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THE NEW FORCE IN EDA

The brief was clear. To create a next generation CAD system for electronic
engineers that used state of the art desktop integration and customisability together

with unrivaled ease of use.
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From the creators of Quickroute, Electronic Design
Studio (EDS) is an entirely new program designed
for today’s EDA performance needs. Integrating
'schematic and PCB design into a powerful design
'studio, EDS lets you view and edit all the files in
your projects, and through OLE2, EDS integrates
with your desktop letting you drag and drop
documents into and from your favorite Office
applications.

EDS also includes the n
CADObijects engine with
flexibility that approaches th
of desktop publishing syste
its comprehensive drawing
shaping tools, professional s
for True Type fonts (even at t
stage), high resolution, larg ign
size, polygon fill and shaping tools,
2 EDS represents a genuine advance
in EDA price performance. Visit our
web site, or call now to find out how
EDS can help you.
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+ State of the art multiple-document user interface offering unrivalled ease of use and customisability

» OLE 2 support including drag and drop, allows integration with your favorite Office applications.

- Project Wizard and Project Manager make creating and navigating ali the documents in your
projects easy.

. New heiracial symbol browser, makes creating, editing and managing symbols a breeze!

» High resolution (1um) and large design size {up to 2m x 2m) combined with IntelliSNAP makes
metric/imperial design mixing easy!

« Unlimited schematic sheets, with full support for data busses, power rails, etc WORK BETTER

» CADCheck automatically syncronises schematic and PCB designs. No more capture worries!

» Unlimited Undo/Redo, print preview and a wide range of import/export options including CAD-CAM.

« Up to 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or annotation layers.

« New CADObijects engine supports a wide range of graphic objects including professional True Type
fonts, object shaping and property support, in-situ editing of symbols, high resolution and arbitrary
rotation/scaling of objects.

« Unlimited range of pad and track sizes supported.

+ Create flood fills and power planes quickly with the new polyfill tool.

» Fast fully customisable poly-algorithmic autorouter

Electronic Design Studio £199 $319 a g
Electronic Design Studio Cross Grade £149 $239 AT ick K 7
Electronic Design Studio LITE £49 §79 www.guickroute.co.u i

PLUS Your first double-sided Eurosize PCB '{"J Prices exclude P&P and VAT where applicable.

produced FREE by BETA-LAYOUT 4 <

Regent House, Heaton Lane, Stockport, SK4 1BS. UK - Tel 0161 476 0202 - Fax 0161 476 0505
http www.quickroute.co.uk Email info@quicksys.demon.co.uk

Copyright © 1999 Quickroute Systems Ltd. All rights reserved. Prices and specifications subject to change without notice. Oversees distributors wanted!
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Matters of perception

NEWS

Chip firms encourage distributor Web sites
Electronic ID on your mobile phone
Black box recorder in your car

DSP powered by vibration

On-chip data transfer without wires
Three-dimensional TV without specs
Wireless home networking gets a boost
Relief for small businesses

IS CLASS-T HI-FI?

Designers have long been striving to
produce hi-fi amplifiers that waste less
power. [an Hickman has been
investigating a new approach to the
problem — Class-T. Do we finally have a
switching amplifier that can be called hi-fi?

MEASURE AC MILLIVOLTS
TO 5MHZ

Cyril Bateman’s high-performance
millivoltmeter has a wide dynamic range
and bandwidth. It even indicates a couple
of millivolts at SMHz. yet it is easy to put
together and calibrate as an add-on or as a
stand-alone meter.

CIRCUIT IDEAS

® Wide-range hgg tester uses no meter

@® Photoelectric tilt sensor

® Telephone light switch

® Solid-state relay, EMC-friendly

® PC-controlled function generator

@ Simple fixed-speed stepper motor drive
@ Isolated power-on switch

® Capacitive keypad is simple yet reliable
@ Automatic gain control for audio

@ Simplest FM broadcast receiver?

® Laser pulse monitor

@ Car stereo protection unit

@® PC control of a DC motor

PERFECT CONVERSIONS

What are the most common mistakes made
when engineers design with analogue to
digital converters? Steve Bush asked five
application engineers from the companies
that make the chips.
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SPEAKERS’ CORNER

The listening room has a surprisingly
significant effect on the loudspeaker.
John Watkinson examines how the
listening room affects sound at low
frequencies.

NEW PRODUCTS

New product outlines, edited by
Richard Wilson

ARE CURRENT
CONVEYORS FINALLY
COMING OF AGE?

Circuit designers avoid current conveyors,
invariably resorting to the traditional op-amp
regardless of how much better the conveyor
might be at solving their problem. John
Lidgey and Khaled Hayatleh demonstrate
how easy it is to reap their benefits.

JLH - A LIFETIME IN
ELECTRONICS

John Linsley-Hood looks back at the pre-
transistor days, to a time when his early
experiments with hi-fi were interrupted by
the war, and to the end of the war, when
the hottest topics were FM radio and the
Williamson amplifier.

USES FOR A DIFFERENT
KIND OF LOG AMP

Joe Carr has been investigating a log
amplifier with a 92dB dynamic range. Its
applications include an RF wattmeter for
microwatts to kilowatts and an RF level
meter calibrated in dBm.

