and the effect on magnetizing current for changes in
load. Note particularly Fig. 5c which shows a squarewave
collector voltage wit?;out step time and indicates the
result. The effect is that the magnetizing current has not
returned to zero, and you will recall that this
straightforward squarewave drive leads to unreliability.

owever, if the maximum load occurs where the step
time and the flux just tend to zero, maximum switching
efficiency occurs. The reason for this is twofold. First, at
all times action is occuring, so time is not wasted by
concentrating the switching into a shorter time period
than necessary. Secondly, at the step corner there is zero
energy, so switching on at this moment could in theory
result in zero switching dissipation.

If the circuit is still to be capable of regulation it is
necessary to have circuitry which detects this zero energy
point (termed zero crossing on the voltage waveform). A
signal must be sent to the control circuit telling it,
regardless of what it thinks, that it's now time to switch
on the chopper transistor. The result will be a shorter
overall time period (ie, higher frequency operation) but
successive cycles will shorten the on-time to maintain the
correct output energy. As the load varies the overall
period/frequency varies to maintain regulation and,
ensure that switch on always occurs at the zero energy’
point.

Since the on and off times are now no longer fixed,
the frequency varies with load and line variations. The
SMPS cannot, as in fixed frequency units, be
synchronised to an external clock, so it is termed non-
synchronous. In practice we find that for varying output
loads the mark-to-space ratio remains virtually constant
whilst the frequency varies inversely with Ioag level (ie.,
high loads = low frequency). For mains line input
variations we find that the frequency remains fairly
constant but the mark-to-space ratio varies in proportion
to the input volts. This continuous, complex variation of
both mark-to-space and frequency ratio whilst maintain-
ing continuous core magnetizaton is termed ‘Mesh’
operation.

These ideal waveforms do not occur in practice so we
have to turn our attention back to the real switching
waveform. At switch off it was stated that the snubber
capacitor slows down the Vce dv/dt, improving transistor
power dissipation in the all important off phase. This
dissipation is traded for dissipation du rin%the on phase
since all the energy stored in the snubber has to be
removed by the transistor prior to the following off phase.

Figure 6 shows the mesh waveform in more detail with
the now familiar ringing due to transformer inductance
and snubber/stray capacitance. The capacitor’s stored
charge is dissipated at the point of transistor turn on, but
looking at the entire ringing waveform shows that it is
a resonant circuit with the Tx inductance. In a resonant
circuit energy is repeatedly cycled back and forth from
the inductor to the capacitor. Looking at the first quarter
cycle, point x is where all the capacitor’s charge has been
transferred to the transformer. If the transistor is driven
on at this point there will be no energy in the capacitor
to dissipate since it's stored in the transformer. Therefore
it will be added to the following on-time energy storage
phase. The resulting efficiency is extremely high due to
the transistor switching on and off at the moment of zero
energy.
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The delay required between zero magnetic energy
and zero snubber energy is normally quite small and
fairly constant regardless of the load/line conditions.
Therefore a simple short delay in the zero-crossing
detector will allow for this.

To prove the validity of this technique it is quite simple
to wire up a standard power supply with a fixed load and
to vary the frequency via the sync input terminal whilst
monitoring the collector wavetorm on a scope and also
monitorinﬁ the mains input power. As the frequency is
varied so that the switch on cycle occurs anywhere either
side of point x (Fig. 6) for a given output load the input
power will increase. Switching on early before zero core
flux is reached causes large increases in input power and
increased transistor temperature.

As no circuit is ideal, most SMPS will not be capable
of transferring all the snubber energy into the trans-
former so the transistor will still have to discharge the
remaining snubber energy indicated by xy, in Fig. 13. To
further improve transistor reliability the snubber usually
incorporates a paralleled resistor and diode in series with
the snubber. The resistor limiting the peak discharge
current allows lower base drive power requirements
whilst the diode ensures the capacitor conducts the full
transformer current at turn off, so maintaining correct
snubber action.

