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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

o]V | SBale) I SN I WIFTWTCIPIN[NEE]  supplied ready built and tested.
OMP POWER AMPLIFIER MODULES nNow enjoy a world-wide repulalion for qualty reliability and
performance at a realistic price Four models available to suil the needs of the prolessional and hobby market, 1 e Industry
Leisure, Instrumenlal and Hi-Fi etc. When comparing prices, NOTE all models include Toroidal power supply. Integral heal sink,
Glass fibre P C B, and Drive circulls lo power compatible Vu meler Open and shor circuil proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
RM.S into 4 ohms, Frequency Response 15Hz —
J0KHz —3dB. T.H.D.0.01%, S.N.R. — 118dB, Sens. for
Max_ output 500mV at 10K, Size 355 x 115x65mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 watts R.M.S.
into 4 ohms, Freguency Response 1Hz — 100KHz
~3dB, Damping Factor, >300, Slew Rate 45V/uS,
T.H.D. Typical 0.002%, Input Sensuwuty 500mV, S.N.R.
— 12508, Size 300 « 123 x B0mM,

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200 watts R M.S
into 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor =300, Slew Rate 50V/uS,
T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R.
—130dB. Size 300 x 155 » 100mm

PRICE £62.99 + £3.50 P&P.

 OMP/MF300 Mos-Fet Output power 300 watts RM S
into 4 ohms, Frequency Response 1Hz — 100KHz
-3dB, Damping Factor >300, Siew Rate 60V/uS,
TH.D. Typical 0,0008%, Input Sensitivity 500mV,
SNR -130dB. Size 330 x 175 x 100mm
PRICE £79.99 + £4.50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS. STANDARD — INPUT SENS 500mV BAND WIDTH 100KHz
PEC (PROFESSIONAL EQUIPMENT COMPATABLE} — INPUT SENS 775mV. BAND WIDTH 50KHz ORDER STANDARD OR PEC

Vu METER Campatible witn our tour ampliliers detalled above. A very accurate visual
display employing 11 LE.D diodes |7 graen. 4 red) plus an adaitional on‘off indicator.
Sophisticated Ipgic control circuits foe very fast nse and decay times. Tough moulded plaslic
case, with finted acrylic front. Size 84 « 27 x 45mm.

PRICE £8.50 + 50p P&P.

* PRICES INCLUDE V.A.T. - PROMPT DELIVERIES * FRIENDLY SERVICE
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

* MANUAL ARM % STEEL CHASSIS # ELECTRONIC §
TROL 33 & 45 * VAR| PITCH CONTROL # HIGH TCAGH
DRIVEN DCMOTOR # TRANSITSCREWS r 12 TIECAST FLA
NEON STROBE W CALIBRATED BAL WEIGHT % REMOVABLE
SHELL # ', CARTRIDGE FIXINGS ¥ CUE LEVER % POWER 22
5060Hz 4 390x305mm % SUPPLIED WITH MOUNTING CU™ 2.

TEMPLATE
PRICE £59.99 + £3.50 P&P.

STANTON AL500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 500 P&P

THOUSANDS PURCHASED
HIGH PUWER TWO CHANNEL 19 INCH FIALI\ BY PROFESSIONAL USERS

NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 (100w + 100w)
MXF400 (200w + 200w) MXF600 (300w + 300w)

All power ratings RM.S into 4 ohms

FEATURES: * independent power supplies with lwo Toroidal Transformers % TwinL E D Vumeters
indended level controls * lliuminated on off switch + XLR canneclars * Standard 775mV inpuls % Open anc
circull proof * Latest Mos-Fels for siress free power delivery into virtually any luad * High slew rale  Ver,

distortion % Aluminium cases * MXFE00 Fan Cooled with D C. Loudspeater and Thermal Proteclion.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:— MXF 200 W19"xH3'%" (2U)xD11"

MXF 400 W19”xH5Y" (3U)xD12"

MXF 600 W19”xH5"" (3U)xD13"

MXF200 £171.35

PRICES: MXF400 £228.85

MXF600 £322.00

UDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8" 100 WATT C8100GPM GEN PURPOSE, LEAD GUITAR, EXCELLENT MID DISCO

RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz SENS, 99dB PRICE £28.59 + £2,00 P&P.
10’ 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISCO EXCELLENT MID

RES, FREQ, 70Hz FREQ, RESP, TO6KHz SENS, 100dB PRICE £34.70 + £2.50 P&P.
10" 200 WATT C10200GP GUITAR, KEYBOARD, DISCO EXCELLENT HIGH POWER MID

RES, FREQ, 45Hz, FREQ, RESP, TO7KHz SENS 10 PRICE £47.48 + £2,50 P&P,
127100 WATT C12100GP HIGH POWER GEN, F'UFIPOSE LEAD GUITAR DISCO

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz SENS 98dB RICE £36.66 + £3,50 P&P.
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE P A, VOICE, DISCO
RES, FREQ, 45Hz FREQ, RESP, TO 14KHz SENS 100dB RICE £37.63 + £3.50 P&P.
12 200 WATT C12200B HIGH POWER BAS S KEYBOAFIDS DISCO, P A

RES, FREQ, 40Hz FREQ, RESP, TO7KHz SENS, 10 RICE £64. 17+£3 50P&P,
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR KEYBOAFIDS DISCO

RES, FREQ, 45Hz FREQ, RESP, TO5KHz SENS, 10 RICE £85, 79+£3 50 P&P,
15" 100 WATT C15100BS BASS GUITAR, LOW FREOUENCY PA, DISCO

RES, FREQ, 40Hz FREQ RESP, TO 5KHz SENS, 98dB PRICE £53.70 + £4,00 P&P,
15" 200 WATT C15200BS VERY HIGH POWER BASS

RES, FREQ, 40Hz FREQ, RESP, TC 4KHz SENS, 99dB PRICE £73.26 + £4.00 P&P,
15" 250 WATT C15250BS VERY HIGH POWER BASS

RES, FREQ, 40Hz FREQ RESP, TO 4KHz SENS, 99dB PRICE £80.53 + £4.50 P&P.
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREQUENCY BASS

RES, FREQ, 40Hz FREQ, RESP, TO 4KHz SENS 102dB PRICE £94.12 + £4,50 P&P,
18” 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS

RES, FREQ, 27Hz FREQ, RESP, TO 3KHz SENS, 99dB PRICE £167.85 + £5,00 P&P.

EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC.

ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM,
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EBB-50 DUAL IMPEDENGE, TARPED 4 3 OHM BASS. HI-FI, IN-CAR
RES, FREQ. 40Hz FREQ, RESP, TO 7KHz SENS 97d PRICE£8.90 -+ £2.00 P&P,
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 13 OHM BASS. HI-FI, IN-CAR.

HES, FREGQ, 40HZ FREQ, RESP. TO 5KHz SENS 9348 PRICE £12.00 4+ £2.50 P&P.
10" 100 WATT EB10-100 BASS. HI-FI, STUDIO

RES, FREQ, 35Hz. FREQ, RESP, TO 3KHz. SENS, 86dB
12" 60 WATT EB12-60 BASS, HI-F|, STUDID

RES, FREQ, 28Hz. FREQ, AESP, TO 3KHz SENS, 9

12" 100 WATT EB12-100 BASS, STUDIO, HI-FI EXCFLLFNT DIsCo.

HES FREC. 26Hz FREQ, RESP, TO3KHz SENS. 93d RICE £32.00 + £3.50 P&P.
FULL RANGE TWIN CONE, HIGH COMF‘L!ANCE ROLLED SUHHOUN

5Ya" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI- AFIHAV DISCO ETC

RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 92dB . ... ........... ....... PRICE £8.99 + £1.50 P&P.
BY" B0 WATT EB6-60TC (TWIN CONE) HI-FI, MULTI- ﬂFlRA\" DiSCO ETC
RES. FREQ, 38Hz. FREQ, RESP, TO 20KHz SENS. 8

8" 60 WATT EB8-60TC (TWIN CONE) HI-FI, MULTI- .ﬂ'{ﬁm\f DISCO ETC.
HES FREQ. 40Hz. FREQ, RESP, TO 18KHz SENS Bggl . . ... . PRICE £12.99 + £1.50 P&P.
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI AFIFIAY DISCO ETC.

RES, FREQ. 35Hz. FREQ, RESP, TO 12KHz SENS, 86dB . PRICE£16.49 + £2.00 P&P.

PRICE £27.50 + £3.50 P&P,
PRICE £21.00 + £3.00 P&P.

PRICE£10.99 + £1.50 P&P.

SECURICOR DELIVERY £12.00 EACH
U

THE VERY BEST IN QUALITY AND VALUE

MADE ESPECIALLY TO SUIT
TODAY S NEED FOR COM-
PACTNESS WITH HIGH QUTPUT

FLUSH MO\J'\ITEU TH
Dl\NhLC.\lEIINET CUT-OUTS ADVAN\__

SOUND LEVELS FINISHED IN FEATURES INCLUDE:—
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS w FLHLL Barmim 5
GRILLE AND CARRYING HANDLE TRAVEL
INCORPORATES 12" DRIVER PLUS * NEQN
HIGH FREQ HKORN FOR FULL e

MONITOIR I E

FRAEQ SANGE ¢ZkHz-20KHz BOTH

MODELS & OFM SIZE H18 - W15 wFLASH OVE
7 D12 BUTTON
® HIGH & LOW LZ
CHOICE OF TWO MODELS PRESETS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET R HHES

TR H128 Wt
2 S H128 5 W

PRICES:— 1K WATT £15 .99
2.5K WATT £24.99 + 60p P&P

OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR
OMP 12-200 (200W 102dB) PRICE £209 39 PER PAIR

SECURICOR DEL :— £12.00 PER PAIR

PIEZO ELECTRIC TWEETERS-MOTOROLA

PIEZO ELECTRIC TWEE ERS — MOT
doun 'he Pumn réi

wegler proguces an Improved irans
7 is not required thiese units <z-
FREE EXPLANATORY LEAFLETS

'(‘.:NEDZEE»QJ 3 round with protective wire
or booxshegl! and medium sized Hi-f
Price £4 90 each + 50p P&P

8 [KSN1005a) supar harn. For genera
and P.A. systerms etc. Price

s

J

<5 wide dispersion horm. For
quality discos etc, Price £6.98

<6 wide disparsion horn
tained extending down to
for high quality Hi-fi systems
Price £9.99 each + 50p PAP
KSN1038A) 3% horn tweater with attractive
s trm. S for Hi-fi monitor systems elc
FEF
£5 0N a recessed mounhng
oinet Input jack socket
S0p P&P

STEREO DISCO MIXER

STEREOQ DISCO MIXER «
graphio egualisars

TRANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER
FORMANGE, RANGE UP TO 3 MILES, SIZE 38 x 123mm SUPPLY 12V % 0 5AMP
PRICE £14.49 + £100 P&P
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FETMIC, RANGE 100-300m, SIZE 56 x 46mm SUPPLY 9V BATT PRICE
£8.62 + £1.00 PAP

3 watt FM
Transmitter

bination af
3 Turntable
plus Mic wi
lor. Pan B
OquJ‘ £

Price ’13: 99 — £4.00

POSTAL CHARGES FER ORDER £1 00 MINIMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS. COLLEGES OVT BODIES ETC. PRICES INCLUSIVE OF VAT SALES COUNTER.
\/I5A ACCESS ACCEPTED BY POST PHONE OR FAX

B. K. ELECTRONICS o...cn

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL: 0702-527572 FAX: 0702-420243




Construct your electronic circuits the new, quick and easy-to-learn
way, WITHOUT solder: with Circuigraph Easiwire from BICC-VERO

With Easiwire all you do is wind the circuit wire tightly around the
component pins. No soldering, no chemicals, no extras, simplicity
itself. Circuits can be changed easily, and components re-used.

Easiwire comes in kit form. It contains all you need to construct
circuits: a high-quality wiring pen with integral wire cutter, 2 reels of
wire, a tool for component positioning and removal, a flexible
injection moulded wiring board, double-sided adhesive sheets,
spring-loaded terminals and jacks for power connections and an
instruction book. Of course, all these components are available
separately too.