GET THE MOST FROM
YOUR SCOPE

Les Green reveals which waveforms suit
conventional analogue oscilloscopes and
which are best captured using a DSO.

LETTERS

Synchrodyne? Long-life lights,
Transformers from co-ax, Auto-
intermodulation, CAD for Linux.

WEB DIRECTIONS

Useful web address for everyone
involved in electronics

SEVEN-BAND
GRAPHIC EQUALISER

Paul Farnese describes how to put together
a low-thd seven-band graphic equaliser
using the improved LA3607 from Sanyo.

Do your a-to-d converter circuits never seem to
perform as they should? Steve Bush presents an
easy to assimilate analysis of the problems
involved on page 304.

lllustration Hashim Akib
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|8 1N4006-type

FREE WITH THIS ISSUE:

Free with this month’s issue® is a
pack of four §54006 power
rectifier diodes. Similar to the
1N4006, but with a 1.5A current
handling capability as opposed to
1A, these diodes are excellent
general-purpose rectifiers. Turn to
page 287 for more details.

*UK readers only.

18M researchers have found a way
to project information using the
wave nature of electrons to replace
wires in tomorrow’s ultra-high
density chips. See page 272.

Ever tried to measure a few millivolts
at 5MHz? Cyril Bateman’s meter can,
and it does so with a wide dynamic
range - turn fo page 281.

May issue on sale 6 April
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Professional Electronics Design

50% : 50%
Ol;ie:counf m\NIN NC Ol;ie:coun‘r

. Genuine, professional EDA software with no limitations! - and YOU can afford it!
. EDWin NC comes from Visionics: one of the longest established, most experienced producers
of professional EDA systems, so it’s fully proven in professional work.

« Now you can have this best-selling non-commercial version of the software at less than
50% of the normal price, with no limits in its capabilities.

« It does just about everything you could want!

Schematics, simulation, PCB layout, autorouting, manufacturing outputs, EMC and Thermal Analysis.
Many more advanced features are available and it runs in Windows 3.x, 95, 98 or NT.

. Where’s the catch? It’s for non-commercial use,
but companies may order for evaluation purposes.
Prices start from just £59.00 for the basic system!

> New 4
Super Powerful 32 bit
. version for Windows 95

98 & NT! <

(0] w Don’t forget - Phone Today for Your 50% Discount!

« EDWin NC Basic: Schematics, PCB Layout, Manufacturing Outputs,
Max. 100 Component Database, 500 Device Library.

« EDWin NC De Luxe 1: Basic + Professional Database and Libraries, Arizona Autorouter.

« EDWin NC De Luxe 2: De Luxe 1 + Mix-Mode Simulation, Thermal Analyser.

« EDWin NC De Luxe 3: De Luxe 2 + EDSpice Simulation, EDCoMX Spice Model Generator,
EMC and Signal Integrity Analysers.

Plus Postage & Packing UK £5.00; Rest of World £10.00 (only one charge per order)

Order hotline: +44 (0)1992 570006 Fax +44 (0)1992 570220 E-mail: swift.eu@dial.pipex.com
Please Visit Our Web Site http://www.swiftdesigns.co.uk

You can't sell it
for that!

St turotech
Tenclose: £...couvvveeneerenne total. We ""l": m:w"’z? :y:’;::;:’::;’m Qty. .
Cheque/PO/Credit Card: StV 1 wish to order: 16 bit | 32 bit | 16bit/32bit  Total (£)

Visa/Mastercard/Eurocard: No. « EDWin NC BASIC: £59.00 [£119.00

[

CTTTTITTIIITTIT] . EDWin NC De Luxe 1:| £119.00|£177.00| |
' |

|

jssue Date: | | | | | ExpiryDate: | | | | | + EDWinNC De Luxe 2 £155.00/£212.00
’ . EDWin NC De Luxe 3: £285.00(£340.00

L JL _JL L]

Date........ccoovrvnn. SIGNALUTE .....covvrvrrnrrnirerreresnsaserasesiasnness Postage & Packing UK £5.00

NAINE: v sveeeerereresessessssesssnssssssnassssassasesnsnasesseses Rest of World £10.00

AQAIESS: ...eovrvenrcrasecmsssenssanssssass s ssssessssesssesssssssssanns (only one P&P charge per order) Total £
........................................................................................ Swift Eurotech Ltd.,
................................................... Postcode .........cccceuee. N Twankhams Alley, 160 High Street,
. et - ) it Lurotech Epping, Essex, CM16 4AQ, UK.
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Matters of perception

reed and stupidity often go together. And for product

and service providers targeting the consumer market
this is no bad thing. The painless extraction of money from
happy punters is a tricky pursuit, and their insatiable desire
for bargains and greater sophistication in technical goodies
makes the task of marketing such products a lot easier.

Such a crude and cynical assessment may offend some
sensibilities, but it’s not far from the truth. It’s also
demonstrable that as consumers willingly assimilate this
heady diet of high technology, their desire is stimulated
for even more. This suits the vendors, who clearly wish
to do nothing that might obstruct their customers’
maturing aspirations.