It is obviously necessary to design the inductance and
total collector capacitance with care so as to maximise
this enerFy transfer/switching cycle. Otherwise its benefits
will easily be lost. ETI
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r ENERGY
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Fig.6(a) One cycle of a zero-energy non-synchronous mesh-
converter showing resonant quarter cycles between the
snubber and the transformer inductance and (b), without
wasted ‘step’ time each cycle follows directly on from the
preceding one and the frequency is thus under loop control.
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One of the best deterrents 1o & burglar is » guard
dog and this new kit provides the barking without
the bitel The kit when sesembied can be connect-
od 10 8 doorbell, pressure mat or any other

think agein and try his juck eisewhere. The kit is
supphied compiete with high quality PCB, trans-
former, all components and instructions. Al
need s 8 mains supply, intruder detector end e
Nttie time. The kit even includes & hom speaker
which is essential lwodue. the loud sound

. The * be adjusted 10 produce
berks nno-nq from s Termer 10 sn Alsatian and

i

containg circuitry to produce a random senes of
barks giving & more realistic effect.

XK128 Compiste kit of parts

£21.9%

DL1000K ~ This value-for-money 4-way chaser
festures b and

DLZ1000K ~ A lower cost uni-directional version
of the sbove. Zero switching to reduce
’ .88

sllowing sudio ‘beat’/light response .
DL3000K ~ 3channe! sound 1o light k'n hamru
2000 voltage switching. sulomatic level control
and buitt-in microphone. 1kW per channel£14.28
The DLBOOOK is sn B-way sequencer kit with built
in oplo-coomod sound to light input which comes
with e EPROM con-
taining EIGHTY - YES BOI ditferent sequences
standard flashing and chase routines.
The KIT includes full instructions snd all compon-
onte (svan the PCB :onnectors) and requires only
& box and & control knob to compiete. Other
features include manusi sequence spead adjust
ment, zero voitage switching. LED mimic lamps
and sound to light LED and 8 300 W output per
channe!.
And the best thing sbout it is the price.

oy £28.50

N EXCITING PROJECTS
FOR BEGINNERS

it o 3 SOLOERLLSS BREADGOATO, TV

PONENTS, and s BOOKLET with instructions to
onable the sbsolrte novics to build TEN fascinating
projects including 8 light opersted switch, intercom,
burgisr siam, and electronic Jock. Esch project
includes 8 circuit diagram, descrigtion of operstion
and sn easy to follow lsyout disgram. A section on
component identificstion and function is included,
enabling the beginner to busld the circuits with
confidence.

ORDER NO XK118 £13.76

MICROPROCESSOR TIMER KIT

Designed 1o con-
trol 4 outputs
independently
switching on and
off at pr;senl A
times over a 7-day bl g
cycle. LED display et e ety
of time and day, easily programmeg via 20
way keyboard . Ideal for central heating
control including different switing time for
weekends. Battery back-up circuit.
Includes box. 18 time settings.
CMIEDDOK sy it o B sl o): & .. £42.90
XK 114 Relay kit for CT6000. includes PCB,
connectors and one relay. Will accept up
to 4 relays. 3A/240V c/o contacts . . £4.30
701 115 Additional relays . £1.80

os¢e6e
00063

50p* & SAE
for CATALOGUE

(AUTUMN 1987)

»refundable with first order
ORDERS: RING (01) 567 8910 — 24 HRS.

VERSATILE REMOTE
CONTRO{ KIT

This kit includes
8l components
{+ twansformer
to make a sensi-
tive IR receiver
with 16 logic
outputs {0- 156V} which with suitsble interface
circuitry {relays, triacs, etc — detaile suppited)
can be used to switch up to 18 items of
equipmant on or off remotsly. The outputs
may be latched (to the last received code) or
momentary {on during transmission) by spe-
cifying the decoder IC and & 16V stabiliised
supply is availeble to power external Circuits.
Supply: 240V AC or 15-24V DC st 10mA.

Size {excluding transformer) 9 x 4 x 2 cms.
The compenion trensmitter is the MK18
which operates from a 8V PPJ battery snd
gives a range of up to 80f1. Two keyboards
are available—MKS (4-way) and MK10 {18-
way), depending on the number of outputs to

used

be "
MK 12 IR Receiver (incl. transformer)
£14.85

MK18 Transmitter
MKS 4-Wey Keyboard

MK10 168-Way Keyboar:
601 133 Box for Transmitter

hese kits contain all necessary compon-
ants and full instructions and are de-
signed to replace a standard wall switch
and control up to 300W of lighting.