To take advantage of the special introductory offer, complete the
coupon on the right and send it to:

BICC-VERO ELECTRONICS LIMITED,
Flanders Road,

Hedge End,

Southampton, SO3 3LG

'VERO

[BICC| ELECTRONICS

SOLDERLESS WIRING

Pleaserushme, ............ Easiwire kits, retail price £18.-;
special introductory offer £15.-_ (includes p & p and VAT).

I enclose cheque/postal order for............. , made payable to
BICC-VERO Electronics Limited

Please debit my credit card as follows: g

Card Number .................

EXPiry DAte ..o

NAME | iisivatiomvimiisir i s L S e i e st et
AAArESS mumeiimmtiaatimsrbii i s sbiar s o D e S e S s e

SIGNALUIE ...y eeeiesierissseisasesemsneressasessnssenssensenensssmssasscresraireremsssensrers

or phone 04892 88774 now with your credit card number
(24-hour answering service).
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Competition
ETland Maplin offer you sacks
of prizesin afree competition to
tickle your tonsils

EPROM

Technoiogy

Mike Bedford never forgets
with his finger on the pulse of
EPROM advances
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The Norion
Difference

Ray Marston concludes hislook
at the versatility of the current-

differencing op-amp
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Making Sense
Mike Barwise concludes the

Chip In look at the art of

sensorship
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Op-Amps

Paul Chappell’s Circuit Theory
considers the hazards of
frequency response in the
humble op-amp

PROJECT 2

Elsctronic
Thermostat

Andrew Armstrong replaces
the clunk-click dial with a
digitally programmable heat
controller

ETH Index 1988

The complete list of the past
twelve months accordingto ETI
e T
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PROJECT

Doppler
Speed Gun

Tony Williams checks vehicle
velocity and miscellaneous
motion with his hand-held
doppler project
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PROJECT 44

The Smail Fry
Mini-amp

Keith Brindley's Ist Class
project pumps the power from
your pennies with this cheap
and cheerful ampilifier circuit

PROJECT 4 6

Burgiar Buster

To catch a thief, just take your
free PCB and follow Paul
Chappells guide to the world of

crime prevention
e == = ]
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DIGITAL
PROMS

he BBC:s first ever totally digital

live broadcast was achieved on
Septernber 14th from the Promenade
concerts at the Royal Albert Hall.

Since 1985 the last analogue link
in the broadcast chain has beenithe
continuity desk i Broadcasting
House where the live broadeast is
levelled and faded for mixing with the
cantinuity announcer’s microphone.
Now a new digital bypass has been
Aitted in Broadcasting House to allow
these operations to take piace without
decoding the signal

The complete signal path is now as
follows: Microphone signals from the:
Albert Hall are digitised and sent
down fibre-opfics to the OB van
where they are mixed on a MNeve DSP
digital desk and returned to & smaller
digital unit in the hall where the
presenter’s voice is added,

Alter conversion to BBC NICAM
farmat, the signal 15 radioed fo
Broadcasting House and converted
back to studio format. The described
continuity work takes place in Radio
3's new ‘@ studia. The output, back
in NICAM form again, is serit directly
to the transmitters where it is decoded
and broadcast in the usual fashion.

TALKBACK

sampled playback board is avail-
ble as a descrete unit from
Hakute of Waltham Cross.

The board reads from stored
EPROM information {Hakute pro-
vides arecording service) to produce
speech or effects of from four to six-
teen secondsin length, deperiding on
the EPROM purchased

The sampling rate |s BkHz (4kHz
bandwidth) ‘with 4-bit samples. It
needs a power supply (a low power
version will operate from battery).

_The |board itself costs
£53.30+VAT with EPROMs at £6 for
4s, £10 for Bs and £16 for 16s. Hakuitg
also produces a recordingand editing
unit for £396, ]

Far full details contact Hakulo,
33-35 Eleanor Cress Road, Waltham
Cross, Heits EN8 7LE Tel: (0992)
TEL0G(),

Four years of negotiations has led
to a successful agreement for
GEC Plessey Telecommunications to
start production of private telephone
exchanges in Shanghai. The talks
were started by Plessey and should
result in some 100000 lines a year
produced by the partnership of GPT
with a trio of companies in Shanghai
and Singapore.

set ol versatile subminiature
rotary switches are on the way
from lnvader of Swindon,

The RTE 10/16 series provide
direct binary cading with either 10 or
g 16 positions available. Theu have an

100mA. The setiing can be by shaft,
buﬁon or screwdrﬂuer slor -

SLENDER SWITCHES

ting maximum of 30V DC and }

he Radio Data System (RDS)

finally got its big launch from the
BBC at a plush royal-graced pre-
sentation to preview its public
unveiling at the BBC Radio Show in
October.

Apart from the glitz and glam of
presenters Simon Bates and Debbie
Thrower, a batch of prospective RDS
manufacturers were neatly arranged
in an adjacent room to display their
wares

RDS adds data to FM radio broad-
casts as a phase-modulated subcarrier
at 57kHz — a frequency easily derived
from the existing 19kHz pilot tone of
EM stereo. An RDS receiver can
decode this information to provide
automatic tuning, programme identi-
fication and a clock signal taken
straight from the Rugby MSF trans-
missions.

For mobile listeners, an RDS
receiver can also overlay traffic reports
from local radio on to the driver’s
chosen channel.

The system is capable of handling
a great deal more information than
this. Other services planned for the
future include programme typing
where a receiver will hunt for the type
of broadcast you desire (rock, sport,
news and so on) and radiotext where
up to 64 characters can be transmitted
by the programme producer to assist
the listener (addresses or telephone
numbers for instance).

The most powerful and versatile
suggested service would use RDS as
a full transparent data channel to
download computer software, teach-
ing notes and information sheets,

Unfortunately the BBC has created
a chicken and egg problem by
promising these additional services
only when the hardware is on the
market to receive them. Not
surprisingly there is as yet no
manufacturer prepared to market
equipment that receives this
untransmitted information

Of the machines that are being
produced the best design appears to
be from Sharp. lts forthcoming RDS
cassette radio is the only machine to
have a double front-end for the tuner
which enables active searching for
traffic flashes. Single-ended receivers
rely on redirection messages broad-
cast on the main networks to overlay
say a Radio Kent traffic flash on to
Radio 2. Naturally, the BBC national
networks will only redirect to local
BBC stations. Sharps receiver will
spot both BBC and independent
radio travel reports.

BBC Enterprises is also planning to
introduce a BBC-badged RDS radio
under a similar scheme to its
involvement with the BBC computer.
A prototype for a domestic receiver
has been made to the BBC’s
specifications by Kinneir Dufort, a
Bristol-based industrial design group.

While the in-car manufacturers
have all incorporated the RDS
features into a more or less
conventional design, the Kinneir
Dufort ‘Context’ radio (see photo) is
curious to say the least

Finished in matt turquoise, the unit
has a large square high resolution
LCD screen surrounded by pink and
yellow selection keys plus a light pen
{to read those bar codes that still
haven't yet appeared in the Radio and
TV Times)

The radio also caters for several of
the as yet untransmitted RDS services
— there is a built-in printer and
connections added for downloading
to peripheral computers

All these extras are in modular units
to expand the basic radio. There is also
a cassette module. Oh — and the
whole thing hangs on the wall.

Despite Kinneir Dufort’s enthusiasm
and ‘negotiations with a major manu-
facturer’ BBC Enterprises is likely to
choose a less flamboyant design for its
initial domestic radio. It is instead
displaying the Context radio in a glass
case at the BBC Radio Show as ‘the
shape of things to come’

Prices of most RDS radios and

radio cassettes are not finalised but |

look to be around £400 for a high spec
model, Most manufacturers reckon
the RDS features add about £100 to
normal retail prices
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| the large-screen TV market and the

edge over the opposition.

RING
AROUND
THE WORLD

here are now over. 700 million
telephories on the earth, accor-
ding to the 1988 Infernafional
Telephone Statistics report from
Siermens
Sweden emerges ‘as the most
telephone-rich nation in the world
with 64 main stations per 100
inhabitants, with Switzerlarid
second place with 52. Eutope
whole averages only 22 main statior
per 100 heads compared with N
America’s average of 50.
As the world bank recently
acknowledged, expansion : of
communications networks is a
prerequisite tor economic progress
and telecommunications saturation is-
a useful indicaiion of third world
development Africa averages just one
station per 100 heads.
The report is at present available
only rom Germany. Contact Siem
AG, Zeniralstelle fur Infol
Postfach 103, D-8000 Munche
Germany. Tel: {089) 2340,

HITACHI
DOESN'T

'SEE THE
LIGHT

Hitachi is attacking the age-old
irritation of reflected light on TV
screens

In Japan it has already introduced
a ‘silky-faced’ tube on its 27-inch and
29-inch colour televisions. Hitachi
claims reflected light is cut by 40%
without affecting the picture
brightness or resolution.

As a single feature, the matt TV has
a limited promotional power but
coupled with the present buoyancy of

resulting stiff competition in this area,
Hitachi is hoping its aesthetic
prominence will give Hitachi TVs an
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MEET THE GANG

new version of the original

‘Gang-of-Eight’ production
EPROM programmer has been pro-
duced by Dataman of Dorchester
together with a 28-day money back
guarantee.

The G8 programmer holds eight
slave devices to be programmed either
from a master EPROM or from an
RS232 link with an IBM AT/XT or
compatible PC,

It can handle EPROMs of the 27
family from 2716 to 27512 as well as
2516, 2532 and 2564 devices. Five
binary switches are used to set the
device type, with two more to select
voltage {26V, 21V or 12V5).

An eighth switch selects between
fast programming for those devices

which use it and 50ms pulses for those
which don’t, The unit indicates each
stage of programming on an 8-digit
LCD

The G8 is solidly built — Securicor
drove a van over an earlier model
without incident — although the Post
Office (master of its art) did once
succeed in snapping a PCB inside a
packaged unit!

The 2-way PC link operates at
9600 baud and supports various serial
formats including binary and ASCIL

The G8 retails at £395 and comes
with a 28-day money refund
guarantee.

Contact Dataman, Lombard
House, Cornwall Road, Dorchester
DT1 1RX. Tel: (0305) 68066.

DISH OR

PLATE?

Refiection plate

Zone plate

Ray from zone
plate
Ray from
reflecting plate

]

LIGHT METER

NO LOAD
POWER

utdoor types may be intested in
‘a new solar charged multimeter
available Lhmugh Universal.

‘The Hioki 3242 operates from an
internal NiCd cell but constantly
recharges from a 50 x 40mm array of
solar cells on the front of the meter.

Functions are limited to AC and DC
volts. resistance and. an audible
cantinuity test, Display is by 8%/2-digit
LED and the rear of the case flips
open to provide storage space for the
test leads.

The Hioko 3242 costs £52.25 +
VAT and may be obtained from
Universal [nstruments, Unit 62, GEC
Site, Leicester LES 3LH. Tel: (G533}
750123

50W switched mode power
supply that continues normal
operation even at zero loading is
available from Computer Products of
Bedford

The XL50-7601 power supply
takes any input voltage from 85-264V
AC (no adjustment needs to be made)
and holds onto the secondary output
regulation regardless of load. Many
such supplies will produce massive
voltages on secondary outputs if the
primary output is unloaded. Others
use a dummy load to obviate this risk
but in doing so lose efficiency and
produce heat. This unit does neither.

Three outputs are provided: 5V at
7A, 12V5at2A5and —-12V at 0A7
The price is £50+VAT.

Contact Computer Products Power
Conversion, PO Box 336, Tavistock
House, Bedford MK40 2XP. Tel:
(0234) 273838.

ln a.ddlhcsn to the Murdach and BSB

allite receiving systerns under
design and production, there is
:constdefab seope for
experimentation in the zone plate
form of antenna that can be used in
place of standard receiving dishes.