Unfortunately, although customer aspirations may be
agreeably mature, vendors are not always possessed of
the ability or the willingness to fulfil them. And this is
where problems start to appear. However dumb we
imagine Joe Public to be, he’s not stupid and doesn’t
like being sold a pup.

All to0 often now vendors make promises they clearly
cannot fulfil. Take cable modems for example. They've
been trumpeted as the bringer of low-cost, high-
bandwidth data connectivity to the home.

Here in Britain we’ve been promised cable modems
since autumn 1996 and apart from a few pilot schemes,
we’re still waiting. Not that they’re worth waiting for
necessarily; many pundits are convinced that data rates
will plummet once everyone starts surfing so perhaps the
modems won't be so magical after all.

Digital television is another case in point. For two years
or more, cable operators have been promising digital
cable to viewers, with stunning interactive services and
hundreds of channels. Taking the country as a whole, the
reality is just not here yet. So why make empty promises?

‘Always on’ Internet access is another holy grail being
touted - in the form of ADSL - but it’s a mighty long
time coming.

Actually there's a good reason why BT is holding back
on rolling out this technology; it is neither cheap nor
mature and early adopters may find reality different from
the dream. BT is already discovering this, with a scenario
painfully similar to when KiloStream was installed back
in 1983.

Insiders relate that ADSL works fine over freshly
installed cabling, but it’s a very different story using real-
world line plant, with dry joints, damp manholes and
aluminium cable. A significant proportion of residential
lines will be totally unsuitable for this transmission
technology and if you thought the 3km limiting line length
of Home Highway was a drawback, just wait till you see
the demands that ADSL puts on line plant.

From all this the clear — but apparently unheeded —
message is that vendors and service providers who
promise much but deliver less, and late, run the risk of
alienating customers.

Those of you with long memories may recall the lengthy

aclassic case of an offering that brought little or no genuine
public benefit.

Ionica’s telephone service delivered by radio was also
high on hype and low — and slow - on delivery; the
promised ISDN capability missed two annual deadlines and
never materialised, while in areas of high demand the
company was unable to provide service to all comers.

One of the factors behind customers’ enthusiastic desire
for these oversold goodies is the largely ill-informed
consumier press that prints any old flannel that equally ill-
informed PR types send out. :

British Satellite Broadcasting’s original mini-Squarial was
acase in point. The men in suits insisted their tiny dish was
capable of receiving satellite transmissions, even though the
technical press pointed out this was scientifically unfeasible.

Eventually the techies were shown to be right and the
suits were proved wrong. But until then the public deception
continued. The tragedy is that if you print the same drivel
often enough, people will eventually believe it.

We’re seeing this currently with the Campaign for
Unmetered Telecommunications — a remarkable example
of commercial self-interest promoted under the guise of
benefiting the public at large. Make no mistake: the chief
beneficiaries of unmetered, or untimed, local calls will be
big business, subsidised by an ignorant public.

Business organisations, which make the bulk of local
calls at present and correctly pay for them at expensive
daytime rates, will see their bills plummet. Internet service
providers too will cash in on a colossal increase in
business.

Meanwhile you, me and the rest of the great public will
be paying for this, with the cost burden shifted from those
with lots of money to those with far less.

Taking the public for a ride is not difficult; these issues
all prove it. Truth comes out eventually, however, and
bitter memories can influence future purchasing decisions.
When it comes to grappling with technology, the public
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Quality second-user
test & measurement
equipment

NEW PHONE CODE FOR COVENTRY 02476

Telnet

Tel: 02476 650702

i Radio Communications Test Sets
8642A - high performance R/F synthesiser Marconi 2955 £2000
(0-1-1050MHz) £5500 Marconi 2958/2960 £2250
3335A - synthesiser (200Hz-81MHz) £2400 Antritsu MS555A2 £1200
Hewlett Packard Hewlett Packard 8922B (GSM) £6950
436A power meter and sensor (various) from £750 Schlumberger Stabilock 4031 £3995
;‘{3731 'ﬁ’;"f'e:fr and sensor (various)  from £1100 Schlumberger Stabilock 4040 £1500
ewlett Packar
8753A network analyser (3GHz) from £2500 gggg: g} 1; gggm; g;ggg
8753B network analyser (3GHz) from £3250 Rhode & Sch CMTA 94 (GSM £5950
‘S’ parameter test sets 85046A and 85047A e o= ( )
available at £2000 & £3000 IFR 12008 £2995
Wandel & Goltermann
SPECIAL OFFER
PCM-4 PCM Channel measurement set
(various options available) from £6000
PRA-1 Frame Analyser £5250
Marconi 2305 - modulation meter £999
Marconi 6310 - programmable sweep generator
(2 to 20GHz) - new £3250
Hewlett Packard
5342A — microwave frequency counter
(500MHz-18GHz) ops 1 & 3 £700
5370B - universal time interval counter £1750

