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456 LOUDSPEAKERS
EXPOSED

John Watkinson investigates why current

loudspeaker designs are so backwards
relative to the rest of the hi-fi chain.

466 A LOOK AT LIGHT

With the aid of his new light meter design,

Ian Hickman looks at some of the more
recent opto devices.

472 HANDS ON INTERNET

New search options, a directory for UK

electronics companies and filter design CAD

are this month’s discoveries from Cyril
Bateman.

476 ERROR FEEDBACK IN
AUDIO POWER

William de Bruyn outlines three power
amplifiers illustrating different ways of
implementing error feedback.

480 RF EFFECTS ON AF

Could mysterious audio distortions be
explained by pick-up from broadcast
stations? Cyril Bateman investigates.
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486 APPLYING

DIODE MIXERS

Darren Conway describes how to get the
best lanced diode mixers.

507 VOLTAGE DOUBLING

Look-up tables make designing a reliable
voltage doubling power supply relatively
simple, explains Ray Fautley.

517 CD JITTER BUG

Could jitter on signals between a cd player’s
transport and its d-to-a converter cause
audible distortion? If it can, Chris Day’s
redesigned interface may be the answer.

519 PROGRAMMABLE LOGIC
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498
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The language for describing logic systems —
VHDL - and turning schematics into code
are Geoff Bostock’s topics this month.
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COMMENT

Pre-election blues

NEWS

EMC laws difficult to enforce, Engineers
lack lateral thinking, 56kbit modem.

RESEARCH NOTES
Thought control, New semicoductor
technique, MW sun power, Super magnets.

LETTERS
Overload matters, Resistors in C,
x-over distortion, phase quadrature.

CIRCUIT IDEAS

@ Improved infrared proximity detector
@ Power amp with adjustable impedance
@ Two-wire remote control

@ Ultra-simple oscillators

@ Infinite impedance detector

@ Offset source for op-amps

@ Switch/latch/trigger

NEW PRODUCTS
The month’s round-up of passive, active,
instrumentation and computing products.

Special offers

A new language for helping
scientists and engineers to
visualise data is available to
Electronics World readers

exclusively at discounts to 44% —

see page 464.

This Kenwood 20MHz
dual-trace oscilloscope is on

offer to EW readers at just £319

— turn to page 471.

Cars with surround-sound
systems based on flat-panel
loudspeakers could appear this
year — see page 444.
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New: Windows software for
TiePieSCOPE HS508 and TP508

This powerfull windows software gives you new possibilities and intuitive control of
the five integrated devices (Oscilloscope, Voltmeter, Transient recorder, Spectrum
analyzer and Square wave generator) to perform all your advanced measurements.

Oscilloscope:

- Number of samples settable between 10 and 32760

- Up to 32K samples on screen

- Free settable pretrigger between 0 and 100%

- Easy time axis zoom: scaleable scrolibar slider

- Free settable sample frequency from 0.01 Hz to 50MHz

- Graphical adjustment of vertical offset and gain

- WYSIWYG trigger level, -hysteresis and -slope-adjustment with one control

- Place the mouse over a contral, press the right button and adjust all properties of that
control using the popup menu

- Cursor measurements

- Storing and recalling reference signals

- Match channel available

- Speadbutton toolbar

- Colour printing supported

Voltmeter: /
- Up to six clear, fully configurable displays

- 10 math operations, like true AMS, mean, peak to peak, frequency etc

- 16 display functions like Ch1+Ch2, Ch2-Ch1, Ch1°Ch2, log{Ch1/Ch2) etc.
- Data logging to disk and printer

- Speedbutton toolbar

¥
TiePieSCOPE HS508  TP508
- interface parallel printer port - interface PC-XT/AT ISA slot
- resolution 8 bils - resolute 8 bits

- input range 20m\V - 80V full scale
- price £630.00 incl. software, manual
and 2 probes (1:1/1:0 switchable)

- input range 200mV - 80V full scale
- price £597.00 incl. software, manual
and 2 probes (1:1/1:10 switchable)

Minimum system requirements: Window 3.1 or higher, 386
processor, 4MB RAM, 4MB free disk space

Prices are excluding VAT

TiePie engineering (NL)
P.O. Box 290

8600 WL SNEEK

The Netherlands

Tel.: 431 515 415 416

E-mail: tiepie @tiepie.nl
Site: http://www.tiepie.nl

Fax: +31 515418 819

TiePie engineering (UK)
28, Stephenson Road, Industrial Estate,
St. Ives, Cambs, PE17 4WJ,

United Kingdom

Tel: +44 1480 460028

Fax: +44 1480 460340
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Pre-election blues

he election campaign had its moments. Forget

Neil Hamilton and Martin Bell. Our vote for the
most intriguing comment of the campaign came from
Tan Taylor MP, Minister for Science and Technology
in pre-election days.

“We now have a semiconductor industry in this
country second to none,” said the minister.

This remark may be surprising to many readers,
familiar with the long list of failures in the UK
semiconductor industry from GEC'’s closure of
Elliott Automation and Marconi-Elliott
Microelectronics in the seventies and its pull out
from the GEC/Philips chip-making joint venture
Associated Semiconductor Manufacturers, to the
demise of Ferranti Semiconductors and the takeovers
of Plessey Semiconductors and Inmos in the 1980s.

Taylor's next words gave the clue to his apparently
curious remark: “LG, Samsung, Siemens ...” — he
was talking about the inward investors.

Inwardly investing chip companies have done a lot
for the UK, from Motorola, National Semiconductor
and General Instrument Microelectronics in the
seventies, to NEC and Fujitsu in the eighties, to
Siemens, Hyundai and LG in the nineties.

They have, as have the inwardly investing Asian tv
set manufacturers, helped redress the import deficit
for electronics, they have employed a lot of people,
they have initiated generations of young engineers
into chip manufacturing, and they have acted as a
forcing ground for aspiring managers.

Many a high-flying career in the semiconductor
industry started at the offices of the inward investors.
So noone’s knocking the inward investors, but it
would be a pity if the attitude to microelectronics
in official circles in the UK is that it is something
done by foreigners and all our money and effort in

the area should be directed at encouraging
foreigners to do it here.

That would be a pity because we have a flourishing
and technologically advanced microelectronics
industry in the UK from the fully integrated GPS — a
world-class (top ten) player in areas such as analog
and mixed signal arrays — and to fabless design-based
companies like Wolfson Microelectronics which sell
worldwide. In the universities the expertise is still
world-leading — as witness Cambridge University’s
single electron memory project.

So an aware and astute government could do much
to achieve the synergies and environment in which our
design strengths can be encouraged both to develop
new products and compete on the world stage.

It has to be said that microelectronics does need
government involvement. Even in America the
contribution of government-funded laboratories to
the chip industry is immense and the government-
backed Sematech consortium maintained the US

industry’s world-class abilities in basic process
technology when it looked, in the mid-80s, as if the
companies could not afford to develop it themselves.

In Japan the collaborative programmes such as the
VLSI programme of the 1980s are well-documented
and led directly to Japanese domination of the
memory business.

In Taiwan the government bought basic CMOS
technology (seven micron) from RCA and refined it
in the same government funded laboratory for twenty
years —now down to quarter micron — every so often
transferring the latest process to a commercial
company and spinning it off as a start-up.

In Korea, the government funded the original
acquisition of chip technology through the Korean
Institute for Electronics Technology (set up in 1979)
and followed that with the Semiconductor Industry
Promotion Plan in 1982. Now the Korean Big Three
— Samsung, Hyundai and LG - are all in the world
top fifteen companies.

“We now
have a
semiconductor
industry in this
country second
to none,”

In Europe collaboration such as the 1980s
Megaproject, and the 1990s Jessi programme, helped
Philips and SGS-Thomson to top ten status, and
Siemens to become No.12 in the semiconductor
firmament.

So we need government involvement and funding
in microelectronics. We need the government to help
our companies to participate in MEDEA - the new
European joint R&D project, we need government to
help to facilitate transfer of technology from defence
establishments to our companies, we need it to
enable our relatively small chip companies to engage
in world markets, and we need it to lubricate
university/industry co-operation.

But will the politicians look behind the glamour of
the headlines that accompany billion pound
investments from foreigners to see and support the
indigenous UK companies surviving, without much
help, in a bitterly competitive world? ]
David Manners

Electronics World is published monthly. By post, current issue £2.35,
back issues (if available £2.50. Orders, payments and general
correspondence to L333, Electronics World, Quadrant House,
The Quadrant, Sutton, Surrey SM2 5AS. Tix:892984 REED BP G.
Cheques should be made payable to Reed Business Information Lid
Newstrade: Distributed by Marketforce (UK) Lid, 247 Tottenham Court
Road london W1P OAU 0171 261-5108.

Subscriptions: Quadrant Subscription Services, Qakfield House
Perrymount Road, Haywards Heath, Sussex RH14 3DH. Telephone
01444 445566, Please notify change of address. Subscription rates 1
year £32 UK 2 years £43.00 3 years £75.00. Surface mail 1 year
£37.00 2 years £60 00 3 years £86.00 Air mail Europe/Eu 1 year
£46.00 2 years £73.00 ROW 1 yeor £56.00 2 yeors £89.00

Overseas advertising agents: France and Belgium: Pierre Mussard,
18-20 Place de lo Madeleine, Paris 75008. United States of America:
Ray Barnes, Reed Business Publishing Utd, 475 Park Avenue South, 2nd Fl
New York, NY 10016 Tel; (212) 679 8888 Fax; (212) 679 9455

USA mailing agents: Mercury Airfreight International Ltd Inc, 10(b)
Englehard Ave, Avenel NJ 07001, 2nd class postage paid at Rahway NJ
Postmaster. Send address changes to above.

Printed by BPCC Magozines [Carlisle] Ltd, Newtown Trading Estate
Carlisle. Cumbria, CAZ 7NR

Typeset by Marlin Imaging 2-4 Powerscroft Road, Sideup,

Kent DA 4 5DT ,

© Reed Business Information Ltd 1997 ISSN 0959 8332

T

June 1997 ELECTRONICS WORLD

443



UPDATE

o000 0COGOROS®

Wireless data
services to

increase
fourfold

The wireless data
services market is
expected to increase
four-fold over the
next few years
despite confusion on
the part of users
over what services
are available. A
report by FTMedia
& Telecoms
predicts a $10bn
mobile data market
by the year 2000.

EMC law proving difficult to enforce

E uropean EMC legislation may
not be enforceable in its present
form due to the cost of
investigation, claims a trading
standards chief.

“It’s becoming questionable
whether the legislation is going to
be properly enforced,” said David
Holland, head of Cardiff County
Council’s trading standards unit.

Holland's team is halfway
throngh what could turn out to be
the UK's first EMC related
prosecution. The unit bought four
pes and found three failed EMC
tests. Trading standards officers
have interviewed the companies in
question.

Holland said: “In two instances
all components were CE-marked.
We now have to examine all the

components to determine why the
pes failed.”

This burden means Holland is
now doing far more work than
originally envisaged. He may need
to draw manpower from other
investigations, placing a heavy
drain on the unit’s resources. If
Holland discovers components
were improperly CE-marked,
further investigation of suppliers
will be needed.

Whether or not the pc
manufacturers sold faulty
equipment is not in question. “The
people we've interviewed have
committed offences,” said Holland,
“that is clear cut.”

But the real question that must be
determined before prosecution is
whether they showed due diligence

when designing their products. “If
they have done nothing, we will
prosecute,” Holland confirmed.
But proving this could turn out to
be far too expensive for many
trading standards units to justify.

The Europe-wide EMC
legislation came into force on 1
January, 1996. The first year of its
existence was dubbed the ‘year of
grace’, EMC clubs and trading
standards units worked with
companies to ensure conformance
with the directives.

Since the start of this year,
trading standards units responsible
for policing the legislation have
taken a tougher line. Any company
at the wrong end of a successful
prosecution can expect a fine of up
to £5000.

Engineers lack lateral thinking

he engineering profession needs to

atiract a different type of person if
its to produce more top flight
executives. So argues a book
published by Warwick University’s
Institute for Employment Research.

Engineers in Top Management,

based on a three-year study of over
250 companies, shows that
companies run by accountants tend to
outperform all others, while those
headed by qualified scientists and

This year’s car models are likely to
have high-tech surround sound systems
built-in thanks to an agreement
between Noise Cancellation
Technology (NCTI) and the developer
of flat panel speakers NXT —a

engineers do least well.

The reason for this, argues Rob
Wilson, one of the book’s authors, is
due to the personalities attracted to
engineering and science in the first
place. They do not have the lateral
thinking required for top
management. “Someone who goes
for engineering tends to be more
focused,” he said.

Measures to improve the situation
include the training of qualified

scientists and engineers in
management practice, as well as the
development of a cadre of
outstanding managers to be
‘corporate mentors’.

The long term solution, described
by the institute as ‘brutal’, is to attract
what the book calls ‘divergers’ —
bright students who currently opt for
humanities subjects. “It is important
that we attract our best and brightest
into the profession,” said Wilson.

Car makers give flat panel speaker a hearing

“We believe that they (Verity) will
utilise their expertise in licensing,
manufacturing and distribution to
deliver flat panel speaker products
that will revolutionise the industry,”
said Michael Parrella, NCTT’s

subsidiary of UK company Verity
Group.

The two companies signed a cross-
licensing agreement last week which
allows them to use each others
technologies and customise them for
specific markets as well as
commercialise them there. NCTT will
focus intensely on the automotive
market through new and existing tie-

ups with car system makers and vehicle

manufacturers.

president.

NCTI is already in a joint venture
with the US-based Johnson Controls,
which makes car headlining that will
ideally incorporate the flat panel
speakers to create a truly surround-
sound environment in the passenger
cabin.

Currently NCTI and Johnson
Control are in discussion with various
car makers that will integrate the
technology into new car models.
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THERE IS ONE DANGER YOU CAN'T SEE, HEAR,
SMELL OR FEEL- ITS RADIATION. THERE ARE OVER
10,000 SHIPMENTS OF RADIOACTIVE MATERIAL IN
THE UK EVERY YEAR BY ROAD AND RAIL! WOULD
ANYBODY TELL YOU OF A RADIATION LEAK?
NEW GEIGER COUNTER IN STOCK Hand held unit with
L.COscreen, autoranging, 'ow battery atam, audible‘tick’ output. New
and guaranteed. £129 rel GE1

RUSSIAN BORDER GUARD BINOCULARS £1799
Probably the best binoculars in the world! ring for colour brechure.
RUSSIAN MULTIBAND WORLD COMMUNICATIONS
RECEIVER, Exceptional coverage of @ wave bands, (5 short, 1 LW,
1FM, 1MW) internai ferrite and external telescopic aerials, mains/
battery.  £45 ref VEGA

NEW LASER POINTERS 4 Smw, 75 metre range, hand heid unit
funs on two AA batteries (supplied) 670nm. £28 ref DEC4S

HOW TO PRODUCE 35 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprenensive 270 page book
covers all aspects of spirit production from everyday materials. Includes
construction details of simple stills atc. £12 ref MS3

NEW HIGH POWER MINI BUG With a range of up to 800
metres and a3 days use from a PP3 this is cur top selling bugl less
than 1" square and a 10m voice pickup range. £28 Ref LOT102
BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by step guide to building wind generators and
propefiors. Armed with this publication and a good local scrap yard
could make you self sufficient in electricity! £12 ref LOTS1

PC KEYBOARDS PS2 connector, top quality suitabie for all 286/
386/486 etc £10 ref PCKB. 10 for £65.

NEW LOW COST VEHICLE TRACKING TRANSMITTER
KIT £28 range 1.5-5 miles, 5,000 hours on AA batteries, transmits
info on car direction, left and nght turns, start and stop information
Works with any good FM radic. £29 ref LOT101a

HIGH SECURITY ELECTRIC DOOR LOCKS Complete
brand new italian lock and latch assembiy with both Yale typelock (keys
inc) and 12v operated deadiock. £10 ref LOTSS

*NEW HIGH POWER WIRELESS VIDEO AND AUDIO
BUG KIT 1/2 MILE RANGE Transmits video and audio signals
from a minature CCTV camera (included) to any standard television!
Supplied with telescopic aerial. E169

CCTV PAN AND TILT KITMaterize your CCTV camera with this
simple 12vdc kit 2 hermentically sealed DC linear servo motors Smm
threaded output Ssecs stop tostop, can be stoppedany where, 10mm
travel, powerful. £12 ref LOT125

GPS SATELLITE NAVIGATION SYSTEM Made by Garmin,
the GPS38is hand held, pocket sized, 255, position, altitude, graphic
compass, map builder, nitro filled. Bargain price just £179 ref GPS1,
CCTV CAMERA MODULES 46X70X25mm, 30 grams, 12v
100mA. auto electronic shutter, 3.6mm F2 lens, CCIR, 512x482
pixels, video output is 1v p-p (75 ohm). Works directly into a scart or
videa input on a tv or video. IR sensitive. £79.95 ref EF137.

IR LAMP KIT Suitable for the above camera, enables the camera
to be used in total darkness! £6 ref EF138

INFRA RED POWERBEAM Handheld battery powered lamp, 4
inch reflector, gives out powerful pure infrared light! perfect for CCTV
use, nightsights etc. £29 ref PB1

SUPER WIDEBAND RADAR DETECTOR Detects both
radar and laser , X K and KA bands, speed cameras, and all known
speeddetectionsystems. 350 degree coverage, front Zearwaveguides,

1,172, 7"x4 8" fits on sun visor or dash £143 ref

CHIEFTAN TANKDOUBLE LASERS
9 WATT+3 WATT+LASER OPTICS

Could be adapted for laser listener, long range communications etc

Double beam units designed to fit in the gun barrel of a tank, each unit
has bwo semi conductor lasers and motar drive units for alignement. 7
mile range, no circuit diagrams due to MOD, new price £50,0007 us?
£188. Each unit has two galiium Arsenide injection lasers, 1 xS watt,
1x3watt, 800nm wavelength, 2Bvdc, 600hz pulse frequency. Theunits
also contain an electronic receiver to detect reflected signals from
targets, £192 for one. Ref LOT4.

EASY DIY/PROFESSIONAL TWO WAY MIRROR KIT
Includes special adhesive film to make bwoway mirron(s) upto 80" x20"

{glass not inclugded) includes full instructions. £12 ref TW1

NEW LOW PRICED COMPUTER/WORKSHOP/HI-FI
RCB UNITS Complete protection from faulty equipment for
everybody| Inline unit fits in standard IEC lead (extends it by 750mm),
fitted in less than 10 seconds, reset/test button, 10A rating, £6 93 each
ref LOTS. Or a pack of 10.at £49.90 ref LOTE. If you want a box of 100
you can have one for £2501

TWO CHANNEL FULL FUNCTION B GRADE RADIO
CONTROLLED CARS From Wortd famous manufacturer these
are retums sothey will tion (usually p heap
way oftiuying TX and RX pius servos etcfor new projects etc. £12 each
sold as seen ref LOT2

MAGNETIC CREDIT CARD READERS AND ENCODING
MANUAL £9.95 Cased with llyleads, designed to read standard
credit cards! complete with control elctronics PCB and manual
covering everything you could want to know about whats hidden inthat
magnetic strip on your card| |ust £9.95 ref BAR31

J° -
q FREE 10% i

i DISCOUNT VOUCHER A

CUT OUT AND INCLUDE THIS
I CORNER WITH YOUR ORDER .
AND DEDUCT 10%
. FROM ALL THE ITEMS 1IN THIS .
ADVERT!

WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? ‘We have collated 140 business manuals that give you
information on setting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also included 13 the
certificate enabling you toreproduce (and self) the manuals as much as
you likel £14 ref EP74

RUSSIAN 900X MAGNIFICATION ZOOM MICROSCOPE
metal construction, builtinlight, mirrorete, Russianshrimp farml, group
viewing screen, lots of accessories. £29 ref ANAYLT

AA NICAD PACK Pack of 4 tagged AA nicads £2 99 ref BAR34
RUSSIAN NIGHTSIGHTS Mode| TZS4 with infra red filuminator,
views up to 75 metres in full darkness in infrared mode, 150m range,
45mm lens, 13 deg angie of view, focussing range 1.5mto infinity. 2 A8
batteries required, 850g weight. £199 ref BARG1. 1 years warranty
LIQUID CRYSTAL DISPLAYS Bargain prices,

16 character 2 line, 9%24mm £2.99 ref SM1623A

20 character 2 line, 83x19mm £3.99 ref SM2024A

16 character 4 line, 62x25mm £5.99 ref SMC16404
TAL-1, 110MM NEWTONIAN REFLECTOR TELESCOPE
Russian, Superb astronomical 'scope, everything you need for some
serious star gazingl up to 169x magnification. Send or fax for further
information. 20kg, BESx800x1650mm ref TAL-1, £249

YOUR HOME COULD BE SELF SUFFICENT IN
ELECTRICITY Comprehensive planswith loads ofinfoon designing
systems, panets, control electronics etc £7 ref PY1

COLOUR CCTV
VIDEO CAMERAS,
BRAND NEW AND,
CASED, FROM £99.

PERFECT FOR SURVEILLANCE,
INTERNET,VIDEOCONFERENCING,
SECURITY, DOMESTIC VIDEO

Works with most modern video's, TV's,
Composite monitors, videograbbercards etc
Pal, 1v P-P, composite, 75ohm, 1/3" CCD, 4mm F2.8,
500x582, 12vdc, mounting bracket, auto shutter,
100x50x180mm, 3 months warranty,1 off price £119
ref XEF150, 10 or more £39 ea 100+ £8%

MICRO RADIO It's tiny, just 3(8" thick, auto tunning, complete with
headphones. FM £3.99 ref EP35

25 SQUARE FOOT SOLAR ENERGY BANK KIT 100 678"
6v Amorphous 100mA panels, 100 diodes, connection details etc to
build a 25 square foot solar cell for just £99 ref EF{12.

CONVERT YOUR TV INTO A VGA MONITOR FOR £25!
Converts a cofour TV into a basic VGA screen, Complete with built in
psu, lead and siware . [deal for laptops or acheap upgrade. Supplied in
kit form for home assembly. SALE PRICE £25 REF SA34

*15 WATT FM TRANSMITTER Already assembled but some
RF knowledge will be useful for setting up. Preamp req'd, 4 stage 8O-
108mhz, 12-1Bvdc, can use ground plane, yagi or dipole £69 ref 1024
"4 WATT FM TRANSMITTER KIT Small but powerful FM
transmitter kit. 3RF stages, mic & audio preamp included £24 ref 1028
YUASHA SEALED LEAD ACID BATTERIES 12v 154H at
£18 ref LOTS and below spec 6v 10AH at £5 a pair

ELECTRIC CAR WINDOW DE-ICERS Complete with cable,
plug etc SALE PRICE JUST E4.98 REF 5A28

AUTO SUNCHARGER 155x300mm sclar panel with diode and 3
metre lead fitted with a cigar plug. 12v 2watt. £12.99 REF AUG10P3
SOLAR POWER LAB SPECIAL You get 2 67%8" 6v 130mA
celis, 4 LED's, wire, buzzer, switch + 1relay ormotor. £7.99 REF SA27
12V DC MOTOR SPEED CONTROL KIT Complete with PCB
etc. Upto 30A A heat sink may be required £19 00 REF: MAG17
SOLAR NICAD CHARGERS 4 x AA size £2.99 ref 6P4TE, 2 x
C size £9.80 ref 6P477

MEGA POWER BINOCULARS Made by Helios, 20 x
magnification, precision ground fully coated optics, 60mm chjectives,
shock resistant caged prisms, case and neck strap. £89 ref HPH1
GIANT HOT AIR BALLOON KIT Buitd a 4.5m circumfrence,
fully functioning balloon, can be launched with home made burner etc.
Reusable (until you loose it!) £12.50 ref HA1

AIR RIFLES .22 As used by the Chinese army for training puposes,
so there is a lot about! £39 95 Ref EF78. 500 pellets £4.50 ref EF80
*NEW MEGA POWER VIDEOAND AUDIO SENDER UNIT.
Transmits both audio. and video signals from either a video camera,
video recorder, TV or Computer etc to any standard TV set in a 500m
range! {tune TV to channel 31) 12v DC

op. Price |s £65 REF: MAG15 12v psu is £5 extra REF: MAGS5P2
*MINATURE RADIO TRANSCEIVERS A pair of walkie talkies

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX.
BN3 5QT. (ESTABLISHED 50 YEARS).
IMAIL ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 P&P PLUS VAT.
24 HOUR SERVICE £4.50 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50

'phone orders: 01273 203500

(ACCESS, VISA, SWITCH, AMERICAN EXPRESS)
FAX 01273 323077

. LOW COST CORDLESS MIC 500 range, 90 - 105mhz, 115g,

E-mail bull@pavilion.co.uk

with a range up to 2 km in open country. Units measure 22x52x155mm
including cases and earp'ces. 2xPP3 reg'd. £37.00 pr.REF; MAG30
*FM TRANSMITTER KIT housed in a standard working 134
adapterl! the bug runs directly off the mains so lasts forever) why pay
£7007 of price is £18 REF; EF62 (kit) Transmits to any FM radic
Built and tested version now available of the above unit at £45 ref
EXM34

*FM BUG BUILT AND TESTED superior design ta kit. Supplied
to detective agencies. Ov battery req'd. £14 REF. MAG14

GAT AIR PISTOL PACK Complete with pistol, darts and pellets
£14.85 Ref EF52B extra pellets (S00) £4.50 ref EFB0.