~ Azone plate is a flat thin sheel of
any material carrying a set of
entric circular zones opatjue o
ation. These Fresnel zones (gel

your Physics book out) focus received

signals al & point along the axis,
Such a sheet can be motnted on

awindow with the circles displaced to

form ellipses which focus signals from

_objects above the perpendicular axis

of the window,

The roblams with this simple and
cheay em are the losses that soon
creep into the calculations: Onlu half
the signal power across the plate is
wansmitted so that plate antennae
must be 50% larger than ‘a dish
equivalent. Secondly, the theary
demands an exact half-wavelength
;#_ath__ ‘difference at corresponding
paints of adjacent rings, In practise this.
isn't the case and a further size increase
of 0% is necessary 1o compensate.

This gives a practical plate size around
df.;-uble that of a dish.

Boththese losses can be reduced.
The blocking loss can be' almosi
removed completely by having the:
initial plate on the extetnal side of a
window with a second plate inside,
positioned so that reflective zones
cover the fransmission areas: No.
signal will get inside the building at all
and careful positicning brings a single
fgcus some inches outside the
window to be fed mside from an
external horn (see diagram).

Mawzones mantfactures b-zone
elliptical sheets and claims good
results for medium and low speed
datareceptiori from existing Eutelsat
transmissions 1115 also developing
compensated and uncompensated
sheets suitable for TV reception from
Astra and other satellites.

For more information contact
Mawzones, 6 Hodwell, Ashwell,
Baldock, Herts SG7 50Q6G. Tel:
(046274) 2854,




SPEAKING

ouT

LIFETIME GUARANTEE

think that Mr Wood (Read/Write

LET1 October) hasmissed one impor-
tant point about home-canstructed
designaversus Korean and Talwanese
itmpons, namely What iappens when
they go wrong

[fyou buyan amp from Tottenham
CowtRoad andit breal_ﬁ.dq'wh youTe
not even allowedioreplace an internal
fuse without jeapardising your guatan-
fee. Yot if you take it back to the shep
theysenditawayforiwo menthsthen

give it back — often with the fault

almost tmalhmmouched

If you've built your own amp, not
onlvcanvou fakelitapartbutyou have
a far hetter working: Imuw]edge of its

ln your Careers and Education
special (October ETI) lwas surprised
to read of the electronics degree
courses where the third year students
suddenly find themselves with less
than halfthe lecturesthey had to attend
in previous years, enablingthem to stay
in bed or go and play squash.

As far as [ recall our courses
continued to within two orthree weeks

internal oraans, ha\ﬁng wa‘red fhe ;)
things together yourself. ey

I needsbe you can even rrpcui an
entire: seéction and build a new bit,
anytime somiething weats out you
knowwherefo, track&be companents
dowr

True, thefinish maymt be adge@d
yes the components cost me more”
than theydo MrMoritain Japan butat
leastl donthurstinto tearswhensmoke

comes out of the hack (which happily-

itdoesn't do toa often).

Homeconsmlcmﬂmeansahfetrma
guarantee!

Raymond Street

Newport. Gwerit

of the final exams — a pity really
because my squash game needed at
least as much work as my degree! 1
should have read my prospectus more
thoroughly

My thanks for a continually
interesting mag

Glen Matthews
Manchester

In the September ETIparticle physics
article. Stephen Malone made the
mistake of crediting Heisenberg with
the discovery that electrons (or any
matter) can behave as a particle or
wave at the same time

[t was in fact old Louis de Broglie
who came up with thisin his PhD thesis
inthe 1920s, He startled the physics-
speakingworld by statingthatA=h/p
or simply that the wavelength of matter
is inversely proportional to its
momentum (a particle property)
Hence the wave-particle duality was
born

Heisenberg’s contribution was really
one of explaining the built-in
uncertainties of all of nature — an
equally important feat, Besides this
correction Stephen Malones article
was as good asthey come — probably
one of the clearest you'll find
| anywhere. Great stuff.
K A Malik
Blackburn. Lancs

We didn't actually mean to imply that
students were supposed to stay in bed
or play squash — merely that it is not
entirely unknown forthisto occur! The
extra hours provided in many degree
third year timetables usually exist for
work on a 2-term project that counts
significantly in the final percentages
(naturally the structure of courses
varies from place to place)

nanarcade in Central London is a
man whoproducesastrological data
‘from amultiscreened machine with a
profusion of flashinglights and whirly
wheels. Such a machine might make
‘afascinating subject for an ETI project
Haveyou anyidea howitmight work?

Pete Swir
Clapham. Londdn

Well ar the risk of enraging any
astrologicalreaders, we wolild suggest
thatitprobabivdossn't. However, any
superstifions souls who would enjor
sucha device could puticgethera fow
eld ETl lightseq uencing projectswith
4 home computer to randomise a
hotascope in their own fiving room.
We have nc plans at present lo
produce such a projeat — it wotld be
largely software anyway — but whe
can fell? Perfiaps it is witten in the
stars. ., :

B‘/E

EADM THE LADs"

E BOWIE |

our Quarter Wave Loading

lnudspeaker cabinets in the
August issue looked so geod (and
suitably sized for iy meagre dwelling)
that I rushed cut and bought four
drive units from Tandy and loads of
chipboard from the local DIY
megamar, !

lgotitallhome; locked mysel[ inthe
garage and started hacking the wood
into: small pleces according o your
dizgrams. When | ot to the baffle
board | noticed there 'wiere several
dimensions missing from the: diagram
in the may (page 26}

The size of the tweeters portis also
unmarked. althouah [ have calculated
this from the other measurementis
(mssuming the fop of the cabinet'fs a
rightangle).

Please help so [ can build the
speakersand et my car back intothe
garagel

‘Ohiver Page

Maldstone. Kent

Yup. severaldimensions didindeec fall
off the diagram artwork at the Jast
miniute, Theexttabitsareu the Onps!
seciion atthe back of the mag.

You were alsa guite fucky to get
those bass units from Tandy asthers
wasa hlccup in theirsupply fustaround
the time pur design was published —
this should be cuied by the date of
‘pililication of this isstie.

Ccr.-. [ just say that despite urgent
(nay, ardient) searching, no
| mention of Bonnie [Langford has
appearedin the last threeissuesof ETI
even thougl hername scarcely missed
| an tssue in the preceding six manths.
Where is Doctor Who when we need
him most? Mind vou, those awfully
nice BBC people are repeating The
Good Life — doesthat mean ET1will
return to'the halevon days of a Felicity
Kendal on every other page?

Mark Wigley
Bromborough, Merseyside

Since your letter arrived in the ETI
offices you will have realised that the
good Doctor has returned to grace our
midweek screens — but without trace
of dear departed Bonnie Langford. Oh
what a terrible shame

Andno, we willnotbe resumingour
series of Felicity Kendal pics — good
grief, we thought that particular
episode was safely buried in the
past. ..

ETI DECEMBER 1988
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5() Barrelt's home

32 Onebear

33 Tonys Half-hour house
11  Moneybags

B4 Tome home

10 Christie's bloodbath

77 LA Drama

1 llustrious publishing house

100 Onebear.one owl. one donkey

COMPETITION

No Scrooges we! Generousto the point of benevolence, ETland Maplin
have once againteamed up to offerreadersthe chance to test their wits
in a free-to-enter contest of intellect

Charing Cross Road

Windsor Gardens

The lucky winners will receive one of Maplin's new Nite Sentry infra- Rillington Place
red detectors (reviewed last month), a heat-triggered light to give a warm 3 q
welcome as you approach your door. No more fumbling for the key in Rallway Cuttlngs
the dark of a winter snowstorm! The Nite Sentry also acts as adeterrant Wi 1
to surprise unwelcome visitors. It might even scare off any early carol impole Street
singers!
Golden Square
To enter, simply complete the famous house addresses (none of S t Stri
which have a Nite Sentry at present although it is only a matter of time). unse rip
A selection of numbers to use together with cryptic cluesis on the left.
Then write the complete addresses on the back of a postcard or envelope Baker Street
not on the front or the postman will get terribly confused) along with
( P s 4 s Acre Wood

your own name and address and send your entry to:

Downing Street

ETI Nite Sentry Competition
1 Golden Square
London W1R 3AB

The first two winnersto be drawn from the Editor’s Lithuanian trilby on
the closingdate — 9th December — will win a Maplin Nite Sentryto light
up their life (and their porch).

100

EXTRA
PRIZES

But that’s not all. We also have 100 copies
of Maplin’s brand new 550-page catalogue to
give away to the first 100 entries received
here at ETI HQ. And to be fair to our
international readership, 10 catalogues are
reserved for entrants from distant lands.

DIARY

ITEX 88 — November 1st-3rd

Barbican Centre, London. IT exchange backed by DTl. Contact Cahmers

Exhibitions on (01-388 9871

Electronic Information Delivery — November 8th-9th
Tara Hotel. London. Contact Blenheim Online on 01-868 4466
Cellular And Mobile Comms — November 10th-11th
Tara Hotel, London Contact Blenheim Online on 01-868 4466
Satellite Communications — November 10th-11th

Tara Hotel, London Contact Blenheim Online on 01-868 4466
Electron And BBC Micro Show — November 11th-13th

Compec — November 15th-18th

Olympia Exhibition Centre. London. Contact Cahners Exhibitions on 01-891
5051

Military Avionics — November 16th-17th

London Tara Hotel, London Contact ERA Seminars and Exhibitions on (0372)
374151

Commodore Computer Show — November 18th-20th

Novotel. London. Contact Database Exhibitions on (0625) 878888
Electrical Safety In Hazardous Areas — November 22nd-23rd

[EE. London Conference sponsored by IEE Contact {EE on 01-240 1871
International System Security Conference — November 22nd-24th
Tara Hotel. London Contact Blenheim Oline on 01-868 4466

Cellular And Mobile Comms Conference — November 29th-30th
BAFTA. London Contact Blenheim Online on 01-868 4466
Opportunities For Commercial Exploitation Of Advanced Electronic
Materials — November 29th-30th

Cumberland Hotel. London. Contact IBC on 01-236 4080

Drives, Motors, Controls and Programmable Controllers Exhibition
— November 29th-31st

New Horticultural Hall. London. Contact Database Exhibitions on (0625)
878888

Computers In The City — November 14th-17th

Barbican Centre. London, Conference with exhibition 15th-17th. Contact
Blenheim Online on 01-868 4466

Image Processing — November 15th-17th

Kensington Exhibition Centre, London. Contact Network Events on (0280)
815226

Interactive 1988 (Interactive Video) — November 15th-17th
Kensington Exhibition Centre. London. Contact Network Events on (0280)
815226

Computers In The City — November 15th-17th

The Barbican Centre, London. Contact Blenheim Online on 01-868 4466

ETI DECEMBER 1988

NEC. Birmingham Contact Evan Steadman Communications on (0799)
26699

European Satellite Communications — December 1st-2nd
BAFTA. London. Conference. Contact Blenheim Online On 01-868 4466
Interactive ‘88 (Interactive System) — December 6th-8th
Metropole Exhibition Centre, Brighton. Contact PLF Communications on
(0733) 60535

Electronic Messaging Systems — December 6th-8th

Tara Hotel, London. Conference Contact Blenheim Online on 01-868 4466
Sound 89 — February 21st-22nd

Heathrow Penta Hotel, London. Contact Sound and Communications
Industries Federation on (06286) 67633
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FORTUNE

That’s what an incredibly small number of people have achieved by contributing

articles to ETI. The rest of us have had to make do with total obscurity and enough

money for a couple of pints. Nevertheless it’s all worthwhile and we need your
contributions now!

FEATURES

If you know what you're talking about and it
hasn’t all been said before, we want you to add
to our wide ranging and informative features. If
you have a great idea for a feature or two, send
in a brief resumé. If you don’t have the ideas but
you think you have a commanding knowledge of

PROJECTS

ETT has built its reputation on novel, worthwhile
projects well designed and accurately pre-
sented. If you have recently designed and built a
world-beater we want to hear from you. In the
first instance send us a brief description of your
masterpiece along with a circuit diagram.

a suitable subject area we want to hear from you
too.