TDRIOOK Remote Control Dimmer  £16.48

MKe Transmitter for above £4.98

TD300K Touchdimmer £8.50

ToE Erenson i for 2 s
/ xtension 5

lwﬂd-nq for TDGO‘&V £2.70

LD 300K £4.38

Designed to procbc- l

high mlenuvr
sta variabﬁ equency of
1 to 15Hz this kit slso

includes circuitry to trig-

ger the kght from an ex-
ternal vonn?o source (eg. a loudspeaker) via
an opto isolator. Instructions are also sup-
plisad on modifying the unit for manuai
triggering, as & slave flash in photogupfuc

or as a beacon in

socurlty applications. The kit |nc|udas L]
quality pcb, components, connectors, 5!
strobe tube and full ases mstmcnom
Supply: 240V ac. Size: 80 x x 45,
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Desigred for use with mr lock
mochesan (701 150} this kK wil
aperats from 8 SV 10 16V mpply
drowing 1 stancy asTent of only
S0uA. Thare arv over 5000 pesst-
bie 4-digh combmetions end the sequence can be seslly chenged.
To maks things sven mers difficut for an Uneuthormed wer o
shor can b sounded after ) te 9 incorrect antrise--—esisctabis by
moens of 8 fisk. The siwrm can sound for 8 few seconds 18 over 3
minutes during which time the keybeerd is dissbied praventing
furthr entriss. A letchad o momantary sutpst is eveilasle meking
the it il for door lecks, burgies slerme, cor Deemctiienrs. otz
A membrans kybosrd or pushbutten swiches mey bt used and 8
beep sounds when o key is deprsssed. Kit inchuces bigh quality
PCB, gt components, connectors, higli pewer prazo bzzer aad full
sssembly and user Instructions,

XK121 Locx KT £18.98
350 118 Sat of Keyboard Switches £4.00
701 150  Electric Lock Mecherwen

12 v £10.50

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses “"burst fire"* tech-
nique to Meintsin tem-
perature to within
0.6°C. Idesi for photog-
rephy. incubators,

wine-making, etc. Max.
load 3kw (240V ac) Temp. range up 10 90°C. Size
Tx4x2 Beme.
MK4

£7.10

TOMIS & TOHH S = TOOLS

Good quality tools selected to offer outstanding
velue for money.

680 004 Oin minl. Snipe Nose Pllers. Serrsted
jaws and retum epring. £2.10
880 008 Bin lap jointad side cutters. insulated
handies and return spring. £2.10
850 006 Light duty cutters. Cutting capacity
0.22-1.2mm copper wire £1.80
TOOL KIT ~ Contains: ud-umon snipe nose
phnwinlmppon Mhlodtwmn'l—

in bleck

mmmmwmm
240x206mm £6.90

L

880 007 Seif-sdiustable sutometic wirs stripper

with built-in cable cutier. £3.98
680 012 Wetchmakers Screwdriver Set,
1.0/1.4/2.0/2.4/3.0/3.8mm £1.78
6850 019 Set of 4 Stainieas Steel Tweezers.
Straight nosed, noosed-reverse action,
bemt noeed. flet nosed. 1 10mm long. £3.

680 BO2 Relient 912V dc Drill. £6.90

650 800 Tian 12V dc Dril. £10.26
660 670 Seturn Meins Drill. £16.80
WE ALBO STOCK ANTEX IRONS AND

ACCESSORIES

SECURITY PRODUCT

Install your own burglar alarm and save
pounds. All parts available separately.