HEAT PUMPS These are mains operated air to air units that consist
of a aluminium plate (cooling side) and a radiator (warming side)
connected together with a F or, The plate if into water
will freeze it. Probably about 3-400 watts so could produce Thw in ideal
conditions. £30 ref HP1

3 FOOT SOLAR PANEL Amorphous silicon, 3 x 1" housed in an
alumimum frame, 13v 700mA ouput. £55 ref MAG4S
SOLAR/WIND REGULATOR Prevents batteries from over
charging. On reaching capacity the regulator diverts excess power into
heat avoiding damage. Max power is 60 watts, £27 99 ref SICA11-/05
FANCY A FLUTTER? SEEN OUR NEW PUBLICATION?
Covers all aspects of horse and dog belting, systems eteand gives you
@ betting system that should make your betting far more profitablel £6
a copy ref BET1

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGSP13 ideal for experimenters! 30 m for £12.99 ref MAG13P1
4X28 TELESCOPIC SIGHTS Suitable for all air nfles, ground
lenses, good light gathering properties. £24.95 ref RfY
GYROSCOPES Remember these? well we have found a company
that still manufactures these popular scientific toys, perfect gift or for
educational use etc £6 ref EPT0

NICAD CHARGERS AND BATTERIES Standard universal
mains operated charger, takes 4 batts + 1 PP3, £10 ref PO11D
Nicads- AA size (4 pack) £4 ref 4P44, C size (2 pack) £4 ref 4P73, D
siZze (4 pack) £9 ref 8P12.

RECHARGE ORDINARY BATTERIES UP TO 10 TIMES!
With the Battery Wizard! Uses the latest pulse wave charge system to
charge all popular brands of ordinary batteries AAA, AA, C, D, four at
a timel Led system shows when batteries are charged, automatically
rejects unsuitable cells, complete with mains adaptor. BS approved
Price is £21.95 ref EP31

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new multiband 2000 radar detector can
prevent even the most responsible of drivers from lesing their licencel
Adjustable audible alarm with 8 flashing leds gives instant warning of
radar Zenes Defects X, K, and Ka bands, 3 mile range, ‘over the hil
‘around bends’ and 'rear trap facilities. micro size just 4.25"%2 5"x 75",
Can pay for itself in just one day! £89 ref ERP3

3" DISCS As used on older Amstrad machines, Spectrum plus¥'s etc
£3 each ref BAR40O

STEREO MICROSOPES BACK IN STOCK Russan, 200x
complete with lenses, lights, fillers etc etc very comprehensive
microscope that would normally be around the £700 mark, our price
is just £299 (full money back guarantee) full details in catalogue,
SECOND GENERATION NIGHT SIGHTS FROM £748
RETRON Russian night sight, 1.8x, infra red lamp, 10m-inf, standard
M42 fens, 1. 1kg £349 ref RET1

193 x 26 x 35mm, Sv PP3 battery required. £17 ref MAG15P1

HI POWER SURVEILLANCE TELESCOPE Centinuous zoom
control from 20 times to an amazing 80 times magnification. 0mm fully
costed objective lens for maximum light transmission, complete with
tripod featuring micro elevation control. £75 ref 271

JUMBO LED PACK 15 10mm bicolour leds, plus 5 giant (55mm)
seven segment displays all on a peb £8 ref JUM1. Pack of 30 55mm
seven seg displays on pcbsis £19ref LED4, pack of 50 £31 ref LEDS0
12VDC 40MM FANS MADE BY PANAFLO, NEW. £4 REF FAN12
HELP WANTED WITH MOTORS We have thousands to
clear at rock bottom prices! bumper pack of 20 metors [our choice) is
just £19.951 Some of these will be 5' or maybe larger!

HELP WANTED wWITH MULTI RAIL POWER
SUPPLIES Again we have thousands available, most with fans,
mastly cased, seld as seen, condition may vary, some warking some
not. Pack of 10is £19.95

HELP WANTED WITH TELEPHONE COIN BOXES
Meed we say, thousands available! these are units designed to convert
an ordinary phone into a coinbox phone. They have damaged cases but
the electronics and coinslots are ok Speech chip on the board talks to
you as you program itl Pack of 10 Is £19.95

HELP WANTED wiTH EXTERNAL MICRO TAPE
STREAMERS 10,000 in stock, space needed! brand new cased units
with loads of interesting bits (motor, tape heads, PCE efc ele. Very
smart plastic case useful for projects ete. Pack of 2015 £19.95 ref MD2
HELP WANTED WITH YUASHA 12V 6. 5AH SEALED
LEADACIDBATTERIES About 10 palietsfull justinsid

no 2! pack of 5 for just £49.95 also some below spec 6v 10aH at £19.95
for a pack of 8

Check out ourWER SITE
full colour interactive
1997 catalogue
http:/ / www.pavilion.co.uk/bull-electrical

FREE COLOUR CATALOGUE

WITH EVERY ORDER

WE BUY SURPLUS STOCK
FOR CASH

SURPLUS STOCK LINE 0802 660335
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UPDATE

World standard DAB setback

he worldwide adoption of the
European Eureka 147 standard for
DAB, or digital audio broadcasting,
has taken a blow after a US decision
to favour a satellite-based system.
To this aim, the US Federal
Communications Commission (FCC)
has auctioned frequencies in the S-
band spectrum (2310 to 2360MHz).
However, satellite-based DAB
systemns, unlike Eureka 147, cannot
deliver cd-clarity audio to stationary
and mobile users in open and urban
areas, countering the whole purpose
of adopting DAB.
The US government’s decision has
been described by the Consumer
Electronics Manufacturers

Association (CEMA) as “disastrous
for digital audio radio in the US".

CEMA now hopes to sway the US
government towards giving up the L-
band frequencies (1452 to
1492MHz), currently reserved for
Pentagon use. The L-Band is suited
to the improved quality terrestrial
delivery of DAB, and CEMA is
lobbying to get the Eureka 147
system implemented in the spectrum,
even though it believes the license
fees demanded for Eureka 147 are
too steep for US broadcasters.

Frans Westra, DAB project leader
at Philips, countered the claim by
saying: “It's not quite clear what is
going on, but I have never seen a

technically superior system fail
because of high licence fees.”

Moreover, certain Eureka 147
DAB receiver makers are not
unduly concerned about
developments in the US.
“Currently we are looking at
Europe although we are keeping a
close eye on the situation in the
States,” said Tony Starling, sales
director at Kenwood, which is
launching the first commercial car-
DAB receiver in a couple of
week’s time.

Eureka 147 has been selected by
20 countries worldwide. Japan has
still to choose and is watching
developments in the US.

End of 56kbit modem war in sight

eace talks next month could end
the 56kbit/s high speed modem
standard war.

Lucent Technologies and
Rockwell, who are promoting their
Jjoint K56Flex protocol, invited their
rival, US Robotics, which is
marketing its x2 modem, to the
inaugural meeting of the Open 56K

Forum held in New York.

Although US Robotics could not
make the conference in time —
“Unfortunately, they only asked us to
join half-an-hour before the first
meeting,” said a US Robotics
spokesperson — the company is
considering taking part in the next
one, scheduled for later this month.

It raises the possibility that all three
companies contribute to a common
standard which would be put before
the International
Telecommunications Union (ITU)
for approval, so users can be
confident the modem they buy will
be compatible with those used by all
Internet service providers.

UMIST researches self drive cars

ars which drive themselves is

the goal of research being
carried out at University of
Manchester Institute of Science and
Technology (UMIST).

Follow on from the EC-funded
Prometheus project aimed at
preventing accidents through
corrected steering, UMIST is
developing vision systems which
enable cars to operate on all road
types.

Panos Liatsis, of UMIST's Control

Systems Centre, explained that a
system for motorway use, where the
road is well defined, is relatively
straightforward, but “driving within
the city is far more adventurous.”

According to Liatsis, the intelligent
sensing system for obstacle detection
currently being developing relies on
image analysis and neural network
techniques. It consists of two
modules: one for obstacle detection,
the other for classification.

The first module examines an

image for edges, to determine
regions of interest (ROIs). The
second module uses higher order
neural networks (HONNS) to identify
obstacles within the ROIs. They
decompose ROIs into coarse fields,
which are matched with known
vehicle shapes.

The system has been tested with
400 images containing objects with
different scaling and positions, and
achieved a detection accuracy of 96
per cent.

Marconi archive to stay in UK

Guglielmo Marconi’s archive of scientific equipment and documents relat-
ing to his years developing the first practical radio transmitters at the
beginning of the century is to be given to the nation by GEC-Marconi, the

present owner.

Original plans to auction the archive — valued at between £1m and £3m
— were scrapped earlier this year in response to criticism, including a letter
to The Times from Marconi’s daughter, that the archive was too important
to the history of scientific discovery to be broken up.

GEC-Marconi has agreed to give the archive of over 1000 items, which
includes Marconi’s first patent for improvements to wireless telegraphy, &
letter from Queen Victoria and radio message transmitted from the sinking
Titanic, to the Science Museum in London.

Part of the archive will be displayed in a Marconi centre to be set up at
the Chelmsford site where Marconi built the world’s first radio factory.
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The Home of 7~ 7me<z¢e Its not what you do,

Hart Audio Kits and factory assembled units use the unique
bination of circuit desi by the d John Linsley
Heod, the very best audiophile components, and our own
engineering expertise, to give you unbeatable performance
and unbelievable value for money.
We have always led the field for easy home construction to
professional standards, even in the sixties we were using
easily bled printed circuits when Heathkit in America
were still using tagboards!. Many years of experience and
innovation, geing back to the early Dinsdale and Bailey
classics gtves us incomparahle design backgrnund in the
needs of the home constru . This ply that
building a Hart kit is a real pleasure, rssulling in a plece of
equipment that not only saves you money but you will be
proud to own.
Why not buy the rep and i | for the kit
you are interested in to see how easy it is to build your own
equipment the HART way. The FLILL cost can be credited
g your | kit p

‘AUDIO DESIGN' 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed amplifier is the flagship
of our range, and the ideal powerhouse for your ul hifi

its HOW you do it that counts!.

SHUNT FEEDBACK PICKUP PREAMPLIFIER

If you want the very best sound out of vinyl discs then you need our
high quality pmampllﬁer wum Shunt Fsedback equalisation. The
K1450 also has an ad d front end, p d for low
impedance moving coil cartridges as well as mowng magnet types.
Selected discrete components are used throughout for ultimate
sound quality. The combination of John Linsley Hood design, high
quality I its and an ad d double sided printed circuit
board layout make this a product at the leading edge of technology
that you will be proud to own, A recent review in "Gramophone”
magazine endorsing this view. Bought in kit form our step by step
instructions it is very easy and satisfying to assemble, or you can
buy a factory assembled version if you wish.

This magnificent kit, comes complete with all parts ready to
assemble inside the fully finished 228 x 134 x 63mm case. Comes
with full, easy to follow, instructions as well as the Hart Guide to

system. This kit is your way to get £K performance at bargain
basemen! prices. Unique design features such as fully FET
stlabilised power supplies give this amplifier World Class
perfarmance with startling clarity and transparency of sound, allied
to the famous HART quality components and ease of construction.
Standard model comes with a versafile passive front-end giving 3
switched inputs, with ALPS precision “Blue Velvet” low-noise
volume and balance controls, no need for an external preampl.
Construction is very simple and enjoyable with all the difficull work
done for you, even the wiring is pre-terminated, ready for instant
usel. All versions are available with Standard components or
specially selected Super Audiophile components and Gold Plated
speaker terminals and all are also available factory assembled.

K1100 Complete STANDARD Stereo Amplifier Kit, £415.21
K1100S Complete SLAVE Amplifier Kit, . ......... ... E353.62
K1100M Complete MONOBLOC Ampiifier Kit, .. ... ..... £271.20
RLH11 Reprints of latest Amplifier articles .. .. ... ... £1.80
K1100CM Construction Manual with full parts lists .. ..., .. £5.50

ALPS “Blue Velvet” PRECISION AUDIO CONTROLS.

Now you can throw out those noisy fll-matched carbon pots and
replace with the famous Hart sxclusnre ALPS 'Blue Velvel' range
i ts only used ively in the very top flight of World
class amplifiers. The imp i m track and hi
really is incredible giving better tonal balance between channels
and rock solid image stability. Motorised versions have 5v DC
molor,

MANUAL POTENTIOMETERS

2:Gang 100K, .. .ovonciraaiiirernbriisnsrvsniie
2-Gang 10K, 50K or 100K Log .
2-Gang 10K Special Balance, zero crosstalk and zero cenire

FOBS, e i R A e e o TR e S R R £17.48
MOTORISED POTENTIOMETERS

2-Gang 20K Log Volume Control .., . ....coovniieaanan £26.20
2-Gang 10K RD Special Balance, zero crosstalk and less than 10%
lossincentra pOSION . .oivvuiviicnreinniariiarains £26.98

TOROIDAL MAINS & OUTPUT TRANSFORMERS
for EL34, 32W VALVE AMPLIFIER

Special set of toroidal transformers, 2 output & 1 mains for the "Hot
Audio Power” valve amplifier design described in the Ocl, 1895
issue of “Wireless World". Total Wt 4.8Kg. Special price for the set.
£99, Post 28

RJM1. Photocopies of the Article by Jeff Macaulay, £2

PRECISION Triple Purpose TEST CASSETTE TC1D.

Are you sure your fape recorder is set up 1o give its best? Our latest

triple purpose test cassette checks the three most important tape

parameters without test equipment. Ideal when fitting new

heads. A professional quality, digitally mastered test tape ata
price anyone can afford.

Test Cassette TC1D. Ourpriceonly ............. £9.99

PCB Cc ion, we even throw in enough Hart Audiograde Silver
Solder to construct your kit!

K1450 Complete Kit . .....
K1450SA Audiophile Kit . ............
A14505A Factory assembled Audiophile uni

“CHIARA" HEADPHONE AMPLIFIER.

Highest quality, purpose designed, 'single ended’ class "A’
headphone amplifier for ‘stand alone' use or to supplement those
many power amplifiers that do not have a headphone facility. Easy
installation with special signal link-through feature, the unit uses our
‘Andante’ Ultra High Quality power supply.

Housed in the neat, black finished, Hart minibox it features the wide
frequency response, low-distortion and ‘musicality’ that one
associates with designs from the renowned John Linsley Hood.
Volume and balance controls are Alps “Blue Velvet" components.
Very easy 1o build, or available factory assembled, the kit has very
detailed instructions, and comes with Hart audiograde silver solder.
A valuable personal listening option and an aitractive and
harmonious addition ta any hifi system.

K2100 Complete Standard Kit . . ... ..ooovviiianuies £112.50
K2100SA 'Series Audiophile’ Kit with selected audiophile
COMPORBNEE <~ 15y i sias A w s sl e o 4 sls va

A2100SA 'Series Audiophile’, Factory A bled . . . £115.46
CM2100 ConstructionManual . . .. ........coivirearins £2.50
“Andante” Linear Technology
AUDIOPHILE POWER SUPPLIES

The HART “Andante” series power supplies are
for exacting audio use requiring absolute mlnlmum nmss low hum
field and total freedom from mechanical noise.

Utilising linear technology throughout for smoothness and
musicality makes it the perfect partner for tha above units, or any
equipmant requiring fully stabilised +15v supplies.

There are two versions, K3550 has 2 £15v supplies and a single
15v for relays etc. K3565 is identical in appearance and has one
+15v. Both are in cases 1o match our ‘Chiara’ Headphone Amplifier
and our K1450 “Shunt Feedback™ Pickup preamp.

K3550 Full Supplywithalloutpuls ...........c00veenn
K3565 Power Supply for K1450 or K2100 i
A3550 Factory Assembled Full Supply .. ..............

SPEAKER DESIGN SOFTWARE.
VISATON “Speaker Pro " is a complete speaker design program
for use on IBM machines. Covers cabinet and crossover design and

ROARING SUBWOOFER.

A tull revised kit will be available soon for this excellent and imaginative
design from Russel Bredon (WW Feb.97). The latest design will use
the 30mm maximum cone displacement of the 10" VISATON GF250
Driver to give even better performance at slightly reduced cost.
Featuring a rubber suspended fibreglass cone, extended pole plate,
vented magnet, Kapton carrier and dual 4ohm voice coils the GF250 is
unbelievably good value at only £111.45 each.

SPECIAL OFFER!. SOLENOID CONTROLLED
FRONT LOAD CASSETTE DECK SFLB0O

High guality (0.08%W&F) cassette machanism with capability of
using standard or downstream monitor R/P head. Offers all
standard facilities under remote, logic or software control. The
control requirements are so simple that for many applications not

ding all functi manual switches will suffice. Power
requirements are also simple with 12v solenoids and 12v speed
controlled Motor, tolal power requirement being under 300mA.
Logic control and wiring circuits are included free with each deck.
SFL800 Deck with Standard stereohead ... ........... £29.50
SFLB00D Fitted with High Quality Downstream monitor head. £44.90
{The Head alone is normally over £601)

HART TECHNICAL BOOKSHELF
Try us for- Bigger Range of Books, Better Prices,
NO "28 Day Wait"

“AUDIO ELECTRONICS" John Linsley Hood . .. .......
“THE ART OF LINEAR ELECTRONICS"
John Linsley Hood. 1994 .. .. ... . ... 0ceinizarans
“THE ART OF ELECTRONICS" Horowitz & Hill
“DIGITAL AUDIO AND COMPACT DISC TECHNOLOGY"

3rd.Edn, 0-24051387 5 ..o vciin i s sy £15.95
“INTRODUCING DIGITAL AUDIO CD, DAT AND SAMPLING”
IBBN 1870775220 \ious s oravassizanesiaadinaunana £7.

“ACTIVE FILTER COOKBOOK" Don Lancaster ..
“THE ART OF SOLDERING" 0-85835-324-3.0
“TOWERS' INTERNATIONAL TRANSISTOR SELECTOR"

TOBTEON0B2T  wuviinn s mninsmn snn s s A £19.95*

“AUDIO”™ FAWIson, BPI11 oo iiiiiianiiiaaaa i £3.95
“HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT"
H.A.Panfold. BP2BT /. . ..o 1 das s dibe st ii s ptbs e s bnnnh £3.50
“THE HART PRINTED CIRCUIT BOARD CONSTRUCTION

GUIDE."..... -E2.50
“A SIMPLE CLASS A AMPLIFIER”
J.Llinsley Hood MLE.E. 1969. RLH12 ... .......... £2.75
“CLASS-A POWER" Single Ended 15W Amp.
J.L.Linsley Hood M.LE.E. 1996. ALH13 .. .......c..c.... £2.50
LOUDSPEAKERS; THE WHY AND HOW OF GOOD
REPRODUCTION. G.Briggs. 1949. .. ................. £8.95
“THE LOUDSPEAKER DESIGN COOKBOOK"
Vance Dickason. {(SthEdn.) ..............cocivnainnn £23.95*
ELECTROSTATIC LOUDSPEAKER DESIGN AND
CONSTRUCTION Ronald Wagner BKTE .. ............ £15.95
“THE ELECTROSTATIC LOUDSPEAKER DESIGN COOKBOOK”
Roger P.Sanders. 1886 . ...iuioenisraaiiiia i £24.95
“BULLOCK ON BOXES" Bullock & White .., .. . £10.95
“AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE
DESIGN" V. Capel. BP256 .. ... .....cooovviniuiinans £3.95
“LOUDSPEAKERS FOR MUSICIANS™ BP297 .......... £3.95
“THEORY & DESIGN OF LOUDSPEAKER ENCLOSURES"
JEBaNEoN, T e e I T et £21.95

“QUICK & EASY TRANSMISSION LINE SPEAKER DESIGN"
FAMED.BREIP. & .00 raortshtnrss erossatsus v prnesi £8.
“THE COUPLED CAVITY HANBOOK" David Purton
“VISATON. HOME HI FI CATALOGUE." Full Specifications and
Thiele Small Dataon all Drive Units ... ... ... £4.50
“VISATON. CAR HI FI CATALOGUE." Incarguida . ...... £3.50
“VISATON. CABINET PROPOSALS" Book 1. In GERMAN £6.50
“VISATON. CABINET PROPOSALS” Book 2. In GERMAN £6.50
“SPEAKER PRO 6.” VISATON Cabinet Design Software. , £45.51
“SPEAKER PRO 6." Demo Version with driva unit database £9.28

“VALVE AMPLIFIERS" Morgan Jones, 1985/ ......... £24.50
THE VTL BOOK David Manley 1994, BKVT1 .......... £17.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27
“THE WILLIAMSON AMPLIFIER.” 0-9624-1918-4 ....... £6.95
AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN.

BEG 157 i vaa s sjaimsca s aie = sieuia pstapiat s sin s supnc £17.95

AUDIO ANTHOLOGIES, articles from Audio Engineering. Six
volumes covering the days when audio was young and valves were
king!. BKAASH OB, .......coiiinneannn. .. All £12.95 each
“THE RADIOTRON DESIGNERS HANDBOOK” (CD) . . . . £48.00
“PRINCIPLES OF ELECTRON TUBES" H.D.Reich PH.D. £25.95
“POWER AMP PROJECTS" Anthalogy. 1970-1989. ... .. £15.50
“WORLD TUBE DIRECTORY" 1996-7 Sourcebook of valve
Tl prOGUCTS Loy e s v es Brr e i A s e £5.95
Fuller descriptions of the contents of all our books is given in our full
catalogue, price ... el st e R e E£4.50

Pasiage on all books, unless starred, is only £2 per book,

containg a full expandable database of drive units. ing a “most
reccommendable” accolade it tests this program is ideal for the
professional speaker builder or serious audiophile.

0303 Speaker Pro 6. 3.5 08K ©....iviariiniiieranies £45.51
0309 Demao Version with Database ........... ......... £9.28

SPEAKER DAMPING MATERIALS
Polyester Wool and Pure Lambs Wool both have optimal damping

properties and are pl to handle. 125q bag is
sufficient for 20 litres enclosure volume.

5070 Polyester Wool. 1250 ... ....vevsocaccicannspns £3.20
5069 Pure Lambs Wool. 125g ........coooeiiiiinninn £6.73

£4.50 for any numbar any size!, Starred items are heavy
books costing £3.50 to send.

Don't forget No waiting at HART!. All listed books are normally
in stock!. Just ring with your Gredit Card Number for instant
despatchl,

POSTAGE on UK Orders up to £20 is £2. Over £20 is £4.50.

OVERSEAS Flease Enguire.
Fuller Details of ALL kits are given in our
List, FREE on request.

Send for Your FREE copy 24 Hr. ORDERLINE 01691 652884  All Prices include
UK/EC VAT.

Fax. 01691 662864
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UPDATE

Philips back in
the top ten

hilips has returned to the top

ten of the world’s
semiconductor manufacturers,
according to industry analyst
Dataquest (see table below).

Dataquest’s final 1996

worldwide market rankings shows
that Philips, after increasing
revenues by 8.2 per cent on 1995,
is at number nine, just ahead of
SGS-Thomson Microelectronics.

Intel to lose ground

A key beneficiary of Intel’s lower
market share will be AMD which
has managed to match the
performance of Intel’s
microprocessors with its K6
MiCroprocessor.

“Unlike prior incursions, when
AMD arrived with too little fab
capacity or too late with competitive
performance, this time, bolstered by
the technology boost it received via
its NexGen acquisition, AMD’s gun
may shoot real bullets,” said Nathan Mitsubishi dropped out of the top
Brookwood senior analyst at 10 to number 11 with revenues of
Dataquest. $4.1bn.

Provisional figures, released in J
January have been largely [
confirmed with Philips and
Mitsubishi being the only
companies to swap positions. |

I ntel is the undisputed king of the
x86 microprocessor market, But it
will lose a big chunk of its market
over the next three years, predicts
US market research firm Dataquest,
which is impressed with the
performance of Advanced Micro
Devices’ new K6 microprocessor.

Advanced Micro Devices (AMD),
Cyrix and others, could snag 25
percent of the market by the year
2000, reducing Intel’s share from 95
percent to 75 percent. The x86
microprocessor market was worth
about $15.4bn in 1996.

Hand-held records MPEG

n 1995, Hitachi developed a prototype camera that recorded
digital video on a 400MB multi-layered flash memory. Now

Mix it up

Werkbench EDA

The analog, digital and mixed-mode circuit simulator that really moves!

NEW! Electronics Workbench Version 5 with analog, digital
and mixed A/D SPICE simulation, a full suite of analyses and
over 4,000 devices. Still the standard for power and ease of

the company has demonstrated a camera that can record JPEG World wide semiconductor use. Now ten times faster. Still the same low price.
compressed still images and MPEG-1 compressed full motion ranking for 1996 | Join over 75,000 customers and find out why more engineers
video on a slot-in PCMCIA hard disk. And it’s small enough to 1 Intel 17.781 and hobbyist; buy Electronics Workbench than any other
be held in the hand. The breakthrough has come through 2 NEC 10.428 | SPICE simulator. You'll be working productively in 20
Hitachi’s development of a single chip integrating the 300,000 3 Motorola 8.076 | nifites, e cre:;\ting better designs faster. We guarantee it!
components necessary to handle all camera functions, including 4 Hitachi 8.071 !
real-time MPEG-1 and high speed JPEG encoding/decoding 5 Toshiba 8.065
and playback. This CODEC LSI chip uses a 3-layer 0.5 6 TI 7.064 P
micrometre c-mos process, and has a power consumption of 7 Samsung 6.464 #:?EI,E;‘ f&ﬁ;ﬁgﬁﬁf Yes
500mW (the camera consumes 6.5W in total). Image resolution 8 Fujitsu 4.427 Fully Interactive Simulation Yes
is said to be greater than 352x240 dots. The 260MB disk can 9 Philips 4219 Analog Engine Spice 3F5, 32-bit
store up to 2880 JPEG images — or 1000 with 10 seconds of 10 SGS-Thomson4.112 Digital Engine Native, 32-bit
MPEG audio each — 20 minutes of MPEG-1 video and audio, Tesviperature. Control s
or four hours of audio alone. IE mzrifgﬁir?;uéiii';ﬁr 52:
b L% Virtual Instruments Yes
/ 18 On-Screen Graphs Yes
/A COM, the US microwave and rf i Analog Components Over 100
) specialist has produced a range of very T . Digital COmponents Over 200
low cost 14GHz Schottky diodes in plastic i i g %B:r";e _“Bﬂ:f: léuarantee 2;?;;’ $42
packaging. Charles Howell, a company ]% Techn? cal Support Fres
T has received a veiled warning from Other equipment makers are expected to spokesman, said: “Consumer applications
industry regulator Oftel over its plans to produce DVD ram systems sometime before  like DBS and VSAT can’t afford $5 for a Powerful Analyses

become a global telecommunications group.  the spring of 1998. ceramic part. Plastic packaged diodes cost DC Operating Point Yes
Oftel is to investigate whether BT’s 25 to 30¢ and we got the capacitance on AC Frequency yes
expansionist plans, which includes the SA Global Link has introduced what it~ ours down to allow them to work at i =
proposed merger with US operator MCI, says is the first worldwide Internet 14GHz.” Schottky diodes are used as mixers Nool:;é i Yes :
will have a detrimental impact on the telephony system. for frequency converters in receivers. Distortion Yes é“?—;‘ffbc;nchfp‘

telephone operator’s services domestically.

After a consultation period Oftel will
decide whether any safeguards should be
added to BT’s license. *It is possible that
BT’s moves towards globalisation may have
an impact on the company’s ability and
willingness to meet its UK license
obligations,” said Oftel director general Don
Cruickshank.

VD-ram, the rewritable version of

digital versatile discs, or DVDs, has
moved a step closer to its
commercialisation. Last week ten major
consumer electronics firms agreed on a
single DVD ram format. Its specification
will be published later in April.

Toshiba demonstrated its version of DVD

ram hardware in Tokyo last month.

The Global Internetwork service will be
offered in 35 countries with rates varying
between 25 cents and 50 cents per minute.
The company claims that voice quality will
be comparable with satellite-routed phone
calls which often have a voice delay, but
will be better than using Internet-connected
PCs to call other PC users.

Global Link is not the first company to
offer such services but it is the first to plan a
worldwide one. The company is a leading
‘call back’ firm, offering overseas clients
cheap phone rates by offering access to a US
dial tone and cheap US phone rates. _

The company plans to install gateways in
various countries that will connect local
phone users to the Internet. However, there
are concerns that such services will further
congest the already overburdened Internet.

Howell said: “The highest frequency diodes,
in hand assembled and tuned beam-lead
packages, will work at 100GHz.”

CER, the Industry Council for Electronic

Equipment Recycling, has launched its
design guidelines for the recycling of
electrical and electronic equipment. “The
guidelines include information on the
principles of designing for recycling and
cover developing an appropriate design
strategy,” said Claire Snow, the director of
ICER. The launch is to be followed by an
industry-wide consultation process,
promoted by ICER, beginning in April.
® The 30 page ICER Guidelines: Design for
Recycling Electronic and Electrical
Equipment document is available at £20
from ICER. Tel: 0171 729 9121. |
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Turn on the power to your designs...
CALL + 44 (0) 1203 233216 today!

'Y

VAT and £7.99 p+p.

¥ Robinson Marshall (Europe) Ple.

Leofric Business Park, Progress Close, Coventry CV3 2TF
Phone: +44 (0) 1203 233216 Fax: +44 (0) 1203 233210 E-mail: sales@rme.co.uk www.rme.co.uk

Shipping Charges UK £7.99. All prices are plus VAT, Electronics Workbench is a trademark of
Interactive Image Technologies Ltd, Tornto, Canada. All other trademarks are the property of their respective owners

Australia = Belgium * Brazil * Canada * Chile » Colombia * Cyprus * Czech Republic * Denmark * Finland * France * _
Indonesia Israel = Italy * Japan * Malaysia ® Mexico * Netherlands * New Zealand * Norway = Philippines * Portugal * Romania
INTERACTIVE

No-risk 30-day money-back for first time buyers!
Runs on Windows 95/NT/3.1
*Special upgrade prices are available. All prices are exclusive of

South Korea * Spain Sweden * Switzerland * Taiwan » Thailand * Turkey * United Arab Emirates * United Kingdom

Trademarks are the property of their respective holders.

Germany * Greece * Hong Kong * Hungary * India ¢
Singapore ® Slovenia * South Africa ®
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After 10 years and with more than 20.000

' users, ULTImate Technology now introduces
the ULTIboard Wizard. This system is highly
praised for its very powerful placement
and routing algorithms by both the less
experienced users and by the experts. The
technology applied in the ULTIbhoard Wizard
used to be available only as optioru on the
more powerful and expensive Work-
stations.The PCB design depicted below
illustrates the capability of the Wizard, its
d-layer version was employed in the
ULTlhoard Professional Design Cantest at
the Electronics'95 Exhibition. The same
design was now executed in a 2-layer
version with the ULTIboard Wizard in less
than 2 hotirs.
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ULTImate Technology now makes the best PCB Design tools available at very competitive prices from UK £ 2.675

(Excl. VAT, 1400 pins version with 4 signal layers). We imagine you will want to see for yourself whether you
too can achieve such fantastic results with the ULTIboard Wizard. Please come to our stand J135 at ICAT 97 at
NEC (Birmingham) and convince yourself. A demo-CD is available.
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RESEARCH NOTES

Doctoral student
Mike Ropp with the

342-kilowatt

photovoltaic system

on fop of the
Georgia Tech
Aquatic Center.

Photograph Stanley
Leary, Georgia Tech
Communications

Division.

that indium antimonide crystals can
be grown on gallium arsenide, to form
the basis for infrared detection and a
Hall sensor — a sensor that has been
used in airplanes and soon will be
used in cars.

If this can be done for another
compound semiconductor, gallium
nitride, which has a lattice mismatch
of about 20%, then high-quality blue
and ultraviolet lasers as well as high-

temperature, high-power electronic
circuits can be fabricated.

Blue lasers, rather than red, will be
used in the next generation of compact
discs, for example, because the shorter
wavelength stores more data. High-
powered electronic circuits that can
also withstand high temperatures are
used in automobile, aerospace,
communication and power industries.

The Cornell team expects it can be

achieved with this technique, and is
currently in the process of trying it.
The researchers also believe that the
crystals can be grown on silicon
wafers, opening the door for
computers that, for example, could
have different types of semiconductors
operating at the same time on the same
motherboard.

Contact: Yu-Hwa Lo, Electrical
Engineering, Cornell University,

Sun power put into practice . . .

ata being collected from a
0.75acre 342kW photovoltaic
system at Georgia Tech is providing a
valuable insight into how commercial
solar electricity generation might

work in real world applications.

So far, the system, installed at
Georgia Tech’s Aquatic Center, has
operated close to its expected
efficiency, although actual energy
production has been lower than
predicted. For the seven-month
period from July 1996 through to
January 1997, it produced 162.2MWh
of electricity, against a predicted
409MWh, which is enough to power
about 35 average homes.

Factors that affected energy output,
included fuses blown when lightning
struck the Center roof in July and a
water main break that flooded the
electrical control room and forced a
10-day shutdown in October. Also,
sunlight levels were lower than
expected and extremely high
temperatures in August decreased the
efficiency of the system, which
operates better in cooler
temperatures.

Continuing experiments to compare
performance-model equations to the
real operating data brought further

shutdowns, but will help take the
guesswork out of solar energy
production.

In the future, researchers plan to
study “islanding,” where the main
power source shuts down but the
photovoltaic system continues to
function. This creates a safety hazard
for workers doing maintenance or
repairs, especially if they’re not aware
of the secondary power source.

The Georgia Tech system is made
up of 2856 photovoltaic modules,
each with 72 multicrystalline silicon
solar cells connected in series. A
power conditioning system, or
inverter, converts the array’s dc
power to utility-compatible ac power,
which then feeds into the Aquatic
Center’s main power system. The
inverter also controls and monitors the
overall photovoltaic system.

A data acquisition system samples
all vital signs every 10s, then averages
and stores them every 10min.
Incoming data includes
meteorological parameters such as
ambient air temperature, wind
velocity and array temperature, and

performance parameters such as ac
power, dc voltage and dc current.

Although the photovoltaic system is
operating as expected, researchers
continue to seek ways to improve solar
energy production. At 10-15%
efficiency, photovoltaic systems are
below traditional ones like coal,
natural gas or nuclear power, which
have efficiency ratings that fall
somewhere between 30-60%. But
their fuel source — the sun — is free
and unlimited, and its operation is
silent and non- polluting.

“There’s money to be made in solar
technology for those far-sighted
enough to make the investment,” said
Christine Ervin, assistant secretary of
the DOE’s Office of Energy
Efficiency and Renewable Energy.
“The work we’re supporting at
Georgia Tech is at the cutting edge of
this technology. What we learn from
projects like the Aquatic Center
increases the confidence of those
potential investors in photovoltaics
products and sets the foundation for
our industry’s growth and
profitability.”

. . . And put into space

eronautical engineers in Southern

California are developing an
aircraft — called Centurion — that they
believe will push solar-powered
aircraft concepts to new heights, and
provide a vehicle for scientific
experiments.

Engineers for AeroVironment are
designing the aircraft to fly at over
30,000m altitude as part of Nasa’s
Environmental Research Aircraft and
Sensor Technology (Erast) program.
Like its predecessor, the
AeroVironment-developed
Pathfinder, the Centurion will be an
ultralight flying wing with multiple
electric motors along its wingspan,
powered by solar cells spread across
the wing’s upper surface. But

Centurion’s wingspan, will be more
than twice that of Pathfinder.

According to Dryden reports, recent
flight tests of a quarter-scale battery-
powered model of the craft at El
Mirage Dry Lake in Southern
California’s high desert have
answered questions about the
Centurion’s aerodynamics and
stability. Next step is to scale up the
aircraft, designing new airfoils that
are more efficient for high altitudes
and optimising the systems.

The final solar-powered Centurion
will be designed to reach the ultra-
high 30,000m altitude for a relatively
short duration — about 2h — while
carrying a small 90kg payload of
scientific sensors. The full-scale
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New Special Offers

New mini waterproof TV camera 40x40x 1 5mm requires . Used 8748 Mi
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ADVANCED
ACTIVE AERIAL

The aerial consists of an outdoor head unit with a control
and power unit and offers exceptional intermodulation per-
formance: SOIP +90dBm, TOIP +55dBm. For the first time
this permits full use of an active system around the If and mf
broadcast bands where products found are only those
radiated from transmitter sites.

@ General purpose professional reception 4kHz-30MHz.

® —10dB gain, field strength in volts/metre to 50 Ohms.

@ Preselector and attenuators allow full dynamic range to
be realised on practical receivers and spectrum ana-
lysers.

® Noise — 150dBm in 1Hz. Clipping 16 volts/metre. Also 50

volts/metre version.

* Broadcast Monitor Receiver 150kHz-30MHz. * Stabil-
izer and Frequency Shifters for Howl Reduction * Stereo
Variable Emphasis Limiter 3 * 10-Outlet Distribution Ampli-
fier 4 # PPM10 In-vision PPM and chart recorder * Twin
Twin PPM Rack and Box Units, * PPM5 hybrid, PPM9
microprocessor and PPM8 IEC/DIN —50/+6dB drives and
meter movements * Broadcast Stereo Coders *

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh, GU6 7BG.
Telephone: 01483 275997. Fax: 276477.
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RESEARCH NOTES

Millimetre-sized machines could

provide jet thrust

ould an array of hundreds of tiny jet

turbines, each a fraction of acm
wide, one day replace a single jet engine
to power an aircraft? That is what
researchers at Stanford University’s
Rapid Prototyping Laboratory hope, and
is among the blue-sky possibilities
suggested by a new approach to
mechanical design called massively
parallel mechanical systems.

Although replacing a jet engine is
well beyond the current state of the
art, the scientists propose
demonstrating the value of this
approach by building several simpler
but still useful devices.

One such device is a system to keep
aircraft wings from stalling, a
condition that causes the wing to lose
the upward force that keeps it in the
air: another is a tactile interface for
virtual reality and tele-operation
systems.

The aircraft device would work by
covering critical parts of a wing with
thousands of tiny holes each about
Imm in diameter and separated by

Smm. In front of each hole would be a
small pressure sensor. When a sensor
detects the conditions that precede a
stall, it instructs a tiny valve to open,
allowing a jet of pressurised air to
blow out through the hole behind it. If
properly triggered, such jets could
prevent a stall from developing.

The tactile interface for virtual
reality systems would be next step on
from force feed-back mechanisms that
are currently used and give tele-
operators a better feel for what they
are manipulating. The new device
would be something like a flat pin
cushion, consisting of a dense array of
millimetre-square pins attached to
actuators that would position and
push them up and down with a
controllable amount of force. The
millimetre spacing between individual
pins would make the interface feel
almost like a solid surface when all
the pins are positioned at the same
level. Under computer control,
however, the surface could be
programmed to imitate the shape and

Physics sets engineering challenge

wo of the World’s

superconducting magnets, for use in an
international particle physics experiment, are
to be designed and built by a team under the
guidance of a scientist from the UK. Elwyn

Baynham, the project

Rutherford Appleton Laboratory and one of
the World’s experts on superconducting
magnets, is to lead a team of engineers and
scientists to design, construct and test a pair
of massive toroidal magnets. These magnets
will form a key part of the end cap detectors
of the Atlas experiment on the large Hadron
collider (LHC) currently being constructed at

largest

leader from the CLRC

125mile/h.

the European particle accelerator laboratory
at Cern in Geneva.

Over 30km of Rutherford cable will be
used to form the coils of the magnet. The
coils will operate at 4.5K — just above
absolute zero — and the conductors will carry
a current of 20,000A with zero power loss.
The magnets will have a stored magnetic
energy of over 400Mj — equivalent to the
kinetic energy of an inter-city train at

The huge scale and complexity of the
finished product means that it will not be
possible to build a prototype of the end caps,

Centurion will span between 70 and
80m.

The Centurion is one of several
unpiloted aircraft being developed by
an alliance between Nasa and several
small aeronautical development
companies and universities under the
Erast program. The goal of the
program is to develop aeronautical
technologies that will lead to
development of a new family of high-
flying remotely piloted aircraft for
scientific missions.

Test results of the quarter scale model
have made scientists optimistic about
develaping a pilotless solar aircraft that
will fly at 30,000m.

hardness of different surfaces.

The difficulty with such engineering
is that it falls between normal
manufacturing methods that can
create objects a cm or larger, and
micro-mechanical devices that
measure a few microns made using
semiconductor manufacturing
techniques.

The Stanford team is currently
developing methods to make large
numbers of mesoscale-sized
mechanical devices, by combining
two different types of techniques —
miniaturising traditional
manufacturing methods while scaling
up techniques used in the
semiconductor industry.

So far the researchers have
fabricated an array of nine nickel
wheels, each one 0.3mm thick and
5mm in diameter, mounted on nickel
axles to demonstrate they can make
entire mechanical devices in place,
without any assembly. Similarly, they
have made a four-bladed propeller,
Smm in diameter.

so special modelling techniques involving
finite element analysis and virtual reality
simulations are being used to ensure that the
design is feasible. When the design stage has
been completed the components will be
fabricated in industry to the defined
specifications of the design team and finally
assembled, integrated and commissioned into
the detector at Cern.

When the Atlas detector has been

completed it will be used by particle

physicists worldwide to search for evidence
of the Higgs Boson. The LHC is due to be
switched on in July 2005, n
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System Components
Half Size Single Board Computers
3865X to Pentium with ISA and PC/104 Bus
2 Serial Ports, IDE, FDD & Printer Port
Flash/ROM Disc, Cache, SVGA CRT/Flat Panel Controller

PC/104 Modules
386 & 486 CPUs, Solid State Disc, Isolated RS232/485
VGA CRT/Flat Panel Display & SVGA Controllers
PCMCIA types I, II & III
Fast SCSI, Ethernet, Fax/Modem

System Enclosures with Passive Backplanes
System Integration and Support

All-In-One Standard Motherboards & Cases
486/586 to 200MHz Pentium

@
o)

. Details on our website . ... .. http:/iwww.iosis.co.uk
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The Stereo Headphone Amplifier Box

Balanced or unbalanced line inputs to stereo
headphone output

Professional portable units operating from an internal PP3 battery
or external mains adaptor

*Precision transformerless differential left and right inputs
*Wide range of headphone drive impedances *High common
mode rejection *Low noise and distortion *Low quiescent power
consumption for extended battery life *Extensive RFI protection

The Balance Box (mic/line amplifier) - The Phantom
Power Box - The OneStop DIN rail mounting radio frequency
interference filter and voltage transient pretector for voltage and
current loop process signal lines

Conford Electronics Conford Liphook Hants GU30 7QW
Information line 01428 751469 Fax 751223

 E-mail contact@confordelec.co.uk
Web http://www.confordelec.co.uk/catalogue/
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| Tell me more!

For the Busy Engineer

Use MEzxpress and you could wonder how you ever
managed without it. Need to load some data and plot it as
a stacked contour, surface plot, contour & image? No
problem.

Great for data Visualisation and building Applications

Need to create an application to analyse and display sound
files which you can distribute with your new hardware
design? No problem. With over 250 built in functions
covering numerical methods, signal processing, scientific &
engineering style 2D/3D graphics you can build applications
quickly & if you order the Developers Edition you can
distribute your applications ROYALTY FREE! MExpress
1.1 Standard Edition (£99), Developers Edition (£299).
Prices exclude P&P and VAT, the Developers Edition
requires a C++ compiler (a wide range are supported).
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Loudspeake

EXPOSEQD

With all the remaining components of an audio chain being
increasingly refined, John Watkinson argues that the
loudspeaker has become the limiting factor in audio quality.
Here, he looks at the problems and presents solutions.

in the audio chain was capable of caus-

ing audible impairment. If high quality
was the goal a degree of determination and
plenty of time was needed to adjust equipment
to a finely balanced point faster than it drifted.
Because things were never good enough there
was a consistent research effort and this has
given tangible results.

In a typical modern audio system, a micro-
phone feeds an a-to-d converter, connected to
a digital recorder, driving a d-to-a converter, a
power amplifier and a loudspeaker. At some
point a mixing console may be found. The
weakest link determines the overall quality.

Modem microphones have an extremely flat
frequency response, and adequate dynamic
range and linearity. Modern converters using
noise shaping and oversampling with 18 and
20-bit resolution are outperforming our ears, —
provided some attention is given to clock jit-
ter.
If a digital audio recorder uses digital i/o,
then provided it doesn’t use compression, it
doesn’t have a sound quality. Numbers com-
ing in are the same as numbers going out.
High quality modern mixing consoles have
reached a stage where they are virtually trans-
parent. Power amplifiers have reached a state
where further developments will be in the area
of efficiency and the friendliness of the load
presented to the ac supply.

Most of the quality loss in a modern sound
reproduction system is due to the loudspeak-
ers, which for some reason have not seen the
development of other components. In my
opinion loudspeakers are now causing a qual-
ity bottleneck. Such an area is ripe for research
because for a given effort the rewards will be
more significant in comparison with more
mature technologies where the returns dimin-
ish as the ideal is approached.

U ntil recently, virtually every component
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I should stress that I am interested in precise
sound reproduction rather than in hi-fi. There
was a time when the two were synonymous,
but nowadays in many respects hi-fi has
become a religion in which beliefs are more
important than truths and enthusiasm replaces
knowledge. The temples of hi-fi are the phe-
nomenally expensive hardware installations
and the high priests are journalists who find
pseudo-scientific reasons to make the believ-
ers feel comfortable with the vast sums they
have spent.

The laws of physics involved in audio repro-
duction are established beyond any shadow of
a doubt yet they are regularly called into ques-
tion by hi-fi journalists whose ejaculations
usually serve only to raise the noise floor for
the genuine researcher.

It is impossible to make other than acciden-
tal or empirical progress without a clear pic-
ture of the processes involved and an under-
standing of the key criteria. To determine what
part of one’s knowledge base can be trusted it
is necessary to remove from it all of the myths
and pseudo science and to establish what is
and is not the case. It is surprising how long
this takes if one is to be impartial and scien-
tific about every spurious theory.

“The laws of physics
involved in audio
reproduction are
established beyond any
shadow of a doubt yet
they are regularly
called info question”

Without a knowledge of psycho-acoustics it
is impossible to assess the relative merits of
differing approaches. The human hearing sys-
tem is complex and highly sensitive in some
areas, yet surprisingly casual in other areas. If
this is understood, precision will be placed in
areas of sensitivity, whilst shortcomings can
be mitigated by placing them in other areas.

As audio systems are designed for human
listeners, the criteria for audio quality can only
be subjective. Audio systems form a window
between the listener and the original sound.
All that is necessary is to make that window
larger than the sound passing through it in all
respects. If human listeners are unable to
detect an impairment, then the quality is suf-
ficient and the window is big enough. Making
it even bigger simply drives up the cost.

Listening tests are vital once all objective
tests have been passed, but in order to be sig-
nificant, such tests have to be properly con-

X
773\

Fig. 1a) Sound approaches microphone from
many directions due to ambience and
reverberation. b) In anechoic conditions a
single loudspeaker produces exactly the
opposite of a). ¢) Loudspeaker in reverberant
conditions simulates situation of a) at
listener’s ears.

ducted to avoid bias. I can listen to a loud-
speaker as well as anyone, but unlike many, 1
do not consider myself competent to do so
alone. This is simply because the spread of
human hearing performance is so great that I
cannot be truly representative, I will naturally
listen to my own designs more favourably
than those of others.

In a significant listening test, neither the
operator nor the subjects must be aware of the
reason for the tests, and the design of the tests
must be approved by a statistician who can
determine how likely it is that identical results
could have been obtained by chance, I can
only listen to a loudspeaker of my own design
to ensure that it has no obvious warts, but to
compare it meaningfully with another speaker
of similar performance is beyond any indi-
vidual.

The ideal

An ideal speaker might be one which was a
sphere whose volume changed according to
the input waveform. Such a device would

AUDIO

behave as an ideal point source, having fre-
quency independent dispersion and a fre-
quency response like a ruler. What is more it
would be perfectly linear and would not
exhibit energy storage, which would also
make it perfectly phase linear.

Some of these consequences bear explana-
tion. A pulsating sphere acts as a point source
because wherever one stands, the part of the
surface nearest is moving directly towards and
away from one. All points on the surface
move in the same phase, therefore there can be
no vibrations propagating across the surface of
the sphere. Consequently there is no require-
ment to suppress such vibrations. Radiation
cannot occur after the input ceases. If the out-
put stops when the input stops, the system is
phase linear.

A good microphone produces an accurate
version of sounds approaching it from many
directions. Even if a loudspeaker reproduced
the microphone waveform exactly, the result-
ing sound is leaving in many directions.
Spatially, a single loudspeaker is producing
sound travelling in exactly the opposite direc-
tion to the original. Consequently reproduction
of the original sound field is simply not pos-
sible.

Figure 1 shows the problem. Sound
approaching a microphone at a) does so from
a multiplicity of sources whereas sound leav-
ing a single loudspeaker superimposes all of
these sources into one. Consequently a mono-
phonic or single loudspeaker is doomed to
condense every sound source and its rever-
beration to a single point.

When listening in anechoic conditions b)
this is exactly what happens. While the wave-
form might be reproduced with great preci-
sion, the spatial characteristics of such a sound
are quite wrong.

However, when listening in a room having a
degree of reverberation, a better result is
achieved irrespective of the reverberation con-
tent of the signal. The reverberation in the
mono signal has only time delay and no spa-
tial characteristics whatsoever whereas the
reverberation in the listening room has true
spatial characteristics. The human listener is
accustomed to ambient sound approaching
from all directions in real life and when this
does not happen in a reproduction system the
result 1s unsatisfactory.

Thus in all real listening environments a
considerable amount of reverberant sound is
required in addition to the direct sound from
the loudspeakers. Figure 1c) shows that the
reverberation of the listening room results in
sound approaching the listener from all sides
giving a closer approximation to the situation
in a). Clearly better reverberation will be
obtained when the loudspeaker is out in clear
space in the room. So-called bookcase loud-

June 1997 ELECTRONICS WORLD

457



AUDIO

speakers mounted on walls or shelves can
never give good results,

Beitter spatial accuracy requires more chan-
nels and more loudspeakers. While the ideal
requires an infinite number of loudspeakers,
with care, as few as two speakers can give a
convincing spatial illusion. The improvement
in spatial performance using two speakers is
enormous. Tests have shown that most people
prefer stereo with poor bandwidth and signif-
icant distortion to pristine mono.

Two speakers can only give spatial accuracy
for sound sources located between them.
Reverberation in the listening room then pro-
vides ambient sound from all remaining direc-
tions. Clearly the resultant reverberant sound
field can never be a replica of that at the
microphone, but a plausible substitute is
essential for realism and its absence results in
an unsatisfactory result. This renders the tra-
ditional use of heavily damped rooms for
monitoring suspect.

If realism is to be achieved, the polar dia-
gram of the loudspeaker and its stability with
frequency are extremely important. A com-
mon shortcoming with most drive units is that
output becomes more directional with increas-
ing frequency. Fig. 2a) shows that although
the frequency response on-axis may be ruler
flat giving a good quality direct sound, the fre-
quency response off-axis may be quite badly
impaired as at b). In the case of a multiple
drive unit speaker, if the crossover frequency
is too high, the low-frequency unit will have
started beaming before it crosses over to the
tweeter which widens the directivity again.

The figure shows that the off-axis response
is then highly irregular. As the off-axis output
excites the essential reverberant field the tonal
balance of the reverberation will not match
that of the direct sound. The skilled listener

Speaker Fig. 2a) Ideal on axis response is
achieved by many loudspeakers. b)
off axis response of most
loudspeakers is irregular causing
colouration of reverberant field.

“If realism is to be
achieved, the polar
diagram of the
loudspeaker and its
stability with
frequency are
extremely important.”

can determine the crossover frequency, which
by definition ought not to be possible in a
good loudspeaker.

The resultant conflict between on- and off-
axis tonality may only be perceived subcon-
sciously and cause ‘listening fatigue', where
the initial impression of the loudspeaker is
quite good but after a while one starts looking
for excuses to stop listening.

The hallmark of a good loudspeaker instal-
lation is that one can listen to it indefinitely.
Unfortunately such instances are rare. More
often loudspeakers are used having such poor
off-axis frequency response that the only rem-
edy is to make the room highly absorbent so
that the off-axis sound never reaches the lis-
tener. This has led to the well-established
myth that reflections are bad and that exten-
sive treatment to make a room dead is neces-
sary for good monitoring. This approach has
no psychoacoustic basis and has simply
evolved as a practical way of using loud-
speakers having poor directivity.

The problem is compounded by the fact that
an absorbent room requires more sound power
to obtain a given sound-pressure level.
Consequently heavily treated rooms require
high-power loudspeakers which have high dis-
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Fig. 3. Various attemplis to reproduce low frequencies. a) mass of air in
reflex duct resonates with air spring in box. b) air mass replaced by
undriven diaphragm or auxiliary bass radiator. c) rear wave is phase
shifted 180° in transmission line to augment front radiation. d) bandpass
enclosure puts drive unit between tweo resonating chambers. None of

Frequency

these technigues can properly reproduce transients and active techniques

have rendered them obsolete.

Airmass in port

(a) Reflex cabinet

Woal

5 ! " Port

(c) Transmission line

tortion and often further sacrifice polar
response in order to achieve that high power.

A conventional box shaped loudspeaker
with drive units in the front will suffer exten-
sive shading of the radiation to the rear and
thus will create a coloured reverberant field.
Clearly a much more effective way of exciting
reverberation with an accurate tonal balance is
for the loudspeaker to emit sound to the rear
as well as to the front. This is the advantage of
the dipole loudspeaker which has a figure-of-
eight polar diagram.

Loudspeakers have also been seen with
additional drive units facing upwards in order
to improve the balance between direct and
reverberant sound. These techniques work
well but obviously in a dead room are a waste
of time as the additional radiation will never
reach the listener. The fault is in the room, not
the speaker.

Air is not very dense. As a result it is not
possible to influence very much mass at once.
Thus it is difficult to radiate energy into air
with a mechanical device because the mass of
the moving part of that device will eclipse the
mass of air influenced. In engineering terms a
diaphragm has a high mechanical impedance
but the air has a low impedance, resulting in a
mismatch, meaning that loudspeakers will
always be inefficient. With the almost limit-
less power from modern amplifiers this is a
minor problem.

As an alternative the horn loudspeaker is a
kind of acoustic transformer which raises the
impedance of the air adjacent to the
diaphragm in order to improve the power
transfer. Unfortunately, acoustic transformers
are difficult to make linear and the resulting
distortion is difficult to eliminate.

A great problem with loudspeaker design is
the span of wavelengths involved. These range

Augxiliary bass
radiator (ABR)
or 'Drone cong'

(b) ABR cabinet

| Radiation from
|:> port only

=

(d) Bandpass cabinet
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Cone mass compliance
and
\ damping
=3
(a) Air
spring

Air
spring

Speaker in
sealed box

from a few millimetres at the highest audible
frequency to several metres at the lowest.
There cannot be many disciplines in which
mechanical motion is required over such an
oclave range.

Wave theory is dominated by the relative
sizes of the source and the wavelength, Thus
in a loudspeaker at the highest frequencies the
transducer is much larger than the wavelength,
whereas at the lowest frequencies it is much
smaller. As a practical matter it is necessary to
use more than one drive unit with a crossover
netwr-'r,

Reproducing low frequencies

In order to allow a diaphragm to generate low
frequencies, it must be provided with an enclo-
sure which prevents an acoustic short circuit.
Provided the wavelength is larger than the
enclosure, the resulting radiation will be omni-
directional and the result will be exactly the
same as if a pulsating sphere had been used.

The lowest frequency to be reproduced is
debatable and depends upon the material to be
reproduced. If we want to be able to reproduce
all musical instruments, we have to include the
organ. Organ pedal notes don’t start to be real-
istic unless a response is maintained to around
20Hz. At this frequency you do some of your
listening with your chest — even at moderate
sound-pressure levels. Low-frequency roll-off
is unavoidable, but it must be monotonic and
preferably have a slope of no more than
12dB/octave.

Most loudspeakers cannot faithfully repro-
duce the input waveform at low frequencies,
but unless this is done, a loudspeaker is simply
not accurate enough. An obvious example is
the transient when an organ pipe begins to
speak or stops speaking. The sound is distinc-
tive and a good loudspeaker should reproduce
it — but most don’t. Further examples include
marimbas and other bass percussion instru-
ments like hollow logs.

Many loudspeakers employ resonances to
obtain an extended frequency response in the
mistaken belief that only steady state fre-
quency response is important, Fig. 3. By def-
inition, resonance works by storing energy.
This energy is taken from the leading edge of
a bass transient and added to the trailing edge.
Again by definition a tuned loudspeaker can-
not be phase linear. Consequently transient
edges are blurred and unrealistic and arrive out
of time with the treble energy. The correct
term is linear distortion,

Speaker (b)
compliance
and
damping

Cone
mass

Therefore reflex loading, the auxiliary bass
radiator and its more recent relative the band-
pass enclosure, are unacceptable on fidelity
grounds, These all achieve a lower frequency
steady state response by destroying the wave-
form of bass transients. They have a steeper
roll-off below resonance which is unnatural.
The transmission line loudspeaker fails
because there is an assumption that a phase
shift in the line is as good as an inversion.
Again this is unfortunately only true on con-
tinuous sinewave.

Reflex, auxiliary bass radiator, transmission
line and bandpass enclosures are all tradition-
al approaches which were the best that could
be done with the simple electronics of the day.
The active loudspeaker, which can easily be
made phase linear, renders all of these
approaches obsolete except for economy or to
get high sound-pressure with old fashioned
magnet technology. The only published tech-
niques which do not violate the ideal are the
sealed enclosure and its relative the isobaric,
Untuned loudspeakers which do not store
energy are essential for high fidelity because
they can be made phase linear.

With a traditional approach to the sealed
enclosure, the optimal reproduction of low
frequencies requires a physically large loud-
speaker. The mass of the diaphragm and the
stiffness of the air in the enclosure behind it
form a resonant system, as Fig. 4 shows.
Below resonance there is little output and so
the lower the resonant frequency the better.

The smaller the cabinet, the higher the stiff-
ness of the air within, and the higher the fun-
damental resonance. Also the internal pres-
sures generated rise with small cabinets,
resulting in a large force on the diaphragm and
an increased likelihood of breakup. This is
where the isobaric configuration scores by iso-
lating the outer driver from the enclosure pres-
sure.

“While it is well
known in engineering
that pressure
containment vessels
should be cylindrical or
spherical, loudspeaker
designers cling to the
rectangular box.”
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Fig. 4a) Sealed enclosure forms a
non-linear air spring in parallel
with driver compliance. This
stiffens the compliance and raises
the fundamental resonance. b)
isobaric or compound woofer has
tandem diaphragms.

The resonant frequency can be lowered by
raising the diaphragm mass, but that reduces
the efficiency too, causing a coil dissipation
problem. The force on the diaphragm can be
reduced by using a smaller diameter, but then
the throw has to be increased, increasing dis-
tortion. Thus if a good low-frequency
response and low distortion is required at rea-
sonable sound-pressure levels, the traditional
loudspeaker has to be large.

In strictly theoretical terms, a low-frequency
loudspeaker only needs to be able to displace
a sufficient volume of air to achieve the
required sound-pressure level, and this has
nothing to do with its enclosure volume. Thus
in principle at least, a small low-frequency
loudspeaker is possible, but this will not be
based on the conventional approach and it will
not be passive. With active techniques the
motion of the diaphragm and its apparent res-
onant frequency are under the control of the
amplifier designer.

Clearly a loudspeaker cabinet must be total-
ly inert. As the interior of the cabinet is driven
by a secondhand signal from the back of the
drive units, there is no way that this can be
allowed to radiate. As the area of the enclo-
sure walls eclipses the area of the diaphragm,
even small enclosure vibrations can have a
serious effect on clarity.

While it is well known in engineering that
pressure containment vessels should be cylin-
drical or spherical, loudspeaker designers cling
to the rectangular box. The flat panels of a box
are easy for carpenters to assemble, and elim-
inate the need for spending money on indus-
trial design. But from any acoustic standpoint,
they are inadequate, Has anyone ever seen a
square submarine or a rectangular aerosol can?

Reproduction at higher frequencies
When a plane diaphragm transducer is much
larger than the wavelength, it tends to produce
plane waves which are directional. In the case
of an unenclosed diaphragm, a bipolar
response is achieved in which the front and
rear radiations are identical but anti-phase.

Directionality rises with frequency and the
result is that the highest frequencies can only
be discerned directly on axis. As has been
seen, this result is unacceptable and in a well
engineered tweeter steps must be taken to
avoid it.

At high frequencies, the cone acts as a
mechanical transmission line for vibrations
which start at the coil former and work out-
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power amplifier per transducer with the
crossover function performed at signal level
prior to the amplifiers. Power amplifiers are so

Vibration travels
right across dome

Fig. 5a) In a rigid dome |
and reflects

there is nothing to stop

Flat panels are weak Sharp corners for
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that the higher the frequency the smaller is the
area of the cone which radiates. Done cor-
rectly this yields a constant dispersion drive
unit which simulates a sector of our ideal pul-
sating sphere.

The main concern is that there are vibrations
travelling out across the surface and there
must be a cone surround which acts as a
matched terminator so that there can be no
reflections.

If you consider the popular dome driver, to
the casual observer it looks like a section of a

“The passive
loudspeaker has so
many flaws that it is
difficult to know where
to begin.”

sphere and should therefore be close to the
ideal. Unfortunately, as has been pointed out
many times in the literature, this is a myth.
The dome moves on a single axis, and this is
not the same thing at all as a pulsating sphere.
Domes cannot be rigid, and so the vibrations
from the coil must propagate inwards from the
circumference to the apex. This causes two
problems as shown in Fig. 5.

First, when the vibrations arrive at the apex,
there is nothing to terminate them, so they
must continue on until they arrive back at the
coil. Consequently rigid domes must suffer
from energy storage and hangover.

The alternative is to use a ‘soft dome” which
is lossy. In this approach, losses in the dome
mean that the amplitude of vibration falls
towards the centre. This is the exact opposite

narrow frequency range and need to cross over
to smaller units at frequencies where a trans-
parent crossover cannot be achieved. As I
showed earlier, this causes the directivity
index to resemble a dog’s hind leg. While the
on-axis response may be flat at the sweet spot,
the reverberant field will be extremely non-
uniform.

From the theoretical standpoint, the dome
has no acoustic merit. The practical advantage
of the dome is that it can be fitted with an
immense coil which can dissipate a lot of
power without cremating itself.

In the electrostatic loudspeaker, the
diaphragm does not need to be rigid because it
is driven uniformly. As a result it can be
lighter with corresponding benefits in effi-
ciency, phase linearity, transient response and
freedom from intermodulation distortion.

The electrostatic diaphragm is supported
between two driving plates and the spacing is
a compromise between the amplitude of
motion possible and the drive voltage needed.
They are invariably used in bipolar mode
without a cabinet. While this is advantageous
for exciting the reverberant field, it means that
they suffer an acoustic low-frequency roll-off
and are best used in conjunction with a linear
phase woofer.

A large, flat, uniformly moving diaphragm
beams dreadfully at high frequencies. The ele-
gant solution of the Quad 63 was to make the
mechanically flat diaphragm behave like a
sphere by splitting the electrode structure into
concentric rings fed by lossy delay lines, as
shown in Fig. 6. The outward propagation of
vibrations across the diaphragm again allow a
close simulation of a sector of the ideal pul-
sating sphere.

Again matched termination at the perimeter

to produce a woofer of matching quality and a
full range electrostatic design having restrict-
ed sound-pressure levels was inevitable. With
modern active woofer technology these
restrictions no longer apply.

With a phase array electrostatic transducer
used from the low midrange upwards it is pos-
sible to get staggering sound-pressure levels
because of the sheer volume velocity available,
but without sacrificing the low distortion and
near ideal dispersion. Moving coil designs sim-
ply cannot reach these low distortion figures.

Loudspeaker electronics

One approach to improving loudspeakers is to
treat the amplification, crossover and trans-
ducer stages as part of a single system having
an overall transfer function. When this is done,
a great many new avenues open. The tradition
of building general purpose amplifiers which
are remotely sited from passive loudspeakers
built by someone else has nothing to recom-
mend it.

The passive loudspeaker has so many flaws
that it is difficult to know where to begin. The
low-frequency response of a passive speaker is
determined by the mechanical parameters and
not by the control system and will be inferior
for a given enclosure size.

It is intuitively obvious that the two outputs
from a crossover network should sum to pro-
duce the original signal. Unfortunately in a
passive crossover this requirement simply can-
not be met. Having heavy woofer currents and
their distortion products flowing in the same
wiring as the tweeter drive, as a passive speak-
er does, is asking for trouble. One engineering
tenet which is seldom broken with impunity is
te put the power source near the load.

The only accurate solution is to use one
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while the traditional suppliers do ostrich
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commands — similar to
batch files. You can also
create functions and in
turn complete applications
with buttons, sliders,
menus, multiple windows,
etc. If you are using the
Developers Edition of
MExpress, the
applications can be
compiled into a Win32s
executable which can be
distributed — royalty free.
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OPTOELECTRONICS

JUUSTRATION JAMEL AKIB

With the aid of his new light
meter design, lan Hickman
has been investigating the
properties of some of the
more recent opto devices
around.

loo

k at

HGHI

ight emitting diodes have improved

enormously, in both efficiency and

brightness, over the years. I recall
obtaining a sample of one of the first leds
— red, of course — to become available,
around 1970. This Texas Instruments
device came in a single lead can, with
glass window, smaller than TO18, the can
itself being the other lead.

It was a great novelty to see a wee red
light coming out of a solid. But as a
replacement for a conventional panel indi-
cator lamp, it was far too dim.

Since then, TI has continued to be a
major force in opto products, several of
these having been featured in articles in
this magazine.">? But many other manu-
facturers are active in the field, which cov-
ers not only leds, photodiodes and photo-
transistors, but optocouplers, laser diodes,
fibre-optic data products and other devices,

Light-emitting diodes in particular have
seen major advances recently. Being for-
tunate enough to obtain samples of a num-
ber of the latest types, I was interested in
finding out just what they will do, and
exploring ways of applying them.

Applications a-plenty

Light-emitting diodes are available cover-
ing the whole spectrum, from infra red to
blue, and have a variety of uses. Infra-red
types are used — commonly in conjunction
with a photodiode fitted with a filter block-
ing visible light — in tv remote controls,
and in infra-red beam intruder detectors,
etc.

High-intensity red leds are now com-
monly employed as cycle rear lights, in
place of small incandescent filament
lamps. They are also suitable as rear lights
for vehicles. Amber high-intensity leds are
used as turn indicators or flashers.

Blue leds were for a long time unavail-
able. When they did appear they were
much less bright than devices of other
colours. But now, really bright blue leds
are in production. A typical application is
as one of the primary colours in large
colour advertising displays. A good exam-
ple is the Panasonic LNG992CF9 blue led
in a T13/, package. Surface-mount types
are also available. It provides a typical
brightness of 1400med over a +7.5° angle,
at a modest forward current of 20mA.

While most leds produce incoherent
light, covering a range of wavelengths
around the predominant frequency, special
types operate as lasers, producing essen-
tially monochromatic light. The result is a
beam with very low dispersion. Uses
include laser pointers as aids to visual pre-
sentations, and as read and write sources in
optical disk products.

Panasonic produces laser diodes, but
these are not at present marketed in the
UK. They are intended for use in con-
sumer products and hence available only
in production quantities. Alas, there seems
to be no manufacturer of cd players in this
country.

Measurements are a must
In any branch of engineering — or science
in general — little if any progress can be
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made without suitable measuring instruments.

For my experiments with opto, I needed a
light meter with the widest bandwidth possi-
ble. But high sensitivity was equally desirable.
These two parameters result in an inevitable
trade-off.

In the event, a medium-area silicon photo-
cell was chosen. It was operated with zero
reverse bias to achieve a low dark current
and good noise figure, at the expense of
sensitivity.

The final circuit, Fig. 1, offers a wide range
of sensitivities, sensitivity on range 1 being a
hundred thousand times that on range 6. The
photocell used was an ‘unfiltered” example of
the SMP600G-EJ, i.e. one fitted with a clear
window.* This is a silicon diode with an area
of 4 by 4mm overall, an effective active area
of 14.74mm? and a capacitance at zero volts
reverse bias of 190pF. A similar alternative is
RS 194-076.

Responsivity as a function of wavelength
is as shown by the unfiltered curve in Fig. 2.
The diode connects to the virtual earth of an
op-amp. This op-amp is used as a trans-
impedance amplifier; that is to say, the pho-
todiode output current is balanced by the
current through the feedback resistor, giving
a volts-out per microamp-in determined by
the value of Ry.

The op-amp selected might seem an
unusual choice, but it offers very wideband
operation. It has a very low value of input
bias current of 2pA typical, although at

1N

7.5Vac 4001 78L05

200u
-5V
1N4001 79L05
LN 5 WAY DIN
E PL1 SK1

Fused D1 3

Plug 3A e\
.. 2

4

SMP 1

600G-EJ

45V light meter useful for a wide

g 200u
ov

20nV/NHz, its input noise is not as low as
some other op-amps. Especially bearing in
mind that the noise is specified at IMHz; the
1/f voltage noise corner frequency and the
current noise are not specified on the data

The TSH31 has a slew rate of 300V/us and a
gain bandwidth product of 280MHz. In addi-
tion, it has a modest gain of typically 800
under open-loop conditions. This means that
for the higher values of feedback resistor in
Fig. 1, all of the loop gain is safely rolled off
by the CR consisting of R; and the capacitance
of the diode, before the loop phase shift reach-
es 180°,

Even on range 6, where Ryis 100, the cir-
cuit is stable — at least with the diode con-
nected. With it removed, the circuit oscillated
gently at 160MHz, so there might be problems
if one elected to use this op-amp with a small
area diode, having a much lower capacitance.

On the other hand, where sensitivity to
extremely low light levels is needed — the
proverbial black cat in a cellar — the value of
Ry can be raised to 100MS2, 1000MS2 or what-
ever, as desired. But note that using a tee
attenuator in the feedback path, to simulate the
effect of a very high resistance with more
modest values, will incur a severe noise penal-
ty. It does this by raising the ‘noise gain’ of
the circuit. Raising R provides more gain with
no penalty of increased noise.

Careful construction is needed, with short
leads around the op-amp and especially for the
decoupling components. But for possible fur-

Fig. 1. A wide dynamic range

range of comparisons.

OPTOELECTRONICS

ther experimentation with different photodi-
odes, the diode was connected via a 180° five
way DIN plug and socket. The board carrying
the op-amp circuitry was mounted as close as
possible to §; and the DIN socket.

The photodiode was mounted in the back-
shell of the DIN plug which, being of the bet-
ter variety with a retaining latch, had a shell of
solid metal construction. I removed the rubber
cable support sleeve, and reamed the hole out
to accept the metal can (a two-lead, half-
height TO39 style) of the photodiode.

One lead is connected to the diode cathode
and also to the can, so naturally this lead was
earthed. When the diode is illuminated, the
anode tries to go positive, and thus sources
current which is sunk by the short circuit pro-
vided by the op-amp virtual earth. Thus, due
to the inverting configuration, the output sig-
nal is negative-going.

A small mains transformer with a single
7.5V secondary winding was used to power
the instrument, the op-amp being supplied via
78L05 and 79L05 £5V regulators. In addition
to providing a sample of the op-amp output
voltage for monitoring on a oscilloscope, a
ImA full-scale meter was provided. This reads
the average value of the photodiode output at
frequencies where the inertia of the movement
provides sufficient smoothing — i.e. from a
few hertz upwards.

Prototype testing having been satisfactory, I
constructed the final version in a small sloping
panel instrument case, RS style 508-201. The

2T

03 /

Unﬁlleres/

Fig. 2. Responsivity as a function of wavelength of the
photodiode used in Fig. 1.
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DIN socket was mounted at the centre back,
S top rear, the meter on the sloping panel and
the mains transformer as far forward as pos-
sible.

Provision was made for fitting a screen
between the transformer plus power supplies

Al 3N 7\ A

A
AN AN AN AN AN

A LTS N A"

Fig. 3. Variation of light output from a ‘white”
fluorescent lamp. Photodiode at 50cm from
the tube, lightmeter set to range 3.
Oscilloscope settings 5ms/div. horizontal,
0.2V/div. vertical, 0V at centre line.
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Fig. 4. Variation of light output from an
uncoated fluorescent lamp. Photodiode at
30cm from the tube, lightmeter set to range 3.
Lower trace: light output as measured by
circuit of Fig. 1, 5ms/div. horizontal,
0.2V/div. vertical, OV at centre line. Upper
trace: waveform of the voltage applied across
the tube, via capacitive pick-up, 5ms/div.
horizontal, 2V/div. vertical, 0V at two
divisions above centreline.
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Fig. 5. Circuit diagram of a pocket torch using
a 3000mcd red led.

o o—— +1.5VA

board at the front, and the op-amp circuitry at
the rear, but in the event this proved unneces-
sary. Even on the most sensitive range there
was no visible hum pickup amongst the gen-
eral background noise, which amounted to
some 20mV peak to peak on range 1, the most
sensitive range.

Measures leds, but what-else?

Before measuring any leds, I used the instru-
ment to check two other sources of light, one
of them the fluorescent light over my bench.

I believe that high-frequency ballasts are
more efficient than conventional ballast
chokes because the gas plasma does not have
a chance to recombine between successive
pulses of current in a high-frequency choke.

In a fluorescent fitting with a conventional
ballast inductor, part of the energy in the
100Hz current pulses is spent re-establishing
the plasma on each cycle. But recombination
is not entirely complete between pulses; if it
were, then the starter would need to produce a
high-voltage kick every half cycle.

It was interesting to see the actual variation
of light output over a mains cycle, shown in
Fig. 3. This waveform was recorded on range
3 of the lightmeter, with the photodiode head
at 50cm from the tube, a Thorn 2ft 40W
‘white 3500 type — presumably with a colour
temperature of 3500°, Given the Sms/division
timebase setting, the intensity variations are
seen to be, as expected, at 100/s.

Characteristics of a silicon photodiode, used
in voltage, i.e. open-circuit, mode are non lin-
ear and independent of the diode area. But in
current, or short-circuit, mode, the sensitivity
is proportional to the effective area of the
diode, and extremely linear versus incident
light intensity. It remains linear over eight or
more orders of magnitude, from a lower limit
set by the noise-equivalent power upwards.

The zero current line in Fig. 3, correspond-
ing to complete darkness, is indicated by the
trace at one division above the centre line. So
Fig. 3 shows that between peaks at 4.25 divi-
sions below the zero line, the light output falls
to just under 60% at 2.5 divisions below.

There certainly seems to be evidence of a
sudden increase of light just after the start of
each half cycle of voltage, following the dip.
And of course, being ac, the tube current must
go through zero twice every cycle.

How brightly the plasma glows at that
instant is a moot point, since the light output
is mainly due to the tube phosphors of assort-
ed colours, to give a whitish light. If the phos-
phors used have different afterglow times,
there will be variations in ‘colour tempera-
ture’, as well as light output, over the course
of each half cycle — just to make things even
more complicated.

So I next looked at the radiation from a flu-
orescent tube without any phosphor, which
therefore produced a bluish light. Being
entirely without any safety filter, it also pro-
duced both soft and hard ultraviolet radiation.
It was a 12in tube type G&T5, used in an elec-
tronic ballast powered from 12V dc. This
started life as a camping light, but the original

tube was removed and the ultraviolet tube fit-
ted when it was converted into a homemade
eprom eraser.

The unit was fitted into a long box, the front
being closed by a removable, long, L shaped
eprom carrier, This was to avoid external radi-
ation when in use, as hard ultraviolet light is
bad for the eyes.

With the carrier removed and the photodi-
ode at a distance of 30cm from the tube, the
light output measured on range 3 is indicated
by the lower trace in Fig. 4. The 30cm sepa-
ration was more than sufficient to ensure that
there was no capacitive coupling between the
high voltage waveform applied to the tube,
and the photodiode element via the window.
This is an important precaution, because the
photodiode was not fitted with a mesh screen,
available on other models.

The upper trace shows the waveform of the
voltage applied across the tube. As measuring
this voltage directly was inconvenient, it was
recorded simply by placing the tip of an oscil-
loscope probe close to the end of the tube. The
waveform at the other end was identical, but
of course, the other way up.

The zero-voltage reference for the lower
waveform is the graticule centre-line, It is
clear that the light intensity closely follows the
modulus of the voltage waveform, with just a
little rounding. This rounding is not due to any
limitations of the frequency response of the
lightmeter. Presumably this means that the
degree of ionisation in the plasma does not
vary appreciably over the course of each
cycle.

LEDs across the spectrum

It is clear from Fig. 4 that the electronic ballast
ran at a frequency of about 20kHz — not so
very different from a small pocket torch I
made a few years back, when the first really
bright leds appeared. It used a 3000mcd red
led, powered from a single cell.

The circuit is as shown in Fig. 5. My
records show that the circuit was built and
tested as long ago as the end of 1990. It was
constructed in one of those small transparent
boxes used by semiconductor manufacturers
to send out samples — very useful for all sorts
of purposes.

Typical forward voltage of an led is between
1.5V and 3V, so some kind of inverter is nec-
essary to run it from a single 1.5V cell. Figure
5 uses a blocking oscillator: the resistor pro-
vides base current to turn on the transistor and
positive feedback causes it to bottom hard.

When the collector current reaches a value
the base current can no longer support, the
collector voltage starts to rise, and positive
feedback causes the transistor to cut off
abruptly. The collector voltage flies up above
the supply rail, being clamped by the forward
voltage of the led.

Energy stored in the inductor gives a pulse
of current through the led, which was moni-
tored by temporarily inserting a 1€ resistor in
its cathode ground return. The current peaked
at 150mA and had fallen to a third or less of
this value before the transistor turns on again.
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Fig. 6. Light output of the circuit of Fig. 5,
measured using range 4 of the light meter, at
a range of 1cm. 500mV/div. vertical, 0V
reference line at one division above
centreline, 10us/div. horizontal,

+1.2v
AMBER
LED TYPE
HPWT
DLOO
ov
e

Fig. 7. Circuit of a pocket torch using an
HPWT-DL00 amber led, designed to run from
a single 1.2V NiCd cell.

The transformer consisted of a twelve turn
collector winding of 0.34mm enamelled cop-
per wire and a twelve-turn feedback winding
of 40SWG enamelled copper, on an FX2754
two-hole balun core, which has an AL of
3500nH/turns squared.

You would not normally expect a 1:1 ratio
for a blocking oscillator transformer, but spe-
cial considerations prevail when designing for
such a low supply voltage. Light output is
shown in Fig. 6, measured using range 4 of

i }

the light meter, at a range of lcm.

Operating frequency — given the 10ps/divi-
sion timebase setting — can be seen to be a
shade under 30kHz. Although of course of a
totally different colour, the red led torch
seemed about as bright as one using a 1.2V
0.25A lens-end bulb, while drawing, by con-
trast, only 50mA. The circuit worked well also
with the Panasonic blue led mentioned earlier.

I recently obtained some samples of very
bright leds from Hewlett Packard Components
Group, exemplifying the latest technology.
The HLMP-D/Gxxx Sunpower series are
T-1 3/4 (5mm) precision optical AllnGaP
lamps in a choice of red, shades of orange,
and amber.

These lamps are designed for traffic man-
agement, outdoor advertising and automotive
applications, and provide a typical on axis
brightness of 9300mcd. The HPWx-xx00
Super Flux leds are designed for car exterior
lights, large-area displays and moving mes-
sage panels, and backlighting.

An HLMP-DL08, with its half power view-
ing angle of #4°, was compared with an
HPWT-DL00 with a half power viewing angle
of £20°. At a spacing from the photodiode of
lem on range 4, with 30mA in each diode,
they gave similar readings, but at greater
ranges, the reading from the HLMP-DLO8
exceeded that from the HPWT-DL00, on
account of its narrower beam.

However, the total light output from the
HPWT-DLOO is greater, so it was chosen for
an updated version of the led pocket torch of
Fig. 5.

And brighter still...

The resulting circuit was as shown in Fig. 7,
again using an FX2754 core. Due to its broad
beam, the HPWT-DLO0 produced a less bright
spot on the opposite wall of the room than a
two-cell torch with a 2.5V 300mA bulb. But
this is only because the latter had the benefit
of an extremely effective reflector, giving a
very small spot size.

With the aid of a small deep curve ‘bulls
eye’ lens from an old torch of the sort that
used a No 8 battery, the torch of Fig. 7 more
than held its own. It drew only 150 mA from
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Fig. 8. Performance of the circuit of Fig. 7:
a) collector waveform (upper trace), 2V/div.
vertical, OV line at one division above
centreline, 10pus/div horizontal,

b) base waveform (lower trace), 2V/div.
vertical, OV line at two divisions below
centreline, 10ps/div. horizontal.

Fig. 9. Performance of the circuit of Fig. 7:
a) light meter output (upper trace), 1V/div.
vertical, 0V line at three divisions above
centreline, 10ps/div. horizontal.

b) diode current waveform monitored across
a 0.18% resistor, lower trace), 50mV/div.
vertical, OV line at three divisions below
centreline, 10ps/div horizontal.

Fig. 10. Circuit diagram of a high power infra-red
source, with choice of steady or pulsed output.

+15V

ca
- 10p
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from a single cell. This makes it about four
times as efficient as the torch bulb, with a
colour rendering that is not so very different. It
is certainly much more acceptable that the red
led torch.

Figure 8 shows the performance of Fig. 7.
The upper trace shows the collector voltage
waveform at 2V/div. vertical, the 0V line
being at one division above the centreline, and
10ps/div horizontal. On the lower trace is the
base waveform at 2V/division vertical, OV line
at two divisions below centreline, 10us/div
horizontal, the operating frequency being
about 50kHz.

Figure 9 shows the output of the light meter
on range 4 at 1V/div. vertical, OV line at three
divisions above centreline, 10ps/div. hori-
zontal. It is clear that the light pulse has
almost completely extinguished by the time
that the transistor turns on again to store more
energy in the transformer primary. This is also
seen in the diode current waveform, monitored
across a 0.18Q resistor, The lower trace is at
50mV/div. vertical, OV line at three divisions
below centreline and 10ps/div. horizontal.

Fig. 11. Lightmeter output at a range of 2cm
from the four diodes, on range 5. 1V/div.
vertical, OV reference at centre line, 10ps/div
horizontal.

Fig. 12. Light output of the circuit of Fig. 5,
measured using range 2 of the light meter, at
an increased range. 500mV/div. vertical, 0V
reference line at one division above
centreline, 10ps/div. horizontal.

Peak diode current is just on 400mA.
Although peak current for the HPWT-DLOO is
not quoted on the data sheet, the average cur-
rent is safely within the 70mA maximum
allowable at 25°C.

The circuit again used a BFY30 transistor. It
also worked with a BCI08, although that
device actually needed a lower value of base
resistor. This was despite its small signal hgg
of 500, against the 130 of the BFY50 — which
only goes shows that in a switching circuit, a
switching transistor beats one designed for lin-
ear applications.

Very bright — but invisible

Figure 10 shows the circuit diagram of a little
instrument I made up recently for a specific
purpose, of which more later. It uses four
Siemens infra-red leds, type SFH487.

The unit offers a choice between constant
and pulsed illumination. The three-inverter
oscillator runs at about 450Hz, and its output
is differentiated by C4 and R4. This 180ps
time constant, allowing for the effect of Ry
and the internal protection diodes of the
inverter input at pin 13 of the CD4069, results
in a positive-going pulse of about 100ps dura-
tion at pin 8.

Having a string of three inverters speeds up
the trailing positive edge of the pulse at pin
13. But with three inverters on their own, a
glitch on the trailing edge of the pulse is
inevitable, due to internal coupling between
the six inverters in the package. So Cy is
added to provide a little positive feedback to
make the trailing edge of the pulse snap off
cleanly.

Figure 11 shows the output of the light-
meter when illuminated by the diodes, at a
range of 2cm on range 5. Despite the presence
of D4, there is still some 100Hz ripple on the
supply line. This results in some 100Hz mod-
ulation of the the pulse amplitude, and also of
the pulse repetition frequency, or prf, both vis-
ible in Fig. 11.

To show this, I used a Polaroid photograph
of the display on a real time analogue oscil-
loscope. My simple digital storage oscillo-
scope stores only a single trace per channel at
a time; its facilities do not run to a variable
persistence mode such as is found on the more
expensive models.

Fortunately, for the intended purpose, the
100Hz modulation was unimportant. The pre-
dominant wavelength of the infra-red radia-
tion from the diodes is 880nm, this being in
the range favoured for physiotherapy purpos-
es. Incidentally, although the spectral band-
width is quoted as 80nm, the tail of the spec-
tral distribution evidently extends some way —
even just into the visible part of the spectrum
— as in operation the diodes exhibit a very
faint red glow.

Switch S, allows the four infra-red diodes to
be powered by dc, or via Try, with the pulses.
Given their aggregate forward voltage of
about 5V, the current through the diodes on
cw, determined by Rg ¢ and supply voltage, is

the rated maximum for the devices of 100mA.

In pulse mode, the peak current reaches the
rated peak maximum of 1A. But the duty
cycle of around 5% keeps the average current
to just half of the steady state dc maximum.

The circuit is supplied from an old 6.3V
transformer which was probably intended
originally as a tv spare. It would have been
used to power the heater of a crt which had
developed a heater/cathode short, thus extend-
ing its life and avoiding a costly replacement.
This would explain the inclusion of an inter-
winding screen in such a small, cheap trans-
former.

In the cw position of §), the supply voltage
is a shade under 15V, but tended to rise to
nearer 17V with the lower average current
drain in the pulse mode. So I added D5 to give
the designed nominal supply voltage value of
15V on pulses also.

Resistor Rg serves to pull the collector of Try
up to +15V between pulses. Without it, the
voltage lingers at about +10.5V, since with
much less than 5V across the string of diodes,
they become effectively open circuit.

Limitations of the lightmeter

Useful as the lightmeter has proved, it is ne-
cessary to bear in mind its limitations. One of
these is the sensitivity/bandwidth trade-off
mentioned earlier.

To illustrate this, Fig. 12 shows the same
waveform as Fig. 6, the output of the red led
torch of Fig. 5. But whereas Fig. 6 was
recorded with the lightmeter set to range 4, for
Fig. 12, the light reaching the photodiode was
greatly reduced. In addition, range 2 — which
is a hundred times more sensitive — was used.

The reduced bandwidth is clearly evidenced
by the rounding of the edges of the waveform,
With the incident light lowered yet further and
range 1 selected, the waveform was reduced
almost to a triangular wave. But while wave-
form high frequency detail was lost, note that
the average value of the incident light is still
accurately recorded.

The other great limitation of the lightmeter
is, of course, that it provides no absolute mea-
surements. To do so, it would have had to be
calibrated with a standard light source, and
none was available. Even then, absolute mea-
surements would be difficult, as they always
are in photometry. This especially true when
comparing ‘white’ light sources of different
colour temperatures, and even more so with
leds where about 90% of the output radiation
is within £5% or less of the predominant
wavelength.

Nevertheless, the instrument is exceedingly
useful for comparisons, and for studying the
variations of light output of a source as a func-
tion of time.

It can be made even more useful by incor-
porating a filtered diode. Using a diode with
the U340 filter, see Fig. 2, the blue led tested
earlier even produced zero response on range
1. Its predominant wavelength lambda is
450nm.
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The spread delta lambda is quoted as 70nm,
although the data sheet does not say whether
this represents the 50%, 10% or 1% power
bandwidth. But evidently there is no signifi-
cant tail to the distribution extending as far
into the ultra-violet at 375nm, where the U340
filter cuts off. The ultra-violet filtered diode
did show a small output when held close to a
60W bulb. This was due to the very small fil-
ter response shown in Fig. 2, in the region of
720nm,

Medical applications

Clearly, one should be very wary of experi-
menting in this area*. Some medical applica-
tions of optoelectronics are spectacular and
hence deservedly well known, such as the use
of laser radiation to stitch a detached retina
back in place. Other uses are less well known,
but one, the use of infra-red radiation in phys-
iotherapy I have personal experience of.

It was used, with great success some years
ago, to treat supraspinatus tendonitis, alias a
painful right shoulder. At the time, an infra-
red laser with just SmW output was used,
although since then equipments with 50mW
output have become available.

The low dispersion offered by a laser source,

means that the energy can be applied with pin-
point accuracy to the affected spot, which is
very useful when the power available is low.
But I was advised by a physiotherapist (with a
degree in physics and an interest in electron-
ics) that apart from this, there is no reason to
suppose that an infra-red laser has any specif-
ic advantage over any other source of infra-
red.

Having recently experienced a return of the
tendonitis, I designed the unit of Fig, 10 to
treat it. Despite my earlier wamning about
experimenting, this seemed a safe enough pro-
cedure, given that both the condition, and the
treatment had been previously properly diag-
nosed.

At 100mA forward current, the four diodes
provide a total radiant flux of 25mW each.
They were mounted as close together as pos-
sible on a scrap of 0.lin pitch copper-strip
board, each angled slightly in so that their
beam axes crossed at about lcm out. It is thus
possible to flood the affected area with infra-
red radiation, where, the theory goes, it ‘ener-
gises the mitochrondria’, the chemical power
house of each cell, promoting healing.

I am happy to report a marked improve-
ment, following a few five minute sessions on

OPTOELECTRONICS

alternate days. The pulse mode was incorpo-
rated to allow for the possibility that the effect
is nonlinear with respect to intensity.

Instead of half the radiation producing half
the effect, and a quarter just a quarter, it might
be that half the radiation intensity produced
only a tenth of the effect, and a quarter none at
all. But the interim conclusion of my limited
experience suggests that there is little differ-
ence between the efficacy of the pulse and cw
modes. u

*lan’'s medical experiments have been reported purely
for interest. We do not advocate that you try such
experiments yourself. Medical experiments should be
carried out only with medical supervision — Ed.
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20MHz Kenwood oscilloscope — £100 saving

Featuring circuitry that synchronises the displayed waveform
automatically — removing the need for complex sync

adjustments — the dual-channel C54125

represented excellent value for money at its retail price of
£410 including VAT but excluding delivery,

For a limited period, Vann Draper is offering readers this
instrument at the special discount price of £319 — including
VAT and delivery — representing a saving to you of over £100.

Outline specifications
Vertical amplifier

Sensitivity 5mV to 5Vidiv, £3%, 1 to 2mV/div 5%
Attenuator 1-2-5 steps, 12 ranges, fine adjustment
Frequency rasponse

5mV to 5V/div.  DC-20 MHz —3 dB or 10 Hz to 20 MHz -3 dB on AC range
1mV to 2mV/div DC-5 MHz -3 dB or 10 Hz to 5 MHz -3 dB on AC range

Crosstalk —40dB

Operating modes  CHI; CH1 single-trace CH2: CH2 single-trace

ALT: alternate CH1 and CH2 display

CHOP: chopping display of CH1 and CH2
ADD; Combined waveform of CH1 and CH2

Horizontal amplifier

Sensitivity same as vertical axis (CH2)

Response
X-Y phase matching within 3° at 50kHz

Operating modes  CHL: Y axis, CH2: X axis

Sweep

Modes NORM: trigger sweep
AUTO: auto free-running with no signal

DC: DC to 500kHz —3dB  AC: 10Hz to 500kHz —3 dB

20MHz oscilloscope

Includes x1, x10 probes

Name

Use this coupon to order your CS4125
Please send me ....... C54125 20MHz oscilloscopel(s) at the fully
inclusive special offer price of £319.

Company (if any)

Address

Phone number/fax

Total amount

Sweep time 0.5 s o 0.5s/div £3% (0.2us/div uncal.),
1-2-5 steps, 20 ranges w. fine adjustment

Sweep magnify %10 5% (20ns/div uncal.)

Triggering

Trigger sources

External triggering

VERT MODE: input signal selected in VERTICAL mode
CHE: CH1 input signal  CH2: CH2 input signal

LINE: commercial power supply

EXT: EXT. TRIG input signal

Input impedance 1MQ and 22 pF approx.
Coupling modes AUTO, NORM, FIX: AC coupling

Calibration o/p
Intensity mod.

TV-FRAME: TV-LINE:
sguare wave, positive polarity, 1Vp-p 3%, approx. 1kHz
TTL inpul to 3.5 MHz and CH1 o/p 50mV/div to 10MHz

Make cheques payable to Vann Draper Electronics Ltd
Or, please debit my Master, Visa or Access card:
Card type — Access O Visa O

Card No Expiry date /

Please mail this coupen to Vann Draper Electronics, together with payment. Alternatively fax
credit card details with order on 0116 2773245 or telephone on 0116 2771400. Address orders
and all correspondence relating to this order to Vann Draper Electronics at Unit 5, Premier
Works, Canal Street, South Wigston, Leicester LE18 2PL.

“Overseas readers can also obtain this discount but details vary according to country. Please
ring, write or fax to Vann Draper Electronics.
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Hands-on
Internet

Cyril Bateman looks at new

| search options, a directory for
finding UK electronics companies
and filter design tools.

continuing escalation of Web pages available on

I Internet has resulted in very heavy loading and conse-

quent delayed responses, for the most popular all-pur-

pose search engines. This has resulted in two major improve-

ments — the location of mirror sites outside North America

for these all-purpose search engines, and the development of
search engines targeted only to specific tasks.

In the March issue I highlighted the version of ‘YahooUK’,
dedicated to searching Internet for UK and Irish surfers. This
month’s ‘bookmark’ site, Altavista.telia.com! has introduced
local search engines available for most countries and lan-
guages, which truly complements the parent site. While the
full address is quite long, bookmarking it makes for extreme-
ly easy access.

Previously, telephone and fax numbers for North America
were easily accessed using Internet, but not so for other coun-
tries. Applegate Media? has now released its Web site which
specifically aims to supply the telephone and fax numbers of
the UK electronics industry. Since this is a lengthy listing it
is best accessed during a quiet period, and downloaded to
your hard disk for easy future reference.
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.geocities conySiliconYalley/3504/prb_nfhim

Fig. 2. In my view, the best selection of programmable
logic data information available on the Net. Register
here to set up your desired smartsearch agent.

Fig. 3. Home of the surface-mount technology reference
centre contains directories of surface-mount equipment and
component suppliers.

i :-:;l!mu \t |Tn HE \|||1 ALK rhllml Ie |Imulm|. (5 HT\ Pritil h l Lisct Ei u—

THE F

ELECTRONICS _ (

¥y Bevu Frymspanis |

Fig. 1. Easy
identification of
Internet addresses
for Semiconductor
Companies. Find
direct links to
home or data-sheet

pages.

Welcoma to $MTnet, the reference cantar jor Surfaca Mount

Technology (SMT) and electronics manufecturing! i you have |
f emmndomhbmmelntMMIml-hpm |
for

ERL .

i SMTnet Stralegic Web Last N
@ Servicas Update |
@ SMT Forum Daiby |

F i

472

ELECTRONICS WORLD June 1997

You can often guess the Internet address of a company by
simply using its name, plus ‘.com’. When this fails, in the
past I have found a search on Altavista able to supply the
needed address. However for Web addresses of semicon-
ductor makers, the best method now is to use Electronics
Pages>. This not only supplies the addresses, it also provides
direct web links to either the required home or data sheet
pages. While the initial download is lengthy, once retained in
your browser’s temporary disk files, repeat access is extreme-
ly quick, beating all other methods, Fig. 1.

Still in development, EDAMall* a new site, is based on an
electronic shopping ‘mall’ which allows you to try, using
real-time demonstrations, or buy, using a credit card, sever-
al electronic design automation systems. With its large ref-
erence library of technical articles and industry news, surfing
this site can dramatically reduce the time needed to find
essential pre-purchase information.

This site requires use of ‘Java’, ‘Javascript’ and a ‘Java’
enabled Netscape browser for full access. Three subsidiary
malls cater for mechanical cad, scientific cad and software
development.

When looking for programmable logic data, try
Xilinx.com® This site has its own specialised Weblinx smart-
search method which looks for information within the fifty
best PLD sites as well as Xilinx itself. Regular users can
define their own smartsearch ‘agent’ which automatically
informs them via e-mail of any updates or new documents
within the parameters they specified, Fig. 2.

Almost all new electronic designs use surface mounted
parts, so SMTnet® is an essential stopping off place to browse
for a few minutes. Particularly useful are the industry direc-
tories of surface mount equipment makers and surface mount
component suppliers. This last is searchable either by prod-
uct or manufacturers name. Alternatively an alphabetical list
of all component suppliers can be generated, Fig. 3.

Many established technical libraries of data, or software
models, are located at sites which can only be accessed using
Telnet. While a web browser can link you to a Telnet site,
once connected one cannot access the site using a browser
and must continue by using a Telnet client, its protocols and
typewritten commands.

While having a dedicated Telnet client in my computer, I
must confess to using it with some reluctance for one-off site
visits. For regular access to a particular site, having learned
that site’s command set, Telnet is a very good access method
indeed, but unlike Web pages, Telnet certainly is not a point
and click method.

Perhaps this is about to change. TechOnline,” formerly
known as DSPnet, has been updated by Aliphas to become a
truly interactive engineering forum, It is based on use of a
Java applet which allows your browser to emulate a Telnet
terminal within a Web page. This applet loads and executes
dsp and other demonstrations automatically, using the site’s
so-called virtual laboratory. In this way, data searching is
neatly combined with dsp simulations, Fig. 4.

Software simulated and Fairchild reborn

A return visit to National® to download up to date details of
state variable filter chips together with listings of relevant
application notes, revealed a late news item. Fairchild
Semiconductor, comprising the old logic, memory and dis-
crete lines of National, was relaunched in January as a sep-
arately funded subsidiary. For further details see the new
Fairchild® home page, Fig. 5.

Effective active filter circuits can be built using either
switched-capacitor or time-continuous techniques. For many
low-noise, wide dynamic range or high-frequency design
needs, the time-continuous filter is essential. Given the
appropriate macromodels, the circuits can be simulated using
a version of Spice. However, this design task is especially
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suited to the use of simple but dedicated filter design soft-
ware.

Burr-Brown!? offers similar time-continuous filter products
and design software. This company too had a news
announcement. The Burr-Brown home page has been given
anew look and extra functions by way of celebrating the first
anniversary of their publishing a Web page. While Spice
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Fig. 4. Virtual dsp
test laboratories
on-line are
provided by the
home of dsp.
Using a unique
Java applet it
links the Web
browser with
Telnet.

Fig. 5. National
announces
Fairchild spin-off.
Visit to download
your filter
application notes
in PDF format.

Fig. 6. Burr-
Brown’s Web
anniversary
celebration
homepage.
Download
Filterpro software
and application
notes on-line.
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Fig. 7. New look and
name for Motorola
Semiconductors’
page. View Motorola
manufacturing
locations worldwide.

Photo copies of Electronics World articles

Hard copy Electronics World index
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models for individual parts can be down-loaded, completing
their literature request form will arrange a disk containing all
their Spice macromodels, sent by post.

The company’s software, FilterPro, which can be down-
loaded, unpacks to give two dos packages; Filter2 caters for
mifb, or multi-feedback, style as well as Sallen-Key designs,
while Filter42 is dedicated to the UAF42 state-variable chip,
Fig. 6.

Design-net.com!! is a new service from Motorola
Semiconductor Products Division, dedicated to the design

engineer’s needs, giving easy access to data and applications
sheets. The Semiconductor Division has more than twenty
design and manufacturing locations world wide which can be
viewed on the facilities page map, Fig. 7.

In November, I mentioned the new Windows evaluation
version of PSpice 7.1 was available on cd rom as part of
Motorola’s DesignLab evaluation software. This has now
been joined by the Intusoft Spice and So Much More demon-
stration cd.

While both evaluation software packages are fully usable,
perhaps of even more benefit to the simulation novice and
experienced user, is the wealth of application notes and on-
line manuals these disks contain. While any of this software
or data could be downloaded from Internet, the sheer volume
of data contained on either cd, is only practical when sup-
plied on cd rom. |
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

HP New Colour Spectrum Analysers
HP141T +8552B IF + 8553B RF — 1KHz-110Mc/s - £700.
HP141T+85528 IF + 85548 RF — 100KHz-1250Mc/s - £900.
HP141T+85528 IF + 8556A RF — 20Hz-300KHz - £700,
| Offer just in from MOD Qty 40 HP8555A RF Units 10Moc/s — 18GHzS.
HP141T+85528 IF + 8555A 10Mc/s-18GHzS - £1200.
HP ANZ Units Available separately — New Colours - Tested
HHP'I#‘I‘I’ M';inframs - £350.

P85528 IF — £300.

HP8553B RF 1KHz to 110Mefs — £200.

HPE554B RF 100KHz to 1250Mc/s — ESOD‘

HPBS55A RF 10Mc/s to 18GHzS — £800

HPBS56A RF 20Hz to 300KHzS - £250.

HPB443A Tracking Generator Counter 100KHz-110Mc/s - £300.

HPB445B Tracking Preselector DC to 18GHz ~ £350.

HP3580A 5Hz — 50KHz ANZ - £750 ~ £1000.

HP3582A .02Hz to 25.6KHz - £2k.

HPB568A 100Hz-1500Mc/s ANZ - £6k.

HP8569B 10Mc/s—22GHz ANZ — £6k.

HP Mixers are available for the above ANZ's to 40GHz

TEK 492 - 50KHz - 18GHz Opt 142 — £4k—£4.2k.

TEK 492 - 50KHz - 18GHz Opt 1+ 2+3 — £4.5k.

TEK 492P - 50KHz - 21 GHz Opt 142+3 - £5k.

TEK 434AP 1KC/S - 21GHz - £7k.

TEK 496P 1KHz-1.8GHz ~ £dk.

TEK 5L&N 0-100KHz - £400.

TEK 7L5 + L1 - 20Hz-5Mc/s - £700.

TEK 7L5 + L3 - Opt 25 Tracking Gen — £900.

TEK 7L12 - 100KHz-1800Mc/s — £1000.

TEK 7L18 - 1.5-60GHzs - £1500.

'I’EK491 1DMI.'.|’S-'IZAG Hzs-40GHzs — £750. 12.4Ghzs—40Ghzs with Mixers.

Mixers are for above ANZ to 60GHzs

Systron Donner 763 Spectrum ANZ + 4745B Preselector .01-18GHz + Two Mixers 18-40GHz in
Transit Case — £3k.

HP8673D Signal Generator .05-26.5GHz ~ £20k.

Systron Donner 16188 Microwave AM FM Synthesizer 50Mc/s 2-18GHzs
R&S SWP Sweep Generator Svmhsﬂ:sr AM FM 4-2500Mc/s - £3.5k.

ADRET 3310A FX Synthesizer 300Hz—-60M

HPB640A Signal Generators — 1024Me/s — AM FM - £800.

HP3717A 70| Modulator — Demodulator — £500,

HP8651A RF Oscillator 22KC/S — 22Mc/s

HP5316B Universal Counter A+B.

HP&002A Power Unit 0-5V 0-10A 2Z00W.

HPB825A Bipolar Power Supply Amplifier.

HP461A—465A-467A Amplifiers.

HP81519A Optical Receiver DC—400Mc/s.

HP Plotters 7470A-7475A.

HP3770A Amplitude Delay Distortion ANZ.

HP3770B Telephone Line Analyser.

HPB182A Data Analyser.

HP58401A Bus System Analyser.

HP6260B Power Unit 0-10V 0-100 Amps.

HP3782A Error Detector.

HP3781A Pattern Generator,

HP3730A+3737A Down Convertor Oscillator 3.5-6.5GHz.

HP Microwave Amps 491-492-493-434-495-1GHz-12.4GHz - £250.

HP105B Quartz Oscillator — £400.

HP5087A Distribution Amplifier.

ystem Power Supply 0-60V 0-10A-200W - £500.

HP6131C Digital Voltage Source+ — 100V 12 Amp.

HP4275A Multi Frequency L.C.R. Meter.

HP3779A Primary Multiplex Analyser.

HP3779C Primary Multiplex Analyser.

HP8150A Optical Signal Source.

HP1630G Logic Analyser.

HP5316A Universal Counter A+B.

HP5335A Universal Counter A+B+C.

HP595018 Isolated Power Supply Programmaer.

HP8301A Modulation Meter AM — FM - also 89018,

HP5370A Univarsal Time Interval Counter.

Marconi 'I‘Fﬁ!gn SSGHz-l wl.\ﬁnfs ?&M Output (2 BNC Sockets +Resistor for 500HM MOD with

Marconi TF2370 30Hz-110Mc/s 50 ohm Output £750.

Marconi TF2370 as above but late type — £850.

Marconi TF2370 as above but late type Brown Case — £1000.

Marconi TF2374 Zero Loss Probe - £200.

Marconi TF2440 Microwave Counter — 20GHz — £1500.

Marconi TF2442 Microwave Counter — 26.5GHz - £2k..

Marconi TF2305 Modulation Meter — £2.3k.

/D 2101 A Counter — 10Hz-20GHz - £2k.

Recal/Dana 1250-1261 Universal Switch Controller + 200Mc/s Pl Cards.

Racal/Dana 9303 True RMS Levelmeter+Head — £450. IFFE - £500.

TEKAG902A also AB902B Isolator — £300-£400.

TEK 1240 Logic Analyser — £400.

TEK FG5010 Programmable Function Generator 20Mc/s — £600.

TEK2465A 350Mc/s Oscilloscope — £2.5k + probes —£150 each.

TEK CT-5 High Current Transformer Probe — £250.

TEK J16 Digital Photornetar + J6523-2 Lum]nanee Probe — £300.

TEK J16 Digital Ph + JB503 L robe — £250.

ROTEK 320 Calibrator + 350 High Current J\dapmr AC-DC - £500.

FLUKE 5102B AC-DC Calibrator — £4k.

FLUKE 1120A |EEE — 488 Translator — £250.

Tinsley Standard Cell Battery 56448 - £500.

Tinsley Transportable Voitage Reference — £500.

FLUKE Y5020 Current Shunt—£150.

HP745A +746A AC Calibrator - £600.

HPBOBOA MF + B091A 1GHz Rate Generator + 8092A Delay Generator + Two B093A 1GHz Amps
+ 15400A - £800.

HPS4200A Digitizing Oscilloscope.

HP11729B Carrier IllTﬂ'l Set 01 18GHz - LEF - £2000.

HP3311A Function Generator — £300.

Marconi TF2008 — AM-FM signal generator — also sweeper — 10Kc/s — 510Mc/s — from £250 —
tested to £400 as new with manual — probe kit in wooden carrying box.

HP Frequency comb generator type 8406 — £400.

HP Vector Voltmeter type 8405A — £400 new colour.

HP Sun-p Oscillators type 8690 A & E + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R..

HP Network Analyzer type B407A + B412A + B8501A - 100Kc/s — 110Me/s — £500 - £1000.

HP Ampilifier type B447A — 1-400Mc/s £200 — HPB447A Dual -

HP Frequency Co: type 5340A —~ 18GHz £1000 — rear output I‘.‘SOO.

HP 8410 - A - B - C Network Analyzer 110Mc/s to 12GHz or 18GHz - plus most other units and
displays used in this set-up — 84113 - 8412 - 8413 - 8414 - 8418 - 8740 ~ 8741 - 8742 - B743 —
8746 - 8650. From £1000.

Racal/Dana 9301A — 9302 RF Millivoltmeter — 1.5-2GHz - £250-£400.

Racal/Dana Modulation Meter type 9009 - BMc/s — 1.5GHz - £250.

ani RCL Bridge type TF2700 - £150.

Ma al S type — G058B — 6070A — 6055A - 6059A — 6057A — 6056 —
£250-£350. 400Mc/s to 18GHz.

Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators — £100-£300.

Maresoni microwave 6600A sweep osc., mainframe with 6650 Pl — 18-26.5GHz or 6651 P| — 26.5-
40GHz - £1000 or Pl only £600. MF onl £250

Marconi distortion meter type TF2331 - C'ISO TF2331A — £200.

TTEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA
ITEMS MARKED TESTED HAVE 30 DAY WARRANTY, WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No: (01274) 684007, Fax: 651160

Tektronix Plug-ins 7A13-7A14 - 7TA18 - 7A24 - TA26 - TA11 - TM11 - 7511 - 7D10- 7512 - 51
— 82 — 56 — 852 - PG506 — SC504 — SG502 — SG503 ~ SG504 — DC503 -DC508 - DD501 ~
WRS501 — DMS01A - FG501A — TG501 — PG502 -~ DC505A — FG504 — 7BB0 + B5-7892A
Gould J3B test oscillator + manual — £150.
Tektronix Mainframes — 7603 — 7623A — 7613 - 7704A — 7B44 — 7904 — TM501 - TM503 — TM506 —
T904A - 7834 - 7623 - 7633,
Marconi 6155A Signal Source — 1 to 2GHz - LED readout — £400.
Burl Stroud Variable filter EF3 0.1Hz - 100ke/s + high pass + low pass — £150.
i TF21635 = 1GHz. £200.
Farnell power unit HB0/50 — £400 tested. HE0/25 - £250.
Racal/Dana 9300 RMS voltmeter - £250.
HP 8750A storage normalizer — £400 with lead + S.A or N A Interface.
Marconi TF2330 — or TF2330A wave analysers - £100-£1
Tektronix-7514-7T11-7511-75812- 51 -52- 539~ 54? S51~-552-553-7TM11,
Marconi mod meters type TF2304 - £250.
HP 5065A rubidrum vapour FX staﬂdard £1.5k.
Systron Donner counter type 60548 — 20Mc/s — 24GHz - LED readout - £1k.
Racal/Dana 9083 signal source — two tone — £250.
Systron Donner —signal generator 1702 - synthesized to 1GHz - AM/FM — £600.
Tektronix TM515 mainframe + TM5006 mainframe — £450 - £850.
Farnall electronic load type RB1030-35 - £350.
Racal/Dana counters — 9904 — 9905 — 9906 — 9915 — 9916 — 9917 - 9921 - 50Mc/s — 3GHz — £100-
£450 — all fitted with FX standards.
HP4815A RF vector impedance meter ¢/w probe — £500-£600.
Marconi TF2092 noise receiver. A, B or C plus filters — £100-£350.
Marconi TF2091 noise generator. A, B or C plus filters — £100-£350.
Marconi 2017 5/G 10Khz - 1024MHz.
HP180TR, HP182T mainframes £300-£500.
Philips panoramic receiver type PM7900 - 1 to 20GHz — £400.
Marconi 6700A sweep oscillator + 18GHz Pl's available.
HP8505A network ANZ + 8503A S paramaeter test set + 8501A normalizer — £4k.
HPB505 network ANZ 8505 + 8501A + 8503A.
Racal/Dana VLF frequency standard equipment. Tracer receiver type 900A + difference meter
type 527E + rubidium standard type 9475 - £2750.
HP signal generators type 626 - 628 - frequency 10GHz - 21GHz.
HP 432A - 435A or B—436A — power meters + powerheads — Mc/s - 40GHz - £200-£1000.
Bradiey oscilloscope calibrator type 192 - £600.
HPB614A signal generator 800Mc/s —2.4GHz, new colour £400.
HPB616A signal gen 1.8GHz — 4.5GHz, new colour £400.
HP 3325A syn function gen 20Mc/s — £1500.
HP 3336A or B syn level generator — £500-£600.
HP 3586B or C selective level meter— £750-£1000.
HP 3575A gain phase meter THz — 13Me/s — £400.
HP 86830 microwave 2.3 — 13GHz — opt 001 — 003 - £4.5k.
HP 8660 A-B-C syn S/G. AM + FM + 10Ke/s to 110Mc/s Pl — TMc/s to 1300Mc/s — TMc/s to
2600Mc/s — £500-£2000.
HP 8640B 5/G AM-FM 512Mc/s or 102d4Mc/s. Opt 001 or 002 or 003 - £800-£1250.
HP 86222BX Sweep P1-01 -2 4GHz + ATT - £1750.
HP 8629A Sweep Pl-2 - 18GHz - £1000.
HP 862908 Sweep Pl 2 18GHz - £1250.
HP 86 Series PI's in stock — splitband from 10Mo/s - 18.6GHz — £250-E1k.
HP 8620C Mainframe — £250. IEEE - £500.
HP 8615A Programmabile signal source -~ TMHz — 50Mc/s — opt 002 - £1k.
HP 8601A Sweep generator .1~ 110Mec/s - £300,
HP 3488A HFP - |B switch control unit — £500 + control modules various — £175 each.
HP 8160A 50Mc/s programmable pulse generator — £1000.
HP 853A MF ANZ — £1.5k.
HP 8349A Microwave Amp 2 - 20GHz Solid state — £1500
HP 3585A Analyser 20Hz - 40Mc/s — £dk.
HP 85698 Analysar .01 - 22GHz - £5k. r

HP 3580A Analyser 5Hz - B0kHz - £1k.
HP 1980B Oscilloscope measurement system — £600.
HP 3455A Digital voltmeter - £500.
HP 3437A System voltmeter - £300.
HP 3581C Selective voltmatar - £250.
HP 5370A Universal time interval counter — £450.
HP 5335A Universal counter — 200Mc/s — £500.
HP 5328A Universal counter — 500Mc/s - £250.
HP 6034A System power supply — 060V ~0- 10 amps - £600.
HP 5150A Thermal printer — £250,
HP 1645A Data error analyser— £150.
HP 4437A Attenuator - E150.
HP 3717A 70Mc/s modulator— £400.
HP 3710A - 3715A — 3716A — 3702B - 3703B — 3705A — 3711A — 3791B — 3712A - 37938
microwave link analyser— P.O.R.
HP 3730A+B RF down converter — P.O.R.
HP 3552A Transmission test set — £400.
HP 3763A Error detector - £500.
HP 3764A Digital transmission analyser — £600.
HP 3770A Amp delay distortion analyser — £400,
HP 3780A Pattern generator detector — £400.
HP 3781A Pattern generator — £400.
HP 37818 Pattern gensralcr {be]l} £300.
HP 3782A Error detector — £400.
HP 37828 Error detector (bell) -
HP 3785A Jitter generator + reoewer- E750-E1k.
HP B006A Word generator — £100-£150.
HP 8016A Word generator — £250.
HP 8170A Logic pattern generator — £500.
HP 59401A Bus system analyser — £350.
HP 59500A Multiprogrammer HP — IB — £300.
Phlﬂpl 53” Fsyn—0.1-1GHz - AM + FM - £1000.
S.A. S SD345 sp pe 111 - LF ANZ - E!SOO
T ix R7912 T i m digiti —£400.
Tektronix TR503 + TM503 tracking genaratnr 0.1-18GHz~ £1k— or TRS0Z.
Taktronix 576 Curve tracer + adaptors — £900.
Tektronix 577 Curve tracer + adaptors — £900.
Tektronix 1502/1503 TDR cable test set — £1000.
Tektronix AM503 Current probe + TM501 m/frame — £1000.
Tektronix SC501 — SC502 - SC503 — SC504 oscilloscopes — £75-£350.
Tektronix 465 — 4658 — 475 ~ 2213A — 2215 - 2225 - 2235 - 2245 — 2246 - £250-£1000.
Kikusui 100Mc/s Oscilloscope COS6100M — £350.
Micolet 3091 LF oscilloscope — £400.
Racal 1991 — 1992 — 1988 — 1300Mc/s counters — E500-£900.
Fluke BOK-40 High voltage probe in case - BN - £100.
Racal Recorders — Store 4~ 4D - 7 - 14 channels in stock — £250 — £500.
Racal Store Horse Recorder & control — £400-£750 Tested.
EIP 545 microwave 18GHz counter — £1200.
Fluke 510A AC ref standard - 400Hz - £200.
Fluke 355A DC voltage standard — £300.
Wiltron 610D Sweep Generator + 6124C Pl— 4 - 8GHz - £400
Wiltron 610D Sweep Generator + 61084D PI - TMc/s — 1500Mc/s — £500.
Time Electronics 9814 Vohaga calibrator — £750.
T[meﬂ 9811 Prog £600.
ime El i D.C. vol! d—£1000.
HP 86998 Sweap Pl YIG nsc:llalm 01— 4GHz £300. 86308 MF — £250. Both £500.
1 ANZ - £1500.
Dummy Loads & wwer att up 102 2.5 kilowatts FX up to 18GHz — microwave parts new and ex
equipt— relays — guides — Yigs — SMA ~APCT plugs - adaptors.
B&K Items in stock — ask for Imt.
WEG items in stock — ask for list. .
Power Supplies Heavy duty + bench in stock— Farnell - HP = Weir—Thurlby —Racal etc. Askfor list.
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Error feedback
in audio power

In response to a plea for help on a feedback problem, William
de Bruyn has unearthed three alternative methods of error
feedback for power amplifiers that do work.

‘Feedback on Feedback’ in the December

1996 issue, it seems to me that his ampli-
fier (outlined later) was always bound to be
unstable. Little or no attention seems to have
been given to issues of loop stability.

Addition of the 22pF capacitor simply inserts
a dominant pole at a suitable frequency; it does
not ‘filter’ noise. The operational amplifier
chosen for this implementation of Hawksford’s
error-cancelling idea is not particularly suitable
as the inherent slew rate limitations of the
device restrict the potential bandwidth.

There has been a number of practical ampli-
fier designs which have used the idea of an
error feedback loop around the output stage of
an amplifier.

First is a design by E. M. Cherry, which
deals with a number of issues rather elegantly.
Quiescent current is sensed and controlled
without any need for complex schemes of ther-
mal feedback. Such schemes bring with them
the difficulties of dealing with all of the ther-

F ollowing K H Ellis’s plea for help in

mal/electrical time constants.

Prof. Cherry’s approach to this problem — the
feedback loop around the back-to-back differ-
ential pairs — also permits accurate setting of
the gain of the output stage to some desired
level.

His concept of nested differentiating feed-
back loops achieves unconditional stability
with high levels of feedback and very low dis-
tortion within the audio band.

A further amplifier of note is designed by
Robert Cordell. It was published in 1983 and
reprinted in the Journal of the Audio
Engineering Society, Vol. 32, No 1/2, 1984,
Jan/Feb.

This amplifier employs a simple method of
feed-forward error correction based on
Hawksford’s scheme. The error-correction
loop uses only two fast small signal transistors
and the resulting improvement in transfer lin-
earity is quite remarkable. Most of the
crossover and transfer artefacts, that so much
recent correspondence has concerned itself

with, become relatively minor issues.

This design is capable of extremely low dis-
tortion over a very wide frequency band — less
than 0.001% from 20Hz-20kHz. It also
exhibits extraordinarily good high-frequency
and transient performance and achieves a slew
rate of more than 300V/us.

The third amplifier is a commercially pro-
duced design, namely the Tandberg 3009A.
This also uses a variant of Hawksford’s
scheme. In this case no overall feedback is
applied, each stage relying on local feedback
for setting of overall gain. In this instance , the
output stage used Hitachi mosfets. These fets
are distinguished from Hexfet structures by
their substantially lower transconductance and
threshold voltages. This Amplifier is capable
of good high-frequency performance.

All in all, I feel that much of the rather heat-
ed debate regarding the linearity of igbt
devices as opposed to mosfets, ‘batwing” trans-
fer curves, etc. is rather absurd and has more to
do with what people grasp with their hands

; 0 +25V
1K0 1k0 680R 2 150R 150R é‘"’" +-‘—L 470u 3 39R 3 OR33
T8 I b3 3
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3304 4708
470R 470R
ANASANN- 3300
o
‘ L3
L Try4
< ak7 BC107
4700 150R

Fig. 1. Ed Cherry’s 15W, 15Q power amplifier, first published in IREE transactions, nested differentiating feedback loops are used. Note the driver
circuit with inherent quiescent current regulation and substantial local feedback around the output stage.
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o-50V linear than mosfets and have much lower transconduc-
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RUBIO I.cading Edge Technology Ltd
Low cost Programmers for all your requirements
2 GAL PROGRAMMER (@

16V3 / 16VBA / 16VEZ 20V8 / 20VBA | 20VEL
lgma + Stylish compact case with quality ZIF socket

o+74V

¥ 2mA 3.7mA bt + Easy io use software - load/save n JEDEC format

<
2
=

« Plugs into Centronics printer port
> OR1 -anksmmleM?Coroompuibiﬂ!wfmhmhm
« Fast and reliable prog fi 3 algorithms
mmmﬁmmmmmm
Y4.5mA + Supplied with PLAN Logic msﬂwnﬁwg
« Complete system with example files, connection lead, and PSU
+ Full 12 months parts and labour guarantee

150k — 'h@) ) 28K175 =10 P87C51/2 PROGRAMMER

S a7

AAA
W
AAAA
VW

AAAM
ViV

S L - b N
: 3 m@) '.:) t) .'EP Programs all makes of P87CS1/2 and Atmel 89C51 Flah e
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Could mysterious
audio power
amplifier
distortions be
explained by rf
noise from
broadcast
stations?

Cyril Bateman
investigates.

ILLUSTRATION JAMEL AKIB

on AF

speaker cables!, I noticed and remarked on a

level of non-harmonic residue, especially with
the figure-of-eight cable styles. This residue was
clearly visible on the oscilloscope output of my
Hewleti-Packard 33/A distortion meter.

The on-screen appearance of this residue supported
by its notable absence when testing co-axial cables,
led me then to believe it resulted from wideband
noise radiated from the 50Hz domestic mains supply.

Recent measurements, using a 3MHz wideband rf
millivoltmeter of 1MQ/20pF input impedance, at the
loud speaker terminals in my listening room using my
old speaker cables, indicated some 6mV of noise,
with my AR amplifier powered but not driven.
Subsequent oscilloscope measurements show an
amplitude modulated signal around 1MHz in fre-
quency, which could be ‘synched’ to the trace at
lps/ecm, as well as a multitude of lower and higher
frequency noise.

P erforming distortion measurements on various

Identification of this rf noise

Further experiments used this double-beam oscil-
loscope with traces synchronised to an rf signal
generator, displaying noise on channel 1 and gen-

erator signal on channel 2.

Slow variation of the rf signal generator frequency,
resulted in both traces being stationary at several fre-
quencies. The largest of these stationary traces at
1.05MHz. was visibly amplitude modulated.

Observing this trace while tuning a portable radio
with my amplifier switched off, suggested the signal
I was watching was ‘Talk Radio’ on 1053kHz, hav-
ing some 20mV peak to peak amplitude. Talk radio
commenced broadcasting two years ago and since 1
never listen to medium-wave broadcasts, I was pre-
viously unaware of its existence.

Using the scan tuning mode of my AR receiver, 1
identified seven broadcast transmissions with very
high signal strengths in the medium-wave band.
Judged by the tuning indicator deflection, the
strongest was indeed Talk Radio on 1053kHz, with
Radio 5 on 909kHz from Brookmans Park some
170km distant, the weakest noted, Table 1.

The medium-wave broadcasting band, extending
from 526.5kHz to 1606.5kHz, is covered by a large
number of transmitters, many being of very high
power, so it was no surprise that many other weaker
signals were obtained using manual tuning.

The long-wave broadcasting band extends from
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148.5kHz to 283.5kHz, it also has a number of
powerful transmitters giving coverage
throughout UK.

Powerful non-broadcast transmissions at fre-
quencies very much lower than the long-wave
band are used for long distance data or time
code transmissions. The National Physical
Laboratory at Teddington transmits the MSF
time signal from the 50kW Rugby transmitter,
a far reaching signal, at 60kHz.

Advice from the BBC? and Radio
Authority? engineering departments stated the
service limit for medium-wave broadcasts is a
minimum signal level of 2mV/m, with
5mV/m required for long wave. Any clearly
received broadcast will thus much exceed this
field strength at your location.

The engineer’s field strength contours for
my location, suggested for ‘Talk Radio” a field
strength of 100mV/m. This level is by no
means unique. Examination of the various
broadcast transmitter locations and powers
suggests much greater levels are common.

With the most powerful transmitters being
located close to densely populated regions,.
locations in the Home Counties, West
Country, Midlands, Yorkshire, North East,
Scotland and Northern Ireland, situated close
to these transmitters could experience field
strengths exceeding S00mV/m (see the panel
on propagation). However the frequencies of
highest strength may differ from those I found,
Table 2.

These medium and long-wave transmissions
are not unique to the UK, but are controlled
under internationally agreed standards and
used in many countries. Transmissions from
Europe are frequently received in the eastern
counties of the UK, as demonstrated by my
unidentified foreign station on 1395kHz,
Table 1.

Could these signals affect audio power
amplifiers? In order to find out, the complete
circuit involved in the closed feedback loop
within the amplifier and the amplifier compo-
nents outside this feedback loop has to be con-
sidered. This includes the loudspeaker cable
parameters, loudspeaker crossover network
and the speaker drivers in their cabinet.

Depending on the amplifier’s design, a vary-
ing level of audible distortion, or significant

COMPONENTS

Low and medium-frequency rf propagation
This discussion involves frequencies between 30 and 3000kHz. Since it is almost
impossible to build a quarter-wave vertical antenna for this frequency band,
transmission invariably results from short vertical antennas at low heights above
ground. At these frequencies the main reception mechanism results from ground-
wave propagation. This is attenuated both by increased distance and frequency,
also the ground and sub-surface conditions the wave travels over.

Given a near perfect ground surface — e.g. sea water — the theoretical figure for
propagation will be approached,?

E=300P/2

at 1km, where P is radiated power in kW and E is rms mV/m. Over land this

figure® is commonly reduced to,
E=221.8P'"2,

When directional aerials are used, the above figures must be suitably modified.
Low-frequency ground-wave propagation initially reduces almost inversely with

distance, but rather more rapidly as distance or frequency increase, to some

110dB loss at 160km compared to 64dB loss at 16km, both assuming a frequency

of 1MHZ®2,

Note that the above description has been greatly simplified; refer to the

references for more details.

Program name Frequency Transmitter

Table 1. Locally received high signal strength medium and long wave transmissions,
strongest listed first. Data based on BBC and Radio Authority engineering information,
confirmed by measurements using a Tm vertical whip antenna and wavemeter.

(kHz) location (kW max) test site (km) mV/m est.
Medium Wave
Talk Radio 1053 Postwick 18 10 100
Radio 5 693 Postwick 10 10 40
Foreign 1395 Unknown 30
Radio Broadiand 1152 Brundall 0.83 8 25
Radio Norfolk 855 Postwick 2 10 18
Virgin Radio 1215 Postwick 1.2 10 14
Radio 5 908 Brookmans Park 150 170 12
Long Wave
Radio 4 198 Droitwich 500 250 20

Radiated erpDistance to Field strength

increase of noise levels, resulting from 20mV
rf signals, has previously been reported®.
Subsequently, many amplifiers now have in-
built protection against rf energy presented to
their input terminals but not similar dedicated
protection for their output terminals.

The possibility that “audible intermodulation

products can arise from spurious signals with
frequencies above human hearing” was also
touched on by Ivor Brown® in a letter to
Douglas Self.

Most amplifiers have a low value output
inductor and Zobel capacitor resistor network
between their feedback loop and their output

Table 2. Listing of major long and medium-wave transmitters of 50kW and above, based on BBC and Radio Authority engineering information.
Some sixteen other transmitters have power outputs between 5kW and 50kW, with a further two hundred and eight below 5kW.
National LW/MW  Frequency Radiated erp Frequency Radiated erp Frequency Radiated erp Map
transmitter sites  (kHz) (kW max) (kHz) (kW max) (kHz) (kW max) reference
Brookmans Park 909 . 150 1,089 400 1,215 125 TL259050
SE 1458 125 e
Burghead 198 50 810 100 NJ125685
Clevedon 909 50 ST400697
Droitwich 198 500 693 150 1053 500 50929663
% 1215 105 oy
Lisnagarvey 1341 100 1258619
Moorside Edge 909 200 1,089 400 1,215 200 SE070154
Stagshaw 693 50 NY986709
Start Point 693 50 SX814378
Washford 882 100 1089 80 1215 100 ST058410
Westerglen 198 50 810 100 909 50 NS868773
i 1089 125 1215 100 ek
Saffron Green 1548 97.5 TQ216977
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Fig. 1. Speaker end damping voltage by test cable and frequency

using Maplin mosfet amplifier.
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Fig. 3. Test cable characteristic impedance by frequency.
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Fig. 5. Amplifier-end damping voltage by test cable and frequency using

Maplin mosfet amplifier. Notice the diverging behaviour of this

amplifier compared with Fig. 6, at the higher frequencies.
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Fig. 2. Speaker end damping voltage by test cable and frequency

using D. Self’s bipolar amplifier.
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Fig. 4. Comparison of Maplin mosfet and D. Self bipolar amplifier
output impedances by frequency. Notice the diverging behaviour of

these amplifiers at the higher frequencies.
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terminals. This is added to improve stability
with reactive loads.

All inductors have an inevitable level of dis-
tributed self capacitance — several picofarads
in value — effectively in parallel with the
inductor. The capacitance of printed board
tracks from the inductor’s terminals, also
appears effectively in parallel with the induc-
tor, Depending on these inductance and capac-
itance values, the combination will ‘parallel’
resonate at some high frequency. At frequen-
cies above this resonance the inductor will act
as a capacitor and its effective series
impedance reduce with frequency increase.

At frequencies below this resonance, the
output inductor and Zobel Network should
reduce the level of rf signal measured in the
feedback loop, compared to that injected at the
amplifier output terminals.

The level of rf measured at the amplifier
output terminals depends on the amplifier’s
effective output impedance combined with the
characteristics of the cables and speaker used,
at these rf frequencies.

What is a wavemeter?

Essentially, a wavemeter consists only

of a tuneable parallel circuit of a low Wavemeter, i_‘ I:i
loss variable capacitor with a low loss comprising

inductor. One common connection is tunable parallel e

grounded to earth and the circuit is circuit, is loosely 1

loosely coupled to the antenna system. coupled to the

This loose coupling can comprise a antenna system.
tapping on the coil winding, a coupling

coil winding or a low value capacitor

between the ‘hot’ common connection and the aerial.

When used with higher impedance antennas, very high Q can be attained with
tight frequency discrimination. Small single-turn loop antennas — especially when
connected to the low impedance of an audio amplifier/speaker system — will
achieve low ‘Q’, with consequently broader tuning. This is regardless of coupling
method used.

The wavemeter circuit used here incorporated a 50-1250pF air variable capacitor
and a 47pF coupling capacitor. Since they were to hand at the time, for frequencies
below 1100kHz | used a 55uH air core, switching to a 25pH air core for the higher
frequencies.

Due to its high input impedance, | was able to connect my rf millivoltmeter
directly to the hot end of the tuning capacitor.

My previous articles measured cable char-
acteristics and amplifier output impedance for
two representative amplifiers® but only to
100kHz. These measurements were repeated
with frequencies extending from 1kHz to
1MHz, to clarify the working impedances that
need be considered, Fig. 1-6.

The rf millivoltmeter measurements show
the average of the signal levels involved.
Since these also include amplifier and other
audio frequency noise sources, a means to
identify signal levels by frequency is needed.
Obviously an rf spectrum analyser is ideal,
however a wavemeter will suffice.

As g minimum, a wavemeter requires only
an air-variable capacitor and suitable low loss
inductor, housed in a fully screened enclosure,
used as a pre-selector for the rf millivoltmeter.
The variable capacitor must of course be fitted
with a suitable reduction drive and dial to
facilitate retuning to known frequencies. (see
box “What is a wavemeter?’).

Having a Muirhead precision 50-1250pF air
variable capacitor, with precision reduction
drive fitted with a four-digit readout dial,
already housed in an extremely substantial
diecast case, I needed only to add the inductor,
coupling capacitor and two BNC connectors.
A frequency calibration chart, using my rf
generator together with off air signals picked
up by a Im square-loop aerial, was quickly
plotted.

My Self amplifier was already housed in a

Table 3. Wavemeter measurement of rf pick-up at output terminals of D. Self amplifier, with
wavemefer used to select individual transmission frequencies. Workroom location as used for
distortion measurements, also listening room amplifier location for comparison. Field
strength measured using a 1m square single-turn loop aerial connected directly to
wavemeter. All cables were 4.9m long.
Cable under test 693kHz 909kHz 1053kHz 1152kHz 1395kHz

(LR R () (uv) ()

Coaxial styles

75€) Cat. 500 41 51 110 42 45
75 CT100 40 52 106 40 44
50Q RG58C/U 42 52 115 40 40
50 URMB7 41 52 105 44 46
3mm Mk | 42 53 113 44 46
3mm Mk Il 41 54 113 46 46
Fig. of 8 styles

2192Y bell wire 56 60 520 a1 157
42 strand 56 62 540 a6 170
42 strand modified 56 63 560 112 180
79 strand i 59 63 570 100 173
2mm twin special 56 62 520 g1 163
Supra-Ply 2.0 58 63 560 86 152
With 8.2Q termination only 32 35 52 34 33

Loop-antenna field strength 2200 2500 20000 7600 8200

Using D.Self amplifier with

old listening-room cables 320 520 5600 1050 1300

Detailed on page 124 of the February issue, the Mkl and Il cables are custom
fabricated, very flexible and less than 6mm in diameter. The MkII has a 19-strand,
0.45mm inner wire insulated with polythene with a 3mm outside diameter. Its
outer braid is 240 strands of 0.127mm wire. Heat-shrink tube provides overall
insulation. Mkl is identical, except for its 37 strands of 0.32mm inner core.

Measuring point D. Self amplifier

At pc board out. V2 10.0 10.0 10.0
At Zobel network V3 1.26 1.4 1.55
Self Tr; base V4 0.41 0.52 0.66

Maplin Tr, base V4

Table 4. RF voltage levels, in millivolts, within the two power amplifiers tested, measured Ve N3 va
using oscilloscope probe. Signal generator output was applied to the amplifier output
terminals with level set to 10mV, measured at pc board output pads (V2). Vi

900kHz 1000kHz 1100kHz
Amplifier terms. V1 11.2 1.4 11.3 10.8 10.5 10.6

Maplin amplifier
900kHz 1000kHz 1100kHz

10.0 10.0 10.0

(& R g Measurement points, simplified. Node V1
0.17 is the amplifier output terminals while V2

0.48 0.44 3 .
is the same output point at the pcb.
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Cables 4.9m long.
Cables under test Balanced

With speaker load
42 strand 440 720
42 strand modified 460 820
With 8.2Q load
42 strand 330 460
Loud o 9
speaker & &
!

Cable under test
4.9m length

Table 5. Wavemeter measurement at 1053kHz of rf pick-up at D. Self amplifier output
terminals. Using figure-of-eight cables in balanced and un-balanced configuration to connect
to loudspeaker system alternately to 8.2Q0 dummy loudspeaker load. Balun transformer made
with 30 twisted bifilar turns of 0.5mm wire, wound on TMC107523 toroidal core, which was
un-balanced using removable link from earthy output to one wire of figure-of-eight cable.

Unbalanced Unbalanced with
w. balun (V) w. balun (4V) cable direct wired (uV)

740
800
560
i Test set-up for making the
N aL cable measurements,
& amplifier showing the
balanced/unbalanced
switch.

Terminationonly 16

Table 6. RF millivoltmeter measurements, in microvolts, of pick-up with amplifier replaced
by dummy amplifier loading network of output inductor with 10 shunt resistor, a Zobel
network and 0.033Q termination resistor. Measured at this dummy load, with crossover or
cable screened in turn, to determine proportion of noise pick-up due to crossover/speaker
and cable under test. Shows excessive rf pickup with figure-of-eight cable. Cables 4.9m long.

Cable under test In normal use W. Xover screen Cable screened Both
screened

Coax styles

75Q Cat. 500 54 47 26 18
75Q CT100 52 46 30 20
500 RG58C/U 45 40 20 16
50 URM67 45 40 22 20
3mm Mkl 40 33 20 15
3mm Mkll 40 36 20 15
Fig. of 8 styles

2192Y bell wire 440 420 30 22
42 strand 460 430 35 20
42 strand modified 710 660 40 25
79 strand 420 410 26 20
2mm twin special 265 255 29 21
Supra Ply 2.0 280 260 20 16

substantial aluminium screened case. I mea-
sured the wavemeter output, for five of the
locally strong medium-wave frequencies, at
the amplifier output terminals with the ampli-
fier powered but not driven. The f pick-up
from the twelve test cables and speaker sys-
tem, was measured using the same cable loca-
tions and orientation as for the distortion mea-
surements, Table 3.

This wavemeter/amplifier measurement sys-
tern was also used to measure the signal levels
picked up by the old cables in my listening
room. These were significantly higher due to
increased cable lengths, the cable’s direction
and proximity to the ring mains.

Having established the frequency and volt-
age levels at the amplifier terminals when
used with the various test cables, attempts
were made to measure similar signals within
the amplifier. Obviously should its output
inductor sufficiently block these signal levels
from entering the amplifier. In this way, the rf
signals could not cause any audible intermod-
ulation distortion.

With my rf signal generator set to a test fre-
quency of 1MHz, I used HP9100 oscilloscope
probes to connect the test points to my rf mil-

livoltmeter. With the signal generator output
applied to the amplifier output terminals and
signal level set to 10mV measured at the
amplifiers pcb output pads (V2), I measured
1.4mV at the ‘Zobel’ network and 0.52mV at
Try base, of the Self amplifier. Having estab-
lished that for this design a measurable rf level
can be found within the feedback loop, the
measurements were repeated for 900kHz and
1.IMHz, then with the Maplin amplifier.
Table 4.

Having now confirmed that rf signals picked
up on speaker cables can intrude within the
amplifier, and that this tf level differs sub-
stantially between figure-of-eight and co-axial
cable styles, how are these signals picked up ?
Just what is the pickup mechanism ?

RF pick-up mechanisms
A single-turn loop antenna can be formed by
winding coaxial cable around a wooden frame
and connecting the outer braid free end to the
inner feeder conductor at the completion of
the loop. Its termination at the receiver is
unbalanced, i.e. the braid is connected to earth.
Alternatively an antenna can comprise a fig-
ure-of-eight cable partially unzipped, with

each unzipped wire wrapped around one half
of the frame, the free ends then being joined to
complete the loop. Using balanced termination
at the receiver minimises any stray pickup on
the cable connecting the loop antenna to the
receiver. This balanced termination is impor-
tant, since any unbalanced figure-of-eight or
twin feeder cable will both transmit’ and
receive signals.

Signal pickup depends on the area enclosed
by the loop, and while pickup of higher fre-
quencies is quite good it discriminates heavi-
ly against much lower frequencies. The
cable/amplifier rf pickup measurements of
Table 3 also show similar frequency discrim-
ination

When a figure-of-eight cable is used with a
conventional amplifier as a loudspeaker cable,
one line of the cable is earthed by the ampli-
fier’s ‘low’ output terminal, the cable is clear-
ly unbalanced. The speaker ends of the cable
are terminated by the speaker’s rf impedance.
Hence the figure-of-eight test cable and speak-
er system could form a very shallow single-
turn loop aerial.

To put this to the test, I wound a simple 1:1
balun transformer, of some 50pH primary
inductance, and re-measured the rf picked up
by the 42-strand figure-of-eight cables. If the
above analogy was correct, I expected a
notable reduction in rf when measured with
the figure-of-eight cable balanced to earth,
versus the same cable deliberately unbalanced.

Using my wavemeter set to 1053kHz,
approximately half the level of rf signal was
measured with cables balanced compared to
the same system unbalanced. To eliminate the
balun transformer losses from clouding these
results, the balun and its connections with the
test cable were retained for both measure-
ments. A temporary earth link, connecting
amplifier ‘low” output to one line of the fig-
ure-of-eight cable, was used to establish the
unbalanced state, it was removed for the bal-
anced configuration, Table 5.

Regardless of loudspeaker cable used, the
speaker cabinet wiring and the inductors used
in any crossover network, will also function as
antennas with some degree of rf signal pickup.
Since speaker and crossover systems vary
widely in their construction and thus potential
tor rf pickup, this has not been investigated
other than to clarify the relative pickup levels
with my test speaker system.

The methods used were both simple and
effective. I decided to measure 1f levels with
the speaker and cables arranged exactly as for
the distortion measurements. Next they were
measured with the crossover network screened
by a Faraday shield, and finally with the
speaker cable similarly shielded. Not having a
suitable metal container easily able to contain
my test speaker cabinet, or my amplifier com-
plete with the test cables, I needed to simplify
the task.

The crossover had previously been moved
outside the speaker cabinet for the distortion
measurements. Connection to both drivers
involved short lengths of 42-strand figure-of-
eight cable. Replacing the amplifier with a
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dummy load allowed the test cable leads to be
easily coiled up and screened. Grounding one
dummy load terminal ensured the figure-of-
eight test cables remained unbalanced at one
end, exactly as in normal use.

This dummy amplifier load was made up
using a typical output inductor, Zobel network
and 0.033Q2 resistor to replace the amplifier. A
few experiments confirmed my metal waste-
bin, suitably earthed, served as an excellent
Faraday shield.

Using the rf millivoltmeter, I measured the
voltage levels at this dummy amplifier load
for each of the 12 test cables. First, I measured
with nothing shielded, next with the crossover
only shielded, then with the cables coiled up
and placed in the shield, and finally with both
cable and crossover shielded.

In every case, the greatest reduction of mea-
sured rf resulted from simply screening the
cable, thus clarifying the cable’s pickup is the
major contributor to rf pickup with my test
speaker, While measurable changes were
found for all cables, the unbalanced figure-of-
eight cables were found to be particularly
prone to rf pickup, Table 6.

Coaxial cable definitely is best

Due to the considerable variations in amplifi-
er design and thus potential sensitivity to rf, no
attempt has been made to confirm whether
these rf signals caused measurable or audible

distortions with either test amplifier. However
the work published by Paul Miller* suggests
this is more than likely with most amplifier
designs, given sufficient rf levels.

However, these signals cannot be beneficial
and are thus best avoided. Using coaxial
cables with a conventional inductor output
amplifier minimises this rf pickup. When
combined with the other benefits already
established in my previous articles, there
remains no good reason for not changing to
coaxial speaker cables,

One final proviso, the output terminals of
two amplifiers arranged in a bridge output
configuration may be truly balanced with
respect to earth. The output terminals of a
valve amplifier could also be balanced if nei-
ther terminal of the output transformer sec-
ondary winding were tied to earth.

When amplifier output terminals are bal-
anced to earth at rf, to be effective in reducing
rf pickup, coaxial cables must be wired cor-
rectly. The inner cores should only be used to
convey signal power, with the inner of a sec-
ond coaxial cable used to return the signal.
The amplifier end of each braid should be
connected to earth, providing a Faraday shield
for each signal conductor.

With a conventional amplifier system, the
coaxial cable inner wire is connected to the
‘hot’ terminals at the amplifier and speaker
system, with the outer braid connected to both

COMPONENTS

the amplifier and speaker ‘cold’ terminals.
This completes the return path while shielding
the amplifier’s hot output terminal from rf
pickup.

In summary

Having brought this anomaly of noise signals
to a conclusion, work is now proceeding
rapidly to refine the MKII coaxial cable design
to give even more improved performance,
reduce materials cost and improve ease of
manufacture. ]
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A I i
@
Darren Conway illustrates how to get the best from
double-balanced diode mixers.
ouble-balanced diode mixers are widely used in com-  selected because of the wide dynamic range and a relatively
Dmunications equipment. Their wide dynamic range good noise figure. The wide dynamic range is necessary so
and relatively low noise has made them a popular that the weak satellite signals can be received in the presence
choice. of strong interference from any nearby transmitters. A low
When properly applied, very good results can be obtained noise figure improves the ability to detect and demodulate
with diode mixers, but designing circuits that include them is ~ very weak signals.
not a trivial task. The main difficulty with applying the dou-
ble balanced diode mixer is that mismatch at any of the three  Matching problems
ports degrades performance. The effect of termination mismatch on a double balanced
These mixers are particularly sensitive to mismatch at the  diode mixer is not the same for each port. Mismatch at the rf
IF port, which results in greater conversion loss and the gen-  port is the least problematical, which is fortunate because in
eration of unwanted mixer products. Ideally, the IF port many applications it is not practical to match to this port.
should be terminated into a post mixer filter with a constant Mismatch between the local oscillator and the mixer
input impedance and a low pass frequency response. degrades third-order performance but can be improved sim-
This article uses simulation to compare various designs for  ply by adding a —3dB 50 pad. The output level of the local
post mixer IF filters with the purpose of identifying an opti-  oscillator needs to be adjusted to overcome the loss. The
mum design. effects of having each port reactively terminated are shown in
Table 1. Performance is degraded even further if more than
Applying diode mixers one port is mismatched.
The following research was completed as part of the design To achieve minimum conversion loss through the diode
of a satellite receiver capable of detecting low earth orbital  mixer and prevent harmonics reflecting back into the mixer,
satellites transmitting on about 137.6MHz. The design is an it is particularly important that the IF output is correctly
entirely conventional double superheterodyne. Its first inter-  matched to a 50+j0€2 resistance.
mediate frequency is 37.5MHz selected largely because of If the term Fy o+FRp is reactively terminated, then it will
the ready availability of cheap and effective SAW filters  reflect back into the mixer and combine in anti-phase with
commonly found in televisions. the local oscillator to produce the terms Fy o+Fr—F} o, and
Surface acoustic wave filters are physically small, require  2.F o+Fgg. This causes conversion loss and produces spu-
no tuning, and are easy to interface. The type used features a  rious responses.
3MHz band width. This means that it is also suitable for the It is not sufficient to properly match the IF port to the low
front end of a receiver designed for high data rates available  order harmonics. In order to achieve the best performance
from many satellites. from a mixer, it is necessary for the IF port to be terminated
For the first mixer, a double balanced diode type was  with a 50+j0€2 resistance over an extensive frequency range.
Table 1. Effects of terminating the double-balanced diode mixer’s ports reactively.
Termination Conversion RF RF Harmonic Third-order
condition loss compression  desensitisation modulation IM products
level level products
IF=reactive canvary +3dB canvary #3dB  can vary +3dB can vary #20dB  can vary +20dB
LO=reactive  No effect if No effect if No effect if can vary £10dB  can vary £10dB
LO drive LO drive LO drive
adequate adequate adequate
RF=reactive  Typically +0.5dB +0.5dB No first-order No third-order
+0.5dB for effect effect
2:1 vswr
*source, reference 3
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In this application, it means that the post mixer IF filter
should be matched to at least 200MHz. Proper matching at
higher frequencies is highly desirable.

It is possible to achieve good matching by terminating the
IF output with a 50Q resistor followed by a post mixer IF
amplifier. The problem with this method is that the amplifi-
er applies equal gain to all harmonics in addition to the want-
ed IF, This increases the risk of over driving the post mixer
amplifier and generating additional harmonics,

The diode mixer should therefore be followed by a low
pass filter with a constant input impedance of 50+j0%Q.
Output of the filter should then be matched to the IF ampli-
fier.

Specifying the IF filter

The intention in this application was to find an efficient IF
filter circuit that gave the best performance from the least
number of components. The desired specifications of the IF
filter are as follows:

® A return loss of no less than —20dB across the frequency
spectrum as specified by the diode mixer manufacturer.

@ Insertion loss of no more than —0.25dB. The insertion loss
adds directly to the noise figure of the mixer and should be as
low as possible.

@ No more than three inductors. Limiting the number of
inductors in a filter automatically limits the filter order and
complexity.

@® A low-pass filter function with a roll off of at least
~18dB/octave. Good frequency roll off is required because
the low-order, high-amplitude mixer products are relatively
close to the IF.

@ Easy to design, build and set up.

Analysing performance

Analysis of the circuits described below was completed using
the MicroSim version 6.2 Spice simulator. The quality of the
circuits was evaluated using four parameters,

Return loss was calculated using the network of resistors
R;4 and a 2x voltage gain block” to provide a voltage across
Ry which is plotted as VdB(Rrl).

Ideally, the return loss should be very large across the fre-
quency spectrum, indicating that energy has been efficiently
transferred from the mixer output to the filter circuit. A small
return loss approaching 0dB indicates that all energy is being
reflected back to the source.

Resistor R, which has a value of 1uQ is used as a sense
resistor to measure current and voltage applied to the test cir-
cuit. Input impedance is calculated using the voltage and cur-
rent passing through R, and is plotted as V(Rc:1)/I(Rc).

The variable —I,(R.) measures the angular phase of the
input current. Input current phase indicates the reactance of
the test circuit. A purely resistive circuit will have zero phase
shift. A capacitive or inductive component will cause the cur-
rent phase to rotate. In this application, the IF filter should
ideally be purely resistive at all frequencies.

The frequency response is measured across the load resis-
tor R). All TF filters analysed here have been designed for an
IF of 37.5MHz, but the values can easily be modified for
other frequencies. Plots of these four parameters are com-
bined on single graphs and fully define the important char-
acteristics of the IF filters under test.

LC tuned tank

The LC tuned tank circuit, Fig. 1 represents a simplistic solu-
tion to the IF filter problem that has been used in early
receiver designs. It consists of an LC pair tuned to the IF at
which point it appears to have a 50+j0€ input impedance.
This is shown in the Spice analysis in Fig. 2, where at
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Fig. 2. Analysis of the LC tuned tank, Fig. 1.
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37.5MHz the input impedance is 50€2, the input current
phase is 0° and the return loss is very high.

At all other frequencies the circuit is reactive and reflects
significant harmonics back into the mixer. The frequency
response is particularly poor giving only —1dB attenuation at
200MHz.

The LC tuned tank circuit demonstrates all the undesirable
features of a bad IF filter. Any receiver that uses this circuit
would probably give better performance if the capacitor and
inductor were removed, leaving only the 50€ resistor.

R
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£v R T SR L
N ! 50}1 = 5?]:} s 50?'1 1':21 5%}3 3135]
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Fig. 5. IF filter comprising a Butterworth band-pass circuit. One of its useful features
is that it displays constant impedance through the pass band.
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Fig. 7. IF filter using a Butterworth diplexer C,

with separate high and low-pass elements.
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Butterworth diplexer, Fig. 7, shows that attenuation at

200MHz is a modest —18dB.
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Series-tuned diplexer

The series-tuned diplexer design is intended to terminate both
the IF and the third-harmonic (3.IF) into 50+j0£2 loads. This
circuit is designed to provide a resistive termination to the
most troublesome low-order mixer products.

Values of the inductors and capacitors shown in Fig. 3
were selected simply to resonate at the correct frequencies.
You can see from Fig. 4 that the input impedance is reason-
ably well matched between about 25MHz and 150MHz.
Normally the signals are terminated into 50£2 resistors but
analysis showed that 68 resistors are required to achieve a
50€2 input impedance.

The plot of input current phase shows that this filter is
reactive at all frequencies except one. This characteristic
combined with the increasing impedance at higher frequen-
cies means that harmonics will be reflected back into the
mixer.

Frequency response is also poor providing only —7dB
attenuation at 200MHz. Although this circuit is an improve-
ment on the LC tank circuit, the performance is far from
ideal.

Butterworth band pass

An IF filter based on a band-pass Butterworth filter appeared
to offer some hope. One of the useful properties of
Butterworth filters is that they ideally display a constant
impedance through the pass band.

Outside the pass band, the impedance increases or decreas-
es depending on the filter topography. In addition, they can
be designed to have different input and output impedances.

The filter shown in Fig. 5 is designed with a pass band cen-
tred at 37.5MHz and a 10MHz band width. The input is
matched to a source impedance of 25Q defined by the
impedance of the mixer and the 50 resistor.

Qutput impedance of the filter is 250€2, intended to provide
some degree of matching to the IF amplifier. The analysis
results in Fig. 6 show an improvement in overall perfor-
mance compared to the previous filters but there are still
major flaws with this circuit. The insertion loss of —0.8dB in
the pass band is higher than desired but attenuation at
200MHz is a healthy —52dB. The return loss and input
impedance vary significantly over the pass band, which is
likely to create unwanted reflections from received signals
close to the rf input. From a practical constructive view, the
21nH inductor is a very small value and would be difficult to
implement. The sharp dip in the return loss at 37.5MHz
makes this filter sensitive to component drift and tuning
eITOors,

Although this circuit offers reasonable performance in the-
ory, it would be very difficult to construct and tune. It is
therefore not recommended.
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Fig. 9. Weinreich-Carroll diplexer with centre frequency of
72MHz exhibits insertion loss of -3dB at IF.

Butterworth diplexer

As a variation to the Butterworth filter theme, separate high-
pass and low pass filters were configured as a diplexer cen-
tred on 100MHz as shown in Fig. 7

The results show that this circuit has better characteristics
than the Butterworth band-pass filter above. At worst the
return loss is —14dB which is 6dB less than the required
value of —~20dB. Both the input impedance and the input cur-
rent phase remain reasonably close to ideal across the fre-
quency spectrum.

Upward deflection of the frequency response plot at
150MHz is due to interaction between the high and low pass
sections at their inputs. Insertion loss at 37.5MHz is only
—0.084dB while attenuation at 200MHz is a modest —18dB.

None of the plots exhibits any excessively sharp peaks or
dips which in this case means that the circuit is tolerant to
component errors and drift. The values of the inductors are
not too widely spread and are large enough to allow a prac-
tical filter to be constructed.

This circuit has the same number of components as the
diplexer shown in Fig. 3 and yet displays superior perfor-
mance. In spite of this, the Butterworth diplexer does not
conform to the required specifications and a better solution
was sought.

Weinreich-Carroll diplexer

The Weinreich-Carroll diplexer! is a second-order filter

designed so that all capacitors and inductors have an

impedance of ¥2x50=70.7 at the centre frequency. A centre

frequency of 72MHz was selected for this circuit, being the
eometric centre between the IF and the image,

(Fip.FLosp). This results in an insertion loss at the IF of
-0.3dB.

Attenuation at 200MHz is a modest —17.9dB. The analysis
plots in Fig. 10 show that this very simple circuit achieves
perfect impedance matching across the entire rf spectrum.
These ideal results will not be achieved in practice because of
the effects of component errors, drift and parasitics. High
quality components should however provide results close to
those shown in Fig. 10. The only disadvantages with this cir-
cuit are the slow frequency roll off and the mediocre attenu-
ation of harmonics.

Weinburg diplexer
A better frequency response can be obtained using a third
order diplexer shown in Fig. 11, Like the Weinreich-Carroll
diplexer, the Weinburg diplexer has the ideal constant input
impedance of 504j0C at all frequencies, resulting in a very
high return loss, Fig. 12, It also has a much better frequency
response providing 33.8dB attenuation at 200MHz.

This circuit has been designed using the values'? in Table
2, with a centre frequency of 55MHz. The sharper roll off

requency

means that a lower centre frequency can be used without an
excessive insertion loss. At 37.5MHz, the insertion loss is
0.418dB.

Additional simulations were run to further define the per-
formance of this diplexer. The graphs in Fig. 13 show a
Monte-Carlo analysis based on a 10% component variation
to determine how sensitive the circuit is to component errors.
The upper graph plots variations in input impedance. The
lower graph plots variations in return loss and frequency
response.

These plots show that the return loss is very sensitive to

Fig. 10.
Weinreich-Carroll
diplexer analysis.
Although simple,
this circuit
achieves perfect
matching across
the entire rf
spectrum.

Fig. 11. Weinburg diplexer has improved th
frequency response relative to the Crontet  Cmontet
Weinrich-Carroll diplexer. 33-53l Sp 115749
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Fig. 12. Weinburg diplexer analysis. Sharper roll-off means that a lower centre

frequency can be used without excessive insertion loss.
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Fig. 13. Weinburg
Monte-Carlo
analysis based on
10% component
variation
demonstrates the
circuit’s sensitivity
to component
errors. Upper plots
are input
impedance while
lower are return
loss and frequency
response,

Fig. 14. Veltrop-Wilds diplexer offers good
frequency response with near ideal input

Rs
500

component errors varying over a range of about 90dB. At
worst, the return loss is —24dB which remains within the
required specification. Perfect results can only be achieved
with perfect components.

Table 2. Weinburg diplexer normalised values.

Low pass L Co Ly
Third 3/2 4/3 1/2
Highpass 1/C; 1/, 1/Cs

s
Tmez amatz . semez 1,080z
gewa W CBEB(RLIZY 0 v s 0+ . v GEB(Rr1:f)
Cmonre1 cmnnta‘l
3867p  80.78p
impedance. !
L2 Hdul‘l’l
P
Linontet 500
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Veltrop-Wilds diplexer

Diplexers based on modified Chebyshev filter tables offer
good frequency response with near ideal input impedance.
The diplexer shown in Fig. 14 is based on formula by
Veltrop-Wilds?, The circuit was calculated for a 3dB point of
55MHz which was selected to achieve an insertion loss of
less than 0.25dB at the IF. This circuit yields the results
shown in Fig. 15. Input impedance varies between 4602 and
54.8Q, which is not ideal, but entirely adequate. Return loss
is at worst —25.3dB and improves at higher frequencies. The
insertion loss at 37.5MHz is only —0.238dB while the atten-
uation at 200MHz is a respectable —39.7dB.

For applications requiring a steeper frequency roll off, the
values for normalised 3rd, 5th and 7th order filters are shown
in Table 3. Band-pass/stop diplexers may also be imple-
mented with the values in Table 3 using the same techniques
used to calculate component values with standard filter
tables.

As before, a Monte-Carlo simulation based on a 10% com-
ponent variation was run for the Veltrop-Wilds diplexer. The
results of this analysis in Fig. 16 show the return loss is at
worst —23.3dB which remains within the specifications and is
only slightly lower than for the Monte-Carlo analysis of
Weinburg diplexer.

Likewise, the input impedances for the two filters look sim-
ilar. In real circuits with parasitics and component errors,
there is unlikely to be any significant difference in measured
return loss between a Weinburg or a Veltrop-Wilds diplexer.

Having determined that the input characteristics of the
Veltrop-Wilds and the Weinburg in a real circuit are likely to
be almost identical, a closer analysis of the output charac-
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Fig. 16. Veltrop-Wilds Monte-Carlo analysis with 10%
component variation show that return loss is at worst
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Fig. 15. Analysis of the Veltrop-Wilds diplexer reveals that input impedance varies
between 46 and 54.8Q.

Fig. 17. Frequency-response comparison between the
Veltrop-Wilds and Weinburg diplexers.
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teristics was conducted. The results are plotted in Fig. 17
which shows a close in view of the frequency responses of
both the Veltrop-Wilds and Weinburg diplexers.

You can see that the —3dB point for both diplexers occurs
at 55MHz as expected. The Veltrop-Wilds diplexer has the
advantage of a sharper roll off resulting in an additional
—4.25dB attenuation at higher frequencies compared to the
Weinburg diplexer. In addition, at the IF of 37.5MHz, the
insertion loss differs by 40% in favour of the Veltrop-Wilds
diplexer.

Analysis of the filter output characteristics shows that the
Veltrop-Wilds diplexer has a small but significant advantage
over the Weinburg diplexer.

Final selection

The Veltrop-Wilds diplexer circuit shown in Fig. 14 and
selected for this application exceeds all specifications and
comes close to the ‘ideal’ IF filter. It does not provide a per-
fect 50+j0<2 input impedance seen in the Weinreich-Carroll
or the Weinburg diplexers, but it is close enough for practi-
cal purposes.

Compared with the Weinreich-Carroll or Weinburg diplex-
ers, the Veltrop-Wilds diplexer has a better frequency
response and there is the potential for further improvement
by increasing the order of the filter. For this application, the
Veltrop Wilds diplexer is considered to display the best over-
all characteristics.

Designing the Veltrop-Wilds diplexer

The design principle of the Veltrop-Wilds diplexer is to mod-
ify the values of standard Chebyshev low-pass filters in order
to produce a diplexer with a constant input impedance. This
is accomplished using the following general equations;

e=[(antilog(A,/10))-1]
®’3gp=cosh(1/n.cosh~V[(1+2¢e)/e])
when # is even and,

' 3qg=cosh(1/n.cosh~"N[(1/e])

when # is odd, where Ay, is the ripple value in dB and @345
is the modification factor. Full mathematical derivation can
be found in reference 2.

The result is a modification factor ©’34p that is multiplied
with each capacitor and inductor to obtain the modified low-
pass table values. To obtain the modified element values for
the high pass filter, each modified inductor is replaced with
a capacitor equal to 1/C farads, and each modified capacitor
is replaced with an inductor equal to 1/L henries. The 0.5
normalised conductance values for the high pass and low
pass filters are now placed at the crossover frequency of w=I.

Tuning the filter

The results of the Monte-Carlo analysis indicate which vari-
able should be used to ‘tune’ the filter. Frequency response
does not vary greatly with component errors and is therefore
unsuitable for tuning the filter.

Return loss is the most sensitive to component errors and
varies by up to about 30dB in the analysis of both the
Veltrop-Wilds and Weinburg diplexers. For optimum per-
formance, a network analyser used to measure return loss
will provide the most effective means of tuning the filter.

The next best alternative is use a grid-dip meter and capac-
itance meter. First, accurately measure and set the values of
each capacitor allowing about 3pF for in circuit parasitics,
then selectively fit inductors to form LC pairs. Using the
grid-dip meter, each inductor is adjusted until the LC pair
resonates at the correct frequency.

By fitting and removing components to create LC tuned
circuits, the correct values can be set in circuit and the final

RF DESIGN

Low pass L, Cy L Cy Ls
3rd 1.5133  1.509 0.7164
Sth 1.561 1.8069 1.7659
7th 1.5748 1.8577 1.921
High pass  1/C, 1/L, 1/C4
Input end

1.4173
1.827
1/Lg

0.6507
1.734
1/Cs

Table 3. Veltrop-Wilds diplexer normalised values for 0.1dB ripple.

Cs

1.3786

1/Lg

Ly

0.6307
1/C4
Output end

filter response should closely match the simulated results.
‘When constructing these filters, every effort should be made
to minimise both parasitics and component errors in order to
obtain results like those shown in the simulations.

In summary

One of the important results of these simulations is that good
performance does not necessarily require complex designs
and high component counts.

The most complicated circuit analysed has six reactive
components, while the simplest has just two. A wide range of
results from the positively bad to nearly ideal were obtained
from circuits that at a glance look remarkably similar,

The results graphically display the importance of selecting
the right circuit for the right job. Design efficiency can be
measured in terms of performance versus complexity.
Complex designs are usually difficult to build and maintain.
There are significant downstream advantages in ensuring that
the most efficient design is used.

The above simulations show that some commonly used
post diode mixer IF filters perform very poorly compared to
the ideal IF filter. Performance can be improved using con-
stant-impedance filters based on the Butterworth function but
they are not recommended.

At all frequencies, the Weinreich-Carroll diplexer has a
perfectly matched 50+j0€2 impedance, but its frequency
response is only mediocre . The Weinburg diplexer also has
a perfectly matched input impedance combined with a good
frequency response. The best results are obtained using the
Veltrop-Wilds diplexer which combines near ideal input
matching with a superior frequency response.

Unlike the Weinreich-Carroll diplexer, the frequency
response of the Veltrop-Wilds diplexer can be improved by
using higher order variants.

The Veltrop-Wilds diplexer is recommended above all oth-
ers for use with double balanced diode mixers. |
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Overloaded

In Self’s ‘Overload matters’ in the
February *97 issue, Figs 1b and 1d
omit the final downward break in the
maximum level curve due to
acceleration limits. This is
significant because it shows the
severe restriction in the possible high

20kHz to have a uniform overload
characteristic. (See figure above).
In the seventies, Tom Holman
proposed the ‘Holman test’ for
phono preamps — which now I'm

Square wave.

unrealistic test.
Back in the sixties, an engineer
friend suggested to me that the

topologies and would have reduced
the number of burnt-out cutter heads
with little noise penalty. That would
have been a real world benefit unlike
the misguided IEC ‘amendment’ — if
you need a subsonic filter then use a
steep one,

a floating voltage source are the
same in the sense that a given
voltage must cause the same current
in each input. The voltages on them
are far from equal, being indeed zero
for the cold input — as described in
detail in my article.

On mature reflection, it seems
more sensible to say that a floating
source can only have one meaningful
input impedance, in this case
between the hot and cold inputs. This
is 20k€2.

would have taken around an hour — it
didn’t. So I thought something’s
wrong here and I started to look at
the code listing.

It appears that each of the E24

12k and 1k so straight away the

100:1. In the example given in the
article 0.1% would equate to 1000:1,
thus the search could be limited to a

that changes is that a different set of
tests are applied. Therefore this data
could be in a look up table, but it is
still quite a large amount of data.
However, as resistor values are
based on a decade structure once you
have found the combinations to give

L]
A
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Simulating crossover distortion

Ain answer to your query from Ian Hegglun, any good CAD package
uch as Electronics Workbench, can be used to simulate crossover
distortion. The tricks are to use a low frequency to avoid masking with
transit time effects, a low signal level and of course no negative feedback.
To isolate and display the transfer hiatus characteristic on its own, sum
the input signal to the out