) Wirite in to:
Whatever you can contribute to ETI, take the plunge now. The Editor

We can offer a modicum of fame and a very reasonable ETI
fortune. 1 Golden Square

HENRY'S

ELECTRONICS FOR TRADE, INDUSTRY,
ON AND RETAIL

{GOMMUNICATIONS |

M INTERCOMS m CB RADIO

[ 1 e o o o o o o o o o o o o o o o

PROFESSIONAL

SURVEILLANCE

EQUIPMENT KITS

Micrc-mimature VHF transmitter. The smaliast kit on the market. measuring an
incredible 17mm x 17mm (ncluding on-board mic. Super sensiive Fully
tuneable over FM band. 9V operation with range up to 1000m..... . .. . £10.88

High power version of the MTX with on-board PA slage providing 250mW of RF.
Measures just 20mm x 40mm, power requirements 9-15V. Excellent sensitivity
and stability Fully tuneable over FM band. Ranges over 3000m car be
expected T 1 T g (o ~conclly, e g v R R i .. £12.98
Voice-activatad transmitter Variable sensitivity trigger level switches
transmitter on when sounds are detected Stays on for time delay variable
between 1-20 sec Fully tuneable output covers all FM band Very sensitive and
low standby current through CMOS circuitry. 9V operation, range up to 10001

M e asUne S 3 0m My XA O T e e el b rote— o) £ 1 S0
Sub-carrier scrambled transmitter Audio 1s double modulated providing very
secure transmissions. Any unauthorised listener will not be able to demadulate
signal withoul DSX900 Decoder unit. Variabie modulation on-board Fuily
tuneacle cutput covering FM band. 9V cperation, range up to 1000m, Measures
30mm x 40mm I £18.88

Decoder unit for CTX900. Connects to earphone output of receiver to
descramble signal from CTX900. Monitor using small speaker or headphones.
Varrable decode frequency on-board for best resolution 9-12V operation
N e a1 S Ul 35 T D T e O e e ! et A V1

s MTX

a VT500

= VOX75

= s CTA900
]

= DSX900

Mizcro size tejppnone transmitter. Connects onle |ine at any point and requires
no batteries Clsarly transmits both sides of conversations an both incaming
and outgoing calls Undeteciable by phong users Fully luneable oulput
covering FM bana Range up ic 1000m, Maasures just 20mm x 20mm 85

Micro size talpphone recording wnit Sannects onto line at any pont and
connects into ANY normal cassette recorder. standard or micre having MIC and
REM sockets Requires no batteries Switches recorder on silently when phone
1s used for incoming or outgoing calls, switches off when phone replaced
Clearly racords both sides of conversations Undetectable by phone users
Measures 10mm x35MM .. ... Ji= N £€10.98

FF Bug Dstector/Locator. Wide band input circuwitry datects presance of RF
fialg @nd triggers Hashing LED and piezo blesper Varable sansitivity enatilns
source ol transmission 1o be pinpainiad 1o within 6 inches Max sansitivity will
detect MTX or stmilar fransmitter at around 15-20 leet SV operation Measures
S5mm x 5Smm T =] £21.

= TLX700

n ATR2

a XML90O

uDio
=éECUR\TY u

ooooooocoOooooocooonoooboooocdbnoonoan
conoonooooooonooononoonnnooonnoonnon ol

e AnnIrC : = I : E All kits come fuily with ly and sefting-up instructions. high quality
AGOESbUH":O Please state Trade/Education fibreglass PCB and all components necessary to complete the module All prices are inclusive but
or Retail/mail order Send 9" x 4" please ada €150 to cover PAP Crders over £30.00 post free Plaasa state requiremenis clearly and

— R SAE £1.00 each or £1.50 for both ancigse cheque or PO to cover

Fhone orders on ACCESS or AMEX accepted. Tel' 0827 714476
jgware Hoad Hpit ) NOTE It is illegal to operate a transmitter in the UK without a licence
al- [ 40 = E Send 9x4 SAE for full catalogue of these and other surveillance kits
ALSO AT Audi 91 Edo R0 01,794 3564 SUMA DESIGNS (Dept ETI), THE WORKSHOPS, 95 MAIN ROAD B .
= . BAXTERLEY, NR ATHERSTONE, WARKS CV9 2LE. TEL: 0827 714476 R O
4 i 1 b 1d olU 0 40

B CO0CDO0000000000000000000000000C 1)
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Wert W

ELECTRONICS

TODAY INTERNATIONAL

ard and fast they come. fighting the vicious arctic gales that slam into their
weary bones as they crash forward info icy sleet that cuts the face and
numbs the mind. !

The powerful stallions on which they vide crack with frost as they advance.
the riders clutching the frazen manes to hold the struggling beast full into the wind,
the most direct course and the only path that can guide them to their goal before
the hour of the first Friday when the next new moon rises into the storm-torn sky.

Beside the straps of the worn leather saddles the riders carry their precious
lading, wrapped in the finest oilskin, protecting against the ice and rime.

In @ momentary parting of the waves of sleet, the shadows of helmed
marauders rise up against the skyline. The riders grit their teeth and unbuckle their
swords. Nothing must stop them now. No foe must stand in their path. The January
issues of ETI must get through

* * *

The January issue of ETI is packed with our unique melange of prestigious projects
and artful articles to bring a ray of sun to the dullest of December days. :

Following on from this month’s look at EPROMs we present the ETI Stand-
alone EPROM Programmer. Developed from the Universal EPROM Programmer
(Marks [ and 1), it is a versatile unit that talks to virtually anything with an R§232
interface.

For would-be motorbike owners there’s a realistic and noisy engine simulator
to fix to your bicycle and a hearing booster to make sure Granny gets the full benefit.

For features we turn io the world of broadcasting with a look at the BBC’s
new Radio Data System.

Together with all the regulars, the January ETI should not be missed. Stick
one in your stocking and give Santa a read of the best electronics magazine money
can buy.

JANUARY ETI — ON
SALE DECEMBER 2nd

The articles mentioned here are under preparation but circumstances (or helmed marauders) may prevent their publication

SPECIAL OFFER — ALTAI DIGITAL MULTIMETER
* Full 3 digit multimeter — 0.25% basic accuracy, 10A ac/dc % Full ac/dc capability 9 5
* 10 functions [ ]
* Complete with leads INC VAT
& POSTAGE

* Temperature measurement
* Capacitance measurement — up to 20uF
* Transistor gain measurement

DE VOLTAGE AESOLUTION AOCURASY
my 00N
2y iy
Ly a5, o ymating = 1 it
Japu impadanen T0M o all ranges. Dvenaes Fralechon, A0V do or pess anall mnges
DT LURRENT RESOLUTION DROP
T ]

armh

b
Ol Frotechon mié input SARS0

&) 030V
ssnc i Lo 15A lor 15 seconds

AL CURRENT RESOLLITION CURACY FREQ RANGE
200y 100wy
2y A
200 10mv £(0.5% rdg + 5d) 45H2-500Hz
200v 100mV on ail ranges on all ranges

v +(19% rdg + 50)
Conversion Calibraled lor rms ol sine way

all ranges excepl 200mV range Overload [~
excepl 15 sec max above 300V on 200M ¢

Impedance: 104 shunted by 100pF on
11 1000V dc or 750 rms ac conlinuous.

MAX FS

AC CURRENT ALBALUTION ACCURALY VOLTRGE DHAP

200uA Toon A +(0.75% rdg + 5d) 025V rms

2mA Tuh +(0.75% rdg + 5d) 025V rms

20mA 10uA +(0.75% rdg + 5d) 025V rms
200mA 100uA +(0 75% rdg + 5d) 0 25V rms
2000mA AmA 22 % rdg+5d) 0.75V rms

10, 10mA =(2 % rdg+5d 030V rms

Overload Proleclion mA inpul 2A/250V luse. 10A Input: Unfused up o 15A lor 15 seconds
MAX OPEN

RESISTANCE HESOLUTION ACCURSSY
o I <[5 W rdg + 3d)
40,3 % rdg-+ 1d)
0’3 % [dg+1d)
+[13 % rdg +3d)
+[0;75% 1dg +5d|

10K 13 % idg+5d|
¢ mpud BOUV g ar ims
UITY TEST
Resislance range Buzzer sounds al approximalely less than 2008
DIDBE TEST
Tesl vollage 28 VoHE Maximam fest curmsnl 3ma
TEMPERATURE RESOLUTION ACCURACY
200 fa 1370°C 1°C 3+ Fupio
20 bl el pysr 150
Sanzar Typa & NG Mgl
CONDUCTANCE RESOLUTION AGCURACY
200nS dins +{ 1 1% rd
CAPACITANCE AESCALUTION AL
ZOA0RT o
Pk GO0IaF
20uF 001,F i

FE TEST Test condilion 1044 2 8Y hFE gain 0-1000(pn pnp)

HE Altai HC-5010EC digital multimeter features a 0.5

inch 3%z digit lcd dis},:iny with polarity, low battery and
overrange indication. The meter gives 200 hours typical
battery life with a 9V alkaline battery.
The meter has a tilt stand built in, measures jus!
170x87x42mm and weighs 383gms. It is provided with an
operator’s manual, test leads, with extra screw-on
insulated crock clip connectors, and a plug-in
thermocouple for temperature measurement.

Post to: Meter Offer, BK Electronics,
Unit 5, Comet Way, Southend-on-Sea,
Essex SS2 6TR. Tel: 0702 527572

Please supply -

| Quantity | Item Value |
Altai Digital Multimeters | £
at £4995 each (including
VAT and postage)

Total | £

Visa/Access
or Cheque No

Signature

Name

Please comgplele the coupan in BLOCK CAPITALS

Address

WE CAN ACCEPT VISA AND
ACCESS ORDERS BY TELEPHONE

ETI DECEMBER 1988
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Mike Bedford comes
to blows with the

advancing world of
EPROM technology

EPROM

TECHNOLOGY

ver the years in ETI we have

programmed them, emulated them,

watched them grow and made the

most of them as powerful components

in numerous projects. Programming
methods have improved by leaps and bounds and the
number of variants of this versatile component has
snowballed over the last year or so.

We're talking, of course, about the EPROM,
Starting next month (weather permitting) we will be
presenting the ETI Stand-alone EPROM Programmer
but first let’s take a look at the internal workings of
EPROMs. How does UV light erase data? How do the
interactive programming algorithms operate? And
what is happening in the wide world of EPROM
development?

EPROMs

12

Bigger Faster Stronger

My first ETI EPROM Programmer was back in 1983
when the largest device available was the 27256 with
a capacity of 256Kbits. By 1985 when ETI published
the MKII, the 512K 27512 and 27513 EPROMs were
available. Now the 1Mbit device has been around for
about a year. However this is not a single device, there
are many different architectures available.

For smaller EPROMs the variants were limited
and most manufacturers adopted a common
numbering scheme. With the exception of Texas
devices (which had a different pin out in their
25-series) and a couple of Motorola EPROMs in the
68- series virtually all manufacturers adopted the 27-
series which followed a JEDEC approved pin-out and
had numbers of the form 27n. The value of n could
take values of 58, 16, 32, 64, 128, 256 and 512 and
{with the exception of 58 which really meant 08)
indicated the capacity in Kbits, the memory being
organised as byte wide — ideal for 8-bit processors.
The only variant to these part numbers was the
addition of a suffix A to indicate that the programming
voltage was lower, (For example the 2732A has a 21V
programming voltage compared to 25V for the 2732}

With the appearance of the 512Kbit EPROM two
architectures evolved: the 27512 which is 64K x 8 bits
and the 27513 which is the first of a family of paged
EPROMs organised as 4 x 16K x 8 bits. This device
has a register which can be written to by the processor
to select one of the 4 available pages. Such a device
is of clear advantage in an 8-bit system where the
address map is limited to 64K bytes.

Mega Memory

Atter this bit of historical background, let’s take a look
at the IMbit EPROMs, the architectural variants of
which have really mushroomed. The situation is
further complicated by the fact that the same device
can often have different part numbers from different
manufacturers.

Following on from the other byte wide EPROMs
the 27010 (Intel), 27C1001 (Fujitsu), 571000
(Toshiba) or 27C101 (Hitachi) offer 128Kbytes and
can therefore only be used with 16 or 32-bit
processors (8-bit processors can’t address more than
64K linearly without paging). Toshiba also offer the
571001 which has the same architecture as those
above but the pinout is compatible with the 1Mbi:
masked ROM rather than JEDEC standard. All these
devices break through the 28-pin barrier with their
need for an extra address pin and are the firs:
EPROMs to be housed in a 32-pin DIL package
Leadless chip carrier versions are also available for
surface mounting.

Following in the footsteps of the 27513 is the Inte!
27011 paged EPROM which is configured as
8x16Kx8. Because the linear address space
occupied is still only 16K bytes, the number of address
bits is still 14 (the same as on the 27513) so the device
is still housed in a 28-pin package. In fact Intel, the
originator of the paged philosophy, has advertised its
plans to continue up to 32Mbits (256 x 16K x 8) all ir:
the same 28-pin package. This implies that hardware
designed for any EPROM in this family will accept ant
other member, only software changes being
necessary.

In order to use byte wide devices with 16-bis
processors, two memory chips can effectively simulate
a single 16-bit wide memory. The first EPROM
designed specifically for 16-bit systems is the 27210
(Intel) or 271024 (AMD, Fujitsu, Hitachi), arranged
as 64K x 16. Compared to the 27512 which has the
same number of words as the byte width, a further 8
data pins are required and accordingly the package
size jumps to 40 pins. To reduce the pin count the
271028 (Fujitsu) multiplexes address and data bits
hence keeping the EPROM within a 28-pin package.
Since many 16-bit processors also multiplex address
and data busses, interfacing is not a problem

Time After Time

Original EPROMs required a 50ms puise to program
each byte. Whereas this only meant a 100 second
programming time for a 2716, the corresponding time
for a 27010 would be well over an hour — even for
a 2764 the time would be more than 6 minutes. For
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this reason, EPROM manufacturers introduced an
interactive programming algorithm for use with the
2764 and above. This works by applying 1ms pulses
until the part verifies at which point a longer over-
programming pulse is applied. This divided the
programming time by six but required Vec to be raised
above its normal level to 6V.

Coming to the 27010, we find that even with the
standard interactive algorithm the part takes about 15
minutes to program. Most 1Mbit EPROM
manufacturers now recommend a much improved
interactive algorithm (such as Intel Quick-pulse) in
which the length of the pulses is 0.1ms and the need
for an over-programming pulse is obviated. The Vcc
level is increased once again to 6. 25V and Vpp is also
increased beyond its specified level by 0.25V. Typically
the programming time for a 27010 is 15 seconds —
a vast improvement.

Some manufacturers’ devices which do not offer
as efficient an algorithm give a different approach to
programniing time reduction. In these devices,
internal latches allow up to 32 bits to be stored prior
to starting @ programming operation hence
programming more than one location in parallel
Compared to byte wide devices without this facility
a 4-fold speed increase is achieved.

Data Security

For many software houses and builders of micro-
processor based products. i is just too easy for punters
to make illegal copies of EPROMs, the contents of

which could well represent many years of.

programming effort. Most commercial organisations
have more integrity than to copy third party firmware
but stealing software within the arena of home
computing has almost become socially acceptable.

In its 27916 ‘KEYPROM’ (providing “System
Security in Silicon”), Intel has provided the first non-
volatile memory with in-built security. Another
potentially more important application is to prevent
unauthorised access to multi-user computer systems
— traditional security methods having been proved
ineffective by the ardent hackers so often in the news,
KEYPROMs are used in pairs which carry out an
authentication handshaking process at initialisation
prior to unlocking the contents. Once this unlocking
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has occurred the 27916 can be read in the normal way
and looks just like a 27128

In the multi-user system application one
KEYPROM will be in the host computer and its twin
in the remote terminal, whereas for firmware
protection both will reside in the same piece of
equipment — in each case the principal of operation
is the same. Pairs of KEYPROMs are user
programmed with a secret key and both devices have
to be present for the data to be read. Even if a copy
of KEYPROM resident firmware is made it will then
only run on the computer for which it was licensed
as only this machine will have a matching device as
part of its system firmware.

Although the working of the 27916 is a
complicated data encryption problem. the statistical
security level makes interesting reading. During the
authentication process the key is combined with a
random number before transmission to the other
device so that the secret key remains secure. The user
can select 1 from 18 quintillion (18 x 10¥) possible
keys. A computer program designed to pick the lock,
trying one key every 8 hundredths of a second. would
take 45 billion years to check every combination.

NVRAMs

Since they can only be erased by iradiation using ultra
violet light, EPROMs can only be used as a true Read
Only Memory and not as system non-volatile
memory. The EEPROM or Electrically Erasable
Programmable Read Only Memory, on the other
hand, is designed with programming and erasing
within the system in mind.

Early EEPROMs allowed the complete device to
be erased electrically whereas more recent designs
allow individual locations to be selectively erased. To
further ease in-board programming, some EEPROMs
have internal Vpp generation and programming pulse
shaping and hence only require a + 5V supply: Since
a programming pulse measured in ms is required,
recent designs also latch the address and data busses
and time the pulse internally, freeing the processor
once the programming operation has been initiated.
Nevertheless once programming has started nothing
further can be done with the EEPROM until it is
completed so the software has to handle the chip in
a way unlike standard memory
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Fig. 1 NVRAM architecture
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The NVRAM combines the advantages of both
RAM and EEPROM having an internal organisation
as shown in Figure 1. It will be noticed that the
NVRAM contains a static RAM array and it is this
memory which is accessed by the processor in the
normal way for both read and write operations. What
makes the NVRAM different, however, is that once
a failing Vec line is detected (at power down) the chip
internally uses the data in the static RAM to program
the EEPROM array before power is totally lost.
Similarly, on power up, the reverse operation is carried
out.

A control pin is also available to enable store and
recall operations to be carried out under processor
control. NVRAMs currently available from Intel are
in the 200x series, a typical example being the 2004
with a capacity of 512 x 8 bits.

So much for recent developments. If space
permitted we could look at the increasing trend of
offering CMOS variants of all the. common EPROMs,
the 87- series EPROMs with inbuilt address bus
latching or even serial output EPROMs. Instead let’s
turn to considering what makes EPROMs tick.

Inside The Eprom

Figure 2 is a diagrammatic representation of a single
cell or memory bit of an EPROM. Programming is
carried out by applying a high programming voltage
(Vpp) to both the drain and the control gate with the

CONTROL
- GATE
§i0, <: E

/ FLOATING
(o

SOURCE N+ N+ DRAIN
P SUBSTRATE

Fig. 2 An EPROM memory cell

substrate and source at ground potential. The result
of this is a potential incline between source and drain
producing a high electric field intensity near the drain.
Some electrons are accelerated sufficiently to become
‘hot electrons’ which have enough energy to be
attracted through the SiO, barrier layer towards the
positively charged control gate.

Many of these electrons only make it as far as the
floating gate at which point they remain stable having
lost their extra energy. As the electron concentration
on the floating gate increases, the negative charge has
the effect of deflecting further electrons and an
equilibrium is eventually achieved. At this point the
cell is considered to be fully programmed.

Figure 3 is a graph of drain current against control
gate voltage for both a programmed and an un-
programmed cell. Reading is carried out with Vce
(+5V) present on the control gate. If the cell is un-
programmed a potential of even 1V is sufficient to turn
on the transistor so an un-programmed EPROM has
alllocations high. The presence of a negative charge
on the floating gate has the effect of counteracting the
application of a positive potential to the control gate.
This being the case a voltage of about 7-10V is
required to cause the transistor to conduct so the +5V
actually present during a read operation gives a zero
value.

Turning to erasure, this can only be achieved by
causing the electrons trapped in the energy well of the
floating gate to escape. Irradiation with ultra violet light
of the correct wavelength causes the trapped electrons

o
NON
PROGRAMMED
PROGRAMMED

/ =

Fig. 3 Electrical characteristics of an EPROM

memory cell

to turn back to hot-electrons and thereby traverse the
SiO, energy barrier. Since the energy of
electromagnetic radiation is proportional to its
frequency, a maximum wavelength {corresponding
to a minimum frequency) is required in order to give
enough energy to the electrons. A wavelength of less
than 3000 angstroms is required to cause erasure,

Since the concentration of electrons residing in
the floating gate rises exponentially with time and
since there is a natural variation in the characteristics
of individual cells, some will reach saturation in a
fraction of the time taken to program others. This
being the case, the original programming method of
giving all locations a 50ms pulse must be considered
a ‘play it safe’ approach. The first type of interactive
programming algorithm (such as Intels Intelligent
algorithm) recognises the difference between
individual memory cells by applying short 1ms pulses
until verification is achieved. Since this will cause each
cell to be only just programmed an extra over
programming pulse is used to make sure!

As afurther safety measure, Vce (the voltage on
the control gate during verify and read) is raised tc
+6V compared to the +5V used for normal reading
This changes the threshold between un-programmec
and programmed cells such that a border-line cel
appears unprogrammed and is therefore given furthe:
pulses.

The technique, in the newer high speec
interactive algorithms (such as Intel's Quick-Pulse} is
very similar except that the devices are designed to
withstand a slightly higher Vpp hence reducing
drastically the likely time taken to program and 0.1ms
pulses are therefore used. Over-programming (which
accounts for a significant proportion of the
programming time for the original interactive
algorithms) is done away with but in order to
compensate, Vcc is further increased giving a greater
margin for error.

Memory Loss

Border line verification is eliminated to provide ar:
acceptable lifetime for the progremmed data
EPROMs are normally designed to provide data
retention in the 5-10 year range but certain factors can
reduce this. The thing which would cause an EPROM
to forget’ is electrons leaving the floating gate and it
is obviously important to ensure that ultra voilet does
not enter the chip accidentally. Since even sunlight
and fluorescent tube lighting contain some UV.
programmed EPROMs should have an opaque labe!
placed over the window.

The other major factor affecting data retention
is temperature. Since the electrons on the floating gate
are not in equilibrium, dissipation of thermally
activated electrons occurs. This would be eliminated
if the device was stored at absolute zero but clearly this
is a rather inconvenient solution! The data retention
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characteristics quoted by EPROM manufacturers
assume room temperature — a significant decrease
would result from storing EPROMs at say 200°C!

Prégramming Equipment

Most EPROM programmers for home constructors
have been cards which interface directly onto the bus
of some popular home computer. The forthcoming
ETI Stand-Alone Programmer breaks from this
tradition in adopting the more common industrial
practice of having a separate unit interfacing to the
host computer via an RS232-C link. The clear
advantages are that it may be connected to virtually
any computer and also that local intelligence allows
straight copying to be carried out without any host
intervention.

In industry, time is money — the longer it takes
to programme an EPROM. the more it costs to make
the piece of equipment info which it will be fitted. All
interactive programming algorithms require the
programmer to carry out general control functions —
initiating programming pulses, carrying out
verification, counting the pulses and comparing to the
maximum number allowed and so on.

When the pulses are 1ms long, the extra fime
taken for the programmer to carry out these duties
adds an insignificant amount onto the total
programming time. As the pulse length is reduced to
100ms. however, the time taken by an 8-bit processor
to carry out these house-keeping functions is more
significant. To the home user, an increase from say
10 seconds to 20 seconds doesn't matter but in a
manufacturing environment it is important to get
round this problem. For this reason, many newer
EPROM programmers have much higher speed

16/32-bit processors driving them.

Whereas base level programmers usually have
just a single socket (or maybe one master and one
programming socket), a further significant time saving
measure is to use so called ‘gang programmers’ with
a number of sockets (typically 8 or 16), all of which
can take EPROMs for programming at the same time.