St e & Fax 02476 650 773

Hewlett Packard 546004 - 100MHz MISCELLANEOUS

channe:
Hitachi VIS2/V212/V222/V3028/V302F /V353F VSuOBVoSDF

Hitachi VI I00A - | HZ - 4 £900
intron 2020 q’m?-g” channel D.S.0. (new) £450 Eaton 2075 - Noise Gain Analyser at £1500
Iwatstu 5S 5710/SS 5702 - from £125 Famell AP30250 - Power 30v-250amp £1500
Kikusui COS 5100 - 100MHz - Dual channel £350 Fluke 5100A/51008/5200A — tion Units (various avaiable) from £1000
Lecroy 9450A - 300MH2z/400 MS/s D S.0. 2 channel £2250 Fluke 2625 Data Buckets £POA
MSO 1270A - 20MHz - O. (new) £450 Fluke 8842A - Digital Muttimeter £600
3055 - 50MHz .Dual €450 GN ELMI EPR31 - PCM smulm Recorder £1500
Philips PM3094 - 200MHz - 4 channet £1750 Hewlett Packard 339A Distortion measusing set £1200
Philips 3295A - 400MHz - Dual chan £1600 Hewilett Packard 435A + 4358 Power meters from £100
Philips PM3392 - 200MH2- ~ 4 channel £1995 Hewlett Packard 778D Dual-Directional Couplers £650
Tektronix 465 - I00MHZ - Dual channel £350 Hewlett Packard 3488A - Switch/Control unit £475
Tektronix 464/466 - I00MHZ - (with AN. W) Hewlett Packard 3784A - Digital Transmission Analyser £4950
Tektronix 475/475A - 200MH2/250MHz from £450 Hewlett Packard 3785A - Jitter Generator & Receiver £1250
Tektronix 468 - I00MHZ - D.S.O. £650 Hewilett Packard 5343A - FrequencyoounmzeseHz £2000
Tektronix 2213/2215 - 60MH2 - Hewlett Packard 5385A - 1 GHZ Frequency £650
Teldronix 2220 - 60MHZ - Dual channel D.S.0 £1250 Hewett Packard 6033A - Wﬂé‘gnﬂ Systam PSU (20v-30a) £750
Tektronix 2225 - SOMHZ - Dual Hewilett Packard 6622A £1250
2235 - I00MHZ - Dual ng;mmggg: Trlpholpsyst:mpsu £1300
Tektrovux2221-60MHz-Duald\umo|DSO £1250 Hewlett Packard = Quad Output Ws'ﬁ’y £2000
2245A - 100MI £900 Hewilett Packard 6632A - System Power (20v-5A) £800
Tektronix 2440 - 300MHz/500 MS/s D.S.0. £2950 Hewiett Packard 6652A — 20V-25A System £750
2445A - 150MHz - £1250 Hewlett Packard 8112A - 50MHz Puise Generator £2250
Tektronix 2445 - 150MHZ - 4 channel + DMM £1200 Hewlett PackardsasoB_vaoep Gonera(or Mainframe £2000
Tomm ToAgo 75 - 100MHZ £995 Hewiett gmg 8656A 252558
‘ektronix 7000 Series (I00MHZ to S500M from £200 Hewiett Packard 86568 ?‘""
Tektronix 7104 ~ IGHz( H2) from £2500 Hewlett Packard 8660D - d Slgsg:' 10 KHz-2600MH2) £3250
Tektronix 2465/2465A/2465B - 300MHz/350MHz 4 channel from £1250 Hewtett Packard 89018B - £2750
Tektronix 2430/2430A — Digital storage - 150MHz from £1250 HowlenPackammAandE Dmomon 4 from £1250
Hewtett Packard 16500A + B - Logic Analyser from £1000
SPECTRUM ANALYSERS Hewlett Packard 16500C - Logic Analyser Mai
Ando AC 8211 - 1.7GHz £1500 Hewlett Packard 16501A/B & C - Logic Analyser System Expander Frame from £2000
Avcom PSA-85A - 2 to 000MHz £850 Hewlett Packard 37900D ing test set 750
Anritsu MS 2663A - 9KHz - 8.1GHz £7000 Hewilett Packard 75000 VXI Controlers £POA
Anvitsu MS 62B - 50Hz to 1700MHz £1450 Hewlett Packard 4195A - Vector Impedence Meter £4750
Anritsu MS 6108 10KHz - 2GHz - as new £3500 Hewlett Packard Manannm £1950
Anritsu MS 710F - 100KHz - 23GHz £5250 Hewlett Packard 86578 - 100KH2-2060 MHz Sig Gen
Advameg/T AKEDA RIKEN - 4132 - I00KHz - 1000MHZ £1500 mn;zwravgcwsw%xgsgogsstg %og\kv el ::::!7;058
Hewlett Packard 3562A Dual channel dynamic signal analyser KW n imt hand
84yHz - 100KHz £5500 Kikusui TOS 8850 - Auotmatic with 9 ge and Resi
Hewlett Packard 8505A - 1.3GHz - Network Analyser £1995 Tester (othor models also F) £950
Hewlett Packard 8756A/8757A Scaler Network Analyser from £1000 Marconi 1 - Demultiplexer & Frame Alignment Monitor (140MBIT 1o 64KBIT)
Hewlett Packard 853A Mainframe + B559A Spec. An. (0.01 to 21GHz £2750 NEW £1750
Hewlett Packard 182T Mainframe + 8559A Spec. An. (0.01 to 21GHz| £2250 Marconi 2610 True RMS Voltmeter £550
Hewilett Packard 85688 - 100Hz - 1500MHz £5250 Marconi 6950/6960/69608 Power Meters & Sensors from £400
Hewilett Packard 85698 (0-01 to 22GHz2) £3950 Philips 5515 - TN - Colour TV pattern generator £1400
Hewlett Packard 8587A - 100Hz - 1500MH2z £3995 Leader 3216 Signal generator 100KHzZ - 140MHz - AWFM/CW with built in FM stereo
HP 8754A ~ Network Analyser 4MHz-1300MHz £1500 modulator (a8 new) & snip at £795
IFR A7550 - 10KHz-1GHz - Portable £1950 Racal 9087 - 1.3Ghz S d Signal G , low noise £1995
Meguro - MSA 4901 - 30MHz - Spec.Analysér £700 Racal 1992 - IGGH Frequency Counter £500
Meguro - MSA 4912 - | MHz - IGHZ Spec.Analyser £995 Rohde & Schwarz SMY-01 Signal Generator (9KHz-1040MHz) £2250
Wandel & Goltermann TSA-1 system (100Hz-180MH2) £2750 Rohde & Schwarz NRV Power Meter & NRV-22 Sensor £1250
Tektronix 495P Spec analyser m)g Hz £3500 Systron Donner 8030 - 26.5GHz Microwave Freq Counter £1995
Tektronix 469P - 1KHz 1o 1.8G £3400 Tektronix ASG100 - AudoSWGonora £750
Tektron 2712 - 9KHz - 1800MHz £4500 Wayne Kerr 3245 - Anah £1995
Wiltron 6409 - 10-2000MHz R/F Analyser £1750 Wiltron 6747A-20 - 10MHz 20GHz - Swept Frequency Synthesiser £4950