950 120 Stair Pressure Mat
950 125 Floor Mat 29x16 ins.
950 130 External bell box
deterrent on its ownl 10.00
950 130 Xenon Beacon (12v) 10.50
950 140 Flush door/window contacts 1.22
950 143 Surface mounting contacts  1.05
950 162 Alarm Control Unlt
This unit incorporates all the features
required to form the
basis of a complete
security system for
the home or business
Operating off a 2av
AC supply with
facility to charge a
12v lead acid standby
battery. The unit Is
housed in a white steel box 225x225x80mm
closed sensors, bells and 24hr. Personat
attack alarms. Apply for more
details. £39.95

- an lideal

SOLDERLESS
BREADBOARD
(verobloc type) when
you buy 0

NOT JUST A MULTIMETER

A professional
quallty 37/, digit
multimeter with 34
ranges. As well as
the usual current,
voltage & resist-
ance this meter
features transistor

and diode test,

continuity AND

CAPACITANCE

and TEMPERATURE ranges. Basic accuracy Is
0.25%. Size: 170x87x42mm. Includes test leads,
thermcouple and full instruction & recalibration

manual.

AC Voits .200m-2-20-200-750
DOCVolts ...... 200m-2-20-200-1KV
AC Current 200u-2m-20m-200m-2A-10A
DC Current:200u-2m-20m-200m-2A-10A
Reslstance 200-2K-20K-200K-2M-20M
Capacitance . .. 000p-2uF-20uf
Temperature . 10° to 1370"0
COnductance ...... onS
:0-1000 (NPN & PNP)
less than 200 ohms

Buzzer ...
........................ £55.00
LOGIC PROBL

y
(405208) .

A MUST for working with TTL & CMOS devices.
Displays logic levels end pulsss down to 26nS
with LEDs and sound. Comprshensive instruction

4-18V dc
™

RECHARGEABLE SOLDERIN
Powerful cordiess iron compiete with teble-top/
solder-

when soidering.
cherging wunit end 12V cer

adaptor.

ELECTRONIC WEIGHING
SCALES

bsttery
£17.95

This kitcontalns a Single Chip Microprocessor,
PCB, displays and all electronics to produce a
digital readout of weightin Kgs. or Sts.and Lbs.

In normal use a toothead wheel (pattern
provided) is made to rotate when a weight is
placed onto the scales, interrupting two infa-
red beams. The processor counts the number
of teeth passing the sensor {up or down,
depending on wiiich beam is broken first) and
shows the reading on the LED display in Sts. &
Lbs.. Lbs. or Kgms. A PCBIlink selects the scale
for bathroom or two types of Kitchen Scales. A
Hnear version of the toothed wheel could also
be used. Other uses inClude up/down counters.
A low cost digital ruler could be made by using
a wheel with the correct tooth to diameter ratio.
ES1

50. Send cheque

with order. Giro

ELECTRONICS
13 BOSTON RD
LONDON W7 3SJ
Tel: 01-567 8910
ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT
FREE P&P on orders over £20 (UK only}, otherwise add
75€DG+ VAT. Overseas P&P: Europe £2.75. Elsewhere

9 /PO /Barclaycard/Access No.
0. 52931 2.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

SEND 9”x8” S.A.E.&
50p FOR CATALOGUE
OR CALL AT SHOP
MON-FRI 9-5pm
SATURDAY 10—4pm
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THE DREAM

MACHINE

Paul Chappell looks into the complexities of sleep and finds
it can do with an electronic helping hand. This is such stuff

as dreams are made of.

ree gift time has come

around again and this year

we've got something rather
special for you — a dream
machine! You will already have
found the printed circuit board
on this month’s cover and next
month there will be the
components too.

Imagine this: you are in the
middle of a Earticularly exciting
adventure when you suddenly
recognise it for what it is — a
dream. Since it's a dream, you
have the power to do any’(hinﬁ
you choose. You can go anywhere,
do anything, break the laws of
physics, de%y social conventions —
you have supreme authority! What
will you do?

If you've ever had this ex-
perience, you may be interested
to know it's not uncommon. In
the psychology trade these are
known as ‘lucid dreams’ They
often occur spontaneously during
nightmares — suddenly you
realise that nothing in real life
could be quite so bad, so you
must be dreaming. Having turned
your enemies to toads, you can
get on with conjuring up more
pleasant scenes for yourself! You
may have had a recurring dream
that becomes so familiar that you
recognise it.

Often, lucid dreams are
brought about just by reading
about them — knowing that it's
possible — so who can tell what
might happen to you tonight?

When lucid dreams happen
spontaneously you usually lose
control after a while and slip back
into a normal dream. With a little
practice they can be sustained
and become ever more frequent
and powerful. With the Dream
Machine by your bedside, some
very strange experiences are
waiting for you. This is not a
project for the faint hearted!