Ironically, the advantage of gang programmers
decreases as the efficiency of the programming
algorithm increases. For example, assume that we
wish to program eight 2764s. With a single socket
programmer, for each device it takes say 1s to insert
the EPROM, 50s to program it and a further 1s to
remove it from the programmer, a total of
8x(1+50+1)=416 seconds. With a gang
programmer it takes 8 seconds to load up the
programmer (the same 1 second per device), 50s for
programming and 8s again for unloading, a total of
66 seconds. The efficiency has therefore been
increased by a factor of 6.3.

With the 100us pulse algorithm when the
programming time is 1s, the time using a single socket
programmer is 8 (1+1+1) = 24s and the time for
a gang programmer is 8+1+8=17s. The efficiency
is not even doubled.

This shows that the handling time is very
significant and that this becomes a dominant factor
in programming time as the actual programmingitself
becomes more efficient. In an attempt to reduce the
cost of this activity, organisations requiring EPROM
programming in very large numbers are turning to the
use of automated handling equipment for loading and
un-loading the programmers.

So now you know. Coming next month, the ETI
Stand Alone Universal EPROM Programmer.
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aving explained the basic operation of
the LM3900 quad Norton amplifier in
a variety of linear amplifier circuits, we
can now examine other applications of
this device.

Comparators And Schmitt
Circuits

The LM3900 is easily configured as a voltage
comparator by simply wiring equal value resistors in
series with each input to limit the current, as shown
in Fig. 1. One input is a voltage reference, the other
is the sample input. As shown the circuit gives a non-
inverting action (the output switches high when V,,
rises above V ) and the inverting action is achieved
by simply swapping the two voltage inputs.

W
A1 LOAD
1Mo
Vref
a1
R3
Vin k0
| A2

M W LM3800

Fig. 1 Non-inverting power comparator

The Norton amp itself can supply only a few mA
of output current. This can be boosted using the power
stage of R3 and Q1.

Hysteresis can be added so that they act as
Schmitt triggers (Fig. 2) with a high value resistor
between the output and non-igverting version has the
inputs swapped. The R2/R3 ratio determines the
hysteresis level.

Beyond Compare

The next few circuits show some useful comparator
applications. Figure 3 is an over-temperature switch.
The reference is half supply voltage (set by R1 and R2)
and the output of the LM3900 will go high when the
temperature of negative temperature coefficient
thermistor TH1 exceeds a value preset by RV1.

[
| Fig. 3 Over-temperature switch

Note that this circuit will operate as an under-
temperature switch by transposing TH1 and RV1.
Also note that since RV1, TH1, R1 and R2 are in a
Wheatstone bridge configuration, the trip point is
independent of supply rail variations.

Figure 4 shows an under-temperature switch
with the reference (inverting) current derived from the
supply rail via R1 and the variable (non-inverting)
current again derived from the RV1-TH1 junction.
Since R1 is roughly double the value of R2 and

generates a current proportional to the supply rail
voltage, the trip point of this circuit is also independent
of variations in supply rail voltage.

Avariant of the above is shown in Figure 5, which
gives a high output when the supply voltage falls
below a value determined by ZD1. If ZD1 has a value
of 5V6, the op-amp output switches high when the
supply rail voltage falls below roughly 11V — the
precise trip point can be varied by replacing R3 with
a series-connected 820k resistor and a 470k pot

In Fig. 6 areference current is fed to the inverting
pin via R4 and a greater current can be fed to the non-
inverting pin via any of the R1 to R3 resistors, thus
making the output switch high if any of the inputs go
high. The circuit thus acts as a 3-input OR gate and
could accept any desired number of OR inputs simply
by using a suitable number of input resistors. The
circuit becomes a NOR gate by simply transposing the
input connections of the op-amp.

Raising the three resistor values to 2M7 means
that the reference current will be exceeded only if ali
three inputs are taken high. The circuit therefore
operates as a 3-input AND gate — or NAND gate if
the Norton amplifier inputs are reversed.

Voltage Regulation

Figure 7 is a simple but useful variable voltage
reference. The non-inverting terminal is disabled and
the circuit uses the Vbe potential of the inverting
terminal as a reference with a voltage gain determined
by the RV1-R1 ratio. When RV1 is set to zero, the
circuit gives unity gain and an output of 0.55V, when
RV1 is set to the maximum value the circuit has a gain
of x50 and an output of 25V. The circuit has good
regulation and can supply an output of several mA.
Note, however, that the output voltage is not
temperature compensated.

Figure 8 shows a fixed voltage reference circuit
that generates a well regulated output slightly greater
than the ZD1 voltage. R1 sets the zener current at
about 1ImA. The circuit without Q1 can safely supply
output currents of only a few mA but this is raised to
tens or hundreds of mA with the current boosting
transistor in the output feedback loop of the circuit

In Fig. 9a the op-amp is wired as a X2 non-
inverting DC amplifier (with gain determined by the
R3-R4 ratio), and the input voltage is variable from
0-15V via RV1. The output voltage is thus variable
over the approximate range 0.5-30V via RV1. Figure
9b shows how the available current can again be
boosted to tens or hundreds of mA with the aid of an
external transistor,

Current Regulation

Figure 10a acts as a fixed 1 mA current source which
feeds a fixed current into a load connected betwcen
Q1 collector and ground almost irrespective of the
load impedance (in the range zero to 14k). The circuit
is powered from a regulated 15V supply.

Potential divider R1,R2 applies a 14V reference
to R3 and the op-amp output automatically adjusts
to give an identical voltage at the R4,R5 junction. This
produces 1V across R5, resulting in an R5 current of
1mA.

Since this current is derived from Q1 emitter (and
the emitter and collector currents of a transistor are
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almost identical) the circuit acts as a fixed 1 mA current
source. The source current can be doubled, if desired,
by halving the R5 value, and so on.
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Fig. 8 Current-boosted voltage reference
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Fig. 9 (a) Variable voltage regulator.
{b) Variable voltage regulator with boosted output
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Fig. 10 (a) Fixed-current 1mA source.
{b) Alternative current source

Figure 10b is a simple variation with the source
current independent of variations in supply rail
voltage. The input is set to 2V7 below the supply rail
value by ZD1, so 2V7 is automatically set across R4
which has a value of 2k7 and thus produces a fixed
1 mA source current from Q1.

A simple 1 mA current sink is shown in Fig. 11,
in which a fixed current flows in any load connected
between the positive supply rail and Q1 collector,
almost irrespective of the load impedance. Here, the
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non-inverting terminal of the op-amp is disabled and
total negative feedback is used between the output of
the circuit (Q1 emitter) and the inverting terminal. The
voltage across R1 thus equals the Vbe of the inverting
terminal and, since this is roughly 0.55V, a fixed
current of about 1 mA flows through Q1 emitter and
R1 and thus into Q1 collector from any load that is
connected. Note that the sink current of this circuit is
not temperature compensated.

Finally, Figure 12 shows an alternative type of
current sink with the op-amp fully enabled and a fixed
reference of 2V7 applied to its non-inverting terminal
via R2. The circuit automatically adjusts to generate
2V7 across R4 which, since it has a value of 2k7,
generates a current of 1 mA in the emitter and
collector of Q1. This current can be varied, if required,
cither by changing the value of R4 or by altering the
input voltage feed to R2.

Waveform Generation

The last set of circuits for the LM3900 show some
useful ways of making simple waveform generators.
Figure 13a shows a 1kHz square wave generator in
which C1 alternately charges and discharges via R1.
When the output is high, R3 and R4 are effectively
connected in parallel. C1 charges via R1 until the
current flow into R2 equals that flowing into the non-
inverting terminal of the op-amp; this occurs when the
voltage across Cl1 rises to roughly #3V. At this point
the circuit switches regeneratively, the output jumps
low and Cl1 starts to discharge via R1 until the R2
current falls slightly below that of R3 (R4 is effectively
disabled). This occurs when the C1 voltage falls to
about ¥3V. At this point the circuit again switches
regeneratively, and the output goes high again.

The square waves are useful only up to a few kHz
— the LM3900 only has a slew rate of 0.5V/ps and
the output waveform has fairly poor rise and fall times.

The circuit of Fig. 13b modifies the symmetrical
square wave to give a variable mark-space (m/s) ratio
output. In this case C1 alternately charges via R1,D1
and the upper half of RV1 and discharges via R1,D2
and the lower half of RV1. The m/s ratio can be varied
over the approximate range 1:10 to 10:1 via RV1.

Figure 13c is a free-running pulse generator. In
this case C1 alternately charges via R1 and D1 and
discharges via R2, producing a m/s ratio of about
1.60

Figure 13d shows how the basic Fig. 13a circuit
can be modified to act as a gated 1 kHz astable or
square wave generator by taking R3 to ground via R5,
rather than directly to the positive supply rail. The
circuit becomes active only when the gate terminal is
pulled high (to the positive supply rail).

To complete our look at the LM3900, Figure 14
shows how the circuits of Figs 3 and 13d can be
combined to make an audible-output over-tempera-
ture alarm, which generates a 1 kHz tone in a
PR-2720 (or similar) acoustic transducer when the
TH1 temperature exceeds a value pre-set via RV1.

The LM359

The LM359 is a high performance IC that houses two
identical Norton op-amps plus a common ‘biasing’
network in a 14-pin DIL package (see Fig. 15) and
can operate from a single-ended 5-22V power supply.
Each of its op-amps offers a 30MHz unity-gain
bandwidth, a 60V/uS slew rate, a 72dB open-loop
gain and has many of its parameters fully program-
mable via one or two external resistors.

The LM359's op-amps differ considerably from
those used in the LM3900. Fig. 16 shows the basic
1.M359 op-amp circuit in slightly simplified form. This
consists, in essence, of a mirror-driven (via Q1 and
Q2) wide-band cascode amplifier (Q3 and Q4), which
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Fig. 15 LM359 outline and pin-out

does not suffer from output-to-input Miller or parasitic
feedback effects (thus giving an excellent high-speed
performance), plus a Darlington emitter follower
output stage (Q5 and Q6).

Note that a 12p capacitor is internally wired
between Q4 collector (accessible at the COMP
terminal) and ground, and that the Q3,Q4 operating
current can be ‘programmed’ via the Iggrgn) current
of the IC’s internal biasing network, thus enabling the
circuit’s input biasing current, slew rate, bandwidth,
and supply current to be pre-set. Similarly, the
operating currents of the Darlington output stage can
be programmed via the Isgrour) currents of the
internal biasing network, enabling the output sink
current and supply current to be preset.

Figure 17 shows the basic circuit of the ICs
internal biasing network which controls both op-amps.
Thus the Isergny current can be set via a
suitable resistor wired between pin 8 and the positive
supply, and the IsgriouT) current can be set via a
suitable resistor wired between pin 1 and ground B.
Alternatively, if Iserny and Isetiour) are to have equal
values, the current can be set via a single resistor wired
between pins 1 and 8.
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Fig. 14 Audible-output over-temperature alarm

Using The LM359

The LM359 is usually used in linear amplifier
applications and in such cases the design procedure
involves two simple stages — first, the design of the
input biasing network and second, the selection of the
programming resistor value(s).

The [LM359 is biased in exactly the same way as
the LM3900. using either voltage-reference biasing,
supply-line biasing, or NxVy, biasing (as shown last
month in Fig. 5).

The circuit in Fig. 18 gives inverting AC amplifier
action, uses supply-line biasing, and has individual
Rseriv: and Rsgtioum programiming resistors.

The Fig. 19 circuit also acts as an inverting AC
amplifier but uses N x Vi, biasing and a single resistor
for |y and o7 programming,

The circuit in Fig. 20 acts as a non-inverting AC
amplifier and uses supply-line biasing and a single
programming resistor.

Iser Programming

The major operating parameters of the two LM359
op-amps can be programmed via the pin 1 and 8
Iser currents of the IC. The gain-bandwidth product,
the slew rate and the inverting input bias current can
be prograrmnmed via the pin 8 Igegy) current. Figure
21 show the effects of this current on the individual
parameters.