All equipment is used - with 30 days guarantee and
90 days in some cases
Add carriage and VAT to all goods.

Telnet, 8 Cavans Way, Binley Industrial Estate,
Coventry CV3 2SF.

Tel:

Fax:

02476 650 70:
02476 650 77
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Chip firms encourage distributor Web sites

Top semiconductor manufacturers
are urging their distributors to put
more of their services on the
Internet.

Infineon Technologies’ managing
director Paul Rozier wants to see
distributors putting prices, quotes,
lead-times, sample ordering and
business tracking onto the Web.
“We’d also like to know who’s
accessing that information so we
can follow up,” said Rozier.
Implementing it could be two years
away though.

At STMicroelectronics, Ollie
Althorpe, said: “Our product range
is so broad that the Internet is a
very viable methodology for
touching our end customers.” ST is
working towards having
distributors Web sites linked to
ST’s Web sites so ST can publish

and update information on
distributors’ Web sites.

Motorola is developing a web-
interface with all its distributors
worldwide and hopes to have it up
and running by June. When
Rosetta-net — the standards for
Web-based distribution ~ is
completed, Motorola is one of a
number of suppliers intending to
adopt it.

National Semiconductor also
expects to have its distributors on a
Web-based system within six
months’ time. “When Rosetta-net
becomes a reality everyone will use
it, but it’s maybe a year away. We
don’t want to wait for it: we’ll go
ahead without it,” said Ray
Sinclair, European distribution
manager.

“We don’t have any set

requirements for distributors - it’s
up to them,” said Elaine Burroughs
sales boss at ON Semiconductor,
“the ones we would be most
concerned about being strong on
the Internet are the catalogue
people.”

At Mitsubishi, deputy divisional
managing director for
semiconductors, Stephen Manley
said: “Locally we have put together
a task-force to see where we're
going.”

Samsung Semiconductors
remains relaxed. “We don’t request
much from our distributors in the
way of Internet-based services and
I'm not sure we’re going to request
much in the future,” said Yves
Leonard, senior manager for
distribution and e-commerce.
David Manners Eloctronics Weekly

Electronic ID on your mobile phone

Mobile phones could be used as a
means of electronic identification if a
pioneering project in Finland proves
successful.

Sonera SmartTrust, a division of
Finnish telecoms operator Sonera,
and the Finnish Population Register
Centre (FPRC) are aiming to place all
the information normally held on an
electronic 1D card onto a mobile
phone SIMcard.

SmartTrust will be providing the
secure wireless technology for the
project while FPRC will provide the
electronic certificate that contains the
cardholder’s electronic identity
needed for secure identification. Use
of the electronic 1D is backed up by a
personal identification number.

The scheme will allow a user to
identify themselves on Internet, WAP
and telephone services. The
certificate will be read when the
phone connects to the service
provider and transactions are carried
out using the text based short
message service, SMS.

*“Identification without physical
documents will be one of the basic
elements of the future information
society,” said Harri Vatanen, Sonera
SmartTrust’s CEO. *“This solution will
be quick and easy to implement as there
are over three million card readers,
namely mobile phones, in Finland.”

The technology is compatible with
GSM as well as future mobile
standards and it is claimed it could be
used anywhere in the world.

Electronic ID cards were introduced
to the public in Finland in December
1999.

Why not buy two mobile

phones?

A frightening prospect was advanced
by several people at the GSM World
Congress — a world where people
have more than one mobile handset.

According to Val Jervis, a
prinicipal consultant at Netcom
Consultants, this has already
happened in Finland in the 18 to 25
year old age group where mobile
penetration has reached 150 per cent.

Andy Craigen from Lucent
Technologies believes people
owning more than one device is
going to be the way forward for the
industry, maybe one device for work
and one for social use. “If they want
to continue to grow, what they are
going to try and look at doing is
build different products for different
lifestyles.”

Hans Snook, CEO of Orange
prediction went even further:
“Penetration rates reaching 300 per
cent and perhaps beyond.”

Wireless ICs... IBM scientists claim to have perfected a
technique known as ‘quantum mirage’ where information
is projected using the wave nature of electrons rather
than a wire. The upper left picture shows a magnetic
cobalt atom placed at a focus point of an elliptical corral,
some of its properties also appear at the other focus,
lower left, where no atoms exists and appears as a bright
spot at each focus. When the cobalt atom is placed
elsewhere within the ellipse, but not at a focus point,
upper right, the mirage disappears, lower right, and the
effect is detected only at the cobalt atom itself. It has the
potential to enable data transfer within future nanoscale
electronic circuits so small that conventional wires do not
work. See page 272 for more...
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European drive for a black box recorder in your car

Black box data recorders are set to
become a standard feature of cars in
the next decade.

The benefits of accident data
recorders were outlined ata
government conference on February 9
by Peter Needham, product and
training manager for VDO Kienzle.

“It [the black box] significantly
affects driver behaviour,” Needham
explained.

VDO has fitted recorders in fleets of

vehicles across Europe, including
police cars and taxis.

“The Berlin police saw a 20 per cent
reduction in accident rate,” said
Needham. A series of spectacular
crashes led the police to fit the recorders,
which led to a 25 per cent drop in costs.

“Inevitably the private motorist will
have one of these black boxes in the
future,” Needham predicts. “It may
require legislation to ensure that all
vehicles have one.”

There are two forms of black box:
journey recorders and accident data
recorders. The former is used for fleet
management, continually logging
times of use and speeds.

“An accident data recorder will store
the last 30 seconds before the accident
and 15 seconds after,” said Needham.

Data can be downloaded to a PC to
find out what the vehicle was doing
during the accident, and pinpointing
who was at fault.

Well rattle my DSP...

A digital signal processor so energy
efficient that it can be powered by
mechanical vibration has been
developed at MIT.

“The focus [of the work] ison a
picoJoule DSP for a broad spectrum of
sensor applications,” said Professor

A digital signal  Anantha Chandrakasan of MIT’s
processor so  Microsystems Technology Laboratory.
efficient it can Adding a micro-electromechanical
be powered  system (MEMS) transducer and a
via mechanical  conversion IC, and the DSP can be
vibration.  run using mechanical vibrations as
System block
SQM(I data
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the energy source.

The DSP is aimed at security
applications and the processing of
heartbeats. Using all three devices
makes self-powered machine-mounted
sensors and the like become possible.

The MEMS transducer works by
converting the external vibrations into a
voltage. It has a central mass whose
movement, due to a linkage
mechanism, is confined to the
horizontal. Fingers are etched on the
mass and onto two fixed combs such
that when they slide past each other, a
variable area capacitance results.

Charge is placed on the capacitor
when it’s at its peak value. As the
external vibration prises the fingers
apart, the voltage and the energy stored
in the capacitor increases. Once the
fingers stop, the charge is removed at a
higher voltage and returned to the
source. The result is a net increase in
energy.

“You need to know when the
capacitance is at the maximum,”
Chandrakasan says. The conversion IC
evaluates the capacitance to generate
the necessary timing. It uses the
generated energy to produce a stable
voltage for the DSP.

As for the 190000 transistor DSP, it
comprises a distributed arithmetic unit,
a non-linear filtering unit and a

programmable microcontroller. When
processing heartbeat signals from an
acoustic sensor, for example, the
distributed arithmetic unit (DAU)
match-filters the incoming signal.

Since low-bandwidth signals are
processed, the input data is clocked into
the DSP at 1.2kHz. Processing the data
requires a faster 250kHz clock.
“Because the circuit doesn’t operate
fast, the supply voltage can be reduced
right down,” said Chandrakasan. The
result is a 1.5V operating voltage with a
power consumption of 560nW.

The DAU is designed such that the
input data can be processed with
varying bit-length accuracy, starting
with the two most significant bits first.
Using less bits saves on the overall
switching but at a cost of processing
accuracy.

The match-filtered output is divided
into time segments that contain events
to be processed by the classifier. It is
the on-chip microcontroller that
performs the feature extraction and
classification.

MIT has fully tested the DSP and
controller IC while the MEMS part has
just been fabricated. “The fingers move
when you excite it,” said
Chandrakasan. The full system will be
tested in the next few months, he
added.

BBC awaits decisions on digital funding

Government ministers and the BBC are close
to deciding on how the nation will pay for the
development of the Corporation’s plans for
digital TV. Discussions are nearing completion
on which of three options should be adopted.