Dreams are such personal
things that they are not really

32
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Fig.1 Our sleep pattern changes
with age but we always require
sleep.

amenable to the methods of
scientific investigations. Most
people have trouble recalling their
own dreams with any accuracy, so
the difficulties in trying to make
sense of second hand accounts
are almost insurmountable.

Much has been written about
dreams with apparent authority,
which on closer investigation
turns out to be little more than
oFinion and prejudice. Some
claim that dreams can be
prophetic or didactic, others that
they are composed of fragments
from the day’s activities put
together in a bizarre way. Others
still would claim that they are
merely rubbish churned up as the
brain sorts out its internal filing
system during the night.

Coleridge claimed to have
heard the poem ‘Kublai Khan'
word for word in a dream. Jung
saw dreams as a ‘hidden door’ to
the secret recesses of the mind.
Joseph saved Egypt from famine
after interpreting Pharoh’s dream.
Was Coleridge a liar? Was Jung
and all the present psychiatrists
who borrow from his techniques
merely misguided? Was Joseph’s
shrewd intervention in the
Egyptian economy a lucky
accident?

Any theory put forward to
explain the purpose of dreaming
has a great variety of factors to
take into account!

Sleep (Perchance
To Dream)

The reason for sleep is still
something of a mystery. The
problem is that the obvious
explanation (that the body and
mind need rest to recover from
the day’s activities) just doesn't
hold up under close scrutiny.

Any period of inactivity (sitting
in an armchair in front of the TV
will do) is quite enough to give
the skeletal muscles all the
relaxation they need. As far as the
mind is concerned, the electrical
activity certainly changes during -
sleep, but far from decreasing it
becomes considerably greater!

In the search for an alternative
explanation, scientists spent a
great deal of time and energy
searching for substances known
as ‘hypnotoxins’. The idea was that
these toxins (poisons) would build
up during the day until they
reached a certain preset level

BEFORE
DEPARTING
FROM USA

DAY AFTER
ARRIVAL IN
GERMANY

1200
1500
1700
2100
0000 —
0300
0600~
0900

HOURS

Fig.2 Even with a short

time displacement (jet lag from
travel to a new time zone) efficiency
is severely impared by the change
in sleep pattern.

which would trigger the sleep
mechanism. Durin§ sleep, no
more poisons would build up and
those accumulated during the day
would be gradually eliminated
until they reached a lower
threshold which would signal
‘time to get up.

This attractively simple idea
was spoiled by the complete
failure to find any sign of
substances that would fit the
description of hypnotoxins and so
now it's been largely abandoned.

Perhaps sleep is not necessary
at all? Maybe an occasional period
of physical inactivity would be just
as good? This doesn't work either
(Fig.2). The evidence that sleep is

STAGE 1

AWAKE ey ol i trsma gt s Aoty diadgindoesipn soipumpaippn.

STAGE 2 dai—wiah -

e A AN AN

STAGE REM MMWWW

Fig.3 The different levels of sleep as demonstrated by
EEG recordings.
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absolutely vital to survival comes
mainly from circumstances where
sleep deprivation is used as a
form of torture.

Destructive testing of human
beings under these conditions
show they can rarely last more
than ten days without sleep.
Death is preceded by intense
hallucinations and often by
insanity. Those who have survived
long periods of sleep deprivation
are not keen to recommend it and
often suffer periods of depression
and mental disturbance for
months or even years afterwards.

So what is known about sleep?
The hard facts are interesting but
not particularly enlightening.
Sleep is arbitrarily divided into
levels, mainly on the basis of EEG
recordings. The normal sleeping
pattern is to sink through the
various levels of sleep to reach
the deepest level within about 45
minutes. This deep sleep is
broken roughly every hour and a
half by paradoxical sleep, so
called because the brain waves
take on a pattern that would
normally be associated with alert
wakefulness (Fig.3).

As the night progresses, the
trend is for sleep to become
lighter and the periods of

aradoxical sleep to become
onger, from about ten minutes
early in the night to half an hour
or so later on.

Paradoxical sleep is also known
as rapid eye movement (REM)
sleep. In the early 1950’s it was
discovered that this phase is
accompanied by bursts of eye
movement behind the closed lids.

As this is clearly visible,
particularly in babies (where it
was first noticed) it’s astonishing
that it took so long for anyone to
discover it!

Dreams seem to occur with far
greater frequency during REM

sleep than at any other time. This
was discovered by the simple
expedient of waking people up
during REM and non-REM phases
and asking if they'd just been
dreaming. Those woken from REM
sleep almost invariably reported
having a dream, whereas those in
the non-REM stage rarely did.

In several experiments sleepers
have been denied the opportunity
for dreaming by being woken at
the onset of each REM phase.
They were allowed to sleep again
immediately but would be woken
at the first sign of any eye move-
ment. The total sleep period
allowed was the same as usual
but it was a broken and dreamless

sleeg.

ne result was that sleepers
were so keen to enter the REM
phase that it would begin almost
as soon as their heads touched
the pillow. The second was that
the sleep period just didn't seem
to refresh the subjects. After a few
days they would show similar dis-
turbances to those who were
deﬁrived of sleep altogether.
Other groups of sleepers woken
just as often (but always during
the non-REM phase) showed
hardly any effect at all.

It is tempting to draw the con-
clusion that sleep deprivation is
really dream deprivation — that
the whole purpose of sleep is to
allow dreaming. Some have said
just this. Others would claim that
dreams are an incidental product
of some essential activity which
takes place during REM sleep.

Whatever the truth of the
matter — whether dreams are the
essential ingredient or a manifes-
tation of some other vital process
— it seems likely that the study of
dreams can make a valuable con-
tribution to the understanding of
sleep. Very little seems to be
forthcoming from other sources!

“RIGHT REM

LEFT REM

B i e e e,

!

Fig.4 Correspondence between REM and dream imagery. The subject
showed a regular series of left then right eye movements. On waking
(arrowed) he reported dreaming of a table tennis match.

Improving Your

Dream Life

Did you dream last night? You
almost certainly did but there’s a
good chance that you don't
remember a thing about it. {f
you're keen to know whether your
dreams have a message for you,
whether they can help with your
day to day problems or if they're
simply the result of last night's
supper or TV viewing, the first
step is to recall them in the
morning.

Your dream memories will be
at their sharpest when you are
just in the process of waking up.
Let the dream run through your
mind in this state and it will
remain fixed in your memory for
some time. When you are fully
awake, you can jot down the
details if you like.

. Fig.5 Noise — it’s hard to imagine
this could be beneficial!

After that comes the fun of
trying to analyse the results. A
sin%e dream is not much to go
on but if you keep a ‘dream diary’
you may see all kinds of patterns
emerging.

Many people have claimed to
be able to decide on the subject
of their dreams by thinking about
it just as they drift off to sleep.
Some claim to be able to return
night after night to a favourite
dream to watch the next episode
unfold.

A strange effect is the ability of
dreams to weave external events
into their own fabric. An interest-
ing experiment (it can hardly be
dignified by calling it ‘research’)
was carried out by a certain Major
Wellesley Tudor Pole who hit
upon the charming idea of waking
people from sleep by firing a
pistol close to their ears. In every
case where a dream was reported,
the pistol shot was somehow built
into the story as the natural
culmination of the dream.
Whether the good Major’s friends
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ever spoke to him again after-
wards is not recorded.

The Dream Machine

The Dream Machine was con-
ceived as a project that everybody
can have fun building and experi-
menting with and one which can
also serve a useful purpose. One
of its functions is to bring about a
state of relaxed drowsiness
conducive to having a good
night's sleep. Being something of
an insomniac myself, | had a
definite personal interest in its
success!

We tend to think of sleep as a
time of relaxation but most
people spend the night in such a
state of tension that the ex-
perience is nowhere near as
refreshing as it ought to be. |
want to bounce out of bed in the
morning feeling totally renewed
and full of energy, not groggy and
bleary eyed. So, you see, the

roject was really made for me,
ut I'll share it with you!

The principle of the Dream
Machine is this: it produces pink
noise. The sound of pink noise is
similar to the sound of surf on
the beach, wind in the trees or
light rain. Quite poetic, really.
A%though noise 'looks’ pretty
angry (Fig5) it’s a very relaxing
sound to listen to.

Some extravagant claims have
been made for the effects of pink
noise. | remember reading some

ears ago that people became so

ypnotised by prolonged exposure
to it that they could have their
teeth pulled out without
anaesthetics! Just the thing to
amuse you on a rainy afternoon.

Noise

in most circuits the aim is to
keep noise to a minimum but for
this project we want to increase it!
Luckily, we don’t have far to look
for sources of electrical noise. All
kinds of things produce it —
resistors, transistors, wastepaper
baskets, ashtrays. . .everything on
«earth produces thermal noise
‘voltages (Fig.6).

Thermal, or Johnson, noise is
Eroduced, as its name suggests,
?/ heat. Heat agitates the
ectrons in any substance and
auses minute voltage fluctuations
across it. The actual voltage
produced depends on the temper-
ature, the resistance of the
substance and the bandwidth. It
is given by:

V, = V4kTRB

€
C
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ZENER DIODE RESISTOR

W00 0

ASHTRAY Z o) @

Fig.6 Any electronic device — even
an ashtray — will produce thermal
noise.

k is a constant very popular with
physicists. It’s Boltzman’s constant
and its value is 1.38x10-%.

The bandwidth (B) is a tricky
one. If we have a resistor on the
bench it’s clear that it must be
band limited in some way, other-
wise it would be producing light
frequencies (in considerable
quantity too, if you work it out)
and would glow in the dark! But
it's not clear just what the band-
width is. For the purposes of the
project we are only interested in
noise voltages produced within
the audio band — anything
beyond that we won't hear anyway
— so we'll use a generous value of
2x10* (20kHz).

The temperature, T, is the
absolute temperature — based on
zero being the point where all
thermal processes come to a halt.
At absolute zero there’s no
thermal noise at all. Absolute zero
is so cold that even the toughest
brass monkeys stay indoors! On
the Centigrade scale it works out
to be about -273°C!

Assuming a room temperature
of 20°C, the absolute temperature
would be 293°C. (Absolute
degrees are the same size as
Centigrade degrees. They just start
earlier. Have you ever wondered
why slow drivers are at the front
of every traffic queue and not at
the back? They start earlier too).

To work out the voltage
produced by (say) a TMO resistor
at room temperature, all we need
now is a calculator:

V_ (RMS)=Vax138x10-2x293x10°x2x10*

1\

WHITE

FREQUENCY
LINEAR SCALE

POWER

Fig.7 Power/frequency characteristics
of white and pink.noise.

This works out to near as
damn 18uV. This is usable (and
quite enough to cause problems
in hi-fi amplifiers and brainwave
monitors) but not much of a start
for the Dream Machine. The noise
from a 10,000M ceramic ashtray
would be better. 100 times as
good, in fact. But the currents
would be much too small.

Luckily for us, thermal noise is
not the only source of noise in
electronic components (though it
is for most ashtrays). Ask a
resistor to do some work like
passing a bit of current and up
goes the noise (for most types,
anyway). The Johnson noise is the
lowest possible noise, sometimes
called the noise floor. On top of
that comes 1/f noise (the noise
carpet?). In semiconductors there
are other odds and ends too —
mostly shot noise with a touch of
partition noise (a bad habit picked
up from valves).

How these noise mechanisms
work (and how to put them out of
action) is something | have in
mind for a future Circuit Theory
article. For the moment we'll just
give thanks that they exist.

Other components can be
even noisier. A zener diode on the
point of conduction will produce
enough noise to wake the neigh-
bours and it is this | have chosen
as the generator for the project.

Thermal noise has a spectrum
with the same power in a given
bandwidth no matter what the
centre frequency may be. Between
50Hz and 100Hz there’s just the
same amount as between
1,000000Hz and 1,000050Hz, all
things bein§ equal (which they
never are). [t is called white noise
by analogy with white light (which
has an entirely different dis-
tribution — It’s not really a very
good name).

If the power varies inversely
with frequency, the noise contains
more of the low (red) frequencies
and is called pink noise (Fig7). In
semiconductor devices, 1/f (pink)
noise tends to predominate up to
about 1kHz. Above that, the spec-
trum is fairly flat (on a linear
frequency scale).

The noise from a zener diode
is already tinged with pink, so
judicious use of a capacitor and
pot can vary it from pale pink to
almost red (close enough for our
purposes, anyway).

Next month you'll be getting
the components and I'll start on
the construction c(ijetails. in the
meantime, sweet dreams!
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Are we about to create a race of Supermen?

Brainwave A~

WA BETA - Concentration, [ ALPHA — Relaxation, ] THETA — imagination, m 1
problem solving, active  pleasure, tranquility, creativity, hynagogic 0 n / t 0 r
thought. positive feelings. imagery.

The ETI Brainwave Monitor must be the most astonishing project ever to appear in the

pages of an electronics magazine. It will allow you to hear your brainwaves and judge
the relative levels of various types. It will also help you to control your mind more
effectively, to be at peak performance in all situations.

Doesn’t my mind work perfectly well when left to its own devices ?
If you've ever been confused, unsure of yourself, shy, unable to pass exams or to
impress people at interviews, you know perfectly weil that it doesnt. Your mind {(and
everybody else's) is full of bad habits, inappropriate responses, feelings of inadequacy . .
all pulling you down. Why should you put up with it?

Mind training sounds like hard work!

It can be. If you want to do it the hard way, go and study under a Zen master for fifty years
or so. You'll get there in the end! With the brainwave monitor it takes no effort at all. Just
the opposite in fact - trying is the one thing you mustn't do!

How do | start?
At first you use the monitor s internal indicator to exercise your mind. In direct mode you
Improve the time percentage; in integrate you concentrate on the amplitude. After that,

SILVER SOLUTION

This powerful sitver plating compound must be the grealest revolution in

electronics since the IC! Just wipe on with a cloth to plate PCB tracks, the choice of direction is yours. With the Alpha Plan you can reach the core of your
connectars, wire, component leads, etc. with a layer of pure silver! personality t0 root out the weakness and replace it with inner strength. Otherwise you
Essential for: can just enjoy the leelings of pleasure and clear headedness that alpha training brings. or
4 %’;‘ﬂf’éﬂ'fﬁ@-ﬁ. the creativity and imagery of the theta state.

* Bio-slectronic circults and electrodes. A friend told me | can use brain power to control lights and things. | can't believe it!
LARGE BOTTLE (150ml) SILVER SOLUTION £11,20 + VAT As a matter of fact, you can do more than that! The interface sockets on the monitor allow
N.B. The sontion wik 1ake 10 brass, copper, elc. but nal 10 steel or pre-plated components, you to turn lights on and off, control toys and electrical gadgets, play computer games .

TH E ALPHA PLAN all with your mind! Are we about to create a race of Supermen? Only time will tell.

p 7 The Brainwave Monitor is featured in the September, October and November 1987 issues
Ci 1 2 ) q I ‘
ci'}»yy%‘t'iin ';aclrru‘.gs: rpg?;npfrv'g;rr:ar:gi‘eg?ggwu're no good at'? of ETI. The approved parts set contains: two PCBs, all components including three PMI
Can you really overcome fear, shyness, uncertainty? precislon amplifiets, shielded box for screening the bio-amplifier, attractive instrument

And can you do it all without really trying? case with tilting feet, controls, switches, knobs, plugs and sockets, leads and materials for
Dr. David Lewis’s famous Alpha Plan has all the answers. It was recently electrodes, full instructions for assembly and use.
investigated by a QED television documentary (Alpha — How to Succeed
Without Reaily Trying). And the conclusion? It works! Parts are available separately. We also have a range of acc 185, p 1al el , books, ete.
Dr. Lewis's book 'The Alpha Plan’ is yours for only £2.50 (no VAT). Please send a stamped, seff-addressed envelape If you just want the lists. Otherwise, an SAE + £2 will

Your future is waitlng. bring you lists, construction detaits and further information.

POWERFUL AIR
IONISER

FEATURED IN ETI,
JULY 1986

tons have been described

as ‘vitamins of the as’ by

the health magazines,

and have been credited

T " KNIGHT RAIDER

cunng hay fever and
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