The gain-bandwidth product graph is based on
a %100 inverting amplifier fed with a 10MHz input
signal but is valid for all types of amplifier. Thus, with
a 10MHz input, it gives a gain of x60 and a g-b value
of 600MHz at an Iggrqy; current of ImA, and a gain
of x1.1 and a g-b of 11MHz at 0.01mA. The gain-
bandwidth of the circuit is thus directly proportional
to the Igprn) current value.

It is also inversely proportional to that 12p
capacitor (Fig. 16) which is fixed internally but can be
increased by wiring an external capacitor between the
COMP terminal and ground. Thus, the gain-
bandwidth values can be halved by doubling the
effective Ceomp value via an external 12p capacitor

The slew rate of the op-amp is also directly
proportional to Isgrqw; but inversely proportional to
Ccomp and can thus be varied in the same way. The
inverting input bias current values on the other hand.
are independent of Ccomp and depend solely on the
ISET(IN) values.

The output sink current (Fig. 22) is variable via
the pin 1 Isgtoum current and is roughly ten times
that value.

Individual resistors are used, each value is
determined by:

Rser=500R, where V=V _ - 0.6V
and in this case the total current consumption of the
IC (of the two op-amps) is rougly equal to:
Isupply = (27 XIggrioun) + (11 X Iser)
If only a single prograrmnming resistor is used, its value
is determined by:

RSET = (V/ISET) = lkO, where V=V+ -1.2vV
and in this case the total current consumption of the
IC roughly equals 27 xIgt. Figure 23 shows the
typical consumption graph when using a 12V supply

Wideband Amplifiers

The most important application of the LM359 is as
a video or wideband amplifier.

The circuit in Fig. 24 is designed to be powered
from a 12V supply and acts as a x10 inverting
amplifier that gives a bandwidth of at least 20MHz
when driven via a terminated 75K line. This last
requirement sets the R1 value at 75R. The input is
then AC-coupled via C1, which is shunted by C2 to
minimise its high-frequency impedance. R2 and R3
set the circuit’s voltage gain — R2 must be small, but
must not significantly shunt the R1 value — this gives
R2 a sensible compromise value of 750R. To give a
voltage gain of X 10, R4 must be ten times greater

ETI DECEMBER 1988




COMP

INPUTS

_____ @

PROGRAMMING
INPUT FROM

IseT(IN)

_ INPUT FROM
lgeTiOUTI

Grb [0V

CURRENT 'CASCODE  DARLINGTON
MIRROR AMPLIFIER OUTPUT
STAGE
Fig. 16 Basic circuit of each LM359 op-amp
§ } V'
AMP At — AMP B 5
S 500R lggplIN)
i V+=522V
! 35 R2 AgerliN)
IgeTIOUTION i SET Ay = —R2/R1
o e g R3 =2 x R2
IseT(INI QB W LMFEE Seee——8—0 R L(IN) = (V+ —OV6/Igp7(OUT) ) —500R
1
A s T RGET{OUT) = (V+-0V6/IgeT(OUT) ) ~500R
ouT
A pr— 10 lgey (P
AP 8
RS[ r\'OUT]
o
0
GND A ¢ ) GND B "1 FHER

Fig. 17 LM359 internal biasing circuit

=
-
P E
-
=

Fig. 18 Inverting AC amplifier with supply line biasing

IS

1000 Bl |
£ |
= o
(o] /
o
=+
g .
£ ¥
= 100 —
=
g 7
z /|
% y
=z /', GAIN = —100
2 fo = 10MHz — |
= Ryp = 50R
& i
Tﬂ L i
100
P
v
- _/
= A
| /|
B an 4
=
& |
g T
\ |
GAIN=—-1G |
= AVout =2V
2]
1
g 1 T P
3 i
g v
@ //
-
(&) 1
% 74
2
o / =)
5 1o
z
ES
[©]
=
(= 4 L ovr =12y ]
u HAPUT AT GND
Z=1 g EUS
p01 002 004 01 D2 04 1
1gT(IN), mA

Fig. 21 (a) Gain-bandwidth product.
{b) Slew rate.
(c) Inverting input bias current

]
=

Ve
A1 \T l‘-__é V+ =522V
(H"A“'VV“'_[.-- '8 AgeT
A > Ay = —R2/R1

R LM353 o]
L A VouT =0V55 x R2+R3/R3
N ————p 1 fser 1M

auT Rger = (V+ —1V2/Igpy) —1k0
Y ¥
o L
v
ey

Fig. 19 Inverting AC amplifier with NxV, biasing

A3
Ve A
e V+=522V
A S8 Ager Ay = R3/R1
R ( )Lm:!ss 0 R2=2x R3
A
o~ v P 1 VISET ol Pser — (Y —1V2liger) ~1k0
"y ’
o
1 ov

T

Fig. 20 Non-inverting AC amplifier with supply line biasing

W T =7
; |
= . 1on :
z g
E : o
5 ] Z 1
S 10 =
= § o
=71 -
5 : 10 ~
o & V4= 12V
E GAIN=—10 = +INPUT AT GND
2 W= 12 by I 7} T I I 1
Vour=1v 0.1
o | | | 001 002 004 01 02 04 10
001 002 004 01 02 04 10 SET CURRENT, mA
igeT(OUT), mA
Fig. 23 Total supply current
= = (IseT = |
Fig. 22 Input sink current ek setiouT))

ETI DECEMBER 1988

19




Both the L. M359 and 1.M3900 can
be obtained from Cricklewood Elec-
tronics, 40) Cricklewood Broad way,

London NW2 3ET. Tel: 01-450
0995.
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Fig. 24 Wideband x 10 inverting amplifier

Fig. 25 Wideband x10 non-inverting amplifier

To give maximal output signal swing the op-amp
output must be DC biased to a quiescent value slightly
below half-supply volts. This is achieved by making
R3 a bit more than twice the R4 value: a good
compromise is 20k, which sets the outputat 5.1V. To
give the required gain and bandwidth. the op-amp
needs a minimum g-b product of 200MHz: an Taias
value of 0.5mA gives a g-b of 400MHz, which gives

a good margin of safety and this can be programmed

Fig. 26 High gain x 1000 general purpose wideband amplifier

by giving R5 a value of 20k,

To ensure a good high-frequency performance,
the pin 12 supply pin is RF decoupled to ground via
C4. To give maximal bandwidth, C3 (two twists of
insulated wire) is adjusted on test. In practice this
circuit gives a 3dB bandwidth that extends from 2.5Hz
to about 30MHz and is absolutely flat up to 20MHz.

Figure 25 shows a non-inverting version of the
wideband amplifier, The gain is determined by the R2:
R4 ratio, and the DC biasing value by the R3: R4 ratio.
The 3dB bandwidth of the circuit again extends from
2.4Hz to 30MHz and is almost flat to 20MHz.

Finally. to complete this look at Norton amplifier
ICs, Fig. 26 shows how both op-amps of an LM359
IC can be cascaded to make a general-purpose
wideband amplifier with a nominal gain of x 1000 and
a 3dB bandwidth that extends from 10Hz to 8MHz
In this case the op-amps are each wired in the
inverting amplifier mode, with x 33 gain set by the
R3/R1 or R6/R4 ratio. They use NxV,, biasing,
with the ‘N’ ratio set by R3/R2 or R6,/R5.
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Mike Barwise takes a
close look at the world

of motion and
movement

22

MAKING
SENSE

ontinuing our look at the broad spec-

trum of electronic sensing techniques

we turn now to methods of detecting

motion and displacement. Those ex-

amined last month (including doppler
shift, echo sounding, inductive and capacitive
proximity sensing) are all, however, rather crude —
they are useless as feedback to real world precision
devices such as machining stations and all but the
simplest of handling robots. | would now like to
introduce some methods of accomplishing measure-
ment and detection of micron (1/1000mm or 1 x
10-° metres) and sub-micron distances and
displacements.

LASER

DETECTOR

A A+B
DETECTION
S | WBER | S EJ:K: CIRCUITRY

I ,

! |

TARGET

Fig. 1 The hasic interferometer

CHIPIN

The Interferometer

The basis of the interferometer is the principle of
constructive and destructive interference which |
mentioned when we were looking at lasers. Two
beams of coherent (monochromatic) light mix to form
an output beam, the intensity of which is the vector
sum of their relative phase (wave definition),

So where the two beams are 180° out of phase
there is no output (extinction) and where they are in
phase (0°) the output is the sum of the input
intensities, It matters not whether the two beams come
from different sources or the same source (the latter
is normally the case as it is virtually impossible to hold
two sources in a constant phase relationship).

The basic interferometer therefore (Fig. 1)
consists of a beam of coherent light directed at the item
whose displacement is to be measured, with a means
of combining the light reflected back with some of the
light going out and lastly a method of detecting the
intensity of the combined beam.

As the object moves along the beam axis, there
will be a sinusoidal variation in the mixed beam
intensity with a full cycle for each half wavelength
displacement. As the very longest optical wavelength
(long infra-red) is in the region of 900nm (0.9 mic-

rons) we can detect displacements of less than one
half micron, even with this quite crude setup. Using
light of shorter wavelengths will yield correspondingly
increased resolution.

VERNIER
0123456789
LI L]

PREESSEERNEER

2122 232425262728 2930 313233 34
mm

MAIN SCALE
Fig. 2 Use of the Vernier scale

It should be noted here that the result is not an
absolute position measurement — the cycle count
only tells us how far the object has moved since we
zeroed the count. There has to be a starting point
reference for most useful measurement.

The Diffraction Grating

Neat though the interferometer is (and it is widely
used) it is rather bulky, due to the need for free-space
optical paths. A very compact alternative has been
developed as a result of advances in photo-etching
capability in microchip manufacture. This is the
diffraction grating vernier.

What is a vernier? It is a method of measuring
very small increments without the need to mark your
ruler as finely as all that. It is most commonly used
on engineers’ callipers and such like. The principle is
that if you want to measure something with a calliper
to a resolution of, say, 0.1mm, it is quite impractical
to engrave the whole 125mm scale of the calliper to
this resolution (accuracy would suffer) and it would
be very difficult to read a scale that fine anyway. So,
you have a calliper engraved very accurately to a
resolution of Imm and instead of a single datum line
on the slider, you have fen. These ten lines occupy
the same space as nine lines on the main scale (9mm),
so the distance between adjacent lines is 10% less
than on the main scale.

At any setting of the calliper, there will be only
one datum co-incident with a line on the main scale,
and the numerical position of this datum gives you
the extra resolution. The measurement to whole mm
is performed at the first datum, where only whole mm
are counted, and then the ‘bit left over’ is determined
by counting along the datum scale until a datum co-
incides with a division on the main scale. The count
you get to is the ‘bit left over’ In the example of Fig.
2 the measurement is 22.5mm.

Having grasped the principle of the vernier, let
us now look at diffraction. If you lay two sheets of
perforated metal or wire mesh together and look
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through the sandwich at a light source, you will see
a regular pattern of bright spots which varies as the
two sheets are moved with respect to each other. This
is due to the distribution of co-incidence of holes in
the two sheets — a very crude analogy of the
diffraction grating.

For measurement systems, the grating is
normally a set of parallel lines rather than a two-axis
grid, and is photo-etched onto a glass plate. Itis quite
easy these days to produce 1 micron resolution
gratings and if we use a 1 micron and a 0.9 micron
grating together, the resolution of the resultant vernier
is 0.1 micron (100nm) — very fine indeed.

This system requires one grating to be attached
to the fixed element and the other to the moving
element of the motion system. An array of detectors
is required, one for each element of the vernier
grating, so that the relevant co-incident line can be
observed. It is very compact and precise but like the
interferometer suffers from a major practical drawback
— there is no method of detecting direction of motion.
Fortunately, the solution to this problem is remarkably
simple.

Quadrature Phase Detection

This is a method of determining both the quantity and
direction of displacement. It works by using two
identical interferometer or diffraction detectors which
are physically aligned so that their output signals are
90° out of phase. The result is that in one direction
of motion a reference point on the wave form (such
as arising edge) of one channel leads (and in the other
direction lags) the same point of the waveform of the
other channel, as in Fig. 3. The result is a measure-

L L T LT L chamea
L'_J L—E I—J I—J CHANNEL B

MOVE LEFT B LEADS A

Jirrrirr
0 [ S (e Ty

MOVE RIGHT A LEADS B

CHANNEL A

CHANNEL B

| Fig. 3 Quadrature signal relationships

|

ment system which provides displacement
information on either channel and direction informa-
tion on a combination of both. A simple D type flip-
flop can be used to resolve the direction signal from
the logic-conditioned channel outputs (Fig. 4).
Several integrated solutions exist for keeping
track of the outputs of these sensors, notably the Texas
741 52000 Direction Discriminator, which contains an
internal 16-bit counter that follows the bi-directional
motion of a quadrature system. The number in the
counter can thus be considered the absolute position
of the motion system from nominal zero at all times.

The Cheap Alternatives

Having examined the super precise and priced, let us
niow turn our attention to the affordable. The same
quadrature system is used in devices frequently
known as digital potentiometers, though this is, like
much jargon, a very misleading name. These devices
consist of a disk of metal accurately perforated around
its edge with a ring of slots. Two slotted opto-couplers
(interrupters) are positioned so that they provide
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quadrature related outputs as the disk rotates. This
is simply the rotational version of the linear diffraction
grating on a crude scale. These units are widely used
in computer graphics controls and so on. A miniature
version is the active element in each axis of a micro
mouse.

h} COUNT

DIRECTION

CH.A SHAPER (2] a

CH.B ——q SHAPER CK

Fig. 4 A basic direction discriminator

Low Cost Linear Systems

The final set of devices worth a mention are linear
potentiometers and LVDTs.

The linear potentiometer is just what its name
suggests: a precision resistive track (frequently con-
ductive plastic) and a wiper coupled to the motion
system. These are remarkably convenient and accu-
rate for short travel systems but suffer from the slight
failing that they exhibit friction and therefore cannot
be used in low energy systems.

LH SECONDARY

T h d
l PHASE &
AC~1kHZ  PRIMARY AMPLITUDE
]y DETECTION

? RH SECONDARY S

CORE

Fig. 5 Schematic of a LVDT

The solution to this is the LVDT: the Linear
Variable Differential Transformer. This very cunning
device consists of a transformer with a single primary
winding and a pair of series-connected secondaries
wound in anti-phase. The transformer core is
movable.

The layout of the LVDT is shown in Fig. 5. As the
core moves (attached to the motion system), the AC
driven primary is differentially coupled to the two
secondaries, the output being an amplitude and
phase variable vector sum of the two anti-phase
secondary outputs, in proportion to their coupling
ratios to the primary, The output signal is quite difficult
to resolve into a meaningful indication of
displacement but fortunately ready-made hybrid
interfaces are available. The LVDT has one very big
advantage: it is a genuine non-contact sensot, as the
core can be loose in the winding bobbin.

That's about it for my resumé of sensors. It has
not, of course, been totally exhaustive, but has
included the basics of the majority of devices you are
likely to come across in all but the most sophisticated
of equipment.

With the exception of the interferometer and
diffraction grating systems, all the devices discussed
are available in one form or another from Electromail,
telephone (0536) 204555.
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o far in this series we have carefully

avoided any mention of the way an op-

amp’s behaviour varies with frequency.

Unfortunately the topic can't be avoided

for ever! The trouble is that there’s no
knowing where it might end as soon as you admit to
yourself that an op-amp isn't simply a box which
amplifies a voltage by 107 or so — once you allow that
it does. in fact. introduce phase shifts, amplify different
frequencies by varving amounts, have a limited slew
rate and so on.

You have to start wondering about stability,
compensation, transient response, oscillation, and all
kinds of other unpleasant things. Instead of being
satistied with a simple algebraic formula to describe
a circuit’s behaviour, you have to get involved with
complex algebra, poles and zeros, Laplace transforms,
Nyquist diagrams and all the other paraphernalia of
frequency response. What have you let yourself in for?

Frequency Response

Let's kick off by looking at plots of amplitude and
phase against frequency for that old favourite, the 741.
{t's a bit of a dinosaur these days but still widely used,
and the plots are typical of most general purpose, low
cost op-amps so why not? The plots, from the
National Semiconductors’ data book, are shown in
Fig.1.

From the amplitude plot you can see immedi-
ately that if you rely on the IC having a gain anything
like the claimed 2x10° over, say, the audio band,
you'll be one sorely disappointed circuit designer.
Although it doesnt run out of steam entirely until
about IMHz. by 20kHz the 741s gain is only a
miserable 50! {It may look a little more but remember
that the horizontal and vertical axes are both scaled
logarithmically)

If you are building an amplifier circuit and want
to keep the amplitude response to within 1dB over the
audio band, bearing in mind that the gain set by the
feedback resistors must then be not much more than
a tenth of the available gain from the op-amp, the
maximum gain the circuit should be asked to give is
about 5 or 6. That's one good reason audio designers
don't rave about the 741!

Turning to the phase response, it's evident that
something drastic is happening — at anything over
about 200Hz, the phase at the output lags the +input
by almost smack on 90° — but it’s not quite so easy
to see what effect this might have on a circuit built with
the op-amp. In describing the operation of the circuit
of Fig.2, for instance, I assumed that the IC’s action
was instantaneous and that at any point in time the
input signal was being compared with a magnified
version of itself. potted down by the two resistors. If
the input is being compared with a version of itself
which is. in effect. being delayed by Vs cycle. surely
this messes up the whole theory?

Even more puzzling is the fact that if you were
to take a scope to the circuit of Fig.2, the operation
would appear to be the way | originally described it
in the sense that the output of the op-amp and the
+ and —input terminals would all have voltages in
phase with each other. So where is the 90° phase
shift? It's not enough to say that the negative feedback
puts an end to it — the op-amp doesn't peek out of
its little plastic box and say, ‘Ahal There’s negative
feedback out there boys, hold back on the phase shift"
If there was one to start with, it will still be there when
the feedback 's applied. But where is it?

Before investigating the situation in more detail,
I should make it quite clear that it is not some physical
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law of op-amp construction we're dealing with. The
roll-off in gain and the shift in phase are both caused
by a component deliberately introduced by the IC
designer.

In the 741 (Fig.3), the component responsible
for these complications is C1l. So now we have
another question — why would a designer intention-
ally spoil the amplitude and phase response of the [C?
After all, if it was necessary to curtail the frequency
response for some reason, instead of adding one cap
to make the IC a first order filter, why couldn't a few
more be added to give it a nice. sharp roll-off
beginning at (say) 100kHz and reaching unity gain at
1MHz? The circuit designer would then have the
benefit of the full 2x10° voltage gain over a wide
frequency range. Intuition and common sense don't
come up with any convincing answerg, so well have
to take a closer look.

Control Systems

The easy answer to the presence of the capacitor in
the 741 is this: it's there to allow you to apply as much
negative feedback as you like without causing
instability. Without C1, if you tried connecting the IC

Paul Chappell
continues his guide to
the humble building
block and digresses to
design an oven
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as say a voliage follower then youd actually end up
with an oscillator. If you have the slightest doubt about
this, try it with an uncompensated op-amp like the
709. or one which is not unity-gain stable like the
NE5534

That's what it does. How it does itis not such an
easy guestion. Its all tied up with the effects that
negative feedback has on a circuit. On a simple
analysis. negative feedback appears to be no end of
a good thing: it reduces distortion, corrects all kinds
of drifts and errors and generally keeps the circuit
tightly under control. Moreover the more you have
of it, the better the effects seem to be

Fig. 2 A simple 741 circuit
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Fig. 3 The internal circuit of the 741

Asis the general rule with electronics, things are
never quite as simple as they first appear. Pile on more
and more negative feedback without due care and the
bad effects can quickly outweigh the good. But I'm
telling you whodunnit before letting you in on the plot.

Instead of looking at negative feedback as it
relates specifically to op-amps, I'm going to widen the
scope of these articles to take in control systems —
two particular examples since | don't want to stray too
far into abstract theory. They may help vou to see
more clearly what’s going on when | return to op-
amps. They may not of course but since everything
to do with electronics is fascinating through and
through, you'll enjoy it all anyway

Temperature Control

Suppose that you're going to make an oven of some
kind — it can be the type that cooks your lunch, or
if youd like something more exotic it can be a kiln for
firing pottery or even a diffusion oven for vour own
IC manufacturing plant! Obviously you'll want to
control the temperature. How will you go about it?

One thing you could do is to experimentally
make a graph of oven temperature against heater
current. It might show that a current of 1A gives a
temperature of 100°C, that 2A gives 200°C. that 10A
gives 300°C. and so on. Your temperature contro
might then consist of a huge variable resistor which
supplies the heater with the proper current for each
temperature setting (Fig.4a).

Even if the impracticality of the huge variable
resistor is overcome (with triacs and wotnot), the
control would be very poor indeed. The first thing
voud find would be that the oven would take ages to
stabilise at the set temperature — several hours.
perhaps. The heat would have to permeate the layer
of insulation you've put on for the sake of economy
(and to stop the outside from being as hot as the
inside!). Thermal equilibrium would only be reached
when the outside has risen to a temperature such
that it's losing exactly as much heat as the heater is
putting in.

The inside temperature would vary considerably
with the paositioning of the oven — standing it in a
draught would mean a very different internal
temperature than youd have if it was sheltered. As for
opening the door and putting something cold inside
— don'tdo it! The temperature would take an age to
stabilise again.

What we really need is a more sophisticated

controller which can keep an eve on the oven
temperature and correct it if it wanders away from the
set point. OK, so we add a temperature sensing
element but how are we going to make use of the
information it provides?

Hot Bricks

Let’s gather together another set of building bricks so
we know what we're dealing with. First of all we have
a set-point box which puts in our request to the control
system for the oven to be at a certain temperature. This
gives 0-20V out according to the setting of the knob.
so it might be nothing more than a DC power supply
and a pot. When we've sussed out how the knob
position relates to the temperature of the oven. welll
just stick on a label calibrated in °C

Supplying current to the heater. we now have a
voltage to current converter, It doesn't matter what's
inside the box. For each 1V in, It supplies 1A to the
heater up to a maximum of 20A.

The final building block is a temperature sensor
which is, heaven be praised, perfectly linear and gives
1V per 100°C oven temperature. Now all we've got
to do is to connect all the bits together to make a
control system (Fig.4b).

To restore the same system as in Fig.4a, all we
dois to connect the set-point box directly to the heater
power box. The label on the knob would show 100°C
when the set-point box is giving 1V, 200°C for 3V and
300°C for 10V, which corresponds to the heater
currents we measured earlier

OK. so now we get a plan of campaign for using
the temperature sensor. To begin at the beginning —
when the oven is first turned on, the temperature wil}
be way below the set point. To get it up to temperature
quickly, it would be nice if the controller could sense
that it was a long way from its goal and apply loads
of power. As it gets close to the set temperature. the
extra power could be eased off until the heater is left
with just enough current to sustain the proper
temperature. This seems to suggest that we need to
sense the difference between the set temperature and
the oven temperature — we'll call the result of doing
this the error signal, since it will be zero when the
temperature is spot-on and will increase in magnitude
as the error (the distance between the set temperature
and the actual temperature) increases

[f the ervor signal provides extra current when the
oven temperature is below set-point, this should also
cope with the situation where the oven temperature
drops as a result of the door being opened, or of
something cold being placed inside. OK. so what i¢
we've heated the oven to 300°C and then turn the
control back to 200°C? Once again, the error signal
could help to stabilise the temperature quickly by
sensing the difference between the oven temperature
and the set temperature, this time decreasing the
heater current below the 3A that the controller of
Fig.4a would give. then easing it back up to the 3A
as the temperature approaches 200°C

What about the situation where the oven is
standing in a draught? Lets suppose that