The BBC, Ten Downing Street, the Treasury,
and the Department of Culture Media and
Sport have been involved in protracted
negotiations over the govemment'’s response to
the inquiry into the funding of the BBC chaired
by economist Gavyn Davies.

While they accept the BBC needs more
money, the argument is over how much and
how it should be raised.

The three options are:

@ To make a one off higher than inflation
increase in the basic licence fee for
analogue television to find the money.

@ To peg the main licence fee to inflation or
less and impose a special extra fee on
digital sets.

@ Increase the main licence fee by a smaller
amount and impose a smaller surcharge on
digital sets.

The last two options face problems as there is
currently no technology to allow TV detector
vans to distinguish between analogue and

digital equipment while the Data Protection
Act prevents the government requiring BSkyB,
On-Digital and any other operators to hand’
over subscriber lists. They would require either
technical advances or new legislation to go
ahead.

But a major increase in the main licence fee
for analogue sets would be politically
unpopular with a general election now on the
horizon. Any increase by the government
would ignore the recommendations of a cross-
party Culture, Media and Sport committee
which believes there should be no extra money
for BBC digital services.
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Reliability

TiePieScope HS80 1 IyONIA IR VION)]

« The HS801: the first 100 Mega samples

per second measuring instrument that
consists of a MOST (Multimeter,
Oscilloscope, Spectrum analyzer and
Transient recorder) and an AWG (abritary
waveform generator). This new MOST
portable and compact measuring
instrument can solve almost every
measurement problem. With the
integrated AWG you can generate every
signal you want.

- The versatile software has a user-defined

toolbar with which over 50 instrument
settings quick and easy can be
accessed. An intelligent auto setup
allows the inexperienced user to perform
measurements immediately. Through the
use of a setting file, the user has the
possibility to save an instrument setup
and recall it at a later moment. The setup
time of the instrument is hereby reduced
to a minimum.

« When a quick indication of the input

signal is required, a simple click on the
auto setup button will immediately give a
good overview of the signal. The auto
setup function ensures a proper setup of
the time base, the trigger levels and the
input sensitivities.

ABRITARY WAVEFORM GENERATOR-

STORAGE OSCILLOSCOPE-
SPECTRUM ANALYZER-
MULTIMETER-
TRANSIENT RECORDER-

+ The sophisticated cursor read outs have
21 possible read outs. Besides the usual
read outs, like voltage and time, also
quantities like rise time and frequency
are displayed.

+ Measured signals and instrument
settings can be saved on disk.This
enables the creation of a library of
measured signals. Text balloons can be
added to a signal, for special comments.
The (colour) print outs can be supplied
with three common text lines (e.g.
company info) en three lines with
measurement specific information.

« The HS801 has an 8 bit resolution and a
maximum sampling speed of 100 MHz.
The input range is 0.1 volt full scale to 80
volt full scale. The record length is
32K/64K samples. The AWG has a 10 bit
resolution and a sample speed of 25
MHz.The HS801 is connected to the
parallel printer port of a computer.

« The minimum system requirement is a
PC with a 486 processor and 8 Mbyte
RAM available. The software runs in
Windows 3.xx/ 95/ 98 or Windows NT
and DOS 3.3 or higher.

- TiePie engineering (UK), 28 Stephenson
Road, Industrial Estate, St. Ives,
Cambridgeshire, PE17 4WJ, UK
Tel: 01480-460028; Fax: 01480-460340

TiePie engineering (NL),
Koperslagersstraat 37, 8601 WL SNEEK
The Netherlands

Tel: +31515415416;Fax+31 515418 819

Web: http://www tiepie.nl
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Inter-chip data transfer without wires

Al ‘,‘ Ab Aoy

Scientists at IBM have discovered a
way of transferring information at the
atomic level which could enable data
transfer in ICs without using wires.
IBM's researchers in Almaden,
California discovered the effect,
called ‘quantum mirage’, when

tunneling microscope.

“This is a fundamentally new way
of guiding information through a
solid,” said Donald Eigler, IBM’s
lead researcher on the project. “We
call it a mirage because we project
information about one atom to
another spot where there is no
atom.”

At the atomic level, an electron’s

physics description to a wave-like,
quantum mechanics version.

So shrinking electronic circuits
comes up against a law of
diminishing returns as speeds

Quantum corral...

physical links.

shifting atoms around with a scanning

behaviour changes from the classical

reduce. In the long term future new
techniques will be needed to transfer
data within a chip.

In order to create the quantum
mirage, a few tens of cobalt atoms
are placed in an ellipse shape on a
copper surface. Each ellipse is up to
20nm long and 10nm wide.

When a magnetic cobalt atom is
placed at one focus of the ellipse, its
quantum wave function is reflected
by the ‘quantum corral’ of cobalt
atoms. An image of the atom is seen
at the other focus of the ellipse, even
though no atom is actually there.

The intensity of the mirage is
about one-third of the intensity
around the cobalt atom.

“We have become quantum
mechanics - engineering and
exploring the properties of quantum
states,” Eigler said. “We're paving
the way for the future
nanotechnicians.”

This energy plot shows the effect of placing a magnetic cobalt
atom at one focus of an elliptical ring of 36 cobalt atoms. Some of the atom’s
properties suddenly appear at the other focus point of the ellipse, where no atom
exists. Thus information is transmitted, without the need for wires or other

At last, three-dimensional TV without specs

Philips is shipping prototypes of its
3D television system which does
away with those silly plastic
glasses, which have been a feature
of 3D viewing since the 1950s.
Developed over the last six years
at Philips’ research centre in
Redhill, Surrey, the system uses a
set of lenticular lenses in front of

liquid crystal displays (LCDs).

This type of autostereoscopic
display uses the lenses to create
‘segments’ of different pixels. Each
eye is within a different segment,
and so sees a different set of pixels
and image.

“We use lenticular lenses over the
LCDs. These cylindrical

Wireless home networking
gets a boost

Two new extensions to the HomeRF wireless
networking standard will be considered at a
working group meeting to be held in Dallas,
Texas late in February.

The home networking additions are HomeRF
Multimedia and HomeRF Lite. Philips
Semiconductors, one of the companies that
make up the HomeRF working group, is
proposing that the multimedia extension has a
data rate of at least 20Mbit/s.

*“This is the minimum rate needed for high-
definition TV,” said Craig Conkling, Philips’
marketing manager for wireless connectivity.

HomeRF Lite, meanwhile, is being proposed
as a low cost, low data rate — around 128kbit/s
- networking scheme for such items as
thermostats, home security and PC peripherals.

Extending the data rate of the HomeRF

element in fostering a more competitive nation.

standard is key if it is to keep pace which such
standards as HiperLAN 2 and IEEE 802.11a.
“IEEE 802.11a is pushing 54Mbit/s as the data
rate of choice,” said Conkling.

Some relief for small businesses

A new bill introduced by Secretary of State for
Trade and Industry Stephen Byers is designed
to encourage entrepreneurship and risk taking.

The Insolvency Bill proposes the
introduction of Company Voluntary
Arrangements, which will give a breathing
space to small businesses in difficulty,
allowing them a chance to organise a rescue
plan.

Byers said: “Promoting entrepreneurship and
responsible risk taking in the UK is a key

The new regime proposed in the Insolvency
Bill would help to achieve that.”

microlenses make specific pixels
visible only from specific angles,”
said Cees van Berkel, from Philips
Research Labs. “Our eyes look at
the LCD/lenticular under different
angles and therefore see different
images. The software of course has
to provide the right pixel pattern.”

By providing not two but as many
as nine different views, the image
can be viewed from almost any
angle or distance, said van Berkel.

A high number of images also
makes the image changes smoother
as the head is moved through the
segments, although it reduces
resolution.

Back in 1996 the firm was using
VGA screens, but has now
increased resolution by using 15in.
XGA and 18in. SXGA displays
driven by PCs.

The lenticular sheet of lenses is
bonded to the front of the LCD,
adding just millimetres to the
display’s thickness.

The main barrier to commercial
products is developing software to
provide the correct pixel patterns.
The firm is shipping prototypes to
application developers and academic
institutions. ]
Richard Ball Electronics Weekly
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. Foll mixed mode SPICE simulation with a host of new and advanced features. Already a
““favourite with colleges, universities and professional engineers this new release is set to
break new ground. As always there is no limit on the maximum circuit size.

For educational users the "Set Defects" option allows a lecturer or instructor to create
a circuit or component fault and hide it from students using password protection.

Other new features include All libraries included
® Uses the latest xspice engine for guaranteed accurate mixed B* SPICE 2000 comes with ALL the manufacturers' libraries.
P RICR: it ki No need to pay extra for them. Over 6000 parts as standard.

® Parameterised ac sweep
¢ All the logic families included, CMOS, TTL, ABT, AC, AS, ALS

* FCT, F, FCRHCT, L, LS, S.
¢ Add additional parts as they come out

® Monte carlo analyses
® Parameterised transient sweep

* New xspice simulations

‘ o

*New noise and distortion-analyses Now you can store a s?ymbol to the database after editing it in

. a ) the workshop, alternatively create yourfown parts

* Improved features for processing plot families as units .Ch Bice! bol auickly and easil
) = ange a device's symbol quickly and easi

* New menu items to show local maxima, minima, and zero 2 . i g

. Filars C6-Sonal Segmast AC-
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New Analogue Models and functions
gain, summer, multiplier, divider, piecewise linear controlled
source, analogue switch, limiter, zener diode, current limiter,
hysteresis block differentiator, integrator, s-domain transfer block,
-eon 006 : ; slew rate block,inductive coupling, magnetic core, controlled sine

E a e o) wave oscillator, controlled triangle wave oscillator, controlled
square wave oscillator, controlled one-shot, capacitance meter,
W inductance meter, controlled limiter.
New Digital Models - S
R?‘?d"h There are so many we have not enough room here to list them.” = = |
Please see our web site at www looking.co.uk/spice for a fullli list Tl

Research House, Norwich Road, Eastgate, Norwich, NR10 4HA
Tel:01603 872331 Fax: 01603 879010
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AUDIO DESIGN

Is Class-T hi-fi?

For some time now, designers have been striving to design hifi
amplifiers that waