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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.5. INTO 4 ONMS, BOTH CHANNELS DRIVEN
FEATURES: tindependeni power supplies with two loroidal transiormers + Twin L.ED. Vu mefers w
Level conirols # lluminated on/oft switch # XLR connectors * Standard 775mV inputs # Open and short circult
proot & Latest Mos-Fets for stress Iree power delivery into virtually any load # High siew rate ¥ Very low
distortion & Aluminium cases & MXF600 & MXF300 lan cooled with D.C. loudspeaker and thermal prolechon

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3 %" (2U)1D11"
MXF400 W19 xH5%." (3U)XD12"
MXF600 W19 xMSYs" (3U)xD13"
MXFI00 W18 xH5Y." (3U)xD 143"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXFG800 £329.00 MXF900 £449.15

SPECIALIST CARRIER DEL. £12.50 EACH

#* Manual arm # Steel chassis # Eleclronic speed
control 33 & 45 R.P.M. & Vari pitch controt % High
torque servo driven DC motor # Transit screws #
12° die cast plaiter & Neon strobe % Calibrated
balance weight # Removable head shell & %"
cartridge fixlngs & Cue leverw 220/240V 50/60Hz

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with baf graph
LED Yu melers. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with tone control
& talk-over switch, 7 Channels with
mdbv%uel laden plus cross fade, Cue
Usetul b of
IM following inputs:- 3 turntabies (mag), 3
mics, 5 Line for CD, Tape, Video etc.
P

Pri 134 + €5.00 P

SIZE: 482 x 240 x 120mm

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

for quality, and pert

ssionsl and hobby merkel I.@. indusiry, L. re. tag
efc When comparing NOTE ihal all models include loroidal power supply, integral heat sind. giwes @
drive circuils 1o powsr 8 compaltible Vu meter. Al models are open and short circuit proot.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL @

OMP/MF 400 Mos-Fet Outpul power 190
R.M.S. into 4 ohms, frequency response 1%z
-3dB, Damping Factor > 300, Slew
T.H.D. typical 0.002%, Input Sensitivity SDSmat
-110 dB, Size 300 x 123 x 60mm.
PRICE £40.85 +~ £3.50 P&P

7

OMP/MF 200 Mos-Fet Output power 205
R.M.S. into 4 ohms, frequency response iz
-3d8, Damping Factor >300, Stew Rase
T.H.D. typical 0.001%, Input Sensitivity 500m¥ 1
-110 dB. Size 300 x 155 x 100mm.
PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 308 -
R.M.S, into 4 ohms, frequency response 1Hz -
P -3dB, Damping Factor >300, Siew Rate 3
"~ T.H.0. typical 0.001%, Input Sensitivity 500nW. &%
-110 dB. Size 330 x 175 x 100mm.
PRICE €81.75 + t5 00 P&P

OMP/MF 450 Mos-Fet Output power 450
R.M.S. into 4 ohms, frequency response 1Mz - E
-3dB, Damping Factor >300, Slew Rale Tis
TH. D typical 0.001%, Input Sensltivity S00m¥, m
-110 dB, Fan Cooled, D.C. Loudspeaker
Second Anu-'l’hump Delay. Size 385 x 210 x 105eum
PRICE £132.85 + £5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO
STAMDARO - INPUT SENS 500mV, BAND WIDTH 100K Ma.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - epusy
773mV, BAND WIDTH 50KHz. ORDER STANDARD Of PBE.

Vu METER Compalible with our four amplitiers detalled above. A very
visual display employing 11 L.E.D.s (7 green, 4 red) plus an additions
indicalor. Sophisticated logic control for very tast rise and decay times ©
moulded plastic case, with acrylic tinted fronl. Size 84 x 27 x 45mm.
PRICE £8.70 + 50p P&P

N * 390x305mm # Supplied with mounting cut-out
L — template.
PRICE £€61.30 + £3.70 P&P
(RIS AL GAGIFETES STANTON AL5S00mkii GOLDRING G950
LPRICEL}0.25 . S0P PRP PRICKST.1S _SOPPAP
ISTEREO D O M R D 00 * WITH ECHO %

! m Iizil‘ 'R LARGE SELECTION OF SPECIALIST LOUDSPE
AVAILABLE, INCLUDING CABINET FITTINGS, SP
GRILLES, CROSS-OVERS AND HIGH POWER, s
FREQUENCY BULLETS AND HORNS, LARGE (A4)
(50p STAMPED) FOR COMPLETE LIST.
P - From McKenzie Prolessional Serles
5- From McKenzie Studio Series

ALL McKENZIE UNITS 8 OHNMS IMPEDANCE
8° 100 WATT P €8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ. 80Hz, FREQ. RESP. TO 7KHZz, SENS 96dB. PRICE £31.45 +
10" 10OWATTH C10-100GP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MID.
RES. FREQ. 72z, FREQ. RESP. TO 6KHz, SENS97dB. PRICE £38.89 +

€2.00

£2.50

A/

ROLA

Join the Piezo revolution! The low dynamic mass (no voice coil) ol a Piezo Iweeler produces an improved

translent response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required

these units can be added lo existing speaker systems of up to 100 watts (more if two are put in series FREE

EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN1036A) 3" round with protective wire mesh. Ideal tor

bookshelt and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.

TYPE '8' (KSN1005A) 3%~ super horn for general purpose speakers,

disco and P.A_ systems eic. Price £5.99 + 50p P&P.

» TYPE ‘C' (KSN1016A) 2"x5" wide dispersion horn lor quality Hi-Fi sys-

s tems and quality discos etc. Price £6.99 + 50p P&P.

TYPE ‘D' (KSN1D25A) 2 x6" wide dispersion horn. Upper frequency
P retained ding down to mid-range (2KH1) Suitabie tor high

quallty Hi-Fi systems and quality discos. Price £9.99 + 50p P&P,

TYPE ‘E' (KSN1038A) 3% horn tweeter with attractive silver finish trim.

Suilable tor Hi-Fi monitor systems eic. Price £5.99 + 50p P&P.

LEVEL CONTROL Combines, on a recessed mounting plate, level control

and cabinet input jack socket. 85x85mm. Price £4,10 + 50p P&P.

10° 200WATY [ C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MID.

RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 976& PRICE £53.21 ' £2.5¢0
12° 10OWATT i C 12-100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR, DISCO.
RES.FREQ. 49Hz, FREQ. RESP. TO TKHz, SENS 98dB. PRICE £40.35 + £2.50

12° 10OWATT P C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P.A., VOICE, st
RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS 9708, PRICE €41.39 + £3.50

12° 200WATT §C12-2008 HIGH POWER BASS, KEYBOARDS, DISCO, P.A.

RES. FREQ. 45Mz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £71.91 + £3.50 P
12" 300WATT i C12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC. !
RES. FREQ. 49Hz, FREQ. RESP. TO 7KHz. SENS 100dB. PRICE £95.66 + £3.50 Pgs
15° 10OWATT R C15-100BS BASS GUITAR, LOW FREQUENCY,P.A, DISCO.

RES. FREQ. 40MHz. FREQ, RESP. TO 5KNz, SENS 98dB. PRICE € 59.05 - £4.00 M
15 200WATTF C15-2008S VERY HIGH POWER BASS.
RES. FREQ. 40Hz, FREQ, RESP. TO 3KHz, SENS 98d8B.

15" 250WATT I C15-2508S VERY HIGH POWER BASS.
RES. FREQ. 39Hz, FREQ. RESP. TO 4KHz, SENS 99d8. PRICE £90.23 + £4.50 Pa#
15" A0OWATTH C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS.

RES. FREQ. 40Mz, FREQ. RESP. TO 4 KNz, SENS 100dB. PRICE £105.46 + £4.50 Ped
18" SOOWATT M C18-5008S EXTREMELY HIGH POWER, LOW FREQUENCY BASS.

RES. FREQ. 27THz, FREQ. RESP. TO 2KHz, SENS. 980B. PRICE C174.97 + £5.00 Pas

PRICE £80.57 - £4.00 »1

O
ALL EARBENDER UNITS 8 OMMS (Excepi EB8-50 & EB10-50 which are dual impedance tapped &) 4 & 8 ohwwm)

THE VERY BEST IN QUALITY AND VALUE

Made especially to suit today's need for compactness with high output
sound levels, finished in hard wearing black vynide with protective
corners, grille and carrying handle. Each unit incorporates a 12° driver
plus high trequency horn for a full frequency range of 45Mz-20KMz.
8oth deis are 8 Ohm imped. e, Size: H20  x W15  x D12".

CMHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACM CABINET

OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR
OMP 12-200WATTS (200d8) PRICE £214.55 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

BASS, SINGLE CONE. MIGM COMPLIANCE, ROLLED SURROUND

8~ SOwatt EBS-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Ft, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 7TKHz SENS 97dB. PRICE £8.90 - £2.00 PAP
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 ONM BASS, HI-Fi, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99d8. PRICE £13.68 + £2.50 PAP
10" YOOWATY EB10-100 BASS, HI-Fi. STUDIO.

RES. FREQ. 35H2, FREQ. RESP. TO 3KHz, SENS 96d8B.

12" YOOWATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 PaP
FULL RANGE TWIN CONE, HIGM COMPLIANCE, ROLLED SURROUND

5% " 6OWATY EBS5-60TC (TWIN CONE) HI-Fi, MULTI-ARRAY DISCO ETC.
RES. FREQ. 634z, FREQ. RESP. TO 20KHz, SENS 92dB.

6%s” 6OWATY EB6-60TC (TWIN CONE) MI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz. SENS 34dB.

8" BOWATY EB8-80TC (TWIN CONE) HI-F1, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40H2. FREQ. RESP. TO 18KHz. SENS 89dB. PRICE £12.99 + £1.50 P&P
10" BOWATT EB10-60TC (TWIN CONE) MI-Fi, MULTI ARRAY DISCO ETC.

RES. FREQ. 35M2. FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 ¢ £2.00 PAP

PRICE £30.39 ¢ £3.50 PAP

PRICE £9.99 + £1.50 P&P

PRICE £10.99 + 1.30 PaP

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 4+ 75) Stereo, 150W
Bridged Mono
250 WATTS (125
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OMMS
Features:

# Stereo, bridgablée mono # Choice of
high & low level inputs + L & R tevel
controls # Remote on-off ¢ Speaker &

125) Stereo, 250W

PRICES: 150W C49.99 250W £99.99
400W £100.95 PAP £2.00 EACH

POSTAL CHARGES PER ORDER £1.00 MINIMUM, OFFICIAL

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCe ETC.

| PRICES INCLUSIVE OF V.A.T. SALES COUNTER VISA AND
ACCESS8 ACCEPTED BY POST, PHMONE OR FAX.

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

3W TRANSMITTER 80-108MH; VARICAP CONTROLLED PROFESSIONAL

PERFORMANCE, RANGE UP TO 3 MILES. SIZE 3 ¢t 123mm SUPPLY 12V § 0.5AMP.
PRICE £14.85 - £1.00 P4P

Fit MICRO TRANSMITTER 1001086 VARICAP TUMED, COMPLETE WITH

VERY SENS FET MIC RANGE 100-300m. SIZE 56 3 sbmm, SUPPLY 9V BATTERY.

.

PHOTO: 3IW FM TRANSMITTER

B.K.ELECTRONICS

UNITS 1& 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX.SSEa8TR.
Tel.0702-527572 Fax.:0702-420243
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Features & Projects

DiOdes 000000000000000000000000000000000%00000000000000000000000000000008000000000000000 10
Everything (well almost) you need to know about these one way devices by
Paul Chappell.

EPROM Programmer Part 2 .......cc.ccccnnnicissoncccsssacecess 16

Paul Stenning provides more details on construction and software for this very
useful piece of equipment.

Some characteristics reviewed by Douglas Clarkson.

Infra-red remote controlled dimmer.

Part 2 The tranSMULLEr ..........eeeeeeeeeeeeeeeeeecreseoocsosssossosssonss 32

With the receiver built last month, use our cover PCB to construct the four
channel transmitter board. Ken Blackwell continues his circuit description.

Sound To MIDI processor .............ccccveccsnicnncsnecsaessesnccess 34
Provide yourself with musical backing at the command of a guitar, a whistle
or a variety of instruments. Details from Tom Scarff.

Puddletec ..............................l......l..................l.................42
A beginners project by Bob Noyes to give warning of a small flood.

Disco Amiga Part 1 .........c.iivvnicicnercsscsnrecssnnaecssnancsesss 0
Use your Amiga computer to provide some home lighting effects.

Tech Tips ....................................................0.....................53
ETI sees a return to your circuit ideas.
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trust the seasonal festivities have not has been developed in the US. Apparently
only given you time to reflect upon a  audiophiles say the new amplifier is indistin-
year that quite a few of us would like to  guishable from the real thing. The ‘tube emu-
forget but also a time to look forward with  lator’ is dropped into the traditional circuit
renewed vigour to the year ahead. A more  where the valve was. Further news of this new
hopeful time perhaps for the electronics device will appear next month under our
industry for they have not been immuned News Stateside column. If all are agreed with
to the ravages of the recession. the audio characteristics of the tube emulator
Lack of sales in brown and white goods  then we might just see the end to valves being
has caused a knock-on effect to occur all  used for audio purposes. The clear disadvan-
the way back down the chainto component  tages of valve equipment are weight and bulk
suppliers. but on an analytical level it is difficult some-
times to see where the attachment still re-
Toobs, Bottles And Emulators mains. Looking into the glass envelope, some
Hi-fi buffs who can tell the audio dif- would say you can almost see them working!
ference between a valve amp and a solid Readers will note that due to pressure of
state transisitor version will be interested  space, the AutoMate mixer article does not
to know that a solid-state ‘tube emulator’  appear in this issue.
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serious global environmental concern takes up
Open Channel this month. It’s an issue which all
readers of ETI will be aware of, I’m sure. It affects
A not just us in our present environment, but the
environment of generations

I’m talking about the use of chlorofluorocarbons (CFCs).
You’ll all have heard of them, even if you’re not totally aware
of what they are or what they’re doing to the environment.

Chlorofluorocarbons are chemical compounds, contain-
ing various proportional mixtures of Chlorine, Fluorine,
Carbon and sometimes Hydrogen. As such, they present little
harm to the planet. Stuck in a bottle on a laboratory shelf
they’re pretty innocuous, but when they get out of the
laboratory shelf bottle they tumn into vaporous demons which
have already changed our environment to a considerable
degree - almost beyond repair.

The problem arises when chlorofluorocarbon vapour
rises up into the air, through the atmosphere, right up to the
stratospheric layer of ozone around earth. The stratospheric
ozone layer has one several functions - one is to filter and
absorb ultra-violet radiation from the sun.

Ozone is a gas (O,) which occurs in all layers of the
atmosphere and actually only ever occurs in very small
concentrations. However, concentration is greatest in the so-
called ozone layer, so scattering ultra-violet light.

Continual processes occur in the ecosphere which for
millions of years have maintained a chemical balance, keep-
ing the ozone layer constant. Chemicals rise up through the
atmosphere, break down due to energy from the sun, and
combine with oxygen atoms from ozone. On the other hand,
energy from the sun breaks down oxygen into single atoms,
which combine with oxygen molecules to form ozone. And so
the cycle continues... unless, too many chemicals rise up
through the atmosphere.

Chlorofluorocarbons, are the chemicals which threaten
this ozone production-breakdown balance. They are very,
very stable, so rise high up in the atmosphere - to the ozone
layer - before they can be broken down by sun light.

Not only are there now too many chlorof luorocarbons in
the ozone layer, breaking down ozone at a faster rate than the
natural cycle can replenish it, but the situation is made much
worse because they are so stable they can remain there for
some time before breaking down. Even if a total ban on
chlorofluorocarbon was issued and its use was stopped today,
the amount of chlorofluorocarbon present in the atmosphere
in one hundred years time could still be about a third of
current levels.

The whole thing has grave effects on the environment. If
the ozone layer partially breaks down (causing the so-called
‘holes’ in the layer, reported in the media) greater amounts
of ultra-violet light from the sun reach earth’s surface. This
can cause immediate and long-term damage to plants, ani-
mals, humans and earth itself. Increased risk of cancer and
changing climates, are possible hazards.

In the past (and, indecd, even in the recent past) the
electronics industry has been one of the greatest culprits in

the crime of ozone layer breakdown. Manufacturing proc-
esses are usually pretty dirty, so assemblics (that is, printed
circuit boards) require cleaning. Unfortunately, the easiest
and cheapest method (cheapest in terms of monetary cost
alone, of course) of cleaning printing circuit boards is to dunk
them in hot chlorofluorocarbon. As a solvent,
chlorofluorocarbon is superb -it dissolves and dislodges most
types of dirt, grease, and gunge on assemblies. As a vapour,
it is lethal to the environment.

In 1987, in Montreal, worldwide government heads met
to decide on a progressive phase-out of chlorofluorocarbon
use. The Montreal Protocol was the result; a historical
statement of intent by world governments to do the job - it’s
not often you can get more than one government in a roomto
agree anything, after all. By the turn of the century it was
hoped the use of chlorofluorocarbons would be stopped.

As it happens the electronics industry has risen to the
challenge, phasing out chlorof luorocarbon use quicker than
most other industries, to the level where by the end of this
year it will finish in the electronics industry. '

Now | think that’s a tremendous thing, and worth being
proud of. To be honest, it was not so much an agreed decision
within the industry to do it because of an environmental
conscience. Instead, the impetus has been made because new
and cheaper manufacturing processes (specifically surface
mounted technologies) have recently been instigated, which
simply require less cleaning of assemblies. Indeed, some
new processes do not require cleaning at all.

Still, let’s not run ourselves down too much, we’re among
the first to be able to say we’re about to stop using
chlorofluorocarbons and that’s a very large feather in our
very large collective cap. After all, the Montreal Protocol was
neverintendedto preventindustries using chlorofluorocarbons
by law, or by force. Its primary aim was to make the use of
chlorofluorocarbons so financially unrewarding that the vari-
ous industries would be persuaded to use other safer proc-
esses. The electronics industry has simply been one of the
firstindustries to benefit from newer (cheaper) processes not
requiring chlorofluorocarbons.

But, unfortunately, the story doesn’t stop here. While
chlorofluorocarbons form the primary cause of alarm envi-
ronmentally, other compounds are capable of doing the same
thing to the environment, to a lesser degree. What we have
to ensure is that these other compounds aren’t simply used in
the place of chlorofluorocarbons. While they may cause
lesser damage than chlorofluorocarbons they could still
cause some damage.

I for one do not want to be labelled as a person who
instigated the partial or total destruction of our children’s
children’s children’s world. Do you?

While the chlorofluorocarbon issue is paramount, in
wider terms it is merely the first issue tackled globally.
Certainly we have got our electronic housc in order regarding
chlorofluorocarbons, but in the global village there are many

more houses, and many more issues.
Keith Brindley
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THE LATEST IN

TOUCH

TECHNOLOGY

Anew touch technology, com-
patible with almost any dis-
play monitor, has been launched
throughout Europe by Ellinor
Technology.

The TouchMateis a force sens-
ing platform less than 2" high
onto which a monitor is placed.
When the monitor is touched,
whethcr by a finger, glove or sty-
lus, the force of the touch causes
a movement of the top plate rela-
tive to its base, typically of the
magnitude of a thousandth of an
inch. Internal force sensors detect
this movement in the x, y and z

directions enabling it to measure
the location of the touch and the
level of pressure exerted.

One advantage is that users
can simply place their monitor on
the sensor, connect it to their com-
puter’s serial port and carry outa
simple calibration procedure,

from which point the system is
ready for use.

Itis said to be compatible with
virtually any size and make of
monitor so users can convert their
existing monitors to touch screen.

There is no effect on the image
quality of the monitor since no

glass panel or membrane is placed
in front of the screen.

The system is based on force
detection and can therefore be
operated by any pointer, finger;
gloved hand or stylus.

Point of information applica-
tions and interactive training sys-
tems are expected to be the main
markets for the new product. The
screen operates at angles of up to
45 degrees and is environmen-
tally durable which makes it well
suited to regular public use in
retail information applications. It
is also expected to be popular in
unattended external applications
such as ticketing, tourist informa-
tion and financial services.

It has a touch resolution of 40
points per inch and noise filtering
techniques are employed to en-
sure that cxternal vibrations do
not affect accuracy. TouchMate
will retail at £650-00.

For further information please
contact:

John Rodger at

Ellinor Technology

Tel:0734 311066

NEW INKJET PLAIN PAPER FAX

ity Electronics & Telecom-

munications - suppliers and
installers of a wide range of tel-
ephone systems - has added two
new, plain paper, ink inject Fax
machines to its telecphone equip-
ment range.

Although the plain paper Fax
has been on the market for twelve
months with laser printing, the
ink inject method reduces the cost
of using a plain paper Fax and
could broaden the market for this
type of facsimile.

For professional services such
as that offered by accountants,
solicitors, and architects, the plain
paper Fax is essential and it is

more affordable. It produces good
copy, on plain paper, to the same
quality expected from a standard
photocopier.

The two new units, manufac-
tured by Panasonic, are the
Panafax UF311 and Panafax
UF312. A special feature of both
machines is that a message can be
transmitted to up to fifty-two sta-
tions in sequence rather than call-
ing stations individually.

If the recording paper or ink in
the inkjet cartridge should run
out,the message is stored in
memory and automaticaily printed
when new paper or an ink car-
tridge is loaded. In the case of

failure, the units will automati-
cally re-dial and transmit from
the page where disconnection oc-

curred, without re-sending from.

the first page, thereby reducing
time and telephone line costs.

With either machine the user
can, if required, share a single
line for Fax or voice - the ma-
chines will automatically deter-
mine whether its for Fax or voicc
and a tclephone answering ma-
chine can be added. Automatic
reduction and delayed sending are
also standard features.

The single touch memory al-
lows for telephone number stor-
age: twelve basic numbers for the

UF311, which can be expanded to
twenty-eight if required; and
twenty-eight numbers for the
UF312, which can be expanded to
sixty.

The UF312 can store selected
documents in the memory and
then programmed to be transmit-
ted later. When printing from
memory this machine is still able
to reccive or transmit.

City Electronics and Tel-
ecommunications retails the
UF311 for £1495 and the UF312,
for £1895.

For more information:

Tel: 081-201 9500

FAX: 081 201 9600

GOVERNMENT SUPPORT FOR DAB

N ational Heritage Secretary Pe-
ter Brooke has given the Gov-
emnment’s full support for Digital
Audio Broadcasting (DAB), say-
ing it offered more choice to lis-
teners and gave British manufac-
turers a great opportunity to
exploit a new market.

DAB will bring near CD-qual-
ity sound to radio for the first
time. The technology could first
be introduced for car radios in
1995; domestic sets could benefit
soon thereafter. It will also pro-

vide major benefits to broadcast-
ers and listeners through its more
cfficient use of the radio spec-
trum, offering more radio chan-
nels for each frequency band than
are available now.

Mr Brooke urged British
manufacturers of radio and elec-
tronic equipment to scize the op-
portunities offered by DAB tech-
nology, saying:

“The way forward is now suf-
ficiently clear for broadcasters and
manufacturers to prepare for the

introduction of DAB services in
the next few years.

“With an average of four or
five radio sets in every home in
this country, the opportunities for
manufacturers prepared to pro-
duce DAB sets at reasonable
prices arc obvious. At this stage
there is no reason why UK manu-
factured sets could not be first
into both the home and European
markets.”

Mt Brooke also called upon
the media to help stimulate wider

involvement in the debate by in-
forming the public about the tech-
nological and commercialchanges
which were affecting broadcast-
ing:
“The links betwcen policy
development, technological
change, manufacturing, pro-
gramme production and consumer
choice reinforce the need for peo-
ple to be well-informed if they are
to make sensible choices.”
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ENGINEERING PHYSICS DEGREE APPLAUDED

he lead editorial in a recent

issue of Physics World, the
members’ journal of the Institute
of Physics, has singled out Shef-
field Hallam University’s BSc
(Honours) Engineering Physics as
inspirational and unique in Eu-
rope. The course meets the necd
of advanced manufacturing coun-
tries for professionals who com-
bine physics training with related
disciplines, notably engineering.

Physics World states:

“Shefficld Hallam University
(hitherto Sheffield City Polytech-
nic) is setting what appears to be
aprecedent in Europe: an honours
BSc in engineering physics de-
signed to deliver skills not only in
physics but in engineering judge-
ment - in other words, a capacity
for subjective decisions on design
and cost-effectiveness”.

A testament to the praise re-

ceived is the excellent record of
cmployment for graduates of the
course despite the ongoing reces-
sion. Forward thinking employ-
ers are keen to recruit industrial
placement  students  for
workexperience and graduates for
permanent employment.

The professional status of the
course has recently (May 1992)
been accredited by the Institute of
Physics, the Institution of Electri-

cal Engineers and the Engineer-
ing Council as the first and so far
only physics degree which directly
satisfies the cducational require-
ments for membership of both
institutions and the status of Char-
tered Engineer and Chartered
Physicist. The course offers a di-
rect route to the status of a Profes-
sional Engineering Physicist.

AUDIO POWER

AMPLIFIER
MODULES

irkit Distribution is now stock-
ing the complete range of ILP
audio power amplificr modules.

The modules provide a range
ofbuilding blocks for making high
quality audio amplifiers with the

minimum of additional compo-
nents. Applications range from
low power hi-fi quality amplifiers

to high power stage amplifiers.

The modulces are manufactured
inthree types; Bi-polar, MOSFET
and Class A and are encapsulated
with an integral heatsink. With
power ratings from 15 to 180W
RMS, the amplifiers produce very
low THD; the MOSFET series is
less than 0.005% and input sensi-
tivity is only 500mV for full out-
put.

To compliment the modules
three power supply boards are
available which, together with
ILP’s toroidal transformers allow
high VA rated, split rail power
supplies to be casily produced.

For further information please
contact:

Cirkit Distribution Ltd

Tel: 0992 441306

SuperJANET TO THE RESCUE

Life saving surgery could be
‘seen’ via the telephone with
a new high-speed fibre optic net-
work from BT which will link
computer systems in universities
and polyteclmics throughout the
UK

The network called
SuperJANET (Joint Academic
Network) will allow medical stu-
dents to watch operations and
learn new surgical techniques
from hundreds of miles away.

BT was awarded the contract
for the nctwork by the Informa-
tion Systems Committce (ISC) of
the University Funding Council
(UFC). The negotiations have
been on the basis of an £1.8 mil-
lion project over four years, incor-

porating a review period at the
end of the installation of the pilot
stage

Under the contract, BT will
collaborate with the SERC/UFC
(Science and Enginecring Re-
search Council/Universities
Funding Council) Joint Network
Team to design and implement
the new network. It will augment
the existing private JANET net-
work created during the early *80s.

The new network is needed to
support advanced applications
requiring a mixture of voice, data,
image and video communications.

SuperJANET will be able to
transmit information up to
100,000 times faster than the
standard telephone network, with

the initial phase of the project
linking sites at Cambridge and
Manchester Universities,
Ruthetford Appleton Laboratory,
University College London, Im-
penial College London and Edin-
burgh University.

The network is designed to
use the most up-to-date commu-
nications technology - synchro-
nous digital hierarchy (SDH) -
together with BT’s new Switched
Multimegabit Data Service
(SMDS).

SupcrJANET will provide a
wide range of new applications
and will play a major role in sup-
porting teaching and research ac-
tivities. Initially, these include
distance teaching, electronic pub-

lishing, library document distri-
bution, high quality medical
imaging and multimedia infor-
mation services.

Dr Alan Rudge, BT’s Manag-
ing Director for Developmentand
Procurement, with responsibility
for all of BT’s technical research
activity, added: “BT is extremely
pleased to have won this contract
and we view the opportunity to
work with the universities as a
critically important strand in our
development programme for high
speed network services. We plan
to collaborate in a number of ar-
eas of mutual interest, not least
the development of an advanced
broadband switching platform for
SuperJANET.
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T and IBM are set to extend

their collaboration on multi-
media by making PC
videotelephony available to other
operating systems including Ap-
ple, PS2 and PC compatibles. In
April 1992 BT and IBM an-
nounced that they would co-oper-

PC VIDEOPHONE SERVICE

ate on a personal computer video-
phone product using specially de-
veloped software.

BT’'s PC videophone hard-
ware, whichconformstothe H.320
series of . international
videotelephony standards, and
IBM’s Person to Person 2 (P2P)

software will allow people to par-
ticipatc in desk-top conferences
by enabling them to see each other
and exchange documents via their
PCs. IBM’s P2P software can also
be used with H.320-compatible
video over public telephone net-
works.

BT and IBM UK will have a
PC videophone product compris-
ing a PC card, camera and hand-
set on the market by the third
quarter of 1993. The expanded
P2P support for this technology
will be available soon after.

SURFACE RESISTIVITY METER

Technotrend Ltd of Fambor-
ough has launched a revamped
version of its SRM 30 Surface
Resistivity Meter. The SRM 30
is an instrument that measurcs
both surface resistivity and resist-
ance to ground. The new version
gives measurements of surface
resistivity over a range from 10°
to 10" ohms with a clear indica-
tion whether a surface or material
is conductive, static dissipative
or insulative. Accuracy of meas-
urement is assured by means of a
system of independently sprung
electrodes which can accommo-

date considerable irregularity of
the surface under investigation.

Powered by a standard 9V
battery the SRM 30 requires a
minimum of operator training. It
has applications in such static
sensitive environments as micro-
electronics component assembly
areas, computer rooms, quality
control, laboratorics and hospi-
tals.
For further information contact:

Technotrend Ltd.

Tel: 0252 373242

Fax: 0252 373440

|
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PAGING SYSTEM HELPS CUT CRIME

he first paging system in the

UK to be used by Neighbour-
hood Watch schemes has been
supplied by Hutchison Telecom.
The early waming paging system
has been introduced into the Bir-
mingham area for both West
Bromwich and Sutton Coldfield’s
Neighbourhood Watch schemes,
making them the first and the
most technologically advanced
schemes in the UK.

The paging system means that
police are now be able to send
messages immediately to Neigh-

bourhood Watch co-ordinators on
matters varying from suspect cars
to possible gangs of burglars or
vandals operating incertain streets
or areas, simply by telephoning
details into Busincss Watch's
message bank. Thisautomatically
alerts all the coordinators_using
pagers and each member of the
group then dials into the message
bank to.hear the information. In
turn the coordinators will alert
Neighbourhood Watch members
in their area.

According to the latest Home

Office crime figures, burglaries
have increased by 16% over the
last twelve months, with 173,000
more burglaries recorded by the
police in the twelve months end-
ing June 1992. Of these 91,000
werc residential burglaries and
28,000 shop thefis, an increase of
11%. Hutchison Telecom hopes
that this new technology will beat
the increasing crime rate.

At the trial launch Mr Dave
Gerard, Neighbourhood Watcher
said: “Within minutes we shall
get the message and within min-

utes we have 3000 eyes looking
out for what we have been given
by the police. 3000 eyes is a lot,
we only have a few policemen out
in their cars, we have got 3000
eyes”

The paging system used in the
new trial is the same as that used
in Hutchison Telecom’s Business
Watch scheme which is currently
being used to successfully com-
bat crime primarily in businesses
and retail outlets.

PRINCESS ROYAL PRESENTS BBC RADIO

OPTICS INVENTOR

4 AWARD TO

device which enables par-
tially-sighted people to mag-
nify written text and make it ap-
pear on a television scrcen has
won an award from the BBC Ra-
dio 4 programme ‘In Touch’. Mr
Pat Crane was presented with the
David Scott Blackhall Award by
the Princess Royal in a ceremony
at Broadcasting House in Lon-
don.
The ‘Eezec-Reader’ whichcan
be connected to any television set

and enlarge print by up to 40
times secured the award, which is
given to somcone who has pro-
vided outstanding service to peo-
ple with a visual handicap. The
award for £1,000 is funded by the
Patients Aid Association from
Wolverhampton, and commemo-
rates David Scott Blackhall who
worked on the ‘In Touch’ pro-
gramme from 196! until a few
weeks before his death in 1981.

Pat Crane’s invention consists

of a miniature camera and magni-
fier in a tiny, hand-held scanner
similar in size and shape to a
paper stapler. This is mounted
like a miniature telephone on a
small box into which the telcvi-
sion aerial from any domestic set
can be connected. Thetelevision
is tuned into a sparc channel and
when the camera scans any writ-
ing it appears greatly magnified
on the television screen.

Pat Crane, an electronics en-

gineer from Ripley in Surrey, runs
a small business producing mini-
ature cameras for industrial in-
spection work. He got the idca for
the ‘Eezee-Reader” when he saw
what pleasure a partially sighted
friend got from looking at photo-
graphic enlargements which ena-
bled her to se€ pcople and things
she could not normally see.
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FOUR-IN-ONE IN

S AJE Electronics has introduced
an MX9000 Multi-Instrument.

The MX9000 combines four
instruments to suit a broad range
of applications in both education
and industrial markets including
development work stations where
Space is at a premium.

The Instrument includes:

A triple output power supply
with LCD display offering 0-50V
0.5A, 15V 1A. 5V 2A with full
overcurrent protection;

An 8 digit LED display 1Hz -
T00MHz frequency counter with
gating rates of 0.1Hz. 1Hz, 10Hz
and 100Hz providing resolution
to 0.1Hz plus attenuation inputs
and data hold;

A 0.02Hz to 2MHz full fea-
tured sweep/function generator
producing sine, square, triangle.
skewed sine, pulse and a TTL
output and linear or logarithmic
sweep. Outputs of SOR and 600R
impedance are standard features;
An auto/manual 3 1/2 digit LCD
multimeter reading DCV, DCA,
ACV, ACA, resistance, and rela-

tive measuremcnt with data hold
functions.

The MX9000 gomprises four
of the most desirable instruments
housed in a single unit and built to
a high standard. The cosmetic

appearance is extremely pleasing
and would bea plus forany bench.
The MX9000 represents good
value at £399.00 plus VAT.
For further information please
contact:-

SAJE ELECTRONICS
Tel:0223 425440
Fax: (0223) 424711

VLF RADIO

"W\ he ELF and VLF radio bands

have hitherto been largely ne-
glected by amateur radioand elec-
tronic enthusiasts. This is really
quite surprising in view of the
fascinating properties of this por-
tion of the electromagnetic spec-
trum. The evocatively named
‘dawn chorus’, with its ‘tweeks’
and ‘whistlers’, comprises a
whole range of natural phenom-
cna generated in the earth’s at-
mosphere. More practical uses of
frequencies below 150kHz include
broadcasting standard frequency

and standard time services, hy-
perbolic navigation and commu-
nication through sea water or solid
rock to submarines, miners and
pot-holers. With negotiations be-
tween the RSGB and the licens-
ing authorities for anamateur VLF
allocation well underway, the
neglect of the bottom end of the
radio spectrum could be coming
to an end.

One British group which is
already active in this field is the
Cave Radio and Electronics
Group of the British Cave Re-

search Association. This group is
intent on improving techniques of
VLF radio communicationwith a
particular cmphasis on its use in
cave surveying and cavc rescue.
A journal containing a broad
mix of practical and theoretical
articles is published quarterly. Al-
though most of the group’s mem-
bers are actively involved in cav-
ing, there is much here to interest
those with a more general interest
in VLF radio communication and
miscellancous clectronic applica-
tions. Recent articles have cov-

cred the principles of inductive
communication, antenna design,
modulation methods, a design for
an ultra-sensitive flash trigger,
caveproofing equipment, NiCd
battery charging, surveying soft-
ware and cave detection using
geophysical techniques.

Full membership of the group,
including subscription to the Jour-
nal is £7.50.

For details, contact David
Gibson at 12 Well House Drive,
Leeds LS8 4BX (Tel
0532481218).

SONY LAUNCHES FIRST MOBILE PHONE FOR

CONSUMERS

S ony, is bringing its inimitable
touch to the mobile phone
market.

The first mobile phone de-
signed specifically for the general
consumer has been launched. It is
intended to work in conjunction
with Cellnet Lifetime, a new serv-
ice which aims to open up the
domestic market by halving us-
age costs and offering a customer
friendly service.

Sony’s ncw phone, the CM-

H333 is small enough to fit in the
palm of the hand and will be one
of the most compact mobile
phones on the market.

“The mobile phone will no
longer be the exclusive preserve
of the business person™ says Tim
Woods, Sony’s Senior Manager,
Personal Telecommunications.

“Like the electronic calcula-
tor, or personal computer, its use
is set to become universal. The
Sony phone will be available to

everyone, whatever their needs.
It’s size and shape is about the
same as a Mars Bar so conven-
ience combined with ease of usc
will contribute to its success”

The CM-H333 will be priced
at £299 and battery life will allow
up to 90 minutes talk time with 24
hours stand-by time and there is
an optional hands-free kit for use
in the car.

“Sony aims to lead the way in
personal mobile communications

hardware” concludes Tim Woods.
“The new phone, together with
Cellnet Lifetime, will do for mo-
bile communications what the
Sony Walkman did for music”.

NEWS
MONTH
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Eliminating
flat batteries

lectronics that help guard

against dead batteries has
been installed in the 1993
Oldsmobile Achieva. Ifthe trunk,
reading, foot, or giove-box lights
are left on for 20 minutes while
the ignition is off, the circuitry
will automatically turn them off.
Battery run-down protection also
works if a door is accidentally left

Evaluating

cross stepper

performance

nevaluating micro-stepper per-
formance most people meas-
ure only the starting and stopping
position of a multi-step move.

What they miss are the details of

individual steps and motion pro-
files that could help them optimize
the application.

Dynamic measurements con-
tain more information, but they
also are more difficult to make.
Sensor requirements are particu-
larly demanding: Resolution must
be higher than the smallest mi-
cro-step and response time must
be two to three times faster than
the highest velocity.

Capacitance-
displacement
meler .

Measuring distance via capacitance

Probe measures distance
1o target without contact.

Conductive surface
acts as partof 2
—— two-plate capacitor.

Capacitance changes with distance d.

Conduelive-plate target
completes the capacilor.

Consider a typical measuring
probe that senses a flat tab placed
0.5" from the centre of a motor
shaft. For a micro-stepping sys-
tem with 51,200 steps/rev, a sin-
gle step corresponds to 61.4 mil-
lionths of an inch. The required

response time to gauge stiction,
hysteresis, and settling time is on
the order of a few hundred micro-
seconds.

Capacitance-based displace-
ment sensors can provide these
kinds of numbers.

Battery run-down protection

ajar. To reactivate any lamp, a
driver need only turn on the igni-
tion, turn the light switch off then
on, or open the car’s front door.
The systemalso guards against
voltage loss if the car is not used
for an extended period. After 24

days without use, power to the
clock, radio, and remote lock is
automatically interrupted to re-
duce battery drain. Power returns
as soon as the ignition is turned
on. Clock and radio stations have
to be reset.

‘Self-healing’
chips

cientists at the GE Research
and Development Centre have

developed a technology for de-
signing ‘self-healing’ chips.
These are next-generation, inte-
grated circuits that will police
themselves for errors caused by
malfunctioning circuit elements

and produce signals that compen-
sate for errors the faulted ele-
ments would otherwise cause.

Such fault-tolerant chips will
be especially important for mis-
sion-critical applications aboard
satellites and spacecraft, for ex-
ample, where repairs are difficult
or impsosible to make and the
consequences of errors in proc-
essed data can be catastrophic.
Intermittent errors introduced by
electromagnetic interference and
other transientphenomena, as well
as errors caused by permanently
faulted circuit components, will
be detectable and correctable.

The company’s new method-
ology lends itself to the design of
both digital and analogue fauit-
tolerant integrated circuits of the
type whose behaviour is repre-
sented by state-variable equations.
Such circuits, including a large
class of filters and controllers, are
widely used for diverse control
and signal-processing applica-
tions.

With the GE approach, vali-
dated through both computer
simulation and prototyping, error

detection and correction are car-
ried out by asmall built-in ‘check-
ing circuit’ that ties into the chip’s
primary circuitry at strategic lo-
cations.

The checkingcircuitcomputes
‘check-sum codes’ - specified
weighted linear sums of the terms
on both sides of the state equa-
tions that the pfimary circuit
solves in the course of performing
its function. If there is a fault, the
check-sums do not agree, and an
error is signaled. The checking
circuit then does an error check of
itself, and, if okay, it computes
the error value and automatically
feeds this value back to the main
circuit for error correction.

Fault-tolerant chips are prob-
ably two or three years away from
their first ‘real-life’ applications.
The company is currently work-
ing to extend the technology to
the design of complex fault-toler-
ant circuits of a type that might
find aerospace applications, in-
cluding those that exhibit
nonlinear behaviour. The current
technique is limited to the design
of linear systems.

Hesing Technology @

Cromwell Chambers, 8 St. Johns
Huntingdon, Cambs. PE18 6DD

TEST EQUIPMENT

Supply
Maintenance
Commissioning

Distributors for:

Tel: (0480) 433156
Fax: (0480) 413357

SYSTEM CONSULTANCY

Replacement Parts
Supply of Service &
Operators Manuals

Street,

Components

o
<2

=4

Electronics Industry

PCB Assembly (Conventional
and Surface Mount)

Wave & Hand Soldering
Complete Equipment
Manufacture

Device Programming from hand
written shts or PC 3'/2" disc
Cable Harness Assembly /ioom
Manufacture

Card Cage and Module Wiring
Full Inspection

STEVENAGE
Professional Sub-Contract Manufacturing & Suppliers to the

Do you have a requirement for any of the following services:

Product Design/Consultation
Full Procurement Service

PCB Test & “Burn in” Facilities
Enciosure Design & Manufacture
PCB Artwork Manufacture
Circuits Drawn Professionally
Kit Procurement & Supply
Component Sales
Refurbishment a speciality

Top Quality Work at Reasonable Rates

WAUGH INSTRUMENTS, RAMTEST LTD, KRENZ ELECTRONICS, PANTHER

Phone Tracey on (0438) 310066 or Fax details of your requirements to us
on (0438)315829
EQT LTD, BTC, Bessemer Drive, STEVENAGE, HERTS, $G1 2DX
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Paul Chappel
describes the
variations available
on a diode theme

30 +

30 +

70

10 -
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v 2v

Fig.1a The basic IV characteristic of a silicon diode

umour has it that if you enrol in certain Cordon
Bleu cooking courses, the master chef will have
you spend the first month perfecting the art of
cooking eggs. In this master class I’m going one
stage further: not only will I concentrate on one of the most
basic of electronic ingredients, the diode, but I’ll only be
doing any actual cooking with one varicty: the tunnel diode.
Let’s begin by taking a quick look at eggs - sorry, diodes - in
general.

24 -{»— GOODBYE DIODE!
EXCESSIVE
CURRENT
1A‘-<L—
-100v
[ v - l
L ok e 2 2 A T T
v 2v
AVALANCHE
BREAKDOWN

GOODBYE DIODE!

Fig.1b The consequences of exceeding the
operating limits!

The static current-voltage characteristic of an ordinary
rectifier diode is shown in Figure 1a. Under reverse bias
there’s very little current flow, under forward bias the current
rises rapidly from about 0.5V onwards, so for practical
purposes the diode is essentially a component which con-
ducts in one direction and not in the other within reason
anyway, as Figure 1b shows. Too much forward voltage and
the diode will burn. Too much reverse voltage and the
junction breaks down, and if the current is not externally
limited in some way, once again the diode will burn.

The reverse breakdown is put to good use in the Zener
diode. The voltage at which it occurs is pretty repeatable, the
conduction is abrupt, so it’s quite effective as a voltage
reference. A typical silicon signal diode may break down
somewhere in the region of 50V to 200V, but by doping the
silicon more heavily than usual it’s an easy matter to make
diodes which conduct at much lower reverse voltages. These
highly doped devices are the ‘zeners’ youuse in power supply
regulators and suchlike.

If the forward characteristic is not to your liking, that can

iodes

be altered too.

Make a junction from aluminium and lightly doped N-
type silicon, and you have a schottky diode. It has a
considerably lower forward voltage drop than the ordinary P-
N junction, so the characteristic is closer to the ideal full
conduction (Figure Ic). This is useful in circuits where the
power loss from the forward voltage has to be minimised, and
for clamping circuits which prevent a voltage exceeding a
certain level - the lower voltage drop allows tighter control
over the pre-set level. Another good thing about Schottkies
is that they work a dam sight faster than ordinary rectifiers
- for the physicists amongst you, this is because the current
travels by majority carrier only. The problems you get when
minority carricrs start hanging about round the junction is
illustrated by Figure2, showing the results of some measure-
ments I once made on a IN4006. I rest my case.

These are the main variations of the basic diode charac-
teristic, but what [ want to concentrate on for the rest of the
article is devices where the rectifying property is largely
irrelevant. By varying the materials, the geometry (the area
of the junction, for instance) and the doping levels, it’s
possible to make a diode do all manncr of tricks totally
unrelated to its usual purposc. The variation in junction
capacitance with voltage can be increased to make a diode
which thinks it’s a tuning capacitor; different materials can
be used to make one that emits light; and various blips can be
added to the characteristic of Figure 1a for a diode which will
oscillate!

100mA

i

v 2v

Fig.1c Schottky diode characteristic. The forward
voitage drop is still significant, but much less than for
a P-N diode.

The Gunn Effect

The normal state of affairs for charge carriers in a
semiconductor is that their thermal energy is very much
greater than the encrgy supplied by the electric field. They
are a bit like a herd of sheep being driven by a sheep dog: they
mill about here and there, but the general drift is always
towards the exit electrode.

If a very strong field is applied, it can happen that the
energy from the field is comparable with, possibly even
greater than, the thermal energy. The result is similar to a
flock of sheep fleeing from wolves: if the wolves are some
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distance away, the motion of the sheep will be fairly well
directed away from them. There may be some random
movement, but the motion of the flock will be substantially
towards the nearest exit! As the wolves get closer (the
applied field is increased further still) the sheep will in such
a panic that they’ll bump into each other, trip each other up,
and the overall motion will actually be slower than before.

In the wolf situation, the farmer arrives to find his
remaining sheep very overheated - it’s referred to as a hot
sheep device. In the electronic version the carriers are also
said to be hot, and you’ll find reference to hot carrier devices.

In 1963 a chap by the name of Gunn discovered that
current oscillations can take place in certain materials, N-
type GaAs in particular, under thesc hot carrier conditions.
The physics of the situation is quite tricky , but it revolves
around the slowing down of the charge carriers, which gives
Gunn devices a negative resistance over part of their charac-
teristic. One way this can give rise to oscillation, I'l] talk
about that later when we get on to Tunnel diodes. In the Gunn
devices, the ficld which excites the carriers is unstable.
Charge carriers that group together distort the field to attract
more carriers, which distorts the field further, and so on. The
initial clumping takes place in imperfections around the
cathode, the bubble spreads to the anode, where it ‘bursts’,
and the whole process begins over again. This all happens
rather quickly - at microwave frequencies, in fact - and
several Watts of output power are possible.

Avalanche Diodes

In Zener diodes, the reverse breakdown occurs when
charge carriers are accelerated to high enough speeds in the
electric field around the junction to dislodge more electrons
by colliding with atoms. The newly created charge carriers
are also accelerated at high speed, have their own ionising
collisions, create still more carriers, until there’s a whole
avalanche of the things!

An avalanche (or Zener) diode can be adapted to work as
an oscillator by adding a length of intrinsic (undoped)
semiconductor material either to the end of the diode to give
a P-N-I structure, or between the P and regions to form a P-
I-N diode.

METAL MET:
N+ I N+

INTRINSIC GaAs

Fig.3 The basic structure of a Gunn device

Unlike Gunn devices, avalanche diodes won’t oscillate
on their own. They need an external tuned circuit to keep
them going. A bias voltage is applied so that the diode is just
on the point of avalanche breakdown. If the voltage is
increased just a touch, the breakdown will occur, but the
current won'’t rise immediately because the electrons have to
make their way though the I region.

If the voltage is decreased again the breakdown stops but
there’s still a blip of current on its way through.

The trick is to join the diode to a tuned circuit matched to

..

25V mememe e \/

Fa'sE 4

Fig.2 The efficiency of a 1N4006 rectifier at various frequenies.
At 50Hz it behaves just as it should but at frequencies as low
as 2kHz it's starting to misbehave. By 20kHz it’s virtually
useless as a rectifier

the drift time of the I region so that the current pops out in
antiphase to the voltage. This gives the tuned circuit the boost
it needs to keep going; the voltage it creates keeps the
breakdowns going, which keeps the blips of charge coming,
which keeps the tuned circuit going... And there you have it.
An avalanche diode oscillator.

Once again these devices oscillate in the microwave
region. The impatt variety which work in the way I've
described can produce a fairly high output power, but aren’t
too efficient (less than 10%) A slightly modified version
known as the trapatt can achieve efficiencies of over 50%

Tunnel Diodes

In 1964, J. Tunnel discovered ... no, I lic. The tunnel
diode was actually invented by a Japanese gentleman. The
year I’m not too sure of, so we’ll just say it was in the early
sixties. On a Tuesday.

A tunnel diode is made from an ordinary P-N junction, the
special feature being that the doping on both sides is very
heavy indeed. As with people who are doped up to the
eyeballs, the materials are said to be degenerate, which
means that the majority carrier energy levels on either side of
the junction overlap In this condition a process known as
tunneling can occur: charge carriers can disappear from one
side of the junction and magically reappear on the other side
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without ever having had the energy to make the jump. The
rule is that they must end up the same energy level they
started at, which is only possible when the energy bands
overlap.

The notion of tunneling is one of the bizarre constructs of
quantum theory.

In Figure 5 we have a hill. On one side of the hill are some
marbles. Now suppose you flick one of the marbles up the
hill. As the marble goes up the hill it loses kinetic energy,
coming down the other side it gets it back again, so at the
moment of arriving it

should have exactly the

same energy as at the mo-

O e

Fig.4 The basic structure of an avalanche
| osclllator diode

ment it was flicked. The
same kinetic energy be-
cause the speed lost on the

way up the hill is regained
on the way down; the same potential energy because it rests
at the same level as when it started.

So far classical physics and the quantum variety are in
agreement. Where they differ is that quantum physics says
there’s no need for the flick. If the resting places on either
side of the hill represent states of equal energy, as they do,
there is a certain probability that a marble on one side of the
hill will find itself on the opposite side without ever having
the energy to go over the top. The barrier that charge carriers
pass i{s not a physical one - the hill simply represents an

Fig.5 How do the marbles reach the other side ot the hill?

obstacle which nceds a certain energy, according to classical
physics, to pass. A better analogy might be the magnets in
Figure 6. Roll the magnet slowly and it will be repelled by the
fixed magnets. It needs a certain kind of kinetic energy to
overcome the repulsion, so there is a kind of energy *hill’ that
it has to pass.

The process of passing through an energy hill is known as
tunneling. The one thing you mustn’t ask is how the charge

ENERGY HILL

FIXED MAGNET

Fig.6 The energy hill created by magnets

carriers do it: all that quantum physics has to say on the matter
is that there's a certain probability that they will. If you fecl
skeptical about all this, you’re in good company: it was the
insistence of certain physicists that the deepest structures
underlying our universe are, in a very real sense, statistical
in nature which gave nise to Einstein’s incredulous ‘God does

D1

—ﬂ___.
ot 3

Fig.7a The bare bones ot a tunnel diode oscillator

Fig.7b The practical circuit
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Fig.7c The etfective series resistance from the bias
reslistors, showing the need for C2

not play dice.” What was once a daring heresy is now the
official doctrine!

As simple engineering bods who like nothing better than
to solder a circuit or two, we needn’t concern ourselves too
much with the physics. The static characteristic of a tunnel
diode (Figure 6) tells us all we need to know. The forward
characteristic is similar to that of an ordinary diode, except
for the all important hump at about 0.1V. And the really
exciting portion of the hump is the downward slope between
about 0.1V and 0.2V - here an increase in voltage causes a
decrease in current, so the diode appears to have a negative
resistance.

The basic-idea of a tunnel diode is shown in Figure 7a.
The 0.15V supply biases the diode to the centre of its
negative resistance region. A rise in voltage across the tuned
circuit L1/C1 will give a corresponding reduction in the
voltage across D1 which, because of its negative resistance,
will cause an increase in the current through it. The extra
current supplied to the tuned circuit is therefore in phase with
the voltage across it, which is exactly what it needs to keep
it oscillating.

A more practical version of the oscillator is shown in
Figure 7b. Here R1 and R2 serve to ‘pot down’ the 1.5V
supply to give the diode its bias voltage. C2 is included to
reduce the impedance of the supply at the operating fre-
quency - without it, the equivalent circuit of the bias supply
is as shown in Figure 7c: the diode has a positive resistance
in series with it which cancels out part of its negative
resistance.

And that, I'm afraid, is your lot. If you’re wondering why
I haven’t explained how diodes can be used for switching, or
any of my other omissions, the reason is I didn’t realize just
how much you could do with a diode until I got started. In the
words of the cordon bleu master chef, a diode is as versatile
as ...a banana.
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‘ALL mode’ ~ ALL the time...

Whether operating from home base, mobile or while out walking,
AOR have all mode receivers to suit... AR3000A4 - AR2800 - AR1500E

With the AR3000A your listening horizons are truly extended
providing receive coverage from 100 kHz all the way up to 2036 MHz
without any gaps in the range. The AR3000A offers the widest coverage
on the market today with a high level of performance and versatility
from long wave through shortwave, VHF and onward to the upper limits
of UHF and SHF.

Not only will the AR3000A cover this extremely wide range it will allow
listening on any mode: NFM, WFM, AM, USB, LSB AND CW. The
high level of performance is achieved by using 15 band pass filters
before the GaAsFET RF amplifiers unlike other receivers which may
rely largely on broad band amplifiers. This ensures high sensitivity
through the entire coverage with outstanding dynamic range and freedom
form intermodulation effects.

The receiver features comprehensive search & scan facilities providing
speeds of up to 50 increments per second. An RS232 port is provided
enabling full remote control via most computers. A rear panel switch
changes control between the keypad and RS232 port.

The AR3000A is powered from 13.8V DC, a suitable mains power supply is provided with the receiver. Other accessories include a
telescopic whip, DC lead and comprehensive operating manual. RRP £875.00 including VAT.

Computer control

Two AOR software packages are available - AORSC Spectrum Coordinator and ACEPAC3A. Both software packages
offer extensive memory, search and scan facilities plus much more. Note: Scan & search speeds are slower
under remote control than offered by the receivers in ‘real mode’. P& P on software £2.00

AORSC is a powerful program for the IBM PC (and 100% compatible) computer which allows control of the AR3000A, AR3000 or
AR2500 receivers via the computer’s RS232 serial port. A text display is used to present information regarding operation of the
software. The status of the receiver and software is shown above a list of memory channel contents. The bottom line of the screen
contains a menu giving a list of options representing the main facilities which the software offers.

The keyboard of the computer may be used to select the frequency and mode using dual VFOs, it is possible to switch instantaneously
between the two VFOs with a single key press. A fixed VFO offset may be entered into the system and the VFOs locked together using
the “tracking” facility so that a fixed offset is maintained while tuning across the receiver’s spectrum.

Three thousand mode sensitive memory channels are provided in each memory file, each with dual VFOs and a 50 character comment.
Multiple memory banks may be used so that the total number of stored channels may be several thousand! A selection of memories are
displayed on the computef’s screen so that you may easily review memory contents. Of course AORSC features comprehensive
programmable search & scan facilities, it is possible to upload and download memory channels to and from an AR3000A/3000.
Automatic memory store is also possible.

Activity histograms may be printed (automatically if you wish) and the package has a fully integrated bandplan data-base and logbook.
Other facilities include offset simplex reconstruction, detailed single frequency watch, reject frequency list and even a simple spectrum
analyser style graphics display... a detailed 8 page sales booklet is available upon request. AORSC is supplied on both 3.5 & 5.25
inch media. Although it is possible to run the software on a twin 720k floppy machine, installation is recommended on a hard drive.

RRP £75.00 including VAT.

ACEPAC3A is available to those with a larger budget. The package is designed to compliment the AR3000A & AR3000 receivers.
Facilities are similar to AORSC but the spectrum stye display offers greater facilities. Multiple banks of 400 simplex memory channels
are available with character comment. Download of memory channels to the receiver is possible. RRP £129.90 including VAT.

Enhanced model - AR1500E - the World’s first true compact hand-held wide range receiver offering SSB as standard has been made
even better. Coverage is from 500 kHz all the way to 1300 MHz without any gaps in the range. Channel steps are programmable in
multiples of 5 kHz and 12.5 kHz up to 995 kHz, the BFO will aliow tuning between these steps for SSB operation. All popular modes
are provided NFM, WFM, AM and SSB (USB, LSB and CW) with the BFO switched on.

The receiver is supplied with a comprehensive selection of accessories: DA900 wide band flexible aerial, NiCad pack, Dry battery case
(for use with 4 x AAA alkaline cells), Charger, DC lead fitted with cigar lighter plug, Earphone, Soft case, SW aerial wire terminated
in a BNC connector for shortwave reception and Operating manual.

Versatility is excellent. The AR1S00E may be powered from it’s internal NiCad pack, spare dry batteries may be carried for extended
operation and used with the dry battery case, the set may also be plugged directly into the cigar lighter socket of a motor vehicle
(external input range 11 - 18V DC). RRP £299.00 including VAT.

If you are unable to obtain supplies of AOR A@l{ AOR (UK) Ltd
products from your local dealer, you may order B 1
Room 2, Adam Bede High Tech Centre,

directly - we have a fast mail order service. We '
5 A M Derby Road, Wirksworth, Derbys. DE4 4BG.

usually have ‘nearly new’ stock available at |
attractive prices too! Please send a large S.A.E. Tel: 0629 - 22?«2:, . Al(‘; - ?6295;0225927
subs of td Japan

(34p) for full details.




Chelmer Valve Company

for

Audio Valves

Audio valves with famous Brand Names of yesteryear such as MULLARD, MOV, GEC, RCA etc., are in very limited
supply and their scarcity also makes them very expensive.

We at Chelmer Valve Company however provide high quality alternatives to these old makes. We have over 30 years
experience in the supply of electronic valves of all types and during this time have established close ties with factories
and sources worldwide.

qu high fidelity use we further process valves from these sources using our specially developed facilities. After rigorous
testing — including noise, hum, microphony, post burn-in selection and matching as needed — we offer this product as

CVCPREMI]UM valves.

A selection of the more popular types is listed here.

Price list & Order Form for CVC PREMIUM Audio Valves

UNIT PRICE

QTY.

TOTAL PRICE

UNIT PRICE | QTY.

TOTAL PRICE

PRE-AMP VAL VES
1 ECC81/12AT7

5.00

CARRIEDFORWARD. .

ECC82/12AU7

4.00

5.00

RECTIFIERS

G733

GZ34/5AR4

4.00

5.00

5U4G

4.00

5Y3GT

524GT

1SOCKETS

B9A (PCB)

B9A (CHASSIS)

OCTAL (CHASSIS)

4 PIN (UX4)

POWER VALVES

POST & PACKING

2A3 (4 PIN)

2A3 (OCTAL)

211

300B

811A

TOTALEXC. VAT
VAT @ 17%%
| TOTALTOPAY

845

MATCHING CHARGES®. . . .

EL34/6CA7

EL84/6BQ5

EB4L/7189A

KT66

I MATCHING, if required; state valve types & if PAIRS,
QUADS or OCTETS - Allow £1.00 per valve for this service.

KT88

KT88 (GOLD Q)

6L6GC

6L6WGC/5881

Make CHEQUES payable to

or pay by

CHELMER VALVE COMPANY
ACCESS/MASTERCARD/VISA, give details:-

6V6GT

BRRESRSENEnEnREE

6146B

Signature ......occcoocueue.

6336A

6550A

1581A

TOTAL CARRIED FORWARD.

P — Expiry

Valve amplifiers sound better still with CVC PREMIUM valves!

130 New London Road. Chelmsford. Essex CM2 ORG, England. Telelphone: (0245) 355296/265865 Fax: (0245) 490064
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Low cost data acquisition for IBM PCs & compatibles...

All our products are easy to install - they connect directly to either the

printer or serial port and require no power supply. They are supplied with

easy to use software which collects data for either display or print-out.

@ 8- bit resolution

@ one channel

® 10-25k samples per second

@ Oscilloscope/Voltmeter software
® 0-5 Vinput range

@ Connects to printer port

£49)

® 10 - bit resolution

® 11 channel

@ 5-10k samples per second
@ Data logger software

® 0-2.5 V input range

@ Connects to printer port

® 8, 12, 16-bit resolution + sign

® 38 s/e or 4 differential inputs

@ 2 16 or 300 8-bit samples per second
® + 25 Vinputrange

@ Data logger software

® Connects to serial port

£99|

All prices exclusive of V.A.T.

PICO TECHNOLOGY LTD

Broadway House, 149 - 151 St Neots Road, Hardwick, Cambridge, CB3 7QJ

Tel: 0954 - 211716  Fax: 0954 - 211880

PICO TECHNOLOG

-
Wt
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PROJECT

pemceerans

Paul Stenning
continues with his
excellent design of
EPROM programmer.

he construction of this PCB is rather fiddly and
great care should be taken. All the components
except the power input socket (SK2) and the RS232
socket (SK3) are mounted on the PCB. This is a
double sided board, about 210<88mm in size, which is
available from the ETI PCB service. Note that the holes in
the PCB are not plated through. The PCB overlay is shown
in Figure 6. Due to the complexity of the PCB, the construc-
tion should be carried out in the following order.

Firstly enlarge 1C20 and 1C21 mounting tab holes, L1
mounting hole and the comer fixing holes to 3mm. Also
enlarge the holes for presets RV1-4 to 1.2mm, and the holes
for IC20, IC21, D11 and the Veropins to 1.0mm

Next fit the through-board connections in the positions
marked with a single small circle on the overlay, there are
122 in total. Tinned copper wire should be used here,
suitable pins may be available but check they will fit the
holes in the PCB (0.8mm) before ordering. Now fit the
transistors, resistor network and non-polarised capacitors.
The resistor network must be fitted the correct way round as
shown on the overlay. Note that many of the component leads
will also need to be soldered on the top of the PCB - wherever
there is a pad it should be soldered to. This also applies to the
resistors, diodes and presets which can now be fitted. Note
that the presets can be fitted on the back of the PCB if
required, this may ease adjustment once the PCB is mounted
in the case.

Next fit all the DIL IC’s except IC3 and IC19. Note that
since many connections need to be soldered on the top of the
PCB it is not possible to use conventional IC sockets,
although some of the more expensive turned pin types may be

suitable. IC sockets should now be fitted in positions IC3,
IC19 and SK1.

It is now possible to fit the remaining components in any
convenient order. Temporarily solder the LEDs at the full
length of their leads, and adjust them later when the PCB is
being fitted in the case. L1 should be mounted with an M3
nut, bolt and shake-proof washer (do not over-tighten) or a
dab of glue. 1C20 and IC21 should be mounted with M3 nuts
and bolts, IC21 would benefit from a small heatsink or
bracket of some sort. Veropins should be fitted for the off-
board connections. Fit a wire link in LK1 position, between
the lower two homes for 9600 baud, or as shown on the
overlay for other rates.

Testing

The PCB should be tested before fitting into the case. Do
not fit IC3 or IC19 yet. Connect the unit to a power supply
via a test meter set to S00mA DC or greater. Switch on and
watch the meter, if the reading exceeds 200mA switch off
immediately and find out why! Make a note of this current.
If all is well remove the meter and connect the power directly.
Now set the meter to 10V DC or thereabouts and check V_
on the power pins of one of the TTL IC’s, this should be
between 4.75V and 5.25V. Also check for about +9V on pin
2 of IC1 and about -9V on pin 6 of IC1.

If you have a *scope, look at the DC input and check that
the troughs of any ripple do not go below 10V. If there is
significant ripple from the power supply (greater than about
1V pk-pk), try connecting a 1000W/25V capacitor directly
across the DC input.

You could now fit the remaining ICs, adjust the voltages,
and try the unit in use - and probably get away with it!
However | would strongly urge that the following step-by-
step checks are carried out to ensure the unit is fully
functional. A 'scope or logic probe would be most useful,
although most of the checks can be done with just a test
meter.
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If you have an IBM PC or compatible, start BASICA or
G.W.BASIC (or QBASIC if you have MS-DOS 5), and enter
the test program given in Listing 1 (if you have obtained the
disk from the author simply run TEST1.EXE, which is the
compiled version). If you have a different computer you may
have to modify or re-write the program as necessary, the
notes in the ‘How it Works - Software’ section may be of
some help. It may be worth trying to get access to a PC, to
avoid having too many unknowns!

REM *** EPROM Programmer BASICA Test Program 1 Version 1.00
REM " Copynght (C) Paul Stening and ET), 1992
REM

SCREEN0:CLS
PRINT "EPROM Programmer BASICA Test Program 1 - {C) Paul Stenning & ETI, 1992
PRINT

OPEN "COM1:9600,N.8,1,CS200,C00,DS0" FOR RANDOM AS #1 LEN = 1
INPUT ; AS

IF AS = THEN PRINT “QUIT" : CLOSE #1: END

100 IF LEN(AS) © 2 THEN PRINT TAB(10); INPUT ERROR": GOTO 80

110 PRINT #1, CHRS{VAL["&I" + AS));

120 TIMEOUT = TIMER +.0.1

130 IF EOF{1) AND TIMER < TIMEQUT THEN GOTO 130

140 IF TIMER >= TIMEQUT THEN PRINT TAB(10); " : GOTO 80

150 AS =HEXS{ASC{INPUTS(1, 1))

160 IF LEN(AS) < 2 THEN AS = 0" + AS

170 PRINT TAB(10); AS

180 GOTO80

8BIBBZE2EI3
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Insert IC3 (the 6402), connect the programmer to the
computers RS232 scrial port (see Figure 5), switch it on and
then run the software. The software does nothing more
exciting than wait for you to enter a 2 digit hex number

should all be logic 1. Note that logic 1 is anything over 3.5V
and logic @ is anything under 0.5V. Now type ‘00’ and the
logic levels should all be 0. To be certain, type ‘55 and the
levels should be 01010101, then type ‘AA’ and the levels
should be 10101010. If you have a 'scope or logic probe check
for a short positive going pulse on pin 19 whenever a number
is sent.

REM “** EPROM Programmer BASICA Test Program 2 Version 1.00
REM *** Copyright (C) Paut Stenming and ET1, 1992.

REM

SCREENO:CLS

PRINT “EPROM Programmer BASICA Test Program 2 - (C) Paul Stenning & ETI, 1992"
PRINT

OPEN "COM1:9600.N.8.1,CS200,C00,050" FOR RANDOM AS #1 LEN= 1
PRINT #1, CHRS(VAL("8h207);

PRINT #1,CHRS(VAL("&h317);

100 PRINT #1,CHRS(VAL(*8h40");

110 FOR COUNT = 0T0 65535

120 LOCATE CSALIN, 1: PRINT COUNT;

130 iF COUNT = 0 THEN GOSUB 210

140 IF COUNT = 21845 THEN GOSUB 210

150 IF COUNT = 43690 THEN GOSUB 210

160 IF COUNT = 65535 THEN GOSUB 210

170 PRINT #1, CHRS(VAL{"&h50");

180 IF INKEYS = CHR${27) THEN PRINT TAB(8); *ABORTED": GOTO 200

190 NEXT

200 CLOSE #1:END

210 PRINT TAB(8); ‘Press Any Key to Continue..”

220 IF INKEYS == THEN GOTO 220

20 RETURN

833IBE28R3

LISTING 2

The most likely cause of problems here is the RS§232
wiring. Are you using the right port (COMI) on your PC?
You can edit line 70 of the program if you are using a port
otherthan COM1. Have you set LK 1 to 9600 (or lower if your
type of computer won’t work at 9600)? Try swapping wires
2 and 3 in the RS232 lead. If the program appears to lock try
disconnecting the CTS wire (Ctrl-Break will stop the soft-
ware in this case). Check the link settings on your serial

communications port - if you have the ‘Everex EV170 Magic
I/0 Card’ (used in many early XT and 286 AT machines) and
PCB can’t get it to work, write to the author!

Type ‘OF" and check pins 9, 10, 15 and 16 of IC6, they
should all be atlogic 1. Now type ‘00’ and they should all be
atlogic 0. Typing ‘05’ should give 0101 and ‘0A’ should give
1010. Now repeat the above, replacing the first character
with a ‘1’ and checking the levels on IC7, then ‘2’ and ICS,
and finally ‘3’ and 1C9.

Now type ‘00°, 10°, ‘30’ then ‘70’. After you typed the
‘70° the screen should show ‘00°, the others should have
given ‘**°. The ‘Program’ (red) LED should also be on. This
set ‘00’ on the data bus, sclected write mode to enable U10,
then read the data back down the RS232 link. The most likely
cause of problems here is the RS232 link again.

Now type ‘31” then ‘70°. The screen should show ‘FF’
and the ‘Read’ (yellow) LED should be on. IC10 is now
disabled so it’s outputs are tristate and pulled up by RN1.

Typing ‘30” then ‘70 should return ‘00’ again. Typing
‘OF”, “1F” then *70” should return ‘FF’, typing ‘05, ‘15" then
70’ should give *55°, and typing ‘0A’, ‘1A’ then ‘70" should

™Mp ————
RXD =

RS232
CcTs

-VE

38 6648

DC POWER %
L +VE

TXD RXD CTS GND

p._1 | , TN
obboBodoooooo
0O00O000D0000O0O0

9 WAY D SOCKET

25 WAY D SOCKET

| Fig.5 Socketconnections

give ‘AA’. Also check that the appropriate data is actually
(followed by <Enter>) and then sends it to the programmer.  reaching the EPROM socket pins as shown below:
It then attempts to read back a number, if it’s successful it -
prints the number otherwise it prints **. To exit just press Data Line D? D6 DS D4 D3 D2 D1 DO
<Enter> on it’s own. Socket Pin 19 18 17 16 15 13 12 11
Type ‘FF’ (don't type the quotes, and follow it with

<Enter>). Check the logic levels on pins S to 12 of IC3, they Type P —"
‘00°, ‘10 0 0 0 0 0 0 O O
"y p ‘05°, ‘15’ 6 1 0 1 0 1 0 1
73 : WALIA' 1 0 1 0 I 0 I O
‘OF’, ‘1F° 1 b=niny 1l V. Wl




HOW IT WORKS
SOFTWARE

In the following section a reasonable understanding of program-
ming in BASIC is assumed. The software was written for Microsoft
BASICA, as supplied with Compaq DOS 3.31. It has also been
tested with QBASIC supplied with MS-DOS 5 and with Microsoft
QuickBASIC V4.5. Users of other BASIC dialects may have to
modify the code 1o suit

The first test program is shown in Listing 1. Line 70 opens COM1
(the first serial port) at <9600> Baud, <N>o parity checking, <8> data
bits, and <1> stop bit. The timeout on CTS (clear to send) is set to
200 milliseconds, CD (carrier detect) and DSR (data set ready) are
disabled. Another serial port could be used in place of COM1 it
required, by editing this line.

Line 80 accepts an input from the keyboard, the semicoion
causes the cursor to remain on the same line after <Enter> is
pressed. Line 90 terminates the program if no value is entered. Line
110 converts the entered,data from a two character string to a single
byte and sends it down the serial port. Note that in BASICA Hex
numbers are indicated by preceding them with “&h”, hence the value
of "&hFF" is 255,

Lines 120 to 170 responsible for waiting up to 0.1 seconds for
data to be sent back up the serial port and displaying it. TIMER is
a BASICA variable which contains the number of seconds since
midnight to 2 decimal places (updated 18.2 times per second), this
is used In lines 120 and 130 to control the timeout. EOF(1) will have
avalue of 0 if data Is present, otherwise it will be 1. Line 140 prints
k%" f a timeout has occurred, otherwise lines 150 to 170 read the
value, convert it from a single byte to a two character string (using
the HEX$ function) and print it Line 180 loops back round for another
gol

The second test program, shown in Listing 2, is used to test the
address counter system. This clears the counters and then repeat-
edly increments them, by sending the appropriate codes. The
operation should be evident, given the information above.

The main control program is shown in Listing 3. This software
is about the minimum required to make sensible use of the program-
mer. It is written in @ manner which should make the functioning
relatively easy to understand, and is not intended to be an example
of good programming!

The subroutines at lines 7000 to 7060, and 8000 to 8020 fetch
a byte from the serial port and send a byte to the senal port
respectively. Their operation is as described in the Listing 1 details
above. These subroutines are called frequently by the remainder of
the program.

Line 100 opens the senal communications as before. Lines 120
to 300 attempt to establish communications with the programmer
and test whether or not the CTS connection is present and working.
Line 120 sets the program pulse duration to 40 milliseconds, initiates
a program pulse immediately followed by a send instruction. If CTS
is present the send instruction will not be sent until the program puise
has finished so data will be received, otherwise no data will be sent
(see “How it Works -Hardware"). The integer variable PAUSE% is
set to 1 if there is no CTS line, causing the software to add suitable
delays itself - note that this will siow the operation of the software
quite drastically.

Lines 150 to 280 send values to the data latches and then
attempt to read them back - this is to establish that communication
is reliable.

Lines 310 to 780 request information from the user regarding the
EPROM type and programming requirements, whilst lines 790 to 820
set up the programmer accordingly.

Lines 1000 to 1230 form the main menu. Note that CHR$(27)
gives the value of the Escape key.

The Read, Program and Verify sections use ASCII-HEX data
files in the programmers own format (conversion programs to and
from intel-HEX are given later). The format is easy to produce and
edit manually.

The first line is the name of the EPROM type - 2716", 2732" efc.
The remaining lines each start with the address in Hex {4 digits),
followed by four spaces, followed by 16 byles in Hex (2 digits) each
separated by one space. The addresses must be sequential,
starting at 0000. A small section is shown below:

L)Arodd

2716

0000 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF

0010  FO 23 DE F4 5A 22 3D 7E EA A2 CO CO 38 24 AA 00

O07E0 00 23 48 DE 4A D7 E1 4C 9A 88 BB DE 09 FF FF FF
FF FF FF FF FF FF FF FF FF

07F0  FF FF FF FF FF FF FF

It should also be noted thaf this format is not particularly efficient
with disk space - the file for a 27512 will take up about 250K. A file
compression utility, such as PKZIP or LHARC, will dramaticaily
reduce the size for storage if disk space is a problem.

With the information that has gone before, the operation of the
remaining sections of the software should be faidy apparent.

The section from 2000 to 2300 reads the contents of the EPROM
toa file. Lines 2100 and 2110 give a quarter second delay to aliow
the power supply rails to come up.

The section from 3000 to 3390 programs the EPROM from the
contents of a file. Lines 3270 to 3290 add a delay {100 milliseconds)
to alow for the programming pulse if the CTS line is not present, this
will occur whether the programming pulse is 1 or 40 milliseconds.
This delay may be optimised but it would be better to get CTS working
in the first place.

The section from 4000 to 4330 verifies (or compares) the
contents of the EPROM with a file, whilst the section from 5000 to
5240 checks the device is blank (all locations contain “FF”). The
section from 6000 to 6220 allow the programming voftages to be
checked.

Other programs are dvailable to convert the EPROM program-
mer data files to and from standard Intel-HEX data files respectively.
This Is not the place for an explanation of the Intel-HEX file format,
s0 please just accept that the programs work! Details of inte-HEX
and other standard file formats are on the disk available from the
author, fogether with various conversion programs efc.

repeatedly increments the count, pausing at selected points
to enable the checks to be made, as shown below:

Now we come to the address bus. Type in the program
given in Listing 2 (save the other program first as it will be
needed again). -

ot Program i sqdr Line AlS5 Al4A13 AI2A11 AI0 A9 A8 A7 A6 AS A4 A3 A2 Al A0
configuresthe program- | q o pin ] 27 26 2 23 21 24 25 3 4 S 6 7 8 9 10
merfor27512EPROM’s ST
so. all 16 address lines Count Expected Logic Level
are bought to the 0 o ¢ 0 0 0 0 o 0 0 O O 0 O O 0 O
EPROM socket and | 21845 0 1 0 I O] "% 1 0. 1" 0«-1"0, 1 0 =i
should be checked there. 43690 1 @ 5l 0 1 0 1 a 1 o0 I o 1 O 1 O
The program clears the 65535 Tewlplies R0 0l Fsl e G T T ey 1 L
address counter and then U
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OO0 00

£00Q000
3]

"B A A A-A-A"]

2000000

Fig.6 Component Overlay

The logic levels should be checked on the pins of the
EPROM socket when the program pauses, if a level is
incorrect check on the appropriate pin on IC11 or IC12, then
trace the fault as necessary. Note that the program may run
quite slowly. A complied version (TEST2.EXE) which runs
considerably faster is on the disk available from the author.

Now re-load the first test program. Connect a *scope or
logic probe to IC15 pin 11. Type *30°. Now when you type
‘60’ you should observe a 40 millisecond positive going
pulse. Move the probe to pin 8 of IC15 and the pulse should
be negative going. Now type ‘32’ and repeat the above
checks, the pulse should now be | millisecond. With a logic
probe you will probably only be able to detect the presence
of the pulse and will have to assume it is the correct length,
with a test meter you probably won’t be able to see anything!

Now switch off and insert IC19. Connect a test meter set
to about SO0mA DC in line with the power input and switch
back on, If the current is more than 100mA greater than it was
before switch off and find out why! The most likely cause is
a‘short circuit on VPP somewhere. If all is well remove the
meter and connect the power directly. Set all four presets to
the centre position.

Set a test meter to the 10V DC range and connect between
pins 28 (+ve) and 14 (-ve) of the EPROM socket. Type ‘23’
then ‘38, the meter should read 5V +/-0.25V. Now type ‘30"
and the reading should rise, adjust RV'1 for a reading of 6.1V
+/-0.1V. Type ‘80’ and the voltage should drop to zero. Set
the meter to the 30V DC range and transfer the +ve meter
probe to pin 1 of the EPROM socket. Type ‘34’ and then
adjust RV2 for a reading of 12.6V +/-0.1V. Type ‘30’ and
adjust RV3 for 21V +/-0.25V. Type ‘2F’ and adjust RV4 for
25V +/-0.25V. Type ‘31’ and the voltage should drop to zero.

The only thing left to check now is the various configura-
tions for the different types of EPROM’s. As described in
‘How it Works’, the functions of six of the EPROM socket
pins vary depending upon the type of EPROM. The address
lines have already been checked at the EPROM socket, as has
the programming voltage to pin 1. The checking of the
remaining combinations is detailed below.

Type ‘40’ to clear the address counters. Connect a ’scope
or logic probe to pin 20 of the EPROM socket. Type ‘30’ then
‘2F’. A 40 millisecond positive going pulse should be
observed when ‘60" is typed. Type ‘20°, and the pulse when
typing ‘60’ should now be negative going. Now type ‘23" and
the line should remain at logic 0 when ‘60’ is typed. Move
the probe to pin 22. Type ‘2F’ then ‘31" and the line should
be atlogic 0. Type *30’ and it should go to logic 1. Now type
‘20’ and it should rise to 21V. Move the probe to pin 23
which should be at logic 0. Type ‘2F’ and the line'should rise
to 25V. Move the probe to pin 26, which should be at 6V.
Type ‘20’ and it should go to logic 0. Finally move the probe
to pin 27 and type ‘23’. A 40 millisecond negative going
pulse should be seen when you type ‘60°.

If you have reached the end of all this successfully you can
be confident that your EPROM programmer is 100% func-
tional!

The Case.

The prototype was mounted in a plastic case (type MB6)
having external dimensions 02201 50e<64mm. The remov-
able panel is considered to be the bottom, and may be fitted
with self-adhesive feet if required. The top surface needs
cut-outs for the EPROM ZIF (Zero Insértion Force) socket
and the LEDs, as well as four fixing holes for the PCB. You
may also wish to make four small holes to enable adjustment
of the presets.

The rectangular cut-out for the ZIF socket may be made
by drilling a line of shall holes around the edge then breaking
out the centre part and filing to shape. Take care not to file
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the hole too large or the result will look untidy! The socket
is raised above the PCB by stacking up a number of 28 pin
DIL IC sockets, threc were used on the prototype. Ifthe result
feels insecure, the sockets may be held together with a
suitable adhesive.

Position the PCB and mark the positions of the four fixing
holes and then measure the positions of the three LED holes.
The first LED is 4mm down and 6mm to the left of the top
right fixing hole (view from outside the box), the other two
are spaced below at 9mm intervals. The fixing holes are
3mm in diameter whilst the LED holes are Smm. Also drill
suitable holes in the rear of the case for the DC input socket
and the RS232 cable or connector. On the prototype a 3.5mm
jack socket was used for power (since this matched the plug
on the PSU), and the RS232 cable passed through a hole
fitted with a grommet. Choose connectors that are not likely
to come unplugged accidentally! The case may now be
marked with rub-down transfers or similar if required.

Solder suitable lengths of wire to the PCB for the off-
board connections and insert the LEDs through the holes in
the PCB (do not solder yet). Mount the PCB in the case using
M3 screws, nuts and spacers, then position the LEDs so that
they slightly protrude through the holes and solder them into
place. Complete the interwiring (sec Fig 5) and assemble the
case. If an additional smoothing capacitor was found neces-
sary whilst testing, this may be mounted across the pins of the
DC input socket, or on the rear of the PCB in parallel with
C21.

In Use.

The control software is shown in Listing 3 and is suitable
for an IBM PC or compatible machine running BASICA,
G.W.BASIC or QBASIC. This software.is about the mini-
mum required to make sensible use of the programmer. The
functioning of the software is described in the “How it Works
- Software” section.

If BASICA or G.W.BASIC is being used, the program
will run fairly slowly. This is a limitation of interpreted
BASIC. QBASIC supplied with MS-DOS § is a much more
advanced product and a good deal better in this respect.

Additional (faster) software is supplied on the disk
available from the author, see Buylines.

An EPROM must not be inserted or removed if the
‘Program’ or ‘Read’ LED is lit, or if the programmer is
configured for a different type of device. 24 pin EPROMs
must be fitted in the lower pins (3-26) of the socket. In all
cases pin | is upwards. Failure to observe the above may
result.in damage to the EPROM or (less likely) the program-
mer.

The programmer should be switched on and connected to
COM1 (RS232 serial port 1) on the computer. Start the
software and the ‘Program’ LED will light. Once successful
communication has been established the program will re-
quest information about the type of EPROM and the pro-
gramming method required. See the table below or consult
the manufacturers data book.

Some 2764 and 27128 types require a complex arrange-
ment of programming pulses however a single 1 ms pulse will
usually suffice. Ifin doubt or if problems are experienced use
40ms. Although some 2716 and 2732 devices will program
successfully with a 1ms programming pulse, this is not
recommended for final EPROMs, but may prove useful when
testing software etc.

The use of the ‘A’ suffix on 12.5V 2764 and 27128 types
appears to be less than standard, it is suggested that all 2764s
and 27128s.should be tried on 12.5V first, since 21V wijll
destroy a 12.5V device.

Once these selections have been made the ‘Program’
LED will extinguish and the main menu will appear.

‘Read’ (menu option 1) reads the contents of an EPROM
to a file. Note that the file format used is non-standard,
however programs to convert to and from the Intel-HEX
standard are available from the author (sce buylines). The
advantage of the file format is that it is easy to generate and
edit manually.

‘Program’ (option 2) programs the EPROM from a file.
The EPROM is not blank checked before programming or
verified afterwards, these operations should be done from the
main menu

individually | gppom Programming | Supply | Programming

if fequ"'c'd- Type Number Voltage Voltage | Pulse Length
‘Verify” | f

(option  3) | 2916 & 27C16 25V 5V 40ms |

compares the | 5735 & 27C32 21V sV 40ms

contents of 2764 21V sV Ims

the EPROM | 53064 & 2764A 12.5V 5V Ims

with a file, | 5q15¢ 21v 5V lms

and k?'a"k 27C128 & 27128A|  12.5V 5V I

Check’ (op- | 7756 & 27C256 12.5V 6V Ims

tion4)doesas | y95)5 & 27C512 12.5V 6V Ims

it’sname sug-

gests! Both
these options Yeport the number of locations that failed.
‘Change Configuration’ (option 5) re-starts the software
so the EPROM type and programming method can be changed.
‘Adjust Voltages® (option 6) allows the programming
voltages to be checked and adjusted if required.
Happy programming!

REM *** EPROM Programmer BASICA Control Software Version 1.00

REM *** Copynight (C) Paui Stenning and ET1, 1992.

REM

SCREEN(:CLS

PRINT EPROM Programmer BASICA Control Software - (C) Paut Stenning & ET), 1982
PRINT : PRINT “Ensure EPROM Socket is Empty, then press any key...”

K$ = INKEYS : IF K3 = ® THEN GOTO 70

IF XS = CHR$(27) THEN PRINT - PRINT *Qut” . GOTO 10000

PRINT “Estabiishing Communication ;

100 OPEN ‘COM1:9600,N,8,1,C5200,CD0,DS0" FOR RANDOM AS #1LEN =1

110 PRINT®.*

120 5§="30": GOSUB 8000 : 5§ = 60" : GOSUB 8000 ; 5§ = 70" : GOSUB 8000 : GOSUB 7000
130 IF F$ = " .THEN PAUSE™ = 1 ELSE PAUSE% =0

140 PRINT*.

150 S§ = "05": GOSUB B0OO : S$ = 15" : GOSUB 8000 : 8§ = *60° : GOSUB 8000
160 IF PAUSE® = 0 THEN GOTO 190

170 TIME = TIMER + 0.1

180 IF TIMER < TIME GOTO 180

190 S$="70": GOSUB 8000

200 GOSUB 7000

210 IF F$ o 55 THEN GOTO 9000

220 PRINT®.*

230 S$=“0A™: GOSUB 8000 : 5§ = *1A” : GOSUB 8000 : 5§ = 60" ; GOSUB 8000
240 IF PAUSE® =0 THEN GOTO 270

250 TIME = TIMER 4 0.1

260 IF TIMER < TIME GOTO 260

270 8§ =*70"+ GOSUB 8000 : GOSUB 7000

280 1F F$ o *AA" THEN GOTO 9000

230 PRINT®.

300 IF PAUSE® =0 THEN PRINT “Ok.* ELSE PRINT *No CTS Line -Software Delay Used."
310 PRINT

320 PRINT® 1.2716"

8BILELRS
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1

PROJECT

30 PRINT* 2-2737

340 PRINT* 3-2764"

350 PRINT* 4-27128"

360 PRINT® 5-2725%"

37 PRINT® 6- 27512

330 PRINT “Select EPROM Type:*;

390 KS$=INKEYS

400 IF KS = CHR$(27) THEN PRINT “Quit’ : GOTO 10000

410 IFK$="1° THEN TYPENAMES = *2716": TYPECODES = "2F" : MAXADDR = 2047 : GOTO 480
420 IF K$ =2 THEN TYPENAMES = 2732" : TYPECODES = *25" - MAXADDR = 4095 : GOTO 480
430 IFK$ =" THEN TYPENAMES = “2764" : TYPECODES = *23": MAXADDR = 8191 : GOTO 480
440 IFK$="4"THEN TYPENAMES = "27128": TYPECODES = 23" : MAXADDR = 16383 : GOTO 480
450 IFK$=15"THEN TYPENAMES = *27256" TYPECODES = *21": MAXADDR = 32767 : GOT0 480
460 IFKS= 6" THEN TYPENAMES = *27512": TYPECODES = “20": MAXADDR = 66535 GOTO 480
470 GOTO 380

480 PRINTTYPENAMES

490 PRINT

500 PRINT® 1-125Voits'

510 PRINT® 2-21/25 Volts'

520 PRINT “Select EPROM Programming Votage:

530 K$=INKEYS

540 IF K§ = CHR$(27) THEN PRINT “Quit" : GOTO 10000

550 [F K$ = *1* THEN PROGVOLTNAMES = “12.5 Vots" : STATUS% = 4 : GOTO 580

560 IF K$ = "2 THEN PROGVOLTNAMES = *21/25 Volts™ : STATUS% = 0: GOTO 580

57 GOTO5%

580 PRINTPROGVOLTNAMES

590 PAINT

800 PRINT* 1-5 Volts'

610 PRINT" 2-6 Volts®

620 PRINT “Select EPROM Supply Voltage:

630 K§ = INKEYS

640 IF KS = CHRS(27) THEN PRINT “Quit”: GOTO 10000

650 IF K§ = *1” THEN SUPPVOLTNAMES = °5 Volts™ : STATUS% = STATUS®% + 8: GOTO 680
660 IF KS = 2 THEN SUPPVOL TNAMES = 6 Volts™ : STATUS®% = STATUS% 4 0: GOT0 680
670 GOTO 630

680 PRINTSUPPVOLTNAMES

690 PRINT

700 PRINT*® 1- 1 MillSecond”

710 PRINT® 2 - 40 MilkSeconds’

720 PRINT “Select EPROM Program Putse Duration:

730 K$=INKEYS

740 1F K$ = CHRS(27) THEN PRINT “Qutt” : GOTO 10000

750 IF K$ =*1" THEN PROGPULSENAMES = *1 MiliSecond” : STATUS% = STATUS% +2: GOTO
780

780 IFKS =2 THENPROGPUL SENAMES = 40 MiliSeconds”: STATUS% = STATUS* +0: GOTO
.|

770 GOTO 730

780 PRINTPROGPULSENAMES;

790 S$$=TYPECODES : GOSUB 8000

800 S§="3" + HEX$(STATUS% + 1): GOSUB 8000

810 5§ =00": GOSUB 8000 : S = *10”: GOSUB 8000

820 S8 = "40": GOSUB 8000 : S$ = *80" : GOSUB 8000

1000 REM *** Main Ménu

1010 CLS

1020 PRINT "EPROM Programmes BASICA Control Software - (C) Paul Stenning & ETI, 1992°
1030 PRINT “Type ; TYPENAMES. * Program *, PROGVOL TNAMES,
1040 PRINT* Supply *, SUPPVOLTNAMES; ® Puise *, PROGPULSENAMES
1050 PRINT : PRINT "MAIN MENU

1060 PRINT ®~mcmmmes?

1070 PRINT* 1-Read’

1080 PRINT* 2 - Program”

1000 PRINT® 3-Vertty”

1100 PRINT® 4 -Blank Check”

1110 PRINT * § - Change Configuraton”

1120 PRINT * 6 - Adjust Voltages™

1130 PRINT *ESC - Quit"

1140 PRINT : PRINT “Select Opbon Required: *,

1150 K$ = INKEYS

1160 IF K$ = *1° THEN PRINT “Read” : GOTO 2000

1170 IF K§ = *Z" THEN PRINT “Program” : GOTO 3000

1180 IF K$§ = "3 THEN PRINT *Venty” - GOTO 4000

1190 IF K$ = "4” THEN PRINT “Blank Check” -GOTO 5000

1200 IF K$ =*S" THEN RUN

1210 IF K$ = *6" THEN PRINT "Adjust Voitages™ : GOTO 6000

1220 IF K$ = CHR${27) THEN PRINT ~Qut” : GOTO 10000

1230 GOTO 1150

2000 REM *** Read EPROM fo File

2010 PRINT : PRINT “insert EPROM to Read, then press any key (ESC to Abort)”
2020 K§ = INKEYS : IF KS = = THEN GOTO 2020

2030 IF XS = CHR${27) THEN GOTO 1000

2040 PAINT

2050 INPUT “Output File Name *, FILES

2080 OPENFILES FOR OUTPUT AS #2

2070 PRINT

2080 PRINT 82, TYPENAMES

2000 S§ = *40" : GOSUB 8000

2100 TIME = TIMER +0.25

2110 IF TIMER < TIME THEN GOTO 2110

2120 FORADOR =0 TO (MAXADDR - 15) STEP 16

2130 IF INKEYS = CHRS(27) THEN BEEP : PRINT ; PRINT *ABORTEDI" - GOTO 2260
2140 ADDRS =HEXS(ADOR)

2150 IF LENIADDRS) < 4 THEN ADDRS = 0" 4 ADDRS : GOTO 2150
2160 PRINT £2, ADDRS: TAB(9);

2170 FOR COUNT% =0TO 15

2180 S8 = 70" : GOSUB 8000 : GOSUB 7000

2190 PRINT 12, F$:

200 58 = “50" : GOSUB 8000

2210 LOCATECSRUN, 1

2220 PRINT ‘Reading Location”; ADDR + COUNT®:; ‘of"; MAXADDR;

2260 S§ =*40": GOSUB 8000 : S§ = 80" : GOSUB 8000
2270 CLOSE#2

2280 PRINT : PRINT *Press any key to continue..",
2290 IF INKEY$ = = THEN GOTO 2290

2300 GOTO 1000

3000 REM *** Program EPROM from File

3010 PRINT

3020 PRINT “Insert EPROM to Program, then press any key (ESC to Abort)”
3030 K$ = INKEYS : IF K$ = THEN GOTO 3030

3040 IF K$ = CHR$(27) THEN GOTO 1000

3050 PRINT

3060 INPUT “Input File Name *;FILES

070 OPEN FILES FORINPUT AS #2

3080 LINE INPUT #2, DATS

3090 IF DATS © TYPENAMES THEN : BEEP : PRINT *FILE DOES NOT MATCH EPROM TYPE” :
GOTO 3340

3100 S8 =¥ » HEX${STATUS%): GOSUB 8000

3110 S8 = "40° : GOSUB 8000

3120 TIME = TIMER + 0.25

3130 IF TIMER < TIME THEN GOTO 3130

3140 PAINT

3150 FORADDR =0 TO (MAXADDR - 15) STEP 16

3160 IF INKEYS = CHRS${27) THEN BEEP : PRINT : PRINT “ABORTED!" : GOTO 3340
3170 LINE INPUT #2, DATS

3180 DAT = VAL(*8h" + LEFTS(DATS, 4))

3190 IF DAT <0 THEN DAT = DAT + 65536 L

3200 IF DAT < ADDR THEN BEEP : PRINT ; PRINT ‘FILE ADDRESS ERROR™: GOTO 3340
210 FORCOUNT% =0TO 15

3220 LOCATECSRLIN, 1

3230 PRINT “Programming Location”; ADDR + COUNT%; ‘of", MAXADDR;
3240 S§="0"+ MIDS{DATS, 10 + COUNT® * 3, 1) : GOSUB 8000

3250 S8 = 1"+ MIDS(DATS, 9+ COUNT * 3, 1) : GOSUB 8000

3260 S$ ="60": GOSUB 8000

370 IF PAUSE% = 0 THEN GOTO 3300

3280 TIME = TIMER + 0.1

3290 IF TIMER < TIME THEN GOTO 3290

3300 5§ = ‘50" GOSUB 8000

3310 NEXT

3320 NEXT

3330 PRINT

3340 S8 =3 + HEXS{STATUS% + 1) : GOSUB 8000

3350 S§ = 40" : GOSUB 8000 : S = 80" : GOSUB 8000

3360 CLOSE#2

3370 PRINT : PRINT “Press any key fo continue...”;

3380 IF INKEY$ = = THEN GOTO 3380

3390 GOTO 1000

4000 REM *** Verify EPROM with File

4010 PRINT : PRINT “Insert EPROM to Verify, then press any key {ESC to Abort)”
4020 K$ = INKEYS : IF K$ = ® THEN GOTO 4020

4000 IF K = CHR${27) THEN GOTO 1000

4040 PRINT : INPUT “nput File Name *; FILES

4050 OPEN FILES FOR INPUT AS #2

4060 PRINT

4070 LINE INPUT #2, DATS

4080 {F DATS o TYPENAMES THENBEEP : PRINT *FILE DOESNOT MATCHEPROMTYPE™: GOTO
4300

4090 S8 =*40": GOSUB 8000

4100 TIME = TMER 4 0.25

4110 (F TIMER < TIME THEN GOTO 4110

020 FAL =0

4130 FOR ADDR = 0 TO (MAXADDR - 15) STEP 16

4140 IF INKEYS = CHR$(27) THEN BEEP : PRINT : PRINT *ABORTED!" : GOTO 4300
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4150 LINE INPUT #2,DATS

4160 DAT = VAL(*8h"+ LEFT$(DATS, 4))

4170 |F DAT <0 THEN DAT = DAT + 65536

4180 IF DAT < ADDR THEN BEEP : PRINT : PRINT *FILE ADDRESS ERROR’ : GOTO 4300
4190 FOR COUNT% = 0TO 15

4200 LOCATECSRLIN, 1

4210 PRINT "Ventying Locaton"; ADDR + COUNT®%; ‘of'; MAXADDR;

4220 S§ = 770" : GOSUB 8000 : GOSUB 7000

4230 IF F§ o (MID${DATS, 3+ COUNT® * 3, 2)) THEN FAIL = FAIL + 1
4240 S$ = 50" : GOSUB 8000

4250 NEXT

4260 NEXT

4270 PRINT : PRINT

4280 IF FAIL = 0 THEN PRINT *Verified k"

4230 IF FAIL <> 0 THEN BEEP : PRINT “Vertty Fatled on®; FAIL; “Locatons”
4300 S8 = 40" : GOSUB 8000 : S§ = 80" : GOSUB 8000

4310 CLOSE #2 : PRINT : PRINT “Prass any key to continue...";

4320 IF INKEYS = THEN GOTO 4320

4330 GOTO 1000

5000 REM *** Blank Check EPROM

5010 PRINT : PRINT “Insert EPROM to Blank Check, then prarss any key (ESC to Abort)”
5020 K$ = INKEYS : IF K$ = ® THEN GOTO 5020

5080 IF K$ = CHR${27) THEN GOTO 1000

5040 PRINT

5050 S§ = “40" : GOSUB 8000

5060 TIME = TIMER + 0.25

5070 IF TIMER < TIME THEN GOTQ 5070

5080 FAIL=0

5080 FOR ADDR = 0 TO MAXADDR

5100 LOCATE CSRLIN, 1

5110 PRINT Chedlung Location”; ADDR: “of’; MAXADDR,

5120 S$ = 770" : GOSUB 8000

5130 GOSUB 7000

5140 IF F$ > *FF THEN FAIL = FAIL + 1

5150 S = 50" : GOSUB 8000

5160 IF INKEYS = CHR$(27) THEN BEEP : PRINT : PRINT *ABORTEDF : GOT0 5210
5170 NEXT

6000 REM *** Adjust Programming Voitages

6010 PRINT : PRINT “Ensure EPROM Socket s Empty, then press any key (ESC to Abort)”

6020 KS = INKEYS : IF K$ = * THEN GOTO 6020
6030 IF K$ = CHRS{27) THEN GOTO 1000

6040 PRINT

6050 S§ = *20" : GOSUB 8000 : S§ = “0" : GOSUB 8000

6060 PRINT “Connect Test Meter Between pins 28 {+ve) and 14 {-ve) of EPROM Socket”
6070 PRINT *Adwst RV1 for Reading of 6.1V {+/-0.1V), then press any key...

6080 IF INKEYS = * THEN GOTO 6080

6090 PRINT

6100 S8 = "21° : GOSUB 8000 : S§ - “M* : GOSUB 8000

6110 PRINT “Connect Test Meter Between pins 1 (+ve) and 14 (-ve) of EPROM Socket”
6120 PRINT *Adjust RV2 for Reading of 12.6V (s 0.1V), then press any key..™

6130 IF INKEYS = = THEN GOTO 6130

6140 S8 = *30": GOSUB 8000

6150 PRINT “Adjust RV3 for Reading of 21V (- 0.25V), then press any key...

6160 IF INKEYS = * THEN GOTO 6160

6170 S8 = "2F : GOSUB 8000

6180 PRINT “Adjust RVA for Reading of 26V (+-0.25V), then press any key..."

6190 IF INKEYS = = THEN GOTO 6190

6200 S$ = TYPECODES : GOSUB 8000 : S§ = ¥+ HEX$(STATUS% + 1) : GOSUE 8000
6210 $$ = *80°: GOSUB 8000

6220 GOTO 1000

7000 REM *** Fetch Byte from Programmer

7010 TIMEQUT = TIMER 40.1

7020 IF EQF{1) AND TIMER < TIMEOUT THEN GOTO 7020
7030 IF TIMER >= TIMEOUT THEN F$ = =" : RETURN
7040 F§ =HEXS{ASC(INPUTS{1, #1)))

7050 IF LEN(FS) <2 THEN FS = 0" ¢ F§

7060 RETURN

8000 REM *** Send Byte to Programmer
8010 PRINT #1, CHR$(VAL["SH + S$));
8020 RETURN

9000 REM *** Communication Error Message
9010 PRINT*. ERROR COMMUNICATING WITHPROGRAMMER"

5180 PRINT : PRINT 9020 BEEP

§190 IF FAIL = 0 THEN PRINT ‘Blank EPROM” 9030 GOTO 10000

5200 IF FAIL o 0 THEN BEEP : PRINT “EPROM NOT BLANK - Fatled on”; FAIL: Locations”

5210 S$ = "40" : GOSUB 8000 : S§ = 80" : GOSUB 8000 10000 REM ™ End Program

5220 PRINT : PRINT *Press any key 1o confinue...”; 10010 CLOSE

5230 IF INKEYS = = THEN GOTQ 5230 10020 PRINT PRINT

5240 GOTO 1000 10030 SYSTEM
BUYLINES

All components are available from Mapin, the majority can
probably also be obtained from your usual suppfier. Small 0.47R
resistors do not appear to be readily available - use two 1R0
components in parallel. The PCB is available from the ETI PCB
service. Before purchasing a power supply, check the latest bargain
list from Greenweld {0703 236363), they often list suitable units for
about £3.

The software listed in this article, together with a comprehensive
menu driven control program and some useful bits and pieces (IBM
PC or compatible only) is available from the author at the following
address:

Paul Stenning, 1 Chisel Close, Hereford, HR4 9XF. Please send
a blank PC formatted disk (3.5" or 5.25"), together with a cheque or
postal order for £10, a retum address label and adequate retum
postage (overseas 2 International Reply Coupons). If you do not
have a disk send £12 and | will supply one (please speciy size).
B.A.E.C. members - see newsletter for a special offer!

The author would also be interested to hear from users of other
computers, who have either written suitabie control software or who
are looking for some - he will attempt to put one in touch with the
other! Please write with an SAE.
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74LS SERIES
741500 .10
LSO 010
741502 0.10
74L50 0.10
741504 0.10
741505 0.10
74LS06 039
74L807 03
MLS 0% 016
74L509 0.12
4LS10 0.10
41811 0.10
74L812 .10
T4L313 (N1
741514 022
74L815 012
74L520 0.12
4LS21 0.2
M8 0.12
741824 0.3
741326 612
4L827 612
74LS28 0.12
T4LS 30 612
MLSR2 a1l
741533 0.13
7Ls3? 0.14
741838 013
741540 0.13
74LS42 on
74LS 4 t.&
74LS47 00
741848 0.46
T4LS 49 062
74LS S1 on
TS o1
T4LS 5SS 0.13
4LSTY 020
74LS7IA 026
LS M 0.6
TALST4A 0.18
74LS 75 o
74LS 7% on
7ALST6A 024
74L8TY 0.42
74156 oM
74L58S 034
TALS8s on
74LS%0 0.3¢
741591 0.50
LSRN 0
741593 04
741595 038
741596 0.46
74LS5107 028
7415109 0
7415112 028
74LS113 028
418114 625
MLSID2 033
HLSIY on
74L5128 028
7418126 o
4LS132 028
7415133 0.3s
74LS136 o2
7418137 062
7418138 024
74L5139 026
7415145 0.58
74L8147 086
HLS1e8 0.7
741.519) 0
4LS15} 02
LS 154 0.7
74L8155 028
7415156 0.25
LS 15T 020
7415158 0.25
MLS 160 032
7415161 o
HLS162 032
MLS18 0%
LS 164 0.30
74LS165 0.48
74LS166 05
74LS168 0.58
7413169 oS
74LS170 0.66
74LSITY 056
T4LSI M oM
74L8175 04
74LS 181 1.48
TaLs182 158
RLIS3E <) 158
7418190 025
4L 9 oM
HMLS192 LF.]
14LS 19 0
TALS194 039
7415195 024
T4LS196 o
MLS197 6.24
7415221 036
74L8240 03
74LS 241 ox
7418242 03
1415243 on
T4LS244 032
74LS 245 0N
7415247 032
7418248 0.38
74LS249 0.68
7415251 oM
7418253 0.
74L5256 05
74L5257 0.4
7415258 [¥)
741525 0.48
7415260 0.28
MLS266 0l4

EXPRESS

o’
74L8273 0.32] 4sn LM3Y35Z 090| 23UF 25V TNC SOR PLUG 089
741529 025 es2 o m LMI39 034] 3IIUF2sV o_ne TNCCHIS SOC 068
7415280 08s] 4514 on| Lmdes 032] 47UF2sSV 018] PL2%9 PLUG 0.55
7415283 0| 4515 on| LF® 03s| ssuFisv 020] REDUCER(PL2S90.16
7415290 024] 4518 030} LFINY 03| 10UF 25V 0| PLz%9SOCKET 055
7415293 0.24] ass 026§ LFIS6 0.m| 15UF16v 028| coaxrLUG 0.18
7418295 oss| 4520 025§ LMm3ss 026| 22UF 16V 02| COAXLINESOC 038
7418298 0.8] 4521 0.62] LM80 10| 33UF 16V 0s50] SCaRTPLUG  o&S
7415299 1.18] es26 0] LMs) 260 47UF16V om| ECCHBPLUG 0.49
LI 158} a7 03| LM3s6 a4s| 68UF 6V om] mEcLINESOCKET1.%
74LSIB 1.78] asas 0.39] LMI9d 0.27] 100UF tov 140} 1ECIMLEAD 130
7418347 090] 4s29 0ay| ZNaez 09| 100UF 16V 1.0] IEC RA 2M LEAD 2.40
7415348 138] 4532 031| ZNeleE K] 14" MONO PLUG 0,18
MLSIN 0| 4534 220] ZN4D3 1.48 CERAMIC 1/4"STEREO PLUGO.29
74L835) 0.88] 4836 09| ZNap 1.20 CAPACITORS 25 MONOPLUG 012
LS 36 138) a5y 03| zNa2SE 40| japr oos| 3sMoNoPLUG 0.2
215364 1] 4541 030 ZNa26E 290| 22pF 0.05| 3.35STEREO PLUG 0 20
74LS165 024] as43 o4s| z™aTE 940) 33pp 0.05
4L5366 028 4555 0| ZNa2SE 790| 47PF 0.08 TOGGLE
74L5367 026] 4556 033] ZN4ISE 625| 58PF 0.08 SWITCHES
7413368 ozs| aseo 117] ZNMSE 92| 1opF 00s| spoTIAOV 08
74L537Y 03] 4568 195} SLass 2] 15pF 0.05| SPDTC/O JA 290V O &
T4LSIM 032] 45M2 024 SLASO 2.35| 22pF 00S| DPDT 3A2%0V  0.67
TaLS37S 03] 4ss4 02} NESH 1.541 33pF 0.05| DPDTC/O JA 250V0.79
T4LSITT 0.32] 4585 032} NES44 275{ 47PF 0.08
74LS378 062 4724 0.69| NESSS 0.19] sspr 00 MINATURE
74L8379 oss| 40106 00| 7885 041 ] ospr 0.03 PUSH TO MAKE
7415388 22| 40109 049| NESSS aM| gapE 0.05 SWITCHES
F4LS 386 046] 40163 04s| NES8S 1494 100PF 005 mep 0.19
7415390 02s| 40174 033| NESes 1.10] y20pF 007] meaex o019
T4LS393 oM| 4017 035| NESS? 035} 1soPF 0.07| Green 19
T4LS 39S 03| 40193 051 NES™ 235) 1soPF 60’ aLue 0.19
T74LS 396 16 NEST1 198 | 220pPF 0.07] ypILOW 0.19
7415398 12 VOLTAGE REGS | LM710 080 | 270pF 00| wume 019
7415399 06| 7aL0s on| LMm os0| s330pF 0.07
T4LS 448 10| 7812 023| LM728 48| 390PF 0.07 ROTARY
TALS490 09| 78L18 023] 7 017} 470PF 0. SWITCHES
79L08 0271] LM77 038 ssoPF 007| ypoLEI12WAY 078
D CONNECTORS | 75L12 027| LM 0301 680PF 007| 2pOLESWAY 0.7
SOLDER BUCKET | 79L1s 027| TBASIO 067] sa0pF 0ol e B
9PINSOCKET  0.27] 780§ 027] TBAS20 03| |NF OOl R WAY. s
9 PIN PLUG 02| 7812 07| ML924 465 insF 0.07 ;
1SPIN SOCKET 03] 7815 027| wmL926 «25| anoF 0.07
ISPNPLUG ~ 034| 7908 037| ML92? 425] INF 007l , wxilb ls :N"C" 49
25PN SOCKET  0.42| 912 o3| TDAI024 1%0] aNTF OOTE RAT P 0D
25 PIN PLUG 040f 7918 037| SAAlol? 3201 eNsF .07 : w:v 16PN 079
70808 048] ZNIOE 320| 1oNF 007 :
4000 SERIES 78812 o4r| 1Midss 630} 100NF 0.07 -
4000 016 LMMITT an| ULN200 o TRANSISTORS
4001 o16| Lm3K 249| ULN2004 04| pOLYESTERMICA| AC12 0.30
4002 048] LM3IIEK 4.95] TDA200¢ 1.75 CAPACITORS 15V AC126 0.29
4006 o3 TDA2030 [EL BT oos| AC? g:
4007 0.16 IC SOCKETS ULN2064 1200 a; 0.08 ACI 2% .
4008 03| 8PN 00s| ULN20SS 1201 o oes| Ace g”
4010 onf{ 4PN o10| ULNaoes 120] jon o] A
o1 a1s| 16PN o4| XR2208 420) gn oesf ACI®
1012 oas| 18N 014] UA2200 260f 4N sosf ADW2 199
013 01| 20PN 015| ULN2so 06| 1oon saf o8 -
014 0| 24PN 018} LM2917N8 260] 308 oos| ADie .
4018 03] 28PN 020{ CAY046 035| 4708 0.05 AF124 :_‘6
4016 0.37| 40PIN 024] CA3080E on| caon 0.08 AF12¢ -
4017 0 CANWE 0.97 BCIO]'! :’u
4018 028 RESISTORS CA3M40E 0.55 POLYSTYRENE :g:?‘ &ty
4019 0.18] ALL1/4AWATTMF 181 CA3240E 1208 cAPACITORS 120¥] pcy0em o1
4020 0.30| FORE0.1S( VALUB). | MCI3@ 0601 L opr 00| Bciosc o
4021 03| INDIVIDUAL RESIS{ MC3340 1951 opr 00| scio ol
4022 032} TORS £0.03 EA L s 071 gapr 09| perosc o
“on 0.16| SKELETON PRESETy LMI%09 1ASE | oopr 00| Bcia0 ke
4024 02| £010 ANY VALUE. LM3911 2200 oopE 09| scra 26
eazs 0.15| STANDARD POTS 14] LM3I9N4 2651 | copr 0| scre 0%
4026 0.40| SHAFT, LOG OR LIy LM391§ 2851 |\ copr 0| scro0 0B
w027 o18| o3sEACH RCA5S8E 0364 oopr 00| Berer o
4028 08| SWITCHED POTs £04f NESSR2 [3ud QP 00| acras on
ot 027} EAGL b s 721 30er 00} scres o
4070 0.17 - ICLT106 L2 ot 0| Beisr i
a0t 0.7 LEDS 1ICM 7588 Lo e a 8CI
BC1SS on
k, 4 35| 3MM RED ] B gl 1201 seopr 0091 BCsH an
4034 18| ammoREEN 00| [CL8O3S 4901 aopF 00| scie0 027
4035 0%] 3mmYELLOW 012] LMI13600 1101 go0pF 0| peresc 016
4040 028{ sMM RED v.os}) ELECTROLYTICS | .o 00| perssc oué
4041 030} $MM GREEN 007 AXIAL INSF Y] o’“
4042 0N | smM YELLOW o007]| 4TUFI6V 009 nap 0wl pcim 0'”'
4043 027] SMM FLASH RED 0as| 100UF 16V 00| i oos| pcim o:n
4044 0300 sMM FLASH GRNOS1| 220UF 16V o10| N7 00| acim 017
4046 0.0} $MM FLASH RED 0.99] 470UF 16V 19| angE 00| pcig DIO'I
4047 0241 IMMCLIPS Q04| 1.000UF 16V 08| oy 00| mcimL 0‘17
4048 030} sMM CLIPS 0o4] 2200UF 16V 0.45 b 00
4049 019y sMM CLIPS oja] 4TOOUF 16V 0.75 TRIMMER BCIBL W
4050 0.19] COMMON CATHODES | 1O0UF 25V o.ds
CAPACITORS BC134 007
o) 024) 3 7SEGRED 07| 22UF25V o851 2 .10pF 038 BCisaL 007
o 0-M| s 7SEGRED Q73| 47UF25V boed ST 03| scan 0o
w0, 02| 56" 7SEGRED 0#s| I00UF25V hovd BETYC 03| BC21L 0.5
4054 055| COMMON ANODES 220UF 25V o1l BC213 007
4088 09| 3"7SEGRED 070| 47UF2SV 0.2 BRIDGE < Ty
4060 030| s 7SEGRED 0.75| 1.000UF 25V 038 RECTIFIERS BC214 0.07
4063 028| 6~ 7SEGRED 0&S| 2200UF 25V 0.52 oW BC214L w
4068 0181 J0BARDILRED 1139| 4.70025Vv 138 157 o8
wW02200V15A o.19] BCBTA 0.08
4067 1901 ORP12 ADR) 065
BC238B 008
4068 o1s ELECTROLYTIC | WO440VISA 02
BRI2200V3A  0.34| BC308 0.09
4089 0.19 LINEAR RADIAL BRI 400V3IA  038] BCI? 0.09
petls o161 mom 03] 4TUF 16V 0051 nneo2200vea o8| BCI 0.09
- 9my moa 0y| 100UF16V 00| npggaonvgs o7m| BCIN oo
il 17| T1L064 0.43| 220UF 6V 0.08} e 200V 25A 140] BC3M 009
— airl Ton o] awurrev  onaf SESRETAR O] scem 0%
z;: :;‘7’ TLon 033] 1.000UF 16V 019 RC4TE 0
prass arr| ROM beod o S| TRIACSDIACS | Boam ox
517 0.19
s081 oi| Tiom 02| 22uF2sv 008 THYRISTORS | B
BC34? 0.07
4082 097} TLom 04s| 47UF2sV 00s| Zo0sDa 040 HCI e
4085 oy TRAI20S o0& 100UF 25V 0.08 Z0O102MA 0.42 g 0.01
b 024 1165V 18s| 220UF 25V o1 |- PESD Gl :
BCSS? 007
4089 055l TLean 0S| 470UF2sV il [l g RSN o5V, SR s 007
B 015| TLcam 09| 1000UF2sv  o2s] TICH6D ool Sevw g |
4004 03] 1a79m 1.85] 22000F 25v o049} BRIOO DIAC 019 oy a1
4095 05| 1293E 120 TIC106D Lo e [
4097 19| e 4.90 TANTALUM Ve BN, e 048
Ao - Lo e CAPACITORS | TC126D | B <y 0%
g M301 0.1UP 15V [-8].] o BDIR2 0%
4502 0¥l 1van 0:2f smuFssv  ajo| CONNECTORS | o 019
4503 o3t} mus 080] o33PIV glo| BNCSRPLUG 0| o3 b
4508 0wl vz on TUF 35V BNC SRPLUG  0.69 -
asio 015 o 010] pncewmsoc ose{ D1V c.19
’ LM3I34Z 0so| JUF3ISV 012

BDi38
BD139
BD140
BF180
BF182
BF185
BF194
BFI193
BF196
IF19?
BF198
BF1%%
BF257
BF253
BF2%9
BF337
BFR40
BFR80
BFRS!
BFX29
BEX84
BFX8S
BFXS7
BFX8S
BFYS0
BFYS1
BFYS2
BFYS)
BFYSS
BSX20
BSX29
BSY9SA
av208
8U208
BU208
MJI2985
MIE340
MJES20
MJES21
MJE30SS
MPSAQS
MPSADS
MPSAI2
MPSASE
MPSUOS
MPSUO0
TP29A
TIP29B
TwP29C
TIP3
TIPI0A
TIP30OB
TIPIOC
TPHA
TPIB
TPNC
TIP32A
TIPI2B
TP32C
TIPIIA
TPIC
TIPMA
TIP34C
TPISA
TIP3SC
TPI6A
TIP36C
TIP41A
TIP42A
TIP120
TIPI2
TIPIZ2
TIPI4
TIP142
TIP147
T1P295S
TIP30SS
ZTX107
ZrX108
TX109
ZTX300
TX30
ZrX
ZTXS00
ZTXs50
ZTXs02
ZTX S04
IN2219A
INQDA
IN2I®
IN2484
AN2904
2N2904A
IN29OS
2N2905A
2N2906A

MPONENTS

020
oM
015
024
02
024
on
(81§
oM
024
oM
024
020
020
020

IN2907 019 ] MHC243 0.46
2N2907A 019 | 74HC2M 0.4
IN2926 0.14 | 74HC2e8 0.49
2N3083 026 f 74HC2$ 02
N304 o8s | 74HC253 028
2N0SS 0ss | 74HC25? 028
INNMQ 134 | 741C259 0.34
INIM 009 T4HC 268 02
IN3I0Y 009 | 74HC27 0.34
IN3I704 009 | 74HC2%0 036
2NI705 009 | 74HC29% 0.9
2INI706 009 ] 74HC354 042
mm 1.7 | 74HCISE (v
aNIs66 118 | 74HC36S 0n
INI90Y 0.0 | 7BCI86 on
2N3904 0.09 | 7MHC3IE7 028
IN39as 009 | 74HCI6 a2s
INI906 009 | MHCIT 0.3
2N4062 016 | MHCIM 03
74HC390 0.44
FETS 74HC393 032
BF244B 0.34 | TAHCaD 036
RF256B 036 | 74HCS33 0.42
2N3I819 03 | T4HCS34 0.42
283820 058 | TAHCS63 0.46
2NS4SsT 049 | T4HCSe64 0.46
2INS4SS 049 | 74HCSTI 042
NS85 042 | 7T4HCS4 042
74HC 840 0.60
DIODES 74HC 643 0T
IN40O1 (10 PACK) 0 24 | 74HC646 1.10
1N4002 (10 PACK) 0.25 | 74HC648 110
154007 (10 PACK) 0 26 | 74HC688 0.43
184004 (10 PACK) 0 27 |  74HCa0@ (3 ]
IN400S (10 PACK) 0.28 F4HC4017 032
1N4007 )10 PACK) 0 29 | 74HC4020 0.38
INS401 (SPACK) 030 | 74HC4040 039
INS402 (S PACK) 031 | T4HC4049 026
IN5404 (S PACK) 033 T4HC4050 0.26
INS406 (S PACK) 0.3 | 74HC4060 0.40
1N3408 (S PACK) 0.37 T4HC4078 018
OA4T(SPACK) 0.95 | 74HCA0T 016
OAS0(SPACK) 040 74HCASIY 0.40
OA9I (SPACK) 050 | T4HC4s14 .80
IN914 (S PACK) 020 | 74HC4e538 0.40
IN4148 (10 PACK) 022 | T4HC4543 0.66
TAHC 7266 0.26
'nu;:lc m";so.u CRYSTALS
74HCQ 0.14 | IMHZ 110
4HCO3 0.14 | 18432MHZ 1.7
T4HCO4 0.14 | MHZ 166
74HCOR age | 2097MHZ 0.76
74HC10 a4 | 24576MHZ a9
74HCI 0.4 | 3276MHZ 0.7%6
74HC14 018 | 3STOMHZ 0.7
74HC20 0.14 | AMHZ 0.7%
Ta9c? 0.14 | 41M4MHZ 0.7
T4HCY0 014 | 44OMHZ L7
74HC32 014 | 4915SMHZ o7
MMHC42 026 | 3008MHZ 0.76
74HCTY 026 | Soemz %
F4HC 4 0.19 | SMHZ 0.%
T4HCTS 019 { 6144MHZ 0.7
74HC 6 oag | SMHZ 0.7
T4HCRS 025 | 1OMHZ 0.7%
74HC86 0.19 | NOSMHZ 0.7
74HC107 019 | 12MHZ (3.
74HC183 03 | 16MHZ 0.7%
74HC125 023 | 1SMHZ 0.76
74HC1 26 o | ¥9.825MHZ 0.7
T4HCI1X2 038
T4HCII 0.26 MEMORIES
T4AHC138 028 ma 1.25
74HC139 025 | 4164-10 1.6
T4HCIS1 0.2s | 4184-12 108
74HC15) 028 | 4164158 0%
74HC1S4 o3 | 412568 1.80
74HC1 5} 028 | 4125610 1.46
74HC158 026 | 41464.10 424
74HC160 032 | 146412 420
74HC 161 028
TAHCI62 028 | WIREANDCABLE
4HCIE 025 | SPEAKFR WIRE 7P A
74HC164 02% | METRE ANY LENGTH
74HC165 040 | STEREO SCREENED
T4HCIT3 032 | CABLE 16P A METRE
4HCI 028 | ANYLENGTH
74HC17$ 025 | ¢ CORE SCREENED
74HC192 047 | ANY LENGTH 289 A
74HC19) 040 | METRE
TAHC19¢ 036 | STANDARD TV COAX
74HC195 032 | CABLE 20P A METRE
74HC240 035 § ANYLENGTH
74HC241 036
74HC242 036

EXPRESS COMPONENTS

SALES 0273 771156
FAX 0273 206875

ALL PRICES ARE SUBJECT
TO VAT (17.5%).
POSTAGE AND PACKING
IS 99P + VAT PER ORDER.

AUTOMATIC ACCOUNT FACILITIES
FOR SCHOOLS ETC.

NO MINIMUM ORDER.
NO COUNTER FACILITIES.

19 MIDDLE STREET PORTSLADE SUSSEX




MICROWAVE CONTROL PANEL. Mains operated. with touch
switches Compiete with 4 digit display, digital clock, and 2 reiay
outputs one for power and one for pulsad power (programmabile)
ideal for all sorts of precision imer applicatons sic. Now only £4.00
ref 4P181. Good experimenters board.

ABRE OPTIC CABLE.Stranded optcal fibres sheathed in black
PVC. Five metre length £7 00 ref 7P29R or £2 & metre.

12V SOLAR CELL.200mA output idea! for tnckle
charging etc. 300 mm square. Our price £15.00 ret \
15P42R Gives up 10 15v. i
PASSIVE INFRA-RED MOTION SENSOR.’
Complete with daykight sensor, adjustable hghts on

tmer (8 secs -15 mine), 50' range with a 90 deg o
coverage. Manual overide facilty Complete with g
wallbrackets, bub hoiders stc. Brand new and quar- <7 7

anteed. Now only £19.00 ret 19P29
Pack of two PAR38 builbs for above unit £12.00 ret 12P43R
VIDEO SENDER UNIT Transmt both audio and wdeo signais
from either a wdeo camera, Wdeo recorder of computer 1o any
standard TV set within a 100° range! (lune TV to 8 spare channel),
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
5P191R. Turn your camcorder into & cordiess cameral
FM TRANSMITTER housed in & standard working 13A adapter
(bug is maing driven). £26 00 ref 26P2R Good range x
A
MINATURE RADIO TRANSCEIVERS A pair of walke Sﬁ ﬁ
takies with a range of up 10 2 kriometres Units measure | [’ |
22x52x155mm. Complete with cases and samieces k
£30.00 ref 30P12R
FM CORDLESS MICROPHONE.Small hand Seld unit with a 500"
rangel 2 transmit power levels. Reqs PP3 batery. Tuneabie to any
FM receiver. Our pnce £15 ref 15P42AR.
12 BAND COMMUMICATIONS RECEIVER.9 shon mg}
bands, FM. AMand LW DXocal switch, tuning ‘eye’ mains or 2205 %
battery. Complete with shoulder strap and mains ead. €19 ref
19P14R. Idea! for kstening all over the world
CAR STEREO AND FM RADIOLow cost stereo system giving
S watts per channel. Signal 1o noise ratic better than 45db,
wow and futier less than . 35%. Neg earth. £19.00ret 19P30 l '
LOW COST WALIKIE TALKIES Pt of battery operated
units with a range of about 200. Our price £8 00 a pair ref Ea
8PSORA ldeal for garden use or as an educational toy
7 CHANNEL GRAPHIC EQUALIZER s a 60 wa't power amp!
20-2tKHZ 4-8R 12-14v OC negadve earth. Casec. £25 ref 25P14R
NICAD BATTERIES. Brand new top qualty. 4 x AA's £4.00 ref
4P44R. 2 xC's £4.00 ref 4P73R. 4 x D's £9.00 ref 5P12R. 1 x PP3
£6.00 rot 6P35R Pack of 10 AAA s £4.00 ref 4P2R,
TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The uhmate equivalentsbook New ed. £20.00 rel 20P32R
GEIGER COUNTER KIT.Compiete with tube, PCB and sl compo-
nents to build & battery operated geiger counter. £39.00 ref 30P1R
FM BUG KIT.New design with PCB embedded corl. Transmits 1o
any FM radio. v battery req'd. £5 00 ret 5P158R, 35mm square
FM BUG Built and tested supenor 9v operation £14.00 ret 14P3R
COMPOSITE VIDEO KITS.These convern composite video into
separaie H sync, V sync and wdeo 12v DC. £8 00 ref 8P39A
SINCLAIR C5 MOTORS 12v 294 (tull load) 3300 rpm 6-x4" 1/4"
O ghatt New £20.00 ref 20P22R Limited stocks.
As above but with fitted 4 to 1 inkne reduction box (800mm) and
toothed nylon belt drive cog £40 00 ref 40P8R. 800 rpm,
ELECTROMNIC SPEED CONTROL KITtor ¢S motor. PCB and all
components 1o buid a speed controller (0-95% of speed). Uses
pulse width modulaton. £17.00 ret 17P3R. PotenSometer control.
SOLAR POWERED NICAD CHARGERLCharges 4 AA
nicads in8 hours Brand new and cased £6.00ref 8P3R. 2xC
cell model £6 00.
ACORN DATA RECORDER ALFS03 Made for BBC
computer but suitabie for others includes mains adapter, leads and
book. £15.00 ref 15P43R
VIDEO TAPES. Three hour superior qualty ‘apss made under
#icence from the tamous JVC company. Pack of 10 tapes New low
prica £18.00 ref J15P4
PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KITAs supphied it will handie up 10 about
15w at220v but wath a larger transformer it willhandie 80 watts. Basic
kit £12.00 ret 12P17R Larger transtormer £12 00 ref 12P41R
VERO EASI WIRE PROTOTYPING SYSTEMIdeal for des:gn-
ing projects on etc. Complete with toois, wire and reusable board.
New low bargsin price only £2.00 ref B2P1
25 WATT STEREO AMPUFIERIC. STKO43 With the addition ot
a handtul of components you can build a 25 wat ampfifier, £4.00 ref
4P69R (Circurt dia included)
BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 ¥ 52mm £1.00 ref 8D&27R
12V 19A TRANSFORMER Ex equipment £20 but OK.
ULTRASONIC ALARM SYSTEM. Once again in stock these
units consast of 8 detector that plugs Into a 13A socket in the ares 1o
protect The receiver plugs into a 13A socket anywhers sise on the
same supply. Ideal for protecting garages, sheds eic. Complete
system now only £19 'Y}
POWER SUPPLIES Made for the Spectrum plus 3 give +5 @
2A, 412 @700mA & -12 @ 50mA_ €8 ref Q8P3
UMNIVERSAL BATTERY CHARGER Takes AA's, C's. D's and
PP 3 nicads. Holds up to 5 battenes at once. New and cased, mains
operated. £6 00 ref 6PI6R.
IN CAR POWER SUPPLY.Pugs imo cgar socket and gives
3.4.56.759, and 12v outputs at 800mA Complete with universal
spider plug. £8.00 ret SP167R.
RESISTOR PACK.10 x 50 values {SOC resistors) all 1/4 watt 2%
metal ilm £5.00 rel 5P170R.
QUICK CUPPA? 12vimmersion heater wih lead and cigar Bghter
plug £3 00 ref IPG2R. Ideal for taa on the move!
LED PACK .50 red, 50 green, 50 yellow ail Smm £8 00 ref 8P52
IBM PRINTER LEAD. (D25 to centronics piug) 2 metre parallel.
£5.00 ref 5P186R. 3 metre version £6.00 re! 6PSO.
COPPER CLAD STRIP BOARD 17" x4“ ot 1* prtch “verc” board
£4 00 a shest ref 4P62A or 2 sheets for £7.00 ret TP22R
STRIP BOARD CUTTING TOOLL2 00 ret 2P352R

WINDUP SOLAR POWERED RADIO! FMAM radio takes re-
chargeable batteries, Complete with hand charger & solar panet
14P200R. Set of 2 AA nicads £2 ref L 2P9
PC STYLE POWER SUPPLY Made by
AZTEC 110vor 240vinput. +5 @ 154 412 @
SA-12® 5A-85@ 3A Fully cased with fan,
onofl ewatch, IEC inlet and standard PC fiy-
leads. £18.00 ref F15P4

/
\_

TELEPHONE HANDSETS

10brand new handsets with mic and speaker only £3.00 ref 3P146R
BENCH POWER SUPPUES

Superbly made futly cased (metaf) giving 12v at 2A plus 8 6V supply.
Fused and shon Gircuit peotected For sale at less than the cost of the
case! Our price is £4.00 ref 4P103R

SPEAKER WIRE

Brown twin core insulated cable 100 feet for £2 00 REF 2P79R
DISC DRIVES

Customer retumed units mixed capacries {up 10 1. 44M) We have not
sorted these so you just get the next one on the shell. Price is only
£7.00 ref 7P1R (worth it even as & stnpper)

MICROSCOPE 1200X MAGNIFICATION

Brand new compiete with shAmp hatchery, shnmps, prepared
shides, ight etc. £29 00 ref J20P4.

LIGHT ALARM SYSTEM

Small cased alarms that monitor a narrow beam area for sudden
changes in ight level. Compiete with siren that sounds for a preset
tme when unit is triggered. £7.00 ret JTP

JOYBALLS

Back in stock popular Commodote/Atari equiv (replace standard
oysnck) £5.00 ret J5P8

2

AMSTRAD MP3
UHF'VHF TV RECEIVER/ICONVERTER
CONVERTS COLOUR MOMITOR INTO A TVI
£9,00

AMSTRAD 164000 BASE UNITS
BRAND NEW -AND CASED
TWO BUILT IN 5 1/4" DRIVES
MOTHER BOARD WITH 640K MEMORY
KEYBOARD, MOUSE & MANUAL
OUR PRICE JUST

"
| g79!1!

CAR BATTERY CHARGER

Brand new units conpbte with pane! meter and leads. 6 of 12v
output £7 00 rel J7P:

CUSTOMER RETURNED SPECTRUM +2

Complete but sold as seen so may need attenbon £25.00 ref J25P1
of 2 for £40 00 ref J40P4

CUSTOMER RETURNED SPECTRUM .3

Complete but sold as seen so May Need attenton £25.00 ref J25P2
or 2 for £40 00 ref JAOPS

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type (standard VGA
connector) on the other. Pack of ten leads only £7.00 ret TP2R
OZONE FRIENDLY LATEX

250mi bottie of kquid nubber setsin 2 hours ideal for mounting PCB's
fimng wires etc. £2 .00 each ref 2P379R

VIEWDATA SYSTEMS

Brand new units made by TANDATA complete with 1200/75 buikt in
modem infra red remote controlied qwerty keyboard BT appproved
Prestel compatible, Centronics printer port RGB colour and compos-
fte output (works with ordinary tsievision) complete with power
supply and tully casec. Our price is only £20.00 ref 20P1R
COMMODORE 64 COMPENDIUM Pack consisting of 8 Com-
modore 64 computer, power supply, data recorder and software. All
for £60 ret O68P1

PPC MODEM CARDS Made for the Amstrad PPC1640/1512
range these are plug in modules that operate at 2400 baud. No data
£15 ret Q15P5

AMSTRAD LQ3500 PRINTER ASSEMBLIES Entire mechani-
cal assembles including pnnt head. platen, cadbles, stepper motors
eoic otc_infact everything bar the electronics and case! Our price st
£10 ref Q10P3

AMSTRAD DMP4000 PRINTER ASSEMBLIES Entire pnnter
assembhes including print head, platen, cabies, stepper motors efg.
Everything bar the electromics and case. Our pnce just £20 ref
GzoP2

TOROIDAL TRANSFORMER 146VA with tappings a1 8v, 10v and
32v wall give 50v st 3A or 32 at 4A etc. Centre tapped pnmary £6 ref
QOP2. Fixing kit is £2 ref Q2P1.

AERIAL BRACKE TS Wall plate 7.5" sq complete with rawi bohs, 107
stand oft brackets with standard tube clamps Will take up to 2° mask,
Substantial bracket (would take body weight). £7 ref Q7P1

TV SOUND RECEIVERS Popuiar units that with the addiwon of 2
spaaker act as a tv sound receiver Ideal as a stand alone unit or for
connecting into HI FIL £12 ref Q12P4

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

CAMERAS Custormer returmed units. 3 for £10 ref L10P2

STEAM ENGINE Standard Mamod 1332

engine complete with boiler piston etc £30

ref 30P200

TALKING CLOCK

LCD display, aiarm, battery opersted

Clock will announce the ¥me st the

push of @ button and when the

alarm is due. The alarm s swtchable ¥

trom voice 10 & cock crowingi£14.00 ref 14P200 R

HANDHELD TONE DIALLERS

Small units that are designed to hold over the mouth prece of 2

1elophone to send MF dialing tones Ideal for the remote control of

answer machines £5.00 ref 5P200R

AMAZING TALKING COINBOX1

Fully programmable taking, lockable coinbox’ BT approved, retait

price is £79 ours is just £291 ref J29P2;

ANSWER PHONES £15

Customer returned units with 2 faults one we tell you how to fix the

other you do your selft £18 ret J18P2 or 4 for £60 ref JSOP3 BT

approved (retail pace £79.95!! each)

COMMODORE 64 MICRODRIVE SYSTEM

Compiete cased brand new drives with canridge and software 10

#mes taster than tape machines works with any Commodore 64

setup The orginal prics for these was £49.00 but we can ofter them

1o you &t only £25.001 Ref 25P1R

90 WATT MAINS MOTORS Ex squipment but ok Good general

pupose unit £9 00 ref FIP1

H! Fl SPEAKER BARGAIN Originally made for TV sets they

consist of a 4° 10 watt4R speaker and a 2" 140R twester. i you want

two of each plus 2 of our crossovers you can have the lot for £5.00

ret F5P2

EMERGENCY LIGHTING SYSTEM

Fully cased complete with 2 adjustable flood kghts Allyou needis a

standard Bv lead acid baftery. Our price is st £10 ref J10P29

AMSTRAD 464 COMPUTERS

Customer returned unts complete with a monitor for st £35! These

units are sold as faultly and are not returnable

WOLSEY DMAC DECODERS

Made for installationin hotels etc as the main sat recei ver no data but

tully cased quality unit. £20 ref K20P1. Surtable psu £8 ret K8P3

SWITCHED MODE PSU

Fully cased unit 21Smmx1 4Smmx55mm giving +5, +12 and +20v

weil made case compiete with mains iwad. £8 fer K8P3

REMOTE CONTROLS

Brand new infra red CONTROLS originally made for controling

WOLSEY satelbte recervers £2 earef K2P1 or 20 for £18 ref K19P1

TELEPHONES

Modem 1 pioce phones BT approved. Last no redial £8 ret K8P1,

386 TOWER SYSTEMS

Towsr case 52cmx40cmi20cm. 2 fans, speaker, 275w psu, [EC A

and 04, 386 m/board with onboard disc controtier, ethemet display

driver, paralle! and sedal ports There sre several IC's missing

from the mboard pius no data! £79 ref K79P1.

DOS PACKS

Complete set of PC discs with MS DOS 3.2, Locomotve basic,

gemdeskiop anc gem paint. No manuais, 5 1/4” discs £10 ref K10P2

CORDLESS TIE CUP MICROPHONE

wansmits between 88.108MHZ FM 5.2cm x 2cm, uses LR44 watch

battery. Complete with wire seriai 8 battery £16 ref K$6P1

CHASSIS MOUNT TRANSFORMERS

240v primary, 12v secondary 20VA £2 ref K2P2

240v pamary, 16v secondary 10A (spit winding). £10 ref L10P1

400 RED LED PACK (5MM) £5 REF K5P2

12V STEPPER MOTOR Idezlfor modelis otc. 3" dia £2 ret J2P14.

INFRA RFED BEAM SWITCH 24v DC Sm range source & sensor

housed in plastic case £12 ref J12P1

CAPACITOR BARGAIN PACK 100 CERAMICS £2 REF J2P2.

SPECTRUM JOYSTICKS TWO FOR £5 REF JSP2.
.uuea

BUMPER PACK NO 1 10 of our popuiar E1 packs for just £5 our
chotce of contents

BUMPER PACK NO 225 of our popuiar £1 packs for just £42. Our
¢holce of contents.

LCD 1 X 32 DISPLAY Bargain price of ust £3 compiete with ads
of data for @ similar dsplay £3 ref L3P

USEFUL POWER SUPPLIES. 18v 900mA dc output (reguiated)
tully cased with mains cabie and DC aut cable. £6 ref K6P1.
UNCASED PC POWER SUPPUIES. Siandard PC psu without
case, fan etc Good for spare or low cost PC! £4 rof L4P6
RADAR DETECTORS. Detects X and K bands (ie spesd traps),
Not lsgal In the UK so only availabie f you intend to’export'it, £59
ref JSOP1.

100 WATT MOSFET PAIR.Same spec a3 25k343 and 25413
{8A 140v. 100w) 1 N channel and 1 P channel £3 a par ref J3PO
LOW COST CAPS. 1,000 capacitors £3 (33uf,25v) ref J3P10.
VELCRO, 1 metre length 20mm wide, blue £2 ref J2P16

JUG KETTLE ELEMENTS. Good general purpose heating ole-
ment just £3 8a ref £3P8 or § for £10 ret JIOP3.

VERY BIG MOTOR. 200v induction 1.1kw 1410 pm 107 GEC
14 keyed shaft Brand new. £95 ref JOSP1

BIG MOTOR. 220-240v 1425pm 2.6A 58th” keyed shatt GEC 6 5°
x 8° compiete with mounting plate £38 ref J38P1

SMALL MOTOR. Eiectrohux 160 watt 3.000 rpm_ 220-240v 58"
shaft precison built £18 ref J18P1.

EPROMS 27C64 PACK OF 10 £7 REF M7P1,

EPROMS 27C256 PACK OF 10 £9 REF MoP1,

EPROMS 27C512 PACK OF 10 £10 REF M10P1.
MODEMS FOR £1.257? These modems are suitable for stapping
only hence they are only 4 for £5 ret J5P3

SOLAR POWERED WOODEN MODELS. Complete with soiar
panei, motor and tull ingtructions. £9 ref JOP2. 3 dift £20 ref J20P3
TV SOUND RECEIVER Fully cased, mains powered.that need a
speaker for stand alone use or could be wired into hif, £12 ref 12P22.
SOUND OPERATED LIGHT. Clac your hands and light comes
on. Turns after preset detay. (4 AA's req'd). £2 ref J2P3.
FERGUSON SRB1 REMOTE CONTROLS. Brand new units
ideal for a spare or have two remotes! £4 each.

IN SUSSEX? CALL IN AND SEE US!

AMSTRAD PC CASE, POWER SUPPLY AND 1
FLOPPY DRIVE ALL THIS FOR £44 REF L44P1
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Choosing
Operational
Amplifiers

by Douglas Clarkson

perational amplifiers can often present themselves
like old familiar friends. Faced with a specific
need in a specific design situation out will come
the preference for a tried and tested solution. The
array of choice in the field of operational amplifiers has never
= been greater. It is useful to examine some of the critcria
which are appropriate for selection of operational amplifiers.
It is also useful to review some of the specification terminol-
= ogy and compare a sin-
=== gle factor across a
g range of devices.
= ‘ Voo - Data is taken from
= various device data
= books. Such data is

= e used only for compara-
= | Fig.1 Origination of Vos, input tive purposes and
offset voltage - the voltage which therefore details can

must be input to obtain 0 V at the vary depending on

output.

whether military, in-

dustrial, commercial

or automotive products are referenced. Differences can also

= : arise due to varying power supply conditions, temperaturc

i and loading conditions. For data relating to specific devices

: the reader is recommended to consult specific data refer-

ences.

Tables | & 2 indicate the range for values for a specific

parameter for a variety of devices arc. This gives a better

‘fecl’ for how parameters can vary. Various parameters are
interrelated as will be seen later.

- - Packing Options

In terms of the packaging of operational amplifiers, - the
traditional dual in line packaging is still predominant al-
. though surface mount technology is being used increasingly
= in order to minimise board size. Surface mount devices
. appear to be more expensive than standard DIL versions.

Input Offset Voltage

As indicated in Figure 1, this is the voltage which must be
applied at the input to obtain zero output voltage.

Table | indicates that there is something like a ratio of
250:1 in the values of offset voltage that can be selected for
devices. The ratio of (maximum/typical) values varies from
about 2 to as much as 5.

Input Offset Voltage Drift

Often a key factor in device design is the rate of change
of V,, with temperature, eg. in low level signal amplifica-
tion. Table 1 indicates a broad range in Input Offset Voltage
drift values which reflects in general term the ranking in the
table of V  itself.

Calculated valucs of the percentage change in V _ as a
function of a 10°C rise in temperature are shown in Table 1

The LF411 scems to be particularly sensitive to tempera-
ture effects compared with average values of other devices.

Input Bias Current

Although in the ideal case operational amplifiers are
assumed to draw no current from the system they are con-
nected to, a finite level of current does flow. Figure 2 shows
currents 11 and 12 flowing into the device. The input bias
current, Ib, is defined as:-

Ib=(11+12)12

Typical values are of the order of 50nA though values for
JFET devices are considerably smaller. The significance of
the size of the effect intro-

duced due to bias current is :
largely determined by the ——abe
circuit used with a specific V=0
: +
circuit. : B
In the simple case of
Figure 3, a simple invert- Fig.2 Origination of bias
ing amplifier the total cur- e, e
. . . operational amplifier
rent flowing frominput sig-

nal point V is determined
by the impedance R1 so that:-

I=V/R1=Ib+Ig

where Ib is the bias current and Ig is the signal induced
current flowing through the gain resistor. The *loss’ of signal
at the output as a percentage of the total signal is:-

Ibeo100
(Ib+Ig)

= 100
( + Ig/ib)

The table below gives a summary of percentage loss as a
function of ratio of Ig to Ib

Ratio Ig/Ib  Percentage ‘Loss’ of signal
10 9.09

100 0.99
1000 0.0999
10,000 0.0099

Percentage loss of signal with ratio of input currents to
inverting amplifier for input bias current of 100nA

Taking the cxample of a 100mV signal being amplified
with an resistor R1 of 100,000k ohms to give 1000nA for
Ig+Ib. Assuming a bias current of 100nA the ratio of currents
is approximately 10 so a percentage loss of around 9% would
be experienced. Thus working with low levels of input
voltages and high input resistances in this amplifier configu-
ration can significantly influence amplification characteris-
tics.
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USE DEVICE MANU- INPUT Vosdrift | % CHANGE | INPUT WNPUT GAN
FACTURER | OFFSET mV uvic Vos BIASnA | OFFSETnA
I Y typ | max |typ | max | typ |mex| typ max | typ | max | typ
GEN PURPOSE QUAD | LM324 NAT 2 7 7 = 35 |- 45 200 |5 50 | 100vimV | LS
GEN PURPOSE LM741A NAT 08 3 - s - 5 |30 |80 |3 30 | 200vmV | LS
PRECISON LOW NOISE | LHOO44AC | NAT 0008 | 0025 (01 |05 (125 {20 [85 {15 |1 25 | 14548 | OLG
JFET LOW OFSET, LF411A NAT 03 05 |7 |10 |23 005 |02 [0025|01 |200vimV | LS
LOW DRIFT
JFET INPUT TL6OCP TEX 3 15 0 |- a3 003 |04 [0005{02 |6VimV |LS
JFET TL8OCP TEX 3 18 10 33 003 |04 [ 000502 |200vimv | LS
WIDEBAND JFET LF351 NAT 5 10 10 2 005 (0.2 | 0025)|01 | 100vmV | LS
LINCMOS SINGLE TLC2201CP | TEX 01 05 |05 5 - 01 |- 01 |s5wmV | LS
Table 1 (OLG=OPEN LOOP GAIN)
There is therefore a considerable variation in the bias Power Supply
current performance - ratio of typically 1000:1 between the Rejection Ratio R2
general purpose LM741A family type and a specialised Thisistheterm which
f { ; ; & 3 A1
JFET. Where operational amplifiers are working with low  relates to the sensitivity
values of current signals, it is appropriate to use devicessuch  of the input offset volt-
as JFETS to minimise effect of bias currents. age to power supply
_ _ voltage. It is defined as
Input Offset Current . the ratio of the change in i
The input offset current is the difference between the  Vos to the total change F;?-3tCi"’%9" to indicate the
* AR ’ Gl . . effect of bias currents in
inverting and the non-inverting bias currents: inpower supply voltage. gainpert -y
los=11-12 Thus for a supply

Typical values of input offset current are of the order of
10 to 20nA with JFET devices having significantly smaller
values around 0.1mA. Devices of higher specification have
more closely matched bias currents and correspondingly low
values of input offset current.

change of 1 volt and a

PSRR of 100dB, the change in V_ will be 104V It should be
noted that if the power rails change from +6V and -6V to +5V
and - 5V, this is a change of 2V in the power supply for such
calculations.

Voltage Gain 140
The gain of an operational amplifier is the ratio of the
output voltage magnitude to the input voltage magnitude. In
specifications it is typically shown as V/V (output voltage fnary
change as a function of input voltage change) or as dB. — e v B
The voltage gain in dB is defined as:- g 100 N . ox e
20 log, (Vo/Vi) % -55°C « T, <+125°C
where Vo is output voltage and Vi is input voltage. S 80 N
The table below indicates dB values for corresponding g
ratio values of voltage gain. -
- M N
>
Voltage Ratio | db gain " e N
| 100 40 <
1000 60 " \
10000 80 20 -~ V=10to 15 V. &
100,000 100 55°C < T, <+125°C \
1,000,000 120 - Sl l_
. 1.0 10 100 1.0k 10k 100k 1.0M 10

The dB value is most frequently used in dévice specifica-
tions and is identified with the power gain of the specific
device rather than the voltage amplification.

Thus where the output rises 1V for an input of 10V, the
operational amplifier will have a gain of 100,000.

The DC voltage gain of an opcrational amplifier is seldom
a critical factor in operational amplifier selection. What is of
more relevance is the open-loop gain as a function of fre-
quency. The bandwidth is the frequency range for which the
gain is within 3dB of its peak.

F - FREQUENCY (Hz)

Fig.4 Typical open loop frequency response curve for the
LM324A family.

It is appropriate that the precision low noise amplifier
LHO0044AC has a very high PSRR. Where, for example, a 1
volt change in supply level will produce 0.05uV change in
V.- Thisis consistent with the low value of 8tV of V  forthe
LHO0044AC device.
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Common Mode Rejection Ratio

The CMRR is the magnitude of the ratio of the change in
Vs to the corresponding change in common mode voltage -
the common voltage established across the inverting and non-
inverting inputs.

It will be appreciated that CMRR is potentially more of a
problem than.PSRR in some devices in changing the effective
value of V in a circuit. The LM324A, for example, has a

Data tends not to be provided for operation at these supply
voltages so care is required in using operational amplifiers
within these voltage rails. It would be a safe bet, however, to
assume that a bipolar operational amplifier powered on +/-
5 rails would not be able to be driven beyond +/- 3.5V. The
TLC2201CP has a clear advantage of performing better in
this vdltage region.

USE DEVICE MANU- PSRR | CMRR | SLEW SUPPLY VOLTAGE UNMTYGAIN | EQINPUT | COSTE
FACTURER | (d8) RATE | CURRENT PER SWING BANDWIDTH NOISE
Vivs UNIT (mA) (MHz) VOLTAGE
typ typ typ typ max typ max typ typ
GEN PURPOSE QUAD | LM324 NAT 100 85 . 15 3 | qesvat 1 2 035
30V)

GEN PURPOSE LM741A NAT 96 95 0.7 I 28 +-12 +-14 15 - 0.60
PRECISON LOW NOISE | LHOO44AC | NAT 145 145 | 006 | 09 | 30 | +-137 0.4 8 (1kHz) 28.00
JFET LOW OFSET, LF411A NAT 100 100 15 18 28 +135 4 25 (kHz) 10.30
LOW DRIFT

JFET INPUT TLBOCP TEX 95 86 35 | 02 | 025 | +185 1 42 (1kHz) 0.60
JFET i TLBOCP TEX 86 86 13 | 14| 28 | w135 8 18 (1kH2) 0.60
WIDEBAND JFET LF351 NAT 100 100 13 18 34 +-135 4 25 (1kHz) 0.50
LINCMOS SINGLE TLC2201CP | TEX 110 110 25 1 15 | +48 18 8 (tkHz) 270

Table 2 (DATA CORRESPONDS TO +- 15V SUPPLY UNLESS OTHERWISE STATED)

CMRR some 15dB worse than the PSRR. The trend of high
CMRR of operational amplifiers which require to have low
values of V is identified. This is a similar situation with
specification of PSRR.

Slew rate

This term describes the maximum change in output volt-
age that the operational amplifier can accommodate. It is
usually expressed in V/uS.

Thus while the LHO044AC device isexcellent athigh gain
operations on account of its low value of V_  and high CMRR
and high PSRR, it would not be appropriate in a sample and
hold application where voltage levels were being captured
and held over short time intervals, eg 0.1}1s.

Supply Current

This is defined as the current which an operational
amplifier will draw when there is no load current. This factor
is of particular relevance in the design of battery equipment,
whcre low power consumption is a key design criteria. The
data presented relates to supply at +/- 15 V.

It is also of relevance when power supply requirements
are being determined where extensive linear devices are
being used.

The TL60 range thus offers some advantages of lower
power consumption. The LM324 is a four amplifier device.

Output Voltage Swing

Problems can often arise in the design of circuits when eg.
with a supply of 5V, a bipolar operational amplifier will
develop a maximum positive voltage swing of 3.7V. The
following table gives an indication of the ability of devices to
function within the range of supply voltages provided.

Circuits are tending to be used with supply rails of +/-5V
in ‘portable equipment in order to minimise current drain.

f

Unity Gain Bandwidth

Figure 4 shows the typical Open loop frequency response
curve for the LM324 A family and Figure 5 the circuit used to
determine the characteristic.

Table 2 shows that low cost devices such as TL80 range
can have unity gain bandwidth products of around 3MHz.

Noise Information

Data relative to noise is of importance where low level
signals are being significantly amplified. Figure 6 shows
the equivalent noise voltage as a function of frequency for the
TL80 to TL8S range

of devices.There is a

rapid decline in noise 10M

signal with a plateau o
commencing at ',OO}"_‘

around 400Hz. Val- —o V,

ues quoted at 1kHz V'R
are therefore repre-
sentative of the
greater range of sig-

Fig.5 Circuit used to measure open

nals inthe noise spec- loop frequency respose Indicated in
trum. The values Figure 4.

quoted in Table 2 are

nV/ (Hz).

Where data is not available eg for the LM324 and
LM741A it may be taken that the values are higher than
typically referenced for the ofher devices. The TL80 range
would be of more use as pre amplifiers in audio circuits than
the TL60 series. The TLC22001CP shows good low noise
characteristics - on apar with the more expensive LHO044AC.

Cost of Components
Table 2 summarises the approximate cost of the devices.
The prices quoted indicate approximate prices and are for
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general indication only. Significant variations in
price takes place as different specifications of the

one device are quoted. Thus the top of the range
LM324AM costs around £7.00 while the humble
LM324N costs around £0.35. The variations
within the TL60 range and the TL80 range are
certainly not as extreme as with the LM324
package. Considering its good design properties
and modest cost, the TLC2201CP device cer-

Al

Ve t =t 15V

Ao = 10R
Rg = 100R

30
tainly comes out on top of the set reviewed here.

Points of Reflection

T, = 25°C

The needs of the designer will vary consider- -

ably depending on the task in hand. A key factor
will perhaps be bandwidth, or low supply current

or low noise. Ata very basic level it may be price. 10
It is surprising how much of mass produced
electronics is down to price - to the last one

penny.

V, - EQUIVALENT INPUT NOISE VOLTAGE - nV/ /Az

In consumer products when customers are 0
inspecting a sound system, they cannot know the 10
noise spectrum of the input stage or be in any
position to measure it. Appearances of the con-
sole and the LEDs on the front will carry more

‘| Fig.6 Noise spectrum for TL80 range of devices. The spectrum above 500Hz
is relatively static and 1kHz is used as an indication of typical performance.

100 1.0k 10k 10
f-FREQUENCY (Hz)

weight. Where there is a difference in Sp between *
two components and one has a higher specification, then
invariably the cheaper component will be selected.

For the electronics designer, building and developing his
own products in relation to his own understanding, then the

choice between a mediocre chip at £0.50 and a superior one
at £2.50 is not difficult - he or she invariably choose the better
device in order to put better value into the system.

it is perhaps appropriate to set out a table which will help

INCREASING SCALE OF OP AMP PERFORMANCE

POOREST AVERAGE BEST
" I TR [T SRR Y TRy S N TN )
10 5 3 2 1 05 02 005 0.02 0.01 Input Offset mV
25 20 15 10 75 25 10 05 Of Vo /C W/C
400 200 100 75 50 25 10 4 04 0.3 input bias nA
20 15 10 75 5 1 02 005 0010005 input offset nA
1 2 10 50 1007110 120 140 170 200 gain Vi
80 84 8 92 96 100 105 110 120 140 PSRR dB
75 80 84 88 92 96 100 104 114 134 CMRR dB
01 02 03 05 07 10 15 30 70 15 slr.viwv
50 30 20 10 05 04 03 02 01 005 sup cur mA
02 03 05 07 1.0 20 30, 50 100 200 UGB MHz
100 80 60 50 25 20 15 10 75 50 v noise

where iv nolse = Input noise voltage nV/ (H2) at 1kHz sup cur = supply current per ampiifier
slr = slew rate
Table 4: Summary of grading between low performance and high

performance parameters of operational amplifiers. Typical values are

shown.

the process of op amp selection. Each of the
parameters is graded on a scale of 1 to 10,
reflecting at 10 the best device. This is indi-
cated in Table 4

This chart, therefore, serves to scale op-
erational amplifiers on a scale of 1 to 10 on
each parameter. By circling the values re-
quired for each parameter (if these are known)
this will give a rough and ready assessment of
the design requirements. If the electronic
designer uses this template (copying it) to
enter the details of a set of specific devices,
he or she will soon see if the device is a close
match to the required parameters.

In order to really understand the devices
being worked with, it is essential to obtain
appropriate linear data books. This is where
education in linear electronics really begins.

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

The supplier to use if you’re looking for —
* A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST %

* COMPETITIVE VAT INCLUSIVE PRICES %
% MAIL ORDER - generally by
RETURN OF POST %

% FRIENDLY SERVICE »

BADGER BOARDS
Printed Clrcuit

Boards

Prototype-SinglesAMultiple runs. Minimum charge £15.00, Artwork,

Plotting from Schematic to final board layout. Send S.A.E. now for
Catalogue of Kits-Boards-Projects available. Many magazine boards
produced for individual customers.

Dept: HRT 87, Blackberry Lane, Four Oaks, Sutton Coldfieid,
B74 4JF " 021-353 9326

Open: Monday-Thursday 9.15-6.00
Friday 915-5.00 Saturday 9.30-5.00

PROFESSIONAL SERVICES

We offer a tuli R.F. DESIGN SERVICE from design and development

to prototype. Our extensively equipped taboratory with screened room

is available tor EMC PRE-TESTING to ensure products comply with
the EC Directive on emissions and susceptibility.

°R. °N. “ElectronicS emc

1 ARNOLDS COURT, ARNOLDS FARM LANE, MOUNTNESSING
ESSEX CM13 1UT. Tel: 0277 352219 Fax: 0277 352968
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JUST LOOK AT WHAT'S AVAILABLE FROM BONEX ...............

Balance Mixers CMOS Devices
ga% Computer Accessories
utton Cells, Ni-cads, Adaptors 9W to 25W,
Battery Holders, Data Switch Boxes,
Battery Eliminators, Gender Changers,

Ni-cad Chargers,

Box:

ABS Plastic, Die-cast,
Hand-Held Enclosures,

RS232 - Patch Boxs, Nult
Modems, Plug in Testers,
8Surge Protectors,

Surge Protector Plugs,

Brldqe Rectifiers Connectors
Bulbs Audio Adaptor/Plugs,
Banana Connectors,

Cables
Audlo, BBC, Camcorder,
Cassette/Calculator, Mains,

Binding Posts BNCs
Centronics, D,

Computer, IBM PC/AT, D High Dens
Serlal, Monitor Extension, ower , DI IC
Parallel, Patch/Video Leads, Dle . iDCs H Edge ,F,

Scart Cables, Serial Printer,
Video/Audlo Dubbing Ki,
Cablo Tiee

c&mltors
ami 8C8

Jack2.5mm,3.5mm,6.3mm,
Mains , Microphones ,
Molex , N-Type, Phono,
PL259 RF Adaptors,
Scart, TNC Terminal

Ceramic Feedthroughs, Strlpa. v, XLR.

Chip, Electrolytics, Crocodile Clips

Monolithics, Myiars, C

Polycarbonates, r Pumps

Polystyrenes, Polyesters,  Dlod

Tantalum Beads, Plastlc IN400O / IN5400,
Toko Varicaps

C Hors Varlable
Flim '&Mr!c Trimmers,

Ceramic Trimmers,

Signal Diodes,
Zener, BZYs and BZXs,

BONEX

12 Elder way
Langley Business Park
Slough

Berkshire SL36EP.

Drills Kits and Modules Test Leads
Bits and Burrs, LE.D.s, 3mm and 5mm  Test Probes
Expo , Light Dep Resistors Tools
Pin Chucks, Loudspeakers CTrimping, Cutters,
Power Sup g Microphone Inserts Files, Insertion,
Saws and lmlng Discs, Multimeters Reamers,
Fans Neon Indicators Screwdrivers,
Feet, Rubber Nuts and Bolts Strip Board, Trimtools,
Ferrites Opto Switchs Toroid Cores

ors Opftolsolators Thyristors
FM Ceramics, Mechanical pP.C.B.s Transformers, Mains
IF's, Ceramic Resonators, Copper Clad , Etch Resist  Transistors
Crystal, Hellcals, NTSC / Transfers, Photo Resist, uaio Fower,
PAL, Pilot Tone, Quadrature  Pins, Proto-type, Darlingtons, F.E.T.s
Detector, Satellite TV, Video,  Polishing Mops GaAsFETs,
Fuses Potentlomet Low Power RF,
Grommets Control Pa;,iimm, 24mm, Microwave,
Howes Kits Pre-eets,HorlzontalVertical MosFETs,
Heatsinks Trimmer Pote, Power RF,

Power Supplies Small Signal,
VMOS,
Triace
m, Metal Oxide, TTL
? Wirewound, Video Modulators
Insulatlng Tlpe Screening Cans Voltage Regulators
lm?g Fggtrwm Seml's Mount Kits Wire
\ Solder Enamaelied Copper,
Eproms, Soidering Irons Tin Plated,
Linears, Sliver Plated,
Memory, Microswitches, Zero Insert Force
™ Push, Rotary,Slide, Toggles, Sockets
CATALOGUE AVAILABLE
SPECIAL OFFER

SBL-1 BALANCE MIXERS £3.75

Telephone : 0753 549502 Fax : 0753 543812

M & B RADIO (LEEDS)

THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER

OSCILLOSCOPES

Tektronix 2445A 150MHZ Four Trace £1500
Tektronix 475 200MHZ Oscilloscopes with probes/ manual £400
Tektronix 4658 100MHZ with Digital Multimeter (as new) £475
Tektronix 4658 100MHZ Dyal Trace £375
Tektronix 465 100MHZ Dual Trace £300
Tektronix 466 T00MHZ Storage with DVM option £450
Kikusui COS6100 100MHZ 5 channel £550
twatsu $56122 100MHZ 4 trace + cursors £900
Tektronix §103/5B 10N T.8. 2.5A20N Differantial plugins £195
Phifips PM3217 50MHZ Duatl Trace with probes/manual £375
Philips 3200 15MHMZ Mains, Bat! portable £90
Tektronix T935A 35MHZ Dual Trace Portable 0N
Ballzantine 10228 15MHZ Dual Trace Bart Portable £195
Telequipment D32 15MHZ Dual Trace Batt Portable £135
Hitachi V650F SOMMZ 3 Trace £275
Hitachi V222 20MHZ Dual Trace £225
Gould 0S3600 100MHZ Dual Trace with DVM Opt £275
Gould 0S4000 10MM2 Dual Trace Digital Storage Scope £195
Gould 052508 15MHZ Dual Trace Complete with Probe/

Manual £125
Gould 051420 20MHZ Digital Storage Oscitioscope £328
Farneit DTC12 12MM2 Dual Trace/Component Tester £195
Farnell DT12-5 12MHMZ Dual Trace £150
Telequipment DETA 36MHZ Dual Beam £195
Telequipment DM64 20MHZ Storage Oscilloscope £135
HP 1727A 275MHZ Storage Oscilloscope £450
SIGNAL GENERATORS

Marcom 2019A 1040MHZ AM/FM £1950
Marconi 2018 520MHZ AM/FM £850
Marconi 2017 10KHZ 10 1024MHZ £2250
HP 86408 1024MHZ Complete with opt 001/002/003 £1550
Wavetek 2520 200KHZ to 2. 7GHZ Synthesized £1950
Marconi 2015/2171 Synchronizer 10MHZ 1o 520MHZ AM/FM/CW
Singal Generator (8s new condition) £326
Marconi 20164 10KHZ to 120MMZ (RF Trip) £195
Marconi 2016 10KHZ to 120MHZ AM/FM £146
Farnell SSG2000 10KHZ to 2GHZ Synthesized £2250
Farnell SSG1000 10KHZ to 1GHZ Synthesized £1500
Farnetl SSG520 520MHZ Synthesized £500
Farnell S§G520+TTS520 Mobile Radio Tast Station {pair) £900
Adret 740A YOKMZ to 2. 7GHZ Synthesized Generator £1950
Adret 20230A TMHZ Synthesized Source £195
Polrad 1106ET 1.8 to 4.8GHZ Compiete with Modulator £550
Wavetek 193 20MHZ Sweep Function Generator £295
Philips 5324 100KHZ to 110MHZ AM/FM/Sweep £200

ALL PRICES PLUS VAT AND CARRIAGE
86 Bishopsgate Street, Leeds LS1 4BB
Tel: 05632 435649 Fax: (0532) 426881

Eaton 35528 Broadband RF Amplifier £1000
Kalamus Wideband RF Power Amplifier 5 to 1000MHZ £750
Farnell LA520 RF Amplifier 1.5 1o 520MHZ £178
Farnell LFM2 Sine Square Wave Oscillstor £85
Farnell LFM4 Osacillator £200
Farnell TM8 True RMS Sampling RF Mallivoitmeter 1GHZ £350
Racal Dana 9301A True RMS Voltmeter £450
HP 340A True RMS Vohltmeter £145
HP 3403C True RMS Voltmeter £150
Racai Dana 1998 Frequency Counter £750
Racal 9841 3GH2 Frequency Counter £225
Marconi 2432A 560MHZ Frequency Counter £200
Nerda 3020A 8i Directional Coupler 50 to 1GHZ £250
Narda 3001-30 Directional Coupler 460 10 960 MHZ 185
Narda 3022 Bi Directional Coupter 1 1o 4GHZ £250
Narda 769/6 150W 68B High Power Att (NEW) £100
Bird Tenuline 8343 100W 6DB Att £100
Bird Termaline 8201 50 OHM 500W £100
HP 9133 Computer 160 Touch Screen/Printer £500
Racal Dana 1002 Thermal Printer £150
HP 3455A Migh Stability Voitmeter GPB £1200
HP 3478A LCD Dighal Muitimeter £400
HP 34680 Digital Multimeter 51/2 Digit £400
HP 5306 GP1B Multimeter/Counter £225
HP B750A Storage Normalizer £400
HP 5382A 225MHZ Fraquancy Counter £195
HP 461A Amplifier 1KMZ 150MHZ £100
HP 6294 PSU 0 to 60 Voits 1AMP £85
HP 3556A posphometer £50
HP 42718 1MHZ Dignal LCR Meter £950
Tektrona 521A PAL Vectorscope £1000
Textronix 1481R Waveform Monitor

Tektronix 141A PAL Test Signal Generator £750
Racal Dana 5002 Wideband Levell Meter £750
Racal Dana 9303 True RMS RF Leveil Meter £750
SPECTRUM ANALYSERS

Textronix 496 1 BGHZ Programmable £3500
H/P 85588 1 5GHZ 1B2T Main Frame £1800

H/P 1417 85528 IF 85548 1250MHZ + 85538 110MHZ Compiete
Audio o RF System £2250
H/P 85558 1BGHZ Plugin (New Boxed) £2350
Rohde’ Schwarz ZAM 52 20GHZ Scalar Network Anatyser £2000
Wayne Kerr RA200/ADS1/ALM2 Frequency Response Anatyser (tAss
50

New)
H/P 3580A 5HZ to S0KHZ Spectrum Analyser (New) £2000
M/P 85668 22GHZ Spectrum Analyser £1700

TEST EQUIPMENT

Marconi 2955 Communications Test Set £3000
Marconi 2950 Mobile Radio Test Set £250
Dymer 2085 AF Powwsr Meter £228
Marcont TF2331 Distortion Factor Meter £295
HP 6518 Test Osciilator £200
HP 333A Distortion Meter £225
Marconi 2305 Modulation Meter £1600
Etratom FRT Atomic Frequency Standard £2500
Fluke 5408 Thermal Transfer Standard £850
Bradley 232 AC Caltbration Source £1000
Bradley 156 Oscilloscopes Calibrator £200
Wayne Keer 44C Measuring Set £150
HP 745A AC Calibrator £750
HP 8405A Vector Voltmeter + Accessofias £1000
Fiuke 103A Frequency Comparator £500
Bicctest TA31M Cabie Test Set £250
Cossor 437 Cabie Logger £250
HP 435B Power Meter 8482430D8 ATT {As New) £975

HP 435A Power Meter B482H Head £650
Marcont 8960 RF Power Meter 6312 Head 30KHZ to 4.2GHZ 6920
Head 10MHZ to 20GHZ 3]

HP 3944 Variable Attenuator 1GHZ to 2GHZ £125
Powersense Line Analyser £450
Leader LCTI10A CRT Tester/Rejuvenator £195
Amber 4400A Multij guroou Audio Test Sat £550
Ferrograph RT§2/ATU1 Tape Recorder Test Set £300
Racal Dana Microprocessing DVM

£350
Racal Dana 3000 Microproporcessing Timer Coumar 5TOMHZ  £295
Philips PM2434 DC Microvoltimeter £75

Racal Dana 488 1EEE STD 488 Bus Analyser £250°
Sinadder 3 Meter £145
BULK PURCHASE SPECIALS

MP 180 50MHZ Oscilloscopes Tested £145
Marconi 1101 RC Oscillator 20CS to 20KCS £45
Avo 8 Muttimeters Case + Battery Loads £25
Unaohm EP594 TV Field Strength Meter 48 to B60MHZ £55
Adcola 777 Desoldering Station £150
Fluke BOOOA High Grade Digitat Muhimeter £100
RADIO EQUIPMENT

Racal RA1792 HF Receivers £1800
Racal RA23098 + RA2295 90 1o 400MHZ £950
Eddystone 770U 150 to 500MHZ £185
Eddystone 9905 250 10 B50MHZ £195
Philips 88MHZ to 108MHZ Broadcast TX £4000
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T‘«:q Magnitier 2x4x
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CJID
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UK DISTRIBUTOR AND
STOCKIST FOR THE COMPLETE
ILP RANGE

* AMPLIFIER MODULES

% PRE-AMPLIHERS

% 100V LINE TRANSFORMERS

* TOROIDAL TRANSFORMERS
* LIGHTING TRANSFORMERS

COUPON

I Please supply............ ROET/27 @ £8.95. | enclose my I

' cheque/P.O. for £......payable to ASP or please debit my Access/Visa :

§ CO I TIII1TI1] i OO
SIGNATURE for data and prices
NAME............ |

I Please return coupon to: ASP Reader Offers, Argus House, I
Boundary Way, Hemel Hempstead, Herts. HP2 7ST.
Please allow 28 days for delivery U.K. only (Overseas upon request).

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254. Fax: (0227) 365104

 Please note
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the above information may be used for marketing purposes.

PCB & SCHEMATIC CAD

DIGITAL SIMULATION

ANALOGUE SIMULATION

SMITH CHART CAD

EASY-PC

£98

anaLysermn £195

£195

Z-MATCH Il
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©® Design Single sided, Double
sided and Muhtilayer boards.

® One software package for
Schematics and PCB's,

® Standard output includes
Dot Matrix / Laser / Inkjet
Brlmeu Pen Plotters

ho!o-p|oﬂeru and N& Drill.

® Award Winning EASY-PC is
in use in over 13,000
installations in 70 Countries
World-Wide.

©® Runs on PC/XT/AT/286/386
with Herc, CGA, EGA, VGA.

@ Optional libraries S.M. Com-
ponents etc. From £38.00

O At last! A tull featured Digital
Circuit Simulator for less
than £10001

© Pulsar allows you to test your
loglc designs without the
need for expensive test
equipment.

@ Catch glitches down to a
pico-second per week!

@ Includes 4000 Series CMOS
and 74LS Ubraries.

® Runs on PC/XT/AT/286/386/
486 with EGA or VGA.

Hard disk recommended.
®74HC / HCT Libraries
optional at £48.00 each.

® NEW powerful ANALYSER Il
has tull graphical output.

®Handles R'’s,L’s,C's, Bipoiar
Transistors FE‘f't, BJ»Amp's,,
Tapped and Untapp
Transformers, and Microstrip
and Co-axial Transmission
Unes.

®Plots Input and Output
Impedances, Gain, Phase and
Group Delay.

@ Covers 0.001 Hz to >10GHz

®Runs on
PC/XT/AT/286/386/486 with

®Very tfast computation.

0 Z-MATCH Il takes the
drud out of RF matching
problems and includes many
more features than the
standard Smith Chart.

@ Provides quick accurate
solutions to many matching

roblems using transmission

ine transformers, stubs,
discrete components etc.efc..

@ Supplied with comprehensive
user instructions including
many worked examples.

® Runs on PC/XT/AT/386/486,
CGA,EGA,VGA.

@ |deal for both education and
industry.

For full info’ Phone, Fax or
Write t0¢

Number One Systems Ltd.

The Electronics CAD Specialists

REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.
Telephone: 0480 61778 (7 lines) Fax: 0480 494042 International: +44-480-61778 Fax: +44-480-494042

EGA or VGA displays.

Technical support free for life!
Programs not copy protected.
Speclal prices for Education.

ACCESS, AMEX, MASTERCARD, VISA Weaicome.
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our Channel

An effective way to
control and dim four
sets of lights
independently.
Ken Blackwell now
describes the
transmitter.

emote Cont

HOW IT WORKS

0+9Y

>4]
VN‘IOKM‘

ICY
MV500

R

PB4 1
PB2

|

720k ’ g

12

-y

PB3

e

Transmitter Operation

No setting up is required. This IR Transmitter is
pulse modulated to match the IR receiver controlling
touch type dimmer switches. The coded outputs are
digital ABCD only, set to momentary operate the
receiver reed relay outputs. VMOS collects a posi-
tive supply through the 1ohm resistors and the IR
diodes then discharge to earth.

IC1 is a Plessey IR Encoder MV500 complimen-
tary to IR receiver Decoder MV601. A 9 volt PP3
battery is connected to diode D4. This diode gives
protection through mis-connections and also charges
the smoothing capacitor C1 to reduce the voltage
drop that occurs during the high current discharge
when transmitting,in effect giving the highest obtain-
able voltage to IC1 which in tum gives a high output
pulse to pin 1 and the gate of Q1. XT1 is a 500kHz
ceramic resonator connected to the two 100p fo
forms a Pierce circuit. This circuit is oscillating at the
same rate as its complimentary receiver circuit.
When a push switch selection is made a pulsed
output current is sent to Q1 gate causing a very high
pulsed current 1o be passed through to ground via
the resistors R1-3 and IR emitter diodes D1-3. R4 is
included 1o bias the gate on Q1 to OFF by grounding.
Output push switches connect a source to sink as

RS
10k

Fig.1 Circuit of Infra red remote transmitter

%ﬁ‘)ov

configured,and RS is included to Jimit a positive
source current.

redictably in the future, domestic remote control-

led lighting and dimming will be as common as the

television remote control and with the availabilty

of multi programable transmitters on the market,
eventually all domestic systems will be programmed into one
master transmitter.

With mains lighting, the design criterion requires that the
lighting system must not depend entirely on remote control.
Manual switching is the most convenient simple method of
switching, the remote operation is the added practical refine-
ment. of modem living, and probably only used during

relaxation times or as an aid to the unfortunate handicapped
or bed-ridden patients. The greatest advantage is the means
of controtling the dimming level of lighting from a position
of relaxation.

In the case of the following infra Red remote design any
combination, MANUAL ‘OR' REMOTE switching and dim-
ming can be operated from each separate touch dimmer
switch.

This remote system is coupled to control a suitable easily
available touch dimmer switch, manufactured by Home
Automation, but others would work on the same-principle.
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In Operation

The circuit described is an infra red encoded system,
configured to select four digital channel outputs. This allows
a single output for each of the channels. By selecting one of
the four push button switches an encoded pulsed infra-red
output is sent from the infra-red diodes to the decoder on the
receiver circuit, which in turn pulls in the selected reed relay.
This transmitter circuit is pre set to-match the complimentary
encoder micro chip and no setting up is required.

The transmitter operates four channels and basically of
standard construction, with a couple of selected components
to give increased range.

The receiver described last month is mains powered and
converted to give a DC supply output via a zener voltage of
15 volts at 35SmA, then again regulated to supply various
components with a smooth 5 volt supply. Detection of infra
red pulses are pre amplified and filtered by the ‘Tandy’ IR

ol Dimmer

Detector unit, a hybrid receiver/demodulator. These output
signals are transistor amplified and passed to the remote
control receiver IC pin 1. With matching pulse position
modulation, the momentary switch selected ABCD logic
couples directly to one of four miniature 5V DC plug in reed
relays. The normally open relay contacts, close, making an
earth connection to the appropriate dimmer switch touch
plate, completing the dimming/switching cycle.

Transmitter Construction

The construction is very straight forward, soldering-in the
components as shown in the component overlay starting with
the low components first like resistors. Do check the polarity

of components before soldering them in. The flats on the
infra-red diodes indicate the ground side. Check for pairs of
pins on the push buttons before soldering. Ensure the VMOS
semiconductor is fitted as per diagrams for polarity. On
completion, fit the heavy duty battery to the battery clip and
press the push buttons. The circuit is designed to fit in the
smallest of hand held plastic boxes readily available from
many distributors and Tandy shops. The box has to be drilled
to accommodate the infra-red diodes and push buttons.

Stop Press

. Stop Press . Stop Press

WARNING
Some design elements of the Remote
Controlied Receiver (Part 1) have been
questioned. It is therefore strongly advised
that the construction and operation is
withheld until modifications are published
in the March issue of ETI

88006080

. SUPPLY

]

Fig.2 Component Overlay of transmitter

LYIr0Ud

PARTS LIST

TRANSMITTER

L BUYLINES

R1,23 1R -

R4 720k Most of thg parts are availble f(om

RS 10k Rapid Electronics. The Infra-red recaiver
module is from Tandy Stores. The choke

CAPACITORS is from Maplin (JL72P). The MV601,

Ct 1000u/10V
C23 100p disc ceramic

SEMICONDUCTORS
Ic1 MV500 transmitter
0]} VN10KM

01,23 High power Infra-red emitters
D4 1N4001

MISCELLANEOUS

PB1,23,4 Momentary push switches
Pad Kt  JYO1B

XT1 500kHz ceramic resonator
PP3 Battery clip connector

PP3 Battery

Remote control housing

resonator and MV500 are available from
Electromail. A kit of parts {exicuding box
and battery) for £25 is available form
ADVF Service, 131 Aldermans Drive,
Peterborough, Cambs PE3 6BB
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Let the musical instruments
follow your lead with this
MIDI project by Tom Scarff

RESET

Fig.2 Setting Mode 2

ver wanted to hum or whistle a tune and have a
complete orchestral sound backing you? Well this
project consists of the hardware and software to
implement a sound to MIDI convertor which will
allow the digital playing of MIDI data on a MID] instrument
controlled by any acoustic instrument or voice via a micro-
phone, or by a guitar via an electromagnetic pick-up.

MIDI, as most people know by now, is the acronym for
Musical Instrument Digital Interface and is at present the
universal standard for connecting and controlling electronic
musical instruments. Generally MIDI synthesisers are key-
board controlled but not all musicians are keyboard profi-
cient and would still like access to the various MIDI synthesiser
sound sources. In order to achieve this I designed a Sound to
MIDI convertor which converts an incoming frequency to its
equivalent MIDI note-on and note-off data.

MIDI data is transmitted or received as asynchronous
serial data at arate of 31. 25K BAUD with a format of 1 start
bit, 8 data bits, and 1 stop bit. The MIDI Out connection
operates using a SmA. current loop.

Digital Circuit

The circuit is designed around the 6803 microprocessor
which contains 128 bytes of RAM, for the programme
variables, a Serial Communications Interface, for interfacing
to the MIDI in and out connectors, eight parallel input/output
lines, with one input polled for start and end of a note, and a
three function programmable timer, which is used to calcu-
late the incoming frequency of a note.

An internal clock generator with a divide-by-four output
is also present. The processor also allows the combination of
two cight bit accumulators to provide operation of sixteen bit
arithmetic. The NMOS 6803 CPU is also available cheaply
and 6800 software has appeared in previous articles.

The operating mode of the 6803 is selected at power-on
or resct by the voltage levels present on the Port 2 pins P20,
P21 and P22. With the configuration shown in Figure 2 mode
2 is selected which makes use of the internal RAM and the
muitiplexed Data/Address bus.

- Deta Bus
—{xTALl (00 -O7)
—
T XTAL2 Address Bus
inm___—— Port 4| (AQ- AYS)
| » AW
wcesor [RW

E
Port 1 E
8 VO
Port 2
80
sci
Timer l

Voo EPROM

Fig.3 Mode 2 system configuration

The lower address byte has to be latched before feeding
into the address bus as in Figure 3. An output signal, the
Address Strobe (AS), is provided to enable the latches in ICS
at the correct instant in time.

The EPROM is chip-enabled when address AlS5 goes
high and fed to the active low input via NAND gate IC7d
wired as an inverter and is capable of being read when the E
pulse and the read/write lines of the microprocessor are both
high and fed to the active low read enable line of the EPROM
via NAND gate IC7¢. The EPROM is address decoded to a
hex base address of 8000h to 87FFh. Since the address lines
All to Al4 inclusive are not decoded ghosts of the EPROM
will appear at higher addresses, allowing access to the
interrupt vectors. The internal RAM is address decoded to
hex address range 0080h to OOFFh. See memory map of
Figure 4.

The 4MHz crystal is divided by 4 intemnally by the
microprocessor to provide an E pulse of 1MHz and a clock
cycle time of 1 micro-second. The timing pulse E is further
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Fig.1 Circult dlagram of the sound to MID! processor
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divided by 4 by the dual D-Type flip-flops IC3a,b and fed to
the serial external clock input on port 2 pin 2 (P22), where
itis further divided to provide the correct MIDI baud rate. A
2MHz crystal could be used to generate the baud rate
intemnally but then the clock cycle time would be increased
to 2 micro-seconds, which would reduce the frequency
resolution of the internal timer by half.

The MIDI IN connector is fed to IC8 optocoupler type
CNY17 whose output is fed to the serial input P23 of IC4 and
via inverting NAND gate IC7A and transistors Q4, Q5 to the
MIDI thru® outputs. This allows splitting of the MIDI signal
to twodestinations. Also the serial MIDI inputdatatoIC4 can
be used for future MIDI applications.

The remaining NAND gate ICTb can have its imputs
connected to ground or
left floating.

Analogue
Circuit

A microphone or
other low level source
(e.g. a guitar pickup)
can be connected to the
input preamplifier
ICla.

The mid-band gain,
of approximately 20, is
setby - R5/R6, the lower
cut-off frequency is de-
pendent on the combi-
nation of C2R6.

The second stage of
amplification is pro-
vided by IC1b with a
gain similar to the first
stage set by - R8/R7.
This gives an overall
gain of over 400 or
524dB

The potential di-
vider R10,R11 sets the

DC bias on the outputs
of the operational am-
via the non-inverting
inputs, and IC2b via the

inverting input, to half
the supply potential
minus approxiamately
1.5 Volts, which is the
valué required for the
maximum symmetrical
AC voltage swing using the LM358 IC. The capacitor C3
ensures that these inputs are AC grounded.

If theinputis removed R9, whichconnects the preamplifier
input to ground via the input jack, helps prevent spurious
noise causing the circuit to operate intermittantly.

The amplified signal is then split and coupled to:

1) A Schmitt trigger circuit consisting of IC2b and asso-
ciated components R13, R14 which setthe threshold voltages.
This signal is then fed to the sérial port P20 via transistor Q1
which allows the signal swing from OV to 5V.

2) A comparator circuit IC2a via rectifier diode D2 and

Fig.5 Flowchart for MIDI to
sound processor

Intemnal Registers
Extermai Memory Spaoce

Intemal RAM

e EPROM External Memory Space
S87FF

$FFFO

$FFFF External Interrupt Vectors

Fig.4 Memory map: Mode 2

smoothing circuit C4,R12. The level at which the output of
1C2a switches is controlled by the setting of R V1, this output
is fed to port 1 position 7 (P17) where it is polled by the
software to detect the start and end of a musical note.

Power Supply

The conventional power supply consists of a9V -0 -9V
transformer T1 with a VA rating capable of providing the
required DC current of nearly 250mA. A capacitor C7

provides smoothing of the full-wave rectified output from
diodes D4, D5 which feed a standard 7805 regulator IC9, to
provide a regulated 5V output. Distributed capacitors C8 to
C11 provide high frequency and noise rejection on the power
supply lines of the PCB.

Software

The operation of the software can be seen from the flow-
chart of Figure 5. First the reset vector is loaded from
addresses 80FE, 80FF which are ghost addresses for the
actual addresses at FFFE, FFFF. Next the serial, parallel and
timer ports are initialised.

The software now polls port 1 pin 7 (P17) until the output
of comparator IC2a goes high and then proceeds after a short
software delay.

The software is designed to ignore the initial transient of
a musical note, when the incoming frequency still has not
settled to its final value, by storing counts and checking for
5 consecutive similar high bytes, which indicates the conver-
sion of approximately the same input frequency 5 times.

If 5 consecutive similar bytes are not found within the
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MIDi THRU

Fig.6 Component overlay

count table then the programme branches back to read pin
P17. Otherwise 4 of these counts are added and averaged to
produce a count number equivalent to the frequency of the
input musical note. This number is then compared to a look-
up table of numbers contained in the EPROM and converted
to the equivalent MIDI note data. This number corresponds
to the input frequency and is in the range from O to 127.
The number is then transferred to the parallel-to-serial
port at P24 and is fed to the MIDI output via buffer transistors
Q2 and Q3 at 31.25Kb with the MIDI protocol for a note-on
event (see Figure 4). The software defaults to MIDI channel

1 and a velocity byte of 40h.

Now the software again polls P17 waiting for the musical
note to end and then when IC2A goes low, after a short delay,
the MIDI note-off data is transmitted to the MIDI out
connector, Then the programme jumps back and waits until
another note occurs.

Operation

The circuit was designed for voice or any monophonic
instrument and because the circuit converts the fundamental
frequency so any instruments that contain a lot of hanmonics
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will not work correctly.

However I have used acoustic and electric guitars with the
system and the problems associated with getting a good
fundamental tone are:

1) Initial transient overshoot.

2) Increase in harmonic content as note decays.

3) Harmonic content depends on how string is plucked.

The first problem is overcome by the programme soft-
ware. The second can be cured by correct adjustment of
preset RV 1 for comparator IC2a. The third problem requires
damping of the strings by hand or by placing absorbent
material against the strings near the bridge of the guitar. Also
I found that the best fundamental tone was produced on an

acoustic guitar by playing the middle of a string with my
thumb rather than using a plectrum, which produced too
many high frequencies.

The frequencies for a guitar range from a low Eat 82.4Hz
to approxiamately 1KHz for the topmost note depending on
the make of guitar. However if a Bass guitar is used then the
frequency goes down to 41.2Hz. However the lower the
frequency the longer the conversion time and so the delay
becomes discernable with very low frequencies.

I have used a tin-whistle with very good results and other
instruments can obviously be used but some experimentation
may be required to get a good fundamental tone.

.MAIN PROGRAM, 36 asct,
Hitachi 6301 Structured Cross Assembler 31 O7FE org $07FE
Version 3.50 August 1987 38A O7FE 8100 fab  $8100
Program copyright MicroSol Ltd Dublin 23 -~
I RERERREARERERERERRRAERERRRRAREERERE :; 0100 org 0100
. S e o PO S 430 0100 6E OOFF  START  1ds  #00Ff load SP with top of stack
i
g | 4‘5 Rk khekeehbhhrdhdedrbedhtrhed
g 0080 table equ  $0080 5 incoming notes Z; :..m..Hlfflillis.egmm.m:
48
8 ERAR AR AR R AR R R EERA KRR RRERR 494 0103 86 7F daa #87¢ set port- 1 with M5B as i/
10 * Table of MIDI notes Cl to €2 * - st ¥ gk
11 i_iiiiiiIti'!iiii'ttti!ifﬁk’ﬂ’"'tt"'fi 51
12 524 0107 4F clra clear port 1 o/ps
- bl 53 0108 97 02 staa 50002
54
}; gt Ll S5A 010A 96 02 readpll  1daa $0002  read pl7 and leave loop w
56A 010C 40 tsta comparator ofp is HIGH
}g wu ENGRONTASLE equ ~ $8314 574 0100 27 B beq readpl] if comparator ofp is low
58
184 0300 3037 ROMTABLE  fdb  $3d37
20A 030# 44F8 fb  $44F8 60A 0110 97 01 staa $0001  clhear port 2
214 0306 4912 fdb 54912 61A 0112 97 08 staa 30008  clear timer status reg
224 0308 4069 fdb  $4069 62A 0114 BD 8260 jsr $B260  detect note edge
63
giﬁ 8382 gggi ;dg :gzgi 64 Ak Rk kehbeihhbhehbbddddehhbhbbbbbhdhhdhhehis
254 030 SC10 f:b $5C10 65 kd Delay for contact bounce y
ZGA 0310 6189 fdb ‘6189 66 Ahkkkkkhhbhbthhkhbeehhthekbbhbebtttbtbhbthits
67
Ll o oo ik 684 OLI7 CE 0868 16 5088 delay value
29 0316 13F¢ fdb  $13F€ - S L TR
30A 0318 TAES ftb  STAES R e Ry
g; R T e R N 72 kb khbkkbe kbbbt dthbhbhbbhhehhobehthbedd
3 3 * Store 5 sample counts L
34 IA it!_ﬂ'ftttﬂtti't!t'Itittti'i'ti'ititi'ittttt
3 15
76
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774 0110 E 0080
784 0120 4F

794 0121 97 01
804 0123 97 08
814 0125 BD 8260
824 0128 97 09
834 0124 BD 8260
84A 0120 DD €0
854 012F 8D 8260
86A 0132 93 €0
874 0134 ED 00
88A 0136 08

894 0137 08

90A 0138 8C 0084
914 0138 26 £3
92

93

T

95

96

974 0130 7F 00F2
984 0140 £ 007E
994 0143 8C 0084
100A 0146 2¢ {2
1014 0148 08
1024 0149 08
103A 0144 EC 00
104A 014C AL 02
105A O14€ 26 F3
1064 0150 86 03
107-0152 97 EO
1084 0154 08
1094 0155 08
1104 0156 EC 00
111A 0158 A} 02
1124 015 26 £7
1134 015C 7A 00E0
1144 015F 26 F3
115

116

117

118

119 .
120A 0161 86 03
121A 0163 97 El
1224 0165 EC 00
1234 0167 09
124A 0168 09
125A 0169 E3 00
1264 0168 24 03
127A 016D 7C 0OE?
1284 0170 74 00F1
1294 0173 26 F2
130

131

132

133

134

135

136A 0175 70 00E2
1374 0178 27 05
1384 0174 04
1394 0178 88 80
140 0170 20 01
141A 017F 04
1424 0180 04

143

144

145

14

147

148

1494 0181 DD 91
150A 0183 CE 8300
1514 0186 86 01
1524 0188 97 90
1534 0184 0C 91
154A 018 A3 00
155A 018F 24 OA
156A 0190 7C 0090

sample 1dx

store clfa
stea
stas
jsr
stas
Jsr
std
st
subd
std
inx
inx
cpx
bne

#$0080  RAM look-up table
0001
$0008
$8260
$0009
$8260
$00C0
§8260
500C0
0.X

set timer to FFF8

var in 00C0

#0084
store

END OF TABLE

Ukkkhkk kA htbbhhrhhhbhehteedrthbbbrdbthrdd

N L] -
*  Check for five consecutive numbers _ *
E 2222222 222223 2 aT 1222 22T eTsy

clr
Tdx
count cpx
bhs
inx
inx
1dd
cmpa
bne
1daa
staa
loop3 nx
mnx
1dd
cmpa
bne
dec
bne

$00E2
#5007€
#50084
readpl]

START OF TABLE -2
END OF TABLE

0.x
2.x
count
#3
$00E0

0.x
2.x
count
$00E0
loop3

rakdhkkkkbbtkeeeekbbeet etttk rdiddin

¥ Add four consecutive counts ¥
hkkkhhhb kb kbhbhrhhhbhtbohebthhhbbbdtdtid

1daa
staa
ldd
add dex
dex
addd
bee
in¢
four dec
bne

)
$00£1
0.x

0.x
four
$00£2
$00E1
add |

khhkkhttthbhhbbhtadbhbhthbtdbbirfbdhbddhihs
Z Average of four numbers £

1322

tst
beq
1srd
adda
bra
1srd
1srd

clear
nocarry

* 1242232

$00E2
clear
divide by ?
580
nocarry

divide by 2

kkkkhkkdththhddh bt hddhhhddbddbdhedthddrdh

4 Convert count to MIDI note i
dkwkrhdhhdkehorhbkdhhhrithbhhhdrddbdddddis

std
1dx
1dae
staa
1dd
subd
bhs
inc

checkoct

$0091
#58300
h
$0090
$0091
0.x
octave
$0090-

1574 0193 0C 91

1584 0195 05

1594 0196 00 91

1604 0198 20 £2

161

162

163

164

165

166A 0194 86 17

167A 019¢ 97 93

1684 O19€ 08

169A O19F 08
1704 O1AD B¢ 831A

171A OLA3 27 4E

1724 O1AS OC 91

1734 O1AT A3 00

174A 01A9 23 05

175A 0148 7A 0093

176K OLAE 20 £E

1

178

119

180

181

1824 0180 01

1834 0181 01

1844 0182 01

185A 0183 C6 0C

186A 0185 96 93

1874 0187 7A 0090

1884 018A 27 03

1894 018¢ 18

1904 0180 20 F8

191A OLBF 16

192

193

19¢

195

196

197A 010 86 0C

1984 012 97 10

1994 014 86 02

2004 016 97 11
201

202

203

206A 01C8 80 2C

207A O1CA 86 90

2084 01CC 97 13

209 OLCE BD 26

210A 0100 07 13

211A 0102 80 22

212A 0104 86 40

2134 0106 97 13

2

28

26

21

28

219A 0108 96 02

2204 O1DA 40

2214 0108 26 F8

w0

2

2

225

226

227A 0100 CE 0888

228 O1E0 09

2294 OLEL 26 FD

23

23]

3%

23

234

235 0LE3 80 11

236 OLES 86 80
“237A 017 97 13

2384 0169 80 08

-

ldd
asld
std
bra

Ahkthtehhkhbihhthbbidebhhhtdhddhhbikbdddisid

L Find MIDI note in a given octave B
hkkbkkkhhbtkhbhhbbhtbhrhtbhdb kb ohtbbehrhbosar

Vdaa
staa
note inx
inx
cpx
beq
dd
subd
bls
dec
bra

octave

LA a g e i e i a e e s dsasisds

¥ Calculate MIDI note value *
AR AR AR RARARAARAR RNk A RARA AR TR AL

calc nop
nop
nop
1dab
1das

calcloop = dec
beg
aba
bra

tab tab

Akkkkkkbkchehrebhehbetehhohdbbhobhahdrdbihs

x Set up serial port for MIDL #

P Y T Y S T I e e v s 2

1dsa
staa
1daa
staa

LhREARAAS AR R AR AR TRA AR RO E oA RN SR A RbL

bsr
1daa
staa
bsr
stab
bsr
1daa
staa

ktttkttt'ttitttttitttktittttktttttt&*itt

P Test for end of note *
tkhkhthhhkthhhhhhhtbhebhettbhhddeeddods

1das
tsta
bne

noteoff

Ahhkihkdithhhhkrhddhehhheheoettithhtdhiddis

‘empty

$0091

$0091
checkoct

1
$0093

$ENDROMTABLE
repeat

$0091

0.x

calc

$0093

note

#s0c
$0093
$0090
tab

calcloop

#s0C
$0010
#e
$0011

empty
#5930

$0013
empty
$0013

note on channel 00

store note to serial port

#8340
$0013

velocity mid value

$0002  contents of port 1

noteoff

% Delay for contact bounce v

RhAkR Rk ehh bbbk dhdthhdddbdrbdhdhbdhtbdbidhts

1dx
bounce dex
bne

kkkdrihhkthkrhtbbbdetihhbhbbrredebbhbbrrdeehhed

#50888  delay.

bounce

* Transmit MIDI note off data ®

kRERRERATRERRRRRRARA AR R AR ARk kAR bbbt khhhit

bsr
1daa
staa
bsr

empty
#580

$0013
enpty

note off channel 00
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239A O1E8 07 13 stab $0013  store note to serial port 2604 0262 2A FC bpl  EOGE
2404 01€D 8D 07 bsr  empty 261A 0264 0C 0D Idd  $0000  input capture reg
241A O1EF 86 40 1daa #3840 nid velocity value 2624 0266 39 rts
2424 01F1 97 13 staz $0013 263
243h O1F3 7E BI04 repeat jmp  $810A  back to readpl? 264
g:g hbkhbkhbhbhhhhbhobrhbbddhhahhrdohhtbhbhdd ggg
246 g TDR empty subroutine & 261
2‘7 kb obekehhhhbhdhohbbhhbehkbbehbbbedodd 268
U8 269
249A OLF6 96 11 enpty 1daa 30011 210 end
250A 01F8°85 20 bita #520 Syabol Table:
251A OLFA 27 FA beq empty £0GE 0260 ENDROMFA B831A ROMFABLE 0300 START 0100 __LNG 0000
2524 01FC 39 rts e 0001 __SA¥A  000f __SAV8 0001 edd 0167 bounce  01E0
253 calc 0180 calcloop 01B7 checkoct O018C clear 017F clrport  010F
254 R AR AR AR R RERARRE KA AR R L ERRER count 0143 delay O11A empty 01F6  four 0170 loop3 0154
285 EDGE detect subroutine * nocarry 0180 note 019t noteoff 0108 octave  019A readpl? 010A
256 drkhkdbdtkhherehheddbddbdbhebdbdbbibrtbdd repeat 01[3 Sdllple OllD StOl‘e 0120 tdb OlsF tab]e 0080
251 asct
258 0260 org  $0260 RUN COMPLETE 0 ERRORS DETECTED
2594 0260 96 08 EDGE 1das 80008  timer status reg
ilg RESISTORS CAPACITORS SEMICONDUCTORS MISCELLANEOUS
> R12,34,1315, Ci 22y IC1,2 LM358 IC HOLDERS 6,20,24.40 1OFF
1921,2629,30 10k (11 off) c2 T} IC3 74574 814 20FF
z R5,8,14 ™ c3 100 IC4 6803 T4 Transformer 9V-QV-9V,
= p67'10 4% 4 WV IC5  T4HCTSIZ  XTAL! dMHzorystal,
0] R9,16,20 1k C5,6 22pF IC6 2716 fuse 1A, LED switch, din connectors 180°
Fi r‘ R11 33k c7 1000y IC7 741500 (4 OFF) and suitable enclosure.
- R12 100k 89,1011 100n IC8 CNY17
W R17,18.23,24,25, IC9 7805
oy R27.28 220 Q12345 ZTX300
R22 22 01234  1N4148
RV1 100k 05,6 1N4002

QUALITY
BINDERS

TO TREASURE YOUR COLLECTION OF

12 copies of your magazine kept in pristine
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HALCYON
ELECTRONICS

Test equipment, video monitors, amateur radio gear, printers,
power supplies, communications, disk drives, multimeters,
oscilloscopes, scientific instruments, connectors, component

BELL & HOWELL 65€ 16mm SOUND PROJECTOR 9%
HAMEG HZ285 COMPONENT TESTER 2
TEXTRONIX 520 521A PAL V/SCOPES From £475
TELEQUIPMENT DETA 25MHZ 2T, DEL T/8 £21§
HP 17004 35MHZ DUAL TRACE £249
GOULD 033008 50MHz 2 TRACE DEL T/8 269
TEK 453 SOMHZ DUAL TRACE DEL T8 249
SCOPEX 4D25 25MHZ DUAL TRACE £159
BECKMAN 3020 20MHZ DUAL TRACE 24
DATA PRECISION 6000 WITH §11 PLUG-IN AND

681 DISK DRIVE UNIT £995
GOULD 0S30004 40MHZ 2 TRACE. DEL T/8 249
HAMEG 203-5 20MHZ, 2 TRACE COMP TESTER 24
HITACHIVC 6015 10MMZ DIGITAL STORAGE £4
HP. 13404 X-Y DISPLAYS. %9
LEADER LBO-3C ALIGNMENT SCOPE 0%
TEK 5L4N 100KHZ SPECT ANAL WITH 5110 WiF,

2 SATBN, SBON TIME BASE. 5%
TELEQUIPMENT DT5, 50MHz 2 TRACE DEL T/8 22
TEKTRONIX 400N, DF, 7001 LOGIC ANAL £49%
TEK 5458, 585, 5854, 5354, S41A, 5154 From £49
TEK 545/585 SERIES PLUG-INS From £10

WANDELGOLTERMANN SPM-2 LEVEL METER €18
WANDEL'GOLTERMANN SPM-3 LEVEL METER £168

WANDEL/GOL TERMANN PS-3 SIGNAL GEN 08
MARCON! TF2304 AM/FM WOD METER PRTBLE £248
RACAL 3053 F/CTR S60MHZ MAINS/BATT f145
19 RACKS 20U. 31 DEEP 0%
HP 34904 DMA AC/DC/V OHMS 6 DIGIT £

XFORMERS SEC 30-0-30v 20A UNIVPRFS. C-CORE €20
WHOUSE 1/4HP REVBLE MOTORS 220V 1KRPM 25
CONSTANT VOLTAGE TRANSF'S 150VA-2XV POA
MARCONI TF2331 DISTN FACTOR METER 313
88C-8 & MASTER COMPUTERS From £99
MARCONI TF2300 FWAM MODULATION METER  £1%5
TEKTRONIX 834 PROG DATACOMMS TESTER £3%

nal generators, computers.

BERTAN 205A-05A 0-5KV 5mA £58
BRANDENBURG 470 0-2.5(V SmA v
HP. §521A 0-1KV 200mA %
FERRANT! 26 LASER PSU 600v-1 6KV 15mA ]
KINGSHILL CP3162 TWIN 0-150v 200mA i |
FARNELL E350 0-350v 100mA, 2 x 6.3V 4910 969
"DEFIBRILATOR 50400 JOULES BATT/MAINS g
FARNELL FGI FUNC GEN 2-22MHZ &%
COMMUNICATIONS RECEIVERS. VARIOUS POA
200W U.V. SOURCE WITH TIMER £85
REED & HORN SPEAKERS 208475
PERISCOPES MILITARY No. 43 Mk 3 £19
LCR VARCONI TF13134 0.1% %
LCR MARCONI TF2701 IN SITU £125
LCR MARCON! TF8688 69
LCR COMPONENT COMPARATOR AVO CZ4ST8 {75
WAYNE KERR B321 LOW IND. BRIDGE ]
HP1901A 05A 084 -17A 25MHz PULSE GEN £125
SCR 578N GIBSON GIRL EMERGENCY XMITTER £
LEVELL TMEB MICRO V-METER 450MHZ £%
LEVELL TM3B MICRO V-METER 3WHZ 8¢
TUBBTUYB TUNER UNITS BRAND NEW . ]
OERTLING V20 SINGLE PAN BALANCES 200GH %
ANALYTICAL BALANCES WITH WEIGHTS 0]
UDH 2006 SONAR SCANNER, SURFACE UNIT £895
UPA CAVIDERM CDE P.TH. TESTER 7%
MARCON! MARINRE KESTREL 3 9
DECADE RIC/V BOXES From £15
KAYE DEE PNEUMO UV EXP UNIT 390:260mm a1
VACUUM PUMPS TYP 10DMBAR (28L/MINj %
CALIBRATION STANDARDS CAALR POA
COSSOR CRMS334 YHF NAV/COM RF SIG GEN } 75
COSSOR CAMS11 ILS/VOR AUDIO SIG GEN

TOPAZ 91007-11 7 SKVA 120/240-120/240 150U £175
KINGSHILL NS1540 15V 40A PSU, CASED, ASNEW  £195
HP 6264, 5284 SIG GENS LAST FEW £35 02

LIST AVAILABLE, BUT 1000's OF UNLISTED BARGAINS FOR CALLERS ALL PRICES EXC. OF P&P AND VAT
QUALITY ELECTRONIC EQUIPMENT ALWAYS WANTED.
423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR

SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383

40

ETI FEBRUARY 1993

-



Take the Sensible Route

BoordMoker is a powerful software tool which
provides a convenient and fast method of designing
printed circuit boards. Engineers worldwide have
discovered that it provides an unparalleled price
performance advantage over other PC-based and
dedicated design systems by Integrating sophisticated
graphical editors and CAM outputs at an affordable
price.

NEW VERSION In the new version vV2.23, full

consideration has been given to
allowing designers to continue using their existing
schematic capture packages as a front end to
BoardMaker. Even powerful facilities such as Top Down
Modification, Component renumber and Back
Annotation have been accomodated to provide
overall design integrity within the links between your
schematic package and BoardMaker.

Equally, powerful features are inciuded to ensure that
users who do not have schematic capture software
can take full advantage BoardMaker.

V2.23 of BoardMaker is still a remarkable
£29 5 £295.00 and includes 3 months free

software updates.

NEW AUTOROUTER

BoardRouter is a new integrated gridless autoroute
module which overcomes the limitations normally
associated with autorouting. YOU specify the track
width, via size and design rules for individual nets,
BoardRouter then routes the board based on these
settings in the same way you might route it youself
manually.

This ability allows you to autoroute mixed technology
designs (SMD, analogue, digltal, gower switching
etc)in ONE PASS while respecting ALL design rules.

GRIDLESS ROUTING [ideteiiibeAme
- whether tracks will fit
between pins. If the tracks widths and clearances

allow, BoardRouter will automatically place 1, 2 or
even 3 tracks between pins.

FULLY RE-ENTRANT You c;on freely pre-rou'fe
- any tracks manually using
BoardMaker prior to autorouting. Whilst autorouting
you can pan and zoom to inspect the routes pldced,

interrupt it, manually modify the layout and resume
autorouting.

f et VORI Trach AN S Zouaill oageref TEALh T s ofn |

Full analogue, digital and SM support - ground
and power planes - 45 degree, arced and any
angle tracks with full net-based Design Rule

HIGHLIGHTS "y

Net list input from OrCAD, Schema, etc
Top down modification

Forward and back annotation
Component renumber

Simultaneously routes up to eight layers
Fully re-entrant gridless autorouting
Powerful component placement tools
Extensive Design Rule Checking

Full compiement of CAM outputs

Full support and update service
Reports generator

PostScript output

SMD support

Effortless manual routing

BoardMaker and
BoardRouter are priced
at £295.00 each. As a

special introductory offer, they can be
bought together for only £495.00

| which puts sophisticated PCB CAD
software within the reach of all
engineers. This price includes 3
months free software updates and full
telephone technical support.

Don’t just take our word for it. Call us
today for a FREE Evaluation Pack and
judge it for yourself.

. "~ | Tsien (UK) Limited
S Cambridge Research Laboratories
181A Huntingdon Road
’ | Cambridge CB3 0DJ
TN Tel 0223 277777
tsien rax 0223277747

J
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P

uddleTe

A handy little
warning device

constructed
by Bob Noyes.
I === :
a) 0¥ b) . 0S¥
10M 1™ 10M 1M
PIN 1| PIN2 | PIN3
2
w ™ X 0 0 1|
\ 9v out ov ouT
- tp- ) >4 X| 0 1 1
b o b el WATER | 1 0 1
NO WATER | 1 1 0
FIRST TWO NOT VALID
Rx SENSORS Rarw Fig.2 Truth table of NAND gate
% o0y 3 -Q0v

Fig.1 Detecting Action with a NAND gate
Note:C1, D1 and D2 have been removed for simplicity as they do not affect the action of the logic.

ou know how it is - it’s late, you load the dish-
washer or washing machine and head off to bed
thinking that everything’s hunky dory. However,
instead of waking up to clean dishes and clothes,
you find yourself in need of flippers and a snorkel -one of
these appliances of science has overfilled and flooded the
kitchen floor causing serious damage to anything floor stand-
ing. It happened in our house once and [ vowed that if it ever
happened again I wanted to know about it from the onset, not
hours later. Thus the idea for Puddletec was conceived. A
simple device to detect water where water shouldn’t be.

Because of the constant threat of water cascading from a
washing machine or dishwasher the unit had to be battery
driven so as to be completely safe, also it had to be kept on
24 hours a day. If it was a gadget that had to be got out and
switched on each time an appliance was used, the novelty
would soon wear off and you’d be back to square one.
Puddletec had to be small and unobtrusive -stepping over it
would be impracticable in the average kitchen, Another
important consideration was the output - it had to be instantly
identifiable as the Puddletec and not the buzzer from the oven
timer or the microwave.

Hopefully, Puddletec fulfils these conditions - ours has
worked well for nearly S years now. The battery, a PP3 long-
life cell, is changed annually at the same time as the one in
the smoke alarm The principle that Puddletec works on is
that water has a relatively low resistance and this chagacter-
istic can be used to operate an electronic switch built around
a gate of a CMOS integrated circuit. The great advantage of
CMOS as a range of ICs is that they draw almost no current

in operation so long as they are not used to sink or source
power to external devices.

The Output Stage

This consists of two sets of out of phase emitter followers
with the output sounder connected between them. The
emitter followers are basically a PNP and an NPN transistor
with their bases connected together and their emitters con-
nected together. In this mode and with their collectors
connected to the supply they form a current amplifier. Q1 and
Q3 are connected to the output of the AND gate and follow
the output of this gate. The last gate of the IC is used as an
inverter and simply outputs a low on pin 11 for a high on pins
12 and 13 and outputs a high for a low on pins 12 and 13. The
output pin 11 is connected to another pair of emitter follow-
ers. This means that the emitters of Q1 and Q3 are always
out of phase with the emitters of Q2 and Q4. This ensures the
voltage swing across the sounder, a piezo sounder, is effec-
tively doubled - increasing the volume from Puddletec when
sounding. No other type of sounderi.e. buzzer etc can be used
as the potential across it changes when sounding. When
there is no sound i.c. dry conditions, it must have almost
infinte resistance or there will be a constant load across the
battery reducing its life to only a few hours and hence be
totally impracticable.

The Box

A small plastic box approx 65Smm x 115mm x 30mm was
chosen because, when in position, it occupies only a footprint
of 30mm x 115mm which can tuck under the lip at the base
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HOW IT WORKS

The electronic switch is built around one of the four NAND gates
in a 4093 (Quadruple 2-input NAND Schmitt trigger) IC. The Schmitt
action of the IC has several uses, for example voftages between
nomal (High) and nomal (Low) can be applied to the input of IC
without causing damage and the IC will stil switch its output to a true

* high or low. 1C1 pin 1is tied to the rail by R3 a 1M resistor. The other
input, pin 2, is tied to the rail by R1 a 10M as well as being taken
through a 10k R2 1o one of the sensor terrinals. Diodes D1 and D2
prevent any external static voltages from damaging the IC and C1
damps out any RF signals picked up. In normal conditions, the switch
has two highs applied to the input causing fts output pin 3 to be low.
If however water is detected by touching the two sensors, one going
to pin 2 via R2 the other to OV of the battery, the effective resistance
between pin 2 and OV will reduce to well below 1M. This is more than
enough to be seen as a low (below 40% rail) and hence the output
pin 3 will go high through the NAND action of the gate. (See Truth
Table of NAND Gate)

In order to be instantly identifiable, the output is a series of
bleeps. Each bleep is longer than the gap between bleeps -this has
two advantages: (1) it is more distinctive than a constant bleep and
{2) 1t saves power.

The series of bleeps are generated by two oscillators, one high
frequency and variable for maximum volume (which is the resonant
frequency of the sounder). The other oscillator acts as a switch
gating the first oscillator on and off through the discrete AND gate D4,
D5 and RY.

Oscillator 1 {the high frequency variable one).

This is built around gate ¢ pins 8-9 in and pin 10 out. The timifig
elements of this oscillator are C2 and the combination of R4 and RV1.
When pin 8 is made high by the detection of water the oscillator is
enabled and will oscillate at a frequency depending upon the setting
of RV1. It will oscillate all the time pin 8 is high and water is detected.

Oscillator 2 (the pulsing one).

This is buill around gate b pins 5-6 in and pin 4 out. This is
basically the same type of circuit as oscillator 1 but runs a lot slower
as C3 is much larger than C2. The resistive element of the oscillator
is shightly different as only R5 is used to charge C3 but R6 is used

- in parallel with R5 to discharge C3 via the action of 03, meaning the
on and off time of the output of the oscillator is not the same. It is this
uneven mark to space relationship which sounds the bleep for longer
than the gap between bleeps.

The two oscillators are gated together by a discrete AND gate
made up from D4, DS and R7. When pin 4 of the slow oscillator is
low the output of the discrete AND gate is low and prevents the output
of the fast oscillator, pin 10, from getting 1o the output stage. When
pin 4 goes high then the fast oscillator is allowed through to the

output stage.

»9V

O
©

"

PIEZO ONLY
IC1d
4093

INVERTER

R4 100K RVY 1M

R3
™

of the washing machine/dishwasher - hardly protruding at
all.

Once the components have been soldered it would be wise
to melt solder onto the trackwork-assuming a home-made
board. This increases the long term reliability as danipness,
could easily corrode the board. The circuit should be checked
again to ensure no shorts have been introduced i.e. blobs of
solder linking parallel tracks. The track and solder connec-
tions should then be cleaned with a solvent cleaner to remove
surface flux etc. No switch is included because in normal use
the battery will last well over a year, although changing it
annually is a wise move. Puddletec draws around 10pA not
sounding and 2.5mA sounding.

The box can be drilled as shown in the diagram. The
sensors are Maplin triangular ones - if you are not able to get
hold of these then ordinary metal bolts will do (brass
preferably, to prevent rusting). Care must be taken that the
sensors do not touch the floor as this will increase the

/a1
10M
D2
1N43148

1N4148

)

C
-
58

SENSORS

5]

Fig.3 Complete circuit diagram of Puddletec

likelihood of them scratching it. They should also be held just
off the floor to stop any condensation that may be present
from sctting Puddletec off. The Maplin sensors, if fitted, will
have to have their fixing bolts cut to prevent them shorting
out with the circuit board when it is fitted.

Before fitting the circuit board it should be tested. Care
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back. These hold the board
about Smm away from the

back ofthe box. The board
also helps hold the battery
in place. When complete,

hold the battery in place
and check nothing moves

SENSOR

Fig.4 Component overlay using a PCB

SENSOR

or is loose and that no bits
and pieces are left in the
bottom of the box by turn-
ing it upside down. When
you’re happy, the lid can
be bolted down.

When the kitchen floor
needs a wash, simply pick
Puddletec up and put it
back when it’s done. A

should be taken when handling the board as even skin
resistance on the input stage may set Puddletec off. The
circuit should work once the battery is connected. To test it,
simply touch both of the sensors; this should start the sounder
which will pulse. Adjusting RV will change the frequency
of the sounder (not the pulsing rate) and it should be set to the
loudest sound - this will be at, or nearest to the resonant
frequency of the piezo. Releasing the sensors should stop the
sound.

Holes in the lid of the box are necessary to let the sound
out and these can be drilled in a pattemn of small holes rather
than one big one. A spare piece of Veroboard can be used as
a template and a symetrical pattern can be made using the
0.1" grid of the Veroboard and drilled with a Imm drill. This
can be taped on the box lid and held down securely while the

i

ue oN LQ___&

Fig.5 Case construction

come 1R
DEPENDS ON

CIRCUIT BOARD LT
DRILL TO AT )
BATTERY HELD N POSITION
2 x m3 NUTS BY CIRCUTT BOARD

HOLD BOARD OFF CASE

METAL SENSOR PADS
OR BOLTS

mlﬂvé!( COVER
DIRECTLY ABO' PREZOC SOUNDER
O B OORARRANURMARAARARRANNNT B4 BT 8 W 8 O 8 ARSI B SN

)

2 x 15mm C8 BOLTS

holes are drilled through again, this time into the lid. Their
position must be directly above the sounder, as shown in the
diagram. The template can then be removed and the holes in
the lid opened out to the desired size (3mm is recommended).
When everything is working, the board is mounted off the
bottom of the box by a couple of nuts on the bolts from the

damp floor as against a
flooded one will not upset the device as there should be a
sufficient gap between the sensors and the floor.

Other uses have been found for Puddletec such as in DIY
plumbing Jobs. When repairing an.overflowing tank, placing
Puddletec undemeath will soon let you know how good a
plumber you are.

Possible Modifications

The input sensitivity can be reduced by reducing the 10M
(R1) to any value down to IM. This can be experimented
with to suit the application. The pulsing rate can be de-
creased by increasing the value of C3 or increased by
reducing the value of C3. ;

PARTS LIST
RESISTORS

114w 5%

Rt 10M

R2 10k

R3 M

R4 100k

RS 150k

R6 47k

R7 18k

RV1  10M sub min vertical enclosed

CAPACITORS
C12 10n
C3  4u7 tant
C4  10u tant

SEMICONDUCTORS

IC1 4093

Q12 BC237 or BC171
Q34 BC307 or BCSS7
01234 1N4148

MISCELLANEOUS

Plastic box from Electromail/RS, part no. 508 914. Dimensions 112
x 62 x 3imm or larger (smallest practical box). Slightly larger 129 x
64 x 42mm - Mapiin, part no. YU 53H.

Battery: Duracell or other long life alkaline type PP3. Batiery
connector: PP3, Maplin part no. HF28F, Piezo sounderfransducer
(not buzzer): Maplin part no. FM59P.

IC holder if required: Maplin part no. BLIBU. DIL 10 way switch made
out of 8+2 way: Maplin part nos. QY70M (8 way) and JHOIK (2 way).
Two touch pads: Maplin part no. HY01B. Nuts, bolts size M3 to suit.
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Peerless CC FORCE

Wilmslow Audio's NEW range of A SMALL SAMPLE OF OUR RANGE | «m |mooute |[FROE o
speaker kits from Peerless.

ROOM TRANSMITTER RT1 An extremely 995 13.76 |. 19.00
‘ sensitive mimature transmitter with long battery Ife.
Dimensions: 20 x 20mm

MAINS TRANSMITTER MT4 Can be connected 19.75 31.50 45.00
inside any squipment that is mains powered.
Dimensions 35 x 20mm

TELEPHONE TRANSMITTER TTS Small enough 12.75 17.50 25.00
10 conoeal within a telephone. Wil trans mit both sides of
a conversation (series connection)

Dimensions: 10 x

| TELEPHONE TRANSMITTER TTP Similar to 21.95 31.50 45,00
TTS will monitor all lelephones on the line (paraliel ]
connection) Dimensions: 15 x 27mm

TELEPHONE SOCKET TRANSMITTER TSTS 14.74 e 29.00

This new range of four kits utilise
CC technology drive units
for optimum performance.

The kit contains all the cabinet
components (accurately
machined from smooth MDF
for easy assembly).

Pictured here the Force 6,
a large floor standing design.

s}} 3

M Repiace your telephone socket with this ane within
_}ﬂk 275 x 335 mm which a transmitter has been conosaled.
Response: ROOM AND TELEPHONE TRANSMITTER RTT| 31,50 | 4550 | 65.00
32 HZ.-aJ _KHZ \ Operates as a room tvansmk;:r, (m‘r;.smd\osc(ao”
3 ity: 30 - i t hone transmitter mode duri
S S | EESrrE s e
—= AUTOMAT'C TELEPHONE RECORDER 16.80 25.90 39.00
_’ﬂ@ Carr.fins H TRS2 Record telephone conversations with
Focaz e e B2 it e o e
; &e ﬁ 18 AUTOMATIC TELEPHONE RECORDER ATR1 | 34.95 - 59.00
~ Fo 8 £300 £18 pr. Adapt the tape recorder included to record telephone

calis automatically,

TELEPHONE TAP ALERT TTA1 Visual warning 21.95 31.50 45.00
of any invasions of privacy on your telephone fine.
Dimensions: 38 x 52mm

All kits are availabie in Plus and
Basic forms.

- Dept. ETI AF DETECTOR RFD1 High handhekd | 4
wl I ms I OW  Velinglon Close, detector. Rangs betwean 100Nz and S00MNE, Stert e B o W
Parkgate Trading Estate operation Dimensions: 70 x 50mm
v A . A Sy i A CAMERA DETECTOR CD8 Dtecs hcdenvideo | 69.00 | 80.00 | 126,00
uailo Tel: (0565) 650605 Srmeralors: 63 % Sl 0 oo

DIY Speaker catalogue £2.00 Fax: (0565) 650080
_ post free {(export £3.50)

Open Tuesday to Saturday Telephone credit card
4 Demonetration rooms available orders welcome

RECORDING BRIEFCASE RBC1 Buiid your - — 1456.00
own discrete recordng brefcase.

SHOTGUN MICROPHONE AMPUIFIER SMA 2495 36.00 45.00
Ideal for survettance. The amplifier will pick up sounds
from a long distance.

VISA

THE WIDEST CHOICE OF USED { -
0SCILL PR P (it Sl Yoo, O SIGNALLING TRANSMITTER SIGT Sends a 2195 | 3489 | 4500
TEKTRONIX 7000 range Prug-in OsciNoscopes THURLEY PLI20T-GP Bench PSU. 0-30V ZAmp continual audio puise. Can be Integrated into alarm,
7600 with TA26 & 7 Dual Trace 100MHZ Deiay Sweep Twice with GP1B....... tracking of warning systems  Dimensions: 20 x 50mm
; o TA18 & 7850 Dual Trace 80MHZ gx‘sxg 3."‘°*§c‘,°zi'”‘"'m“ i m&o;gA REMOTE SWITCHING SYSTEM RSS
486N iy N T SOMET . Boss Single channel  39.00
TEKTROMX 209 Dus-Trace 100MHz Doy Swooo el F”,_;:;”“m‘,f’,cm W, Chapaaghs Transmie/recsiver sel Aopiloatons incude ca
jsed | . .£1000 quﬂy and remote control of how: d appliances
YWATSU 565711 Four channel 100 WHZ Oy Sweso €700 RACALIGANA Sy g Goo 9004 047 10MFE an | 1 Oimenslers: Double channel  49.00
HITACHI S10SOF Dual Trace 100 MHz Dubi T wind | RACALIDANA B Power Meter 9104 .. N Single channe! transmitter; 45 x 35 x 12mm, Receiver;
TEXTRONIX 475 Dual Trace 200MH2 Detay Sweso . . . £550 &cituoo‘ e e mmw{;ﬂ | 50x60x25mm
TEKTRONIX 465 Duai Trace 100MHZ Delay Sweep . . . 450 WAYNE KERR 424 G Meter, LD Dpaly p - Doubie channe! transmiter, 56 x 35 x 10mm, Recener;
TEKTRONIX 2213 Dus! Trace 60MHZ £350 WAYNE KERR 4210 LCR Mtar. Accuracy 0 1% 500 50 x 60 x 25mm
TEKY:!O“IX_Z&& i e AvO AC/DC Bregkdown Le-nqe'.l:,lonnmon Yester
neicatios . 50 | puaisiz ... 5600 TELEPHONE AMPUFIER TAS Connectsd directly | 10.95 16.95 1995
Q0ULD OWW'gJaﬁr:r S m’m s MARCON DIGITAL FREQUENCY METERS | toihetelephone. this unk will ampity both sides of a
GOULD 051100 Duak Trace 30MH: R Type 24304 M2 -BOMHz £128 telephone cail. Dimensions: 25 x 52mm
GOULD 0S300 Dush-Trace 20 MH; . .. £200 Type 20314 ovbpei £150 |
IWATSU CS5702 Dual-Trace 20 MMz . a2 MARCOM UNIVERSAL COUNTER TIMERS PROFESSIONAL SOUND TO LIGHT UNIT 21.95 32.49 44 95
gs:fg ‘2(‘);‘3%1200 mu’}lootgglals%«ouve .f4s0 ;yu 7 % 00MHZ gg SK72 Custom buitt for disco or home use, Audio signal
ual Trace 20MHZ Dig: O 2438 S20MH; v iy
TS 15 AIST A SAMPLE « MANY OTHERS SVAICABLE Lind . divided into ':\’; ’"dmﬂ:'d;pf;g': bands, with inter
PHILIPS PM5133 PROGRAMMABLE B s L Aok Wk g Dimensions 210 x 45mm
S WA ERIINCTION aERATOR FARNELL PSU H80/25 0- 00V, o-zg;& Metecsd . 1400
DUSEG (PR A of - FARNELL PSU LYE 0-3V, 0-5Amps Metered 180 1.5-12V POWER SUPPLY PSU Versatile low cost 995 | 1595
MARCONT 2480 20GHz Microwave Counter .£1500 TELEQUIPMENT CT71 Curve Trace: -£250 unit with variable or fixed voltage control (specify on
MARCOM) 2610 True AMS Volimeter 6500 | MARCONI TF2700 Universai LCR Brioge Bafiery fromd125 ordering). Regulation better than |1%.
FARNELL SSG 1000 Sig Gen 10MHz-1GHz Syn £1100 | WARCON) TFZXITA Auto Distort Meter 400HZ 1kH: lemea =
MARCON 5 n&ﬂﬂ%fa’sﬁb&”'"’&” T | ARCAL s9is Froq Counir T0HZ 400w (Crys - e
MAR i) 1 H1 A roq Counter 10HZ - iz tal
MARCONI TF201S with Synchepimes TEZTY ... Oven) . 6150 MICRO LIVE WIRE DETECTOR LWD without 995 16 95 —
MARCON! TF2015 AM/FM 10kMz-120Mhz with TF2173 uoo AYO Vatve Charactenstic Mater VCM163 .£300 actual connection will warn of the presence of AC mains
MARCON! TF2016 without Synchronmer TE2173 .. . .£150 live. Dimensions: 40 x 25mm
MARCON! SANDERS Sig Sources Vanous models Co-esg AVO MULTIMETERS
L{
S i i = | | soorsastcngyaman MICRO METAL DETECTOR MMD Ostectibe | 9,95 | 1695 | —
Stors 4D and Store 10 . . m {500 Lo ] SITous ang vanous non-ferrous S
KEITHLEY 224 Programmable Current Source . ... .£1000 Uselul for all those DIY jabs. Dimensions: 40 x 25mm
FEAROGRAPH RTS2 Recorder Test Set .from £200
GOULD BIOMATION KSOOD Logic Anatyser ... . .£750 Al Weters
nrcvun.ss GENERATORWpR 148 ... ......L780 g Tl 4
RACAL/DANA 1991 Nanosecond Universal mv -£800 - —
FARNELL 536520 Syminesed S G 1052000 £400 NEW EQUIPMENT = = | Prease add £2.00 P & P
FARNELL TTSS20 Transmitier Test Set Consisting of RF) E PE M T 1 oM —- e 5
AF Counler: RF Mod Meter RF Power Weler AF Voltmeter & G 0SCILLOSCO! - el g o 8 | Lo to all orders and 17.5%
RO RACLAT Syntehe! oo wa%‘é&bﬁéﬁ«mu Trace 60 Wiz Dea i ) bl
SOLD a8 oaw Ior ONLY ... ... ... s LL sl Tract o o VAT on all UK. orders.
SPECTAUM ANALYSERS wa os‘cau.oscove HM203. 7 Dust Trace mnz S .'5 }* "
pOnent
:.K.I'n)omnuw 0Kz 29GHZ (28 Gz wn saomoral | COTRENTTCH Gt s 3 D e o ﬁ 4 £, For full catalogue please
W m; with BS5A A‘IF plugen 1MZ - 18GHZ | c2000 | DigialStorage . i s AN = = send two 1st class
HP 1417 wth BS548 & 85528 SO0KMHZ - 1250MHZ . £1.300 — 5 bk
HP 140T with 8S54L & 8S52A SOKHZ - 1250MH7 | 1,000 e e 2 e L ‘K}’ ™, S stamps or 2 IRC'S
WP 1417 win 8556 & 85528 207 - 00KHZ . €100 | . SUACK STAREQUIPWENT (PAP oh vt £5) S By
P 140T with BSSIL & BS52A 1KHZ - 110MHZ ... .. , . £800 - VN T e ""’”;’f — e |
SEMCENCTF 10300 11 . . i RPOLLO, 100 1000 {A8 150+ wih e fomctiors) e ; = i
RS PEPS\ OT - T 150} 4ETEOR 100 FREQUENCY COUNTER 100MM; ... l 172 Caledonian Road, ¢ London N1 0SG
- Eq - Guaranieed. Manuals supplied if possidle. Dept ET
his is 2 VERY SMAU. SAMPLE OF STOCK. SAE or Tetephone for lists. Please check availability
b R CANAL| |BRIDGE AUDIO

CARRIAGE all units £16. VAT to be added 10 total of Goods and Carriage. : ’
A STEWART of READING - Y /7 \N071-837 4423

110 WYKEHAM ROAD, READING, BERKS RGE 1PL
Tei: (0734) 268041 Fax: (0734) 351 696 Callers weicome 9am-5.30pm Mon-Fri (until 8om Thurs).
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Silent Flight | £30.00{ £36.60| £38.60| $78 | |£15.00/£18.30(£19.30| $39
R/C Boot Modeller | £19.20 £25.20] £27.20( $56 | [£9.60(c12.60{£1360| $28
R/C Scole Aircroht | £27.00 £35.40{ £38.20{ $78 | [£13.50/1£17.70| £19.10| $39
Pracfical Wargomer | £23.40 £30.20{ £32.40| $¢6 | |£11.701€15.10{ £16.20 $33
Model Eng Workshop| £30.00| £38.60| £41.40| $84 €15.001£19.30| £20.70 $42
Tamiya £21.00| £29.00} £32.00| $64 | |£10.50/€14.50] £16.00| $32
TWICE MONTHLY

[ Model Enginesr (48) | £72.00] £97 80]<106.60] $214 | Jese.0ofeas 0] es3.30| 107 |
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Popular Crafts

R/C Model Cars
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Radio Modeller
Ham Radio Today
Scale Models Int
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Silent Flight
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Model Engineers’ Workshop
Tamiya

Model Engineer
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Marcus Pihl will show
you how to impress your

friends with a computer
controlled lightshow.

ightshow systems for the home are not
easy to find. Especially when everyone
should be able to afford it. With this
project you can control two rotating lights,
one stroboscope and four spotlights. But it is easy
to rebuild it for your own needs. If you synchronize
your favourite music to the system and teach your
computer “what to do”, it can replay the recorded

sequence, by using a listed program.

To begin with, there are two separate inter-
faces-one for the motors and one for light selecting.
What both PCB’s have in common is that they are
totally isolated from external voltages that might

COMPUTER

damage your computer if something should go
wrong. That is easily done with some optoswitches.
Let’s take a look at the interface for the stepmotors.

As the databus should not be connected directly
to ground through the LED in the optoswitch, an
extra transistor and resistor is coupled to this LED.
Now, the maximum current through each databit is
0.43mA and so your output buffer in your computer
is safe. This transistor is also used as an inverter.

[220v AC]
‘LIGHT SELECTOR’
| 220V AC i
DRIVERS - ] SPOTLIGHTS
—.> ot et i s = LIGHTS FOR
e ) B
5| | i
e L
-4 =
[] |
a — PCBY
=e)
-
< b —
E - ‘MOTORORIVER'
‘Qr STEPMOTOR e
DAIVER HeZl— | MOTOR 1
J INTERFACE "
STEPMOTOR do
DRIVER —i— | MOTOR 2
J
PCB2
Fig. 1 Block diagram of light system

When the computer is turned on all databits go
*high’ 1. If we had used the transistor without inverting, the
outputs would be short-circuited, because all LED’s in the
optoswitches would light and the current would pass ‘straight
down’ (see schematics) instead of passing through each coil
in the motor.

When we look at the other side of the optoswitch there is
a new voltage. No connection at all with the computerside,
not even ground. That's the point of using optoswitches.

The problem with stepmotors is that the polarity must be
changed all the time in a particular way. The only way to do
this, is to use four transistors for each coil in the motor. This
ends in eight power transistors for each motor, making 16, if
we want two rotating lights.. They may need cooling, if the
resistance in the motor is too low than recommended. Don’t
forget to mount the diodes: They protect the power transistors
from being destroyed by the motors, so they are important.

HOW IT WORKS.

To begin with the stepmotor interface, uses all eight bits in the
databus - four for each motor, To understand how to run these
motors we'll take a look at a simple diagram:

*1/2 phase excitation’

ime> 1 2 3 4 5 6 7 8
Lia + o+ o+ .
Lib - + ¢+
|22 + o+ ¢
L2b - - ) 4 +
e e
One step

(1 tum is nomally about 200 steps

These pulses will move the axis in the motor one step with
hatfphase excitation. But a normal stepmotor only moves around 1.8
degrees per step, so about 200 pulses (with eight polarization

changes) has to be made fo rotate the motor 360 degrees. To
reverse the motor just send the pulses backwards, beginning with 8
and ending with 1, and restart at 8 again to continue. To stop the
motorised lights there are two ways. The first way is to ‘park’ the
motor so it hangs down. To do this in the comrect way, the motor
should be moved straight down before cutting off the power from both
coils. But if we stop and send new pulses, the motor will stay in
position and it will hang until we continue to send new pulses. if we
cut off the power, the lightunit will fal down to ‘start position’, a less
than professional approach.

It the LED in OPT1 is active while OPT2's LED is innactive the
potential difference between L1a and L1b is positive. if we change
the action round in the opto-isolators the voltage is reversed. If both
LED's should be high, the extemal voltage would be short circuited.
If neither are alight, no power exists in L1, and the motor hangs free.
If we now program our computer to send the sequence to the
optoswitches, the motor will move as we want.
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MOTOR
SPOT 1

MOTOR
SPOT 2

SPOT 1

SPOT 2

SPOT 3

SPOT 4

BCD

“DOTV IM-CVZOO

Light-selector interface

This part of the project uses the same connector as the
stepmotor interface does. The three extra status signals from
the connector (11,12,13) is connected to a BCD to decimal
decoder. The input D is earthed to ground, because we're
running out of control signais. It was felt that seven different
lights should be enough. From each output of the 74LS42 a
resistor is coupled to a driver transistor for extra current
drive. The transistor is also used as an inverter, simiiarly to
the stepmotor interface transistors.

From the output of the optoswitches you have a choice to
connect whatever you want. Firstly there are the two light-
bulb switches being turned on and off by an power transistor.
Then there is a stroboscope output which uses a relay to
activate the flash. The stroboscope you connect it to must
have an output for external trigger. This shouid be a short-
circuit to have the stroboscope flashed. Otherwise, use a

spotlight-switch to turn the power on and off.

The spotlight switch uses another method to control the
light. The optoswitch uses a triac to switch the bigger power
triac which may switch up to 8A. In that case, the triac must
be cooled. I use normal spotlights which is enough for my use.

CONTINUED NEXT MONTII

PARTS LIST
RESISTORS

R1-R8 10k
R4O-R46 10k
RO-R16 330
R33-R39 330
RIZR32 1k
RAT-R49 2
RSO-RS3  4k7

CAPACITORS
C1 100016V

SEMICONDUCTORS
Q1-8 BC5468

Q25-31 BC5468
Q9-24 BC337-25
Q32-34 BD683
TR1-4 TIC2250
OPT 111 PCT5
OPT12-15  MOC3021
D117 1N4003
IC1 74L842

MISCELLANEOUS

RLY1Relay. 6V 500V, 0.5A MZP AQ0T 4205

K1 25-pin DSUB male

Case to K1

Suitable connectors for outputs.

13way cable.

Plastic case to mount the card in. (With cooling)
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Self-arming Anti-theft Device
for Cars

R1

470R

172 WATT
HIDDEN SWITCH
(PUSH TO BREAK)

| R2 10R
e

12V FROM e 7O CAR'S
IGNITION P =B IGNITION
SWITCH CIRCUT
NORMALLY
CLOSED
e CONTACTS

| SRR S
I 14 WATT
C1 +

NORMALLY
OPEN
CONTACTS

3 —
0 T
oy L

his circuit has been fitted in my car for a number of

years. Originally designed as a self arming anti-

theft device, the unit will also provide some protec-

tion against hi-jack, which has become a mode of
operation for some theives.

In operation (Without the hidden switch SW 1 pushed).

When the ignition circuit is energised C1 charges via R1
and the relay, causing it to energise and latch via contacts 1
and R2. Other relay contacts break the supply to the cars
ignition circuit.

When the ignition circuit is energised with switch SW1
pushed, Cl is charged via Rl within a short time, and the
relay now cannot energise.

If the anti-theft device is accidently set, unsetting is
achieved by powering down the ignition, de-energising the

relay.

Many of the component values are not critical, however
C1 must be farge enough to cause the relay to energise. The
value given works for a 12 Volt 110 Ohm coil. R1 should
allow Cl1 to charge within a short time with SW1 pushed. R2
must limit the maximum capacitor discharge current within
the specification of C1 and not have a large voltage across it
when the relay is energised, which may cause it to dropout.

Some consideration should be given to the location of the
hidden switch, since it has to be operated while the ignition
key is turned.

Each time the cars ignition circuit is switched off, the
circuit is automatically armed. Should some one get into your
car and attempt to hi-jack you, simply switch off the ignition.

Mike Dyer, St Albans, Herts

R1 12k

|

D1

1N4001 v
w @

——o
D2
3 ‘r—‘; Your
a7y 12 - J8v
v T
*+—&

DC Voltage Doubler

handy yet simple voltage doubler can be realised

around a single CMOS Quad Schmitt trigger type

4093. The circuit can provide up to SOmA at input

voltages between 6-9V. This typically can be

handy when, say one needs to power an op-amp from a 5V
supply rail!

IC1a is wired as an astable oscillator running at 10kHz.

This oscillator drives two buffer inverters built around ICJa

and IClc - two of the four available NAND gates of the

integrated circuit used. When Q2 is conducting, then C2
charges to approximately the input/positive rail voltage.
Then during the next cycle, when the epposite transistor
-conducts, the voltage across it, and that across the capacitor
add up harmoniously to give twice the input voitage at the
output. Since this process repeats about 10,000 times each
second, the output current and voltage is fairly steady.
Amrit Bir Tiwana, India
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Digital Potentiometer

+12V

a7

18

c2
9 4018 B

IC1

4029

Rt

"

R2
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R3

wdi | T | B 1| B i

5
' — i 4
uP 1N4148
= 10
[
I DOWN e
sw2 @
02
IN4t48
68k
IC3b 15
40108
1 1
A =
- topF

M Sy

t times, a digitally controlled potentiometer can

more useful than a manual one. One reason being

that it can be controlled from more than just one

location. Another can be, that such a device at least

the one described here can have resistances up to megohms

for which variable resistors are not commonly available. And

of course such a device can be preprogrammed by attaching
to a timing control,to say dim lights etc etc.

The present circuit uses an up-down CMOS counter type

4029 which is made to count up and down by SW1 & SW2
respectively.The oscillator built around one of six inverters
of the hex schimitt inverter type 40106 provides a clock pulse
of about 1Hz which automatically clocks the counter if the
up/down controls are held down.The selection/variation is
done in 16 equal steps, by the bi-directional static switches
in the CMOS switch type 4016. The only point to note is that
R1,R2,R3,R4 are twice the value of the preceeding resistors.

Amrit Bir Tiwana, India

Gas Leakage Detector

2

d
o

BUZZER a Piezo buzzer. The sensitivity of the detector is

butane, iso-butane etc) on time enough to avert any
potential damage.

A special sensor forms the heart of the circuit. This
consists of a Platinum coil, coated with chemical
oxidation catalysts, which oxidises the above gases.
When the concentration of the gases crosses a preset
safe level; owing to the fall of resistance of the coil
sensor the input of IC1a goes low, and its output goes
high. This in turn activates the alarm generator, BZ1

specifically adjusted with the help of PR1.

Since the sensitivity is affected by the ambient
conditions, and not just the concentearion of the gas,
a compensator resistance , RT2 is introduced into the

he circuit design describeed here is that of an
austere gas leakage detector, built around a single
quad schmitt NAND gate CMOS integrated circuit
type 4093 - only two of the four available gates are
used. The circuit is capable of effectively detecting the
presence of a majority of the inflammable gases (such as

circuit, at the input of NAND gate ICla. Cl is
delibrately introduced to prevent false triggering.

The dependability of the curcuit is, to a fair extent
dependent on the placement of the sensor (the compensator
& sensor are packaged in a steel wire framed mesh), which
optimally must be placed somewhere around the ceiling.

Amrit Bir Tiwana, India
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Duty Cycle
Indicator

he logic probe unlike most other
hand held probes, can distin-
guish not only between LO-HI
and PULSE levels states of dig-

1
I

ital circuits, but also give a fair approxi- GND.
mation of duty cycle of the signal input. o
This is a rather useful indication of fault

isolation in digital circuitry. o o

The circuit is based on a CMOS quad

NAND type 4093, only two of the four

gates being used in this design. Initially the Red LED is lit
indicating no signal or Low logic. On applying an input, if the
status of the bi-colour LED display changes to green, it
indicates high logic. If it alternates visibly between red and
green, it implies that the point under test has a pulse train at
the frequency of the LED alternation. If the frequency
exceeds 20Hz, then the duty cycle becomes significant as the

effective colour is not green or red but intermediate.

After just some time, you will be aquanted, and from the
intensity of the RED GREEN and orange portions or the
shade of orange, the duty cycle can be approximated fairly.
For example a bright pure orange display shows about 50%
duty cycle, which may be approximated at 45-55% and so on.

Amrit Bir Tiwana, India.

Stereo Balance Meter

1N914

1k0

104

LED1 LED2 LED3

| | o |l e |

DISPLAY

10k
woo | i
+
2 RED
\BALANCED
+* ED2
10k 2 o
L~ 10
b GREEN
ED3

LEFT B Mnal i RIGHT
DOMINANT DOMINANT
BALANCED

alance on a sterco amplifier is usually set by car,

but this of course can be very difficult to judge. If

an amplifier has a balance meter at all, it is usually

of the centre-zero moving coil type bulky, old-
fashioned looking and expensive. This circuit is designed to
overcome all of these problems.

The outputs from cach channel are fed to the two inputs
of IC1, this being connected as a differential amplifier. If the
left and right channels ar¢ of equal levels, the output of IC}
will have its output at about halfway between the supply
rails. If the left channel gets above the level of the right
channel, the output of IC1 will approach the 0V rail. If the
right channel is loudcst, the output becoimes positive.

IC2 and 3 are also differential amplifiers, but in this case
they are driven by the output of IC1. LEDs form a display at
the outputs of the two [Cs. Pin 2 of ICs 2 and 3 each goto a
preset across the supply. In practice, the preset in conjunction

with IC2 is set to hold pin 2 slightly above OV and the preset
connected to IC3 is set to hold pin 2 just below supply
voltage. These settings, however, must be set by trial and
error so that the circuit works accurately.

The output of IC1 is connected to the non inverting inputs
of IC2 and 3. If the output of IC1 approaches the supply rail,
the outputs of ICs 2 and 3 will also go high, thus illuminating
LED 3. This would happen if the right channel were dominat-
ing. If the left channel were dominant, the outputs of ICs 2
and 3 would be low, thus illuminating LED. 1. If the two
channels were equal in amplitude, the outputs of ICs 2 and
3 would be high and low respectively, lighting up LED 2.

The circuit can easily be added on to a ready

constructed unit without using up large amounts of panel
space, or used as an add-on unit for a hi-fi system. The unit
draws about 20mA, so battery operation is practical.

ETI FEBRUARY 1993
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NOTE:

Q1,3 8CY70
Q2 BC107
Q4, 5

BFYS1
WITH HEAT SINKS

*
R3 ==
470k 22u 16V
TANTALUM
R4
12k
RS
22

R9
47k

his circuit is capable of high performance using low
cost, readily available components. The class A
amplifier is designed to drive efficient, high imped-
ance headphones of 150R and above, although it
will drive 8R headphones with reduced performance.
Feedback is applied by R1,2 and gain with the specified
components is ] . For maximum output the input sensitivity
is 0dB. Q3,4 and C4 form a gyrator circuit and present a high

High Quality Headphone Amplifier

impedence to A6 signals. This gives the circuit a high open-
loop gain. Quiescent current is set by R9 (approximately
60mA).

Performance is good with distortion and noise measured
on Radford test kit at less than 0.01% for maximum output.
Noise is less than -80dB unweighted. Power bandwidth is
less than |0Hz to over 50kHz. Slew rate is greater than 5 V/js.

he main drawback of passive IF filters is their
insertion loss when using inductors, necessitating
the use of a two or three stage high-gain preamp to
compensate for this loss. With an active audio filter
the insertion loss can be low, non-existent or even provide
gain. In this FET filter there is virtually no insertion loss.

Active Audio Filter

When this filter is incorporated in a receiver and switched in,
there is'an apparent improvement in the signal-to-noise ratio
and readability of signals. High and low frequency hetero-
dynes and audio chatter outside the filter passband are quite
noticeably attenuated, making listening more pleasant.

P & —Q +i18v
'S N
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;’5" Q1, 2 MPF102/5
sSWia I,_< 10k 100k
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Simple Sound Effects

his circuit will generate 24
different sound effects includ-
ing two-tone sirens, rising
tones. seagulls etc.

It operates from a 9V battery and
uses only one CMOS IC. Most of the
components are not critical, but the
speaker must have an impedance 64-
100R. Note that the negative supply
from the battery does not go to the
negative supply pin on the IC, which
must be the buffered version of the
4001.

Altering the 33n capacitor or 100k
resistor changes the-basic frequency,
and the 2MO pot adjusts the speed of
the rise and fall of the tones. A PP6
battery was used to drive the circuit
and has been in regular operation for
six months without replacement.

MORE TIPS

NEXT MONTH
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DIGITAL MULTIMETERS

QUALITY INSTRUMENTS AT EXCEPTIONAL VALUE

MU MULTI INSTRUMENT

183, 185, 187, 285

MULT! INSTRUMENT MX
= The MX9000 combines four instruments to suit 2 broad range of applications in both education and

industrial markets including deveiopment work stations where space is at a premium.
The instruments include:
1. A triple output power supply with LCD dispiay offering 0-50V 0.5A, 15V 1A, 5V 2A with full overcurrent

2. An 8 digit LED display 1Hz - 100MHz frequency counter with gating rates of Q.1 Hz, tHa, 10Hz and_
100Hz providing resolution to O.1Hz plus attenuation mpuumddauhoid,

3. A 0.02Hz to 2MHz full featured sweep/function gencrator producing sine, square, triangle, skewed sine,
pulse and a TTL output and linear or logarithmic sweep. Outputs of 500 u)dmnuwcdanctm
standard features;

4. An auto/manual 31/2 digit LCD multimeter reading DCY, DCA, ACY, ACA, resistance, and relative
measurement with data hold functions.

The MX9000 represents exceptionally good value at only £399.00 plus VAT (468.83).

DIGITAL MULTIMETERS

The 180 series of high performance muitimeters provide advanced features and are supplied complete with

probes, hattery and rubber holster. The case is dust and splash proof making i ideal in most environments.

Designed to meet IEC348 Class [ safety standard.

183 - 31/2 digit large LCD display, ACV, DCV, ACA, DCA resistance, continuity buzzer, diode test, hold,
basic accuracy 0.5%. £39.50 plus VAT (4641).

185 - 31/2 digit LCD, bar graph, ACV, DCV, A(‘A.D(‘A.ms&zmc continuity buzzer, diode test, hold,
temperature (40° C(01370C),cqndtzmc (1pf to 40uf), ﬁ%nnq(lﬂztomomz),maxmin,
edit, % compare, basic accuracy 0.3%. 5.7450plu5VAT(£:87

187 - 31/2 digjt LCD, bar graph, ACY, DCY, ACA, DCA, resistance, continuity buzzer, diode test, hold.
temperature (-40° to 1370°C), frequency (1Hz to 200kHz), max min, edit, %, compare, basic
accuracy 0.3%, auto ranging, £99.50 plus VAT (£116.91)

285 - As 185 except 41/2 digit truc RMS, basic accuracy 0.05%. £109.50 plus VAT (128.66).

FREQUENCY COUNTERS

The SC-130 and SC40 arc full featured, micro processor based. hand held frequency counters providing
ility and performance. Both instruments provide measurement of frequency, period, count and

RPM plus 3 view enabling min, max, av and difference

SC-130: SHz 1.3GHz, 8 digit readout. sensitivity typically 10mV, high impedence input, battery condition
indicator. $109.00 plus VAT (128.08)

SC-40: As SC-130 except SHz to 400MHz. £89.00 plus VAT (£104.58)

LCR METER

The MIC-4070D LCD digital LCR meter provides capacitance, inductance, resistance and dissipation
mwasurement. Capacitance ranges are from 0.1pf to 20,000uf plus dissipation. Inductance ranges from
0.1pH to 200H plus a digital readout of dissipation. Resistance ranges from 1mQto 20M Q. Housed in a
rugged ABS case with integral stand it is supplied compicte with battery and probes at £85,00 plus VAT
(£99.88).

For further information contact SAJE now on tel (0223 ) 425440 or fax (0223)
424711, or for fast delivery send your order direct enclosing cheque/postal order
made panblésu‘) SAJE ELECTRONICS to: SAJE Electronics, 117 tovell Road.
W, for UK for orders add £10.
ELECTRONlCS e m:lZQ Free postage for UK orders, for overseas orders add £10.00.

ETI FEBRUARY 1993




FOILS

|
|
¢
ﬂw—MJ
80000008

I
([

4

3
Oy

e

||
]

g

i

ETI FEBRUARY 1992




Bl

s

qUREEEL

f

f!!

7]

il

DiscoAmiga (Light selector)
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Classified

A
B H

Nick Walker
0442 66551

Send your requirements to:

ETi Ciassified Department, ASP, A
tead,
{minimum 15 words)
:(minimum 2.5cms)

£15.00 per single column centimetre (+VAT)
.00 (+VAT)

Ring for information on series bookings/discounts.

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

Boundary Way, Hemel Hem
Lineage: 60p per word (+VA
Semi displa

Electromart £24

us House,
P27ST

Per
Insertion

FOR SALE

N.R. BARDWELL LTD (ETI)

200 Signal diodes TN4148 , . .£1.00
76  Rectifier Dicdes AN4001 . ..£1.00
50 Rectifier Diodes 1N400T . -£1.00
56 Rectifier Diodes 1N5401. L£1.00
100 Assid Zeners -£1.00
10 NES55 Timer (Cs ...£1.00
8  C106D 400V 6 amp thyristors ...£1.00
8  BFYS51 Yransistors ..£1.00
30 BCA478 Transistors . ..£1.00
30 MPSA42 Transistors ..£1.00
S50 Reciangularred leds . ... ...£1.00
25 Asstd. high brightness Led.s. ..£1.00
24  Miniature red l.e d.s Imm dia ..£1.00
50 Axalleds (mode package) wide angle
le.ds. . -£1.00
12  Asstd. seven e menl displays .£1.00
30 Asstd. I.F. transformers ...£1.00
48 Asstd. coll lormeu ve....£1.00
100 Asstd. RF chokes (lnductovs) .£1.00
30 Assid. connectors edge-dil-sil etc .. ..£1.00
10 4P 3W MBE min. rotary switches . .two
| 20 1inch Glass reed swilches .£1.00
20 Magnetic eaf pipe plus lead & piug...£1 N
20 Min SP/CO stide switches ..£100
30 Asstd. dil sockets up to 40 pm -£1.00

Prices Include VAT, postage £1.25. Stamp for Lists
288 Abbeydale Road, Sheffield S7 1FL
Phone (0742) 552886. Fax (0742) 500689

o, ‘58888888883888§§”85

24-way turned pin L.C. sockets , .£1.00
40 pin d.).1. wire wrap 1.C. sockets . . ..£1.00
ORP12 light dependent resistors . . . . .£1.00

Printed ¢i
Asstd. disc ceramic capacitors ..
Asstd, capacitors Infto tuf........

reult board 20mm fuse clips £1.00

8

Assid. elecirolyic capacitors
4.7UF 16V Radial electrolytics
4.7UF 63V Radiat electrotytics
10UF 18V Radial electrolytics
10UF 50V Radial electrolytics .
22UF 25V Radiat electrolytics .
33UF 16V Radial electrolytics .
47UF 50V Radiat electrotytics . s
100UF 10V Radiat electrolytics., ......
220UF 16V Radial electrotytics .
470UF 10V Radial electrotytics .
1000UF 10V Radial electrolytics
1000UF 25V axial slectrolytics

1 Farad 5.5V memory back up
capacHor. .

Peitrer I"QC' hest pump

10 watt Stereo amom'ov 4 commls plus
data £2

e g o b fudode bde T dudaded

mm
% 88 8883888833838%8

HOME AUTOMATION

LAMP MODULE Piugs in to wall socket to UNDERSTANDING &

control incandescent lamps up to 300W
Responds to ON/OFF/DIMBRIGHT
commands from controllers LMS65 £22 45

MINI TIMER Timed control of up to 4
modules twice a day. Also features direct
ON/OFF/DIMBRIGHT control plus clock
functions MT522 £29.95.

ENERLOGIC 1400e Controlier

INSTALLING HOME SYSTEMS,
How to Automate Your Home

The best practical guide to date for the
home automstion enthusiast. Packed full
of advice and ideas on Instaliing home
systems and equipment. 140 pages and
120 Wiustrations of the most up to date
data on home automstion. £22.95

The first intefigent home automation system A remarkable hardware ¢ software package

that adds brains to the range of X-10 modules and controllers

£349.95

Part of a remarkabie range of home automation components from

SMART HOUSE SYSTEMS LTD
3 Buchanan Street, Largs, Ayrshire KA30 8PP
Tel: 0475 672589

Metat detector boards with data, has
tuner, mode, discrimitate, headphone
jack, on/oft/volume and push button
T £7.95 ea

Dictaphone cassette, mech/record erase
playback heads, 6V solenoid, mator, hali
effectswitch ................. £2.00 ea”

35mm Camera remrns with Auto Flash/
Windonetc.......... £6 ea or 2 for £10

TV/Printer stands . .. £2.95 ea
Bice-Vero Eastwire
construction kit .

PCB with Lithium Battery, 2732, 34 ICs +
Transisto Fuse, Crystal,

i S, B R .£4.95 ea*
TTL/CMOS shon carcuvt snooper . . .£4.95°
Dot matrix LCD 10=2 tines ...... I‘_&75 ea®

L e, TN S ..fA4.95"

40 character » 1 lme dot matrix dlsplay
with data , = ofbarve S T o £14.95 ea
2 digit 16 segmem VF dlsplay
ol | P SR N £2.95 en’
4 digit intelligent dot rnatrlx dispiay £8.00°
17 segment VF display with driver

board anddata............... £2.99 ea”
8 digit liquid crystal display .....£1.75 ea”
4 digit LCD with

7211 driverchip . ............. £3.50 62"
Digital clock display .. e £2.50
11 key membrane keypad ... .... £1.50 ea®

Keyboard 392mm=180mm/100 keys

on board + LCD + 74HC05/

B0CAS easily removable . .... veeo SADE
19" 3U sub rack enclosures . . ... .£8.95
12V stepped motor board with slotted

opto+2 mercury tilt switches . ..£3.85 ea*
1000 mixed V4 watt 1% resistors  £4.95 ea
250 electrolyic axial+radial caps £4.95 ea
200 off mixed polyester caps ..... .£7.95
100 Mixed trimmer caps popular

L e T ey
Cable box UHF modulator/video preamp/

transtormers/R’s ¢+ C's/leads ......£6.95
1000 off mixed Muitilayer Ceramic

NP . ... e b BT e i vrae KT.98
25 off Mixed crystal oscullators ....£9.95°
Audio Cassette Cleaning +

De-magnetizing Kit.............. £1.50
Car Burglar alarm vibration auto entry/

Aoy ... ooy £5.96 o8"

Single 20ne alarm panel auto entry/
exit delay housed in domestic light
socket ..£9.95 ea

COOKE INTERNATIONAL ==
Y USED TEST INSTRUMENTS —_=
FOR SALE

SCOPES, SIG GENS, PSU's, POWER METERS, DVM'S,.OSCILLATORS,
ATTENUATORS ETC. WIDE RANGE OF ITEMS AVAILABLE.

ORIGINAL WORKSHOP SERVICE MANUALS FOR SALE ALSO COPY
SERVICE AVAILABLE.

SEND S.A.E. FOR LISTS OF EQUIPMENT & MANUALS OR PHONE

ALL PRICES EXCLUDE VAT AND CARRIAGE.
OPEN MON - FRI 9AM - 5PM

COOKE INTERNATIONAL,
UNIT 4, FORDINGBRIDGE SITE, MAIN ROAD,

£5 EACH! - Delete & return!
Audioamps 240v + controls +
speaker! Slider powersupply 9-
25v! 50w Mosfet poweramps! K.L.A.
1 Regent Road, llkley... 30 radial
caps + lists SAE

MASSIVE ELECTRONICS
components clearance chips 10p
caps 4p, transformers, resistors
etc. SAE details: N.S. Elvy 108 West
g)riée, Cleveleys, Blackpool FY5
J

P.C. P.S.U. 50 watt 115-230V Input+SV
4A+12V 2.5A output with built-in fan
1EC inlet+onoff ............... £9.95 e
STC P.S.U. 240V input 5V 8A output
(converts to 12V 3A details

avallable) .............. ..£5.95 ea
240V input 5V 10A outpul (convsﬂs to

12V 5A no details). . ver...£5.95 ea
600 fine output transformers . ...£1.25 ea

240V in 0-28V 62VA out transtormer £2.75
Transtormer+PCB gives 2-7.5V 32VA with
skt for 5 or 12V regulator, will power

floppy drive ............... ... £3.75 08
Ultrasonic transducer (transmit+

receive). .. ........o.une ..£1.50 pair
3t0 16V Piezoelectric sounders . . ... . SOp'

9V DC electromechanical sounder .
24V DC electromechanical sounder 53'
removeable In two positions . £1

DIL switches PCB MT 3/4/6 way 35p°
SVSPCOSILreed relay ........... .wp'
5v 2PCO DIL miniature relay . . . .....80p"
12V 2PCO or 4PCO continental felay 60p*
12V 10A PCB MT (to make contact)

L T o e 95p*
3to 12V electro magnetic accoustic
transducer withdata ......... .
24576/8.8329/21.10 MHz 4
oy .............. ... 210 :50p @2°
Bridges 25A 200V ...£1.00°
DAY, . .5 S0v- i e o ] .‘il)g5
3ib Mixed components pack ........ £4.
25 off mixed relays ........ ..£5.96
40 of mixed toggle switches .. ...... £9.95

50 off mixed switches, toggle. rocker,
micro, slide ..............
miniature axfal chokes, 0.1, IHB 012 03&
0.39, 0.15, 1, 3.30H4 10paa.1w10r £750
50 Mixed termlnal blOCKS . : . . apviiy
250 off 16/22/24/40 way IC Skis .
Crystal Oscillators 10/2‘/48 MHz £1. oo ea‘
Spider P|ug Leads........
100 off Phono pi (red/blk)g t;LSO
QUANTITY Dmx PLEASE
WE ALSO BUY ALL FOMS OF ELECTRONIC
COMPONENTS, P.5.U.'S, DISK DRIVES ETC, LISTS
TO BELOW ADDRESS

Dept ETI, COMPELEC,

14 Constable Road, St ives,
Huntingdon, Cambs PE17 6EQ
Tel/Fax: 0480 300819

CATALOGUE £1.00 + 25p P&P

LEDs 3mwm or S red or 40 aach yelioe 11p eech
mnnmmmu green o yedow Smun - each
s 1p aach £5 95 per 1000 £49.50 per 10.000

...

mirtor 4 pharse 12y 1.5 step 50 %
SAAIZ7 seoning mowr oo _B%
Fu Tranamier ot found — an
Figh qualiy photo resat copoer ciad #poxy Qs boards
[aumenwone wngle scded double siied
Tdncnes 2095 o
428 nches 240 €288
812 ncres 53
12012 rches. £1088
Spacial Otters i

Cameuse: grace capactors with screw leminais 30000 20v
7000, 10v £1 95, 880001 15w £2 95, 10000/ 18 £1.50

COMINON MO8 90 IEORY 127N . bt
ATS 0 low crap ot Sv T0220 085
B5250 P channel mogtet £0.48,

59 trangsaor £3.95 per $00
TALS0S e ewertor €10 00 pev 100, 50 8748 Mcroconiroler
TV Mains swich 44 Sauble pole wilh momenay.
WMGIOD%WGGOQ”DS
‘convenior Relabity model V12P5 12% In v 200ma cut 300
mmmmmmnu%mrmwomw
HOw countet used T digit 240v a S0MZ . p—,
Rasstor pack 2500 resaiors 18-2W 50 dftemnt vatuen. 0%
mawwwuwmmm A
ATY keyboars eih serisi output 10 gata [used| 1500
'r\wdCUOSmH“C'"‘ Unear Transston ity
Sattedies CADACAON 100i otC Shaays I siock Piease aid

conacs for emow

BARNHAM, BOGNOR REGIS, WEST SUSSEX P022 0EB e PG ELECTRONICS
TEL: 0243 545111 FAX 0243 542457 e . camrvone
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EN Technical Information Services =

76 CHURCH STREET, LARKHALL,
LANARKSHIRE, ML9 1HE
TEL/FAX: (0698) 884585 Mon-Fri 8.30am - 5.00pm
TEL/FAX: (0698) 883334 OQutwith business hours

Write now with an SAE for your FREE QUOTE
+ FREE CATALOGUE

SERVICE MANUALS
SHEETS + CIRCUITS

We offer:-

* REPLACEMENTS & REFUNDS &
if anything is unreadable
* DIAGRAMS ON A2 pages %
TWICE the size of A3 diagrams & unavailable
from any other Technical Information Supplier
* ORDERS BY RETURN
Jjust pick up the phone and order by ACCESS or
VISA or send a cheque for same day posting

“Remember we also sell hundreds of technical books™”

i

WE NOW HAVE A
LIBRARY SERVICE

For the Loaning of Service Information.
PLEASE CALL FOR ALL INFORMATION

WE ALSO HAVE HUNDREDS OF OTHER TOP
SELLING TITLES!

> m/\/ we run another Library, for

59.»‘5 % P.C.- GAMES SOFTWARE
\ N WRITE FOR DETAILS

#rik LOW COST IBM SHAREWARE ##rk HIGH QUALITY MEDIA %k

# ANALOGUE & DIGITAL SIMULATION # TEST # PCB DESIGN # TUTORIAL # BUSINESS #
Vast technical expenence and expertise iy availabic through 1000 of powerful software tooks botlfin the Public
ain and as shareware By distributing sets of RD disks we can offer an unprecedented selecon for your
evaluation at & fraction of what you would pay » normat PDy. i
Write NOW before you
Electronics on your PC - without breaking the bank!

0ooooo SEMICONDUCTOR CLEARANCE coocoo
* mcnomocsssons t MEMORY # INTERFACE # LOGIC # LINEAR # DISCRETES #

i with low prices 100 numerous to advertise, eg
21C265 tl 6I ZR0A-CPU m 69 bESSJZ £0.36, CA3140 £0.22 INCLUDING VATY Extensive fists £}.
++ 10% Educational Discount ¢

Profile Electronics (ETI), 100-102 Woodhouse Road, Leytonstone, London E11 3NA

Iibrary for
LE6' ekewhere!

/.’"—-

Faicon DIY KERS

SUB-BASS Kits
ARIAS

Passive Bandpass
Responses 25 - 80/ 100 Hz
Sensitivities 87 - 94dB.
250+ Watt Rating

Also

Active Centre Bass Designs
Active Stereo Desi
All in our SUB-BASS Leaflet
30p (stamps) + 28p SASE

~ FALCON ELECTRONICS
(Dept ET1) Tabor House. Muibarton,
Norfolk NR14 8JT (0508) 78272
{Propristors: F

kw-ha Ly

| No scparate amplifiers required.

For details
of Rates
Telephone
Nick Walker
0442 66551

Gould Advance Oscilloscopes
0S1000 Analogue, 0.05us/cm
084000 Dig/Store 0.1us/cm, interface
0854040 Dig/Store 0.02us/cm, 4 memories GPIB
IEEE comp, interface, manuals

Tel (Hull) 0482 840036.

£225
£350

£520

Layo 1 Version 4.9

PCB CAD/CAM

The ideal solution for the creative Electronic Designer.
Just ask thousands of satisfied users!

% Netlist import via Project Manager
from Layo 1 schematics, Orcad,
Schema, Tango etc.

% Forward annotation

% Graphical netlist entry

% Routing — manual, interactive,
auto

% Design rule checking

% SMD support

% Extensive component library

% User defineable macro’s

% Output drivers for Gerber
photoplotters, Excellon and Sieb &
Meyer drilling programs

% Output drivers for HPGL/ DMPL
penplotters and Adobe PostScript

with open pads

% Output for dot matrix, laser and

Deskjet printers

FROM £99

PENTAGRAM ELECTRONIC DESIGNS

Fax 0274 882295

Tel. 0274 882609

Discount for Educational Establishments

62
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FOR SALE

SYSTEM 200 DEVICE PROGRAMMER

Programe 24, 26, 32 pin EPROMS, EE-
PROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.

Expandable to cover virtually any pro-
grammable part including serial E2, PALS,
GALS, EPLD’s and microcontrollers

from all manufacturers.

SYSTEM:

DESIGN: Not a plug in card but connects to the PC
aerial or parallel port; it comes complete
with powerful yet easy to control software,

cable and manual.

SUPPORT: UK design, manufacture and support.
Same day dispatch, 12 month warranty.

10 day money back guarantee.

ASK FOR FREE
INFORMATION
PACK

e

MQP ELECTRONICS Ltd.

Unit 2, Park Road Centre,
Maimesbury, Wiltshire, SN16 0BX UK
TEL. 0666 825146 FAX. 0666 825141

N

GERMANY 089/4602071
NORWAY 071-17890
ITALY 02 92 10 3554

Also from VEROSPEED UK

TRADE DISPOSAL SALE

Due to emigration/retirement a dealer in components & equipment has
entire stock for disposal. Mostly new components (every type) and various
s/h equipment. Available in job lots of our selection. Ideal for radio rallies,
shops, mail order etc. Various size lots from £80 (fill a car), £200 (Transit
van), £450 (Luton van). Cash & Carry only. Rock bottom price with
excellent profit margin (300%, 400%, Plus) for quick clearance. bring your
vehicle & cash - you won't be disappointed!

Tel: 021 446 4346

COMPONENTS

“ELECTRO
WE CL

coOMpP”

ECLEAR
Electronic Components ¢ Semiconductors
Computer Equipment » Electronic Test Equipment
Populated Boards
In fact anything with an electronic bias

JOB LOTS, FACTORY CLEARANCE A SPECIALITY
Decision nommally within 24-36 hours

LOOKING FOR COMPONENTS!! As an ex Industrial buyer for 25 years
won't sell you reject or faulty product!l Only top quality components at the right

price!! No Mail Order only production quantities!!
SNABS only one. My terms are C.0.D. Deliveries normally made within 48 hours

Phone or Fax your list or enquiry to: 0635 46496
ELECTRO COMP 36 Talbot Close, Newbury, Berks RG13 1UA

Micro AMPS
8051

“C” COMPILER £125
BASIC COMPILER £99

ICES]1 £225
ICES1+ £495
ICE751 £495

66 SMITHBROOK KILNS, GRANBLEIGH,
SURREY GL6 8JJ UK
B‘ Tel: +44(0)483268999
Fax: +44(0)48368397

ELECTROMART

L.F. HANNEY

Your Electric Component
Specialist for Avon, Wilts
& Somerset.

77 Lower Bristol

Road, Bath, Avon.

Tel: 0225 424811

THE ELECTRONIC SHOP

Electronic components, test
equipment, telephone accessories,
computer accessories, microphones,
disco lighting, speakers, turn tables,
mixers, meters, stylus.

29 Hanging Ditch,
Manchester M4 3ES

PROGRESSIVE RADIO
87/93 Dale Street
Tel: 051 236 0982 051 236 0154

47 Whitechapel
Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30

LIVERPOOL

Telephone & Fax 061 834 1185

SERVICE
MANUALS

Available for Most Equipment.
TV, Video, Audio, test etc.
Any Age, Make or Model.

Write or Phone for Quotation.

MAURITRON (ETI)
8 Cherry tree Road, Chinnor,
Oxon, OX9 4QY.

Tel:- (0844) 351694,
Fax:- (0844) 352554

If 'you require a home study course in the
fundamentals of electronics. for either
career of hobby reasons, then consider

BASIC ELECTRONICS,

a course from the Direct Personal
Learning scheme. For more information
contact:

K.Sparrow etc..(Department E.T.1.)
11 Claydon Green, Bristol, BS14 NG
Telephone (0275) 835669

FOR ALL
DETAILS OF
RATES
TELEPHONE
0442 66551

ETI FEBRUARY 1993
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HERE ENDETW THE
LESSON AND BEGINNETH
THE BARGAINS .. .

nd lo, a great wailing and lamenting was heard in the land.

and the people did cast themselves downward did tear their
raiments, yea even unto their Marks and Spencers underpants.
For it was feared that Hygrade had fallen by the wayside, there
being no tidings of that company since the time of their forefathers.

Yet there did come in the seventh year a time of great rejoicing and a
sewing up of raiments previously rent in twain. For it was made known
to the people that Hygrade was still a power in the land. And there did
come tidings of such bargains as they had not thought possible. And
their joy knew no bounds.

Verily the people did say unto themselves: Your parcels shall be my
parcels, and your goods my goods And there came a time of much
ordering and receiving. in which many things were possessed that were
not possessed before. And the people did give thanks.
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HYGRADE, 2 Founders House, Redbrook, Monmouth, Gwent, NPS 4L.U

Credit card orders: Tel 08600 772541, or include your credit card number and expiry date on your order.
Please add £4 postage and VAT at the curfent rate to your order total.
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KITS | coumses |

TURN YOUR SURPLUS
TRANSISTORS, (CS ETC INTO CAS| ini : i
s sy ;‘eErc:LgK.T(;'e LIS NS Snd Start training now for the following
We also welcome the opportunity Products Distributor. Cedar courses. Send for our brochure —
SURIErTaTEhe wokry Electronics, 12, Isbourn Wa : ; ’
clearance g b gl | F without obligation or Telephone us on
Contact: <
COLES-HARDING & CO. GL54 5NS Tel. (0242) 602402. - 0626 779398 ETI 293
Sandall Road, Wisbech,
Cambs PE13 2PS Name _ =) Te1l_ecomms
BUYERS OF SURPLUS INVENTORY NEW VHF MICROTRANS- - % = ech C&G 271
ESTABLIS‘HED OVER 15 YEARS MITTER KIT tuneable 80- O Radio Amateur
Tol: 0945 564168 135MHz, 500 metre range, e e Licence C&G
Fax: 0945 475216 sensitive electret microphone, high o M
quality PCB, Special offer s ——— WO
complete kit only £5.95, assembled processor
WANTED and ready to use £9.95 inclusive ' — 0 Introduction to
RE-USABLE AND ALL TYPES P&P. 3 Watt FM transmitter kit Television
OF ELECTRIC SCRAP £14.95. Credit card orders
P.C.B's, PLUGS AND ﬁﬁphfggs(?mcgéal} 252} i,Foa.’; 0t201’ Radio & Telecommunications Correspondence School
- OSA?NCEKCETC%AES“’?EST Quantek Electronics, (Dept ETI), 3 12 Moor View Drive, Teignmouth, Devon TQ14 9UN
EQUIPMENT, VALVES, ETC. Houldey Road, Birmingham, B31 o
PAID ON CLEARANCE. '3HL‘ Se'nd '2 hx 1st class stamps
AR.S. or details of these and other kits.
2 NORMANS LANE, RABLEY EQUIPMENT
HEATH, WELWYN,
HERTS AL6 9TQ
TEL: 0438 812193 FAX: 0438
812387 MOBILE: 0860 214302

® Series X Mixer Kits,
up to 1,000 inputs. &
auxiliaries, versions
for PA, recording,
radio, disco.
From £9.92

TO ADVERTISE IN ETI CLASSIFIED i

exciters, tape MIXERS &

TELEPHONE NICK WALKER ON 0442 66551 Tt RECOROERS
OR USE THE COUPON BELOW iz (e

Surrey KT8 6HN.
Tek 081 337 5997 Mobile: 0831 875876

ELECTRONICS TODAY INTERNATIONAL
E ' CLASSIFIED ADVERTISEMENT DEPARTMENT
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 55p per word + VAT minimum 15 words.

| Semi-display £14.00 per single column cm plus VAT. No reimbursement for cancellations. All ads must be
pre-paid.
Lk N e — e——— SRR S S S P ——— ST et SR ST R R s B Rt
ACANEBS.........csoisssbuniecrsanss O B .1 e A s g i Y LR e 0 W S e il e o W S
......................................................................................................... Daytime Tel. NO: ..o
BRI, 1. .. .\ b g et 35« gy el - o R B 50K B i b o g 1) e e s St R A 4 %
PLEASE DEBIT MY ACCESS/BARCLAYCARD No. _' _1 1] _' _ ' 1 L1 ]} Expiry Dae.....cococueesnsemaccense
|
[ FOR SALE COMPONENTS [/ PLANS [1OTHERS STATE
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ETis normally published on the first Friday in the month preceding the cover date. The contents
ot this publication including all articies, plans, drawings and programs and all copynght and all
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ou may be surprised to hear that we are featuring an

LED stroboscope in our next issue. This might sound
funny but with the development of Ultra bright LEDs it
means that a truly portable, cheap investigation stroboscope
is now available for observing and ‘freezing’ many local
oscillations in the laboratory.

With the use of digital ICs as standard in many applica-
tions, it is handy to know about logic level status quickly and
easily in the event of a system failure. Using a visual IC
Tester is the answer and more details can be found in our
March issue.

We develop the four channel remote control theme by |
sending digital messages via radio waves and we also
feature a Nickel-cadmium battery charger for reviving |
‘tired’ batteries.

All this and more within these pages of ETT next month,
At your newsagent on Friday Sth February.

The above arficles are in preparation but circumstances may prevent publication

0 ur January issue featured:

Macro-Heliograph Receiver
EPROM Programmer Part 1
The AutoMate Mixing Desk Part 8b
IR Remote-Controlled Lighting System Part 1
Fading Festoonery
Basic Multimeter Circuits
RS232 Interface Part 2

Back issues can be obtained from Argus Subscription Services.
Address in column to left.
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£30 off Europe’s
best selling osulloscopes'

» Excellent quality, built
to last a life time

» 2 year warranty

» Each ’scope supplied
with 2 sets x10
probes, manual and

Offer must end 31st Jan 93

mains lead. : s
PART NO DESCRIPTION USUAL PRICE OFFER PRICE
HM203-7 20MHz, dual channel £397.15 £367.00
HM205-3 20MHz, storage ‘scope £716.75 £686.00
HM604% 60MHz, dual channel £716.75 £686.00
HM1005 100MHz, 3 channel £930.60 £899.00

Em MULTIMETERS

The D-MM good value meters are
now even D-MMer good value!!

The T™ series of low cost meters, with

3'/a digit LCDs, full overload nd

protection, strong ABS cases and s‘ ’3

packed with features. Supplied with “e\‘ “‘ ‘\S‘ l‘

test leads, battery and manual. o 3

USUAL  OFFER

PART NO. DESCRIPTION PRICE  PRICE
T 5315  DC current (10A) continuity and diode test £19.99 £19.25
T™M 5365 Capacitance and frequency (200kHz) ranges £36.50 £29.99
T™ 5375 Frequency range (20MHz) and HFE test £36.95 £31.49
T™ 115  AC & DC current (10A), HFE and continuity test £32.50 £30.99
T™M 175  Freq. (15MHz), capacitance ranges with HFE, diode, continuity & LED test £53.60 €45.00
T 8020 3%. digit display, freq. (4MHz) capacitance (40uF), AC+DC current to 20A  £54.76 €49.95
T™ 8030  3%. digit display, freq (4MHz), temp. (inc probe), AC+DC to 20A £59.96 £55.49
7705 Capacitance meter, 1pF to 20,000uF £39.82 £35.90

SPECTRUM
ANALYSER
ADAPTOR

The new TSA250 will adapt any conventional
'scope into a highly cost effective spectrum
analyser. With numerous applications in RF

design and development work, EMC
investigations, and education.

TSA250 £399.00

» 400kHz to 250MHz
frequency range

» LC display of centre
frequency

» Calibration marker

The Brand New C:rkif
Electronic Constructors

Catalogue
Winter 92/93

» 192 pages
» £££’s worth discount vouchers
» 100s new products.......

Books - the latest titles.

Capacltors - new range ceramic discs,
extended ranges electrolytic and polyester
types.

Computers - new CAD PCB layout software.
Connectors - extended ranges of BNC, Jacks,
XLR and PCB types.

Filters - new narrow band ceramic and low
pass TV filters.

Hardware - additions include new range
control knobs, cabinet hardware and heatsinks.
Inductors - more additions to our already
extensive range.

Kits - new additions to the Velleman range.
Rigs - handheld 'CB’ transceivers, wavemeters,
scanning receiver accessories and aerials.
Seémis - new linear ICs, transistors and a
complete new range of LEDs including biue
types.

Speakers - new radio mic systems,

Test Equipment - new hand-held frequency
meter and satellite TV dish alignment system.
And much more besides.....

» Avallable at larger
newsagents, from
12th November,
or directly from
Cirkit.

Al prices include VAT at 17.5%.

Postage and packing; standard £1.40, next
day delivery £4.60.,

Prices correct at time of going to press, but
may change in line with exchange rate
fluctuations.

Cirkit |

CIRKIT DISTRIBUTION LTD

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ Telephone (0992) 444111 - Fax (0992) 464457




BUYER'S GUIDE TO ELECTRONIC COMPONENTS 1993
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hundreds of brand new products.

On sale now, only £2.95

Available from all branches of WHSMITH and

products at super low prices!

Maplin shops nationwide. Hundreds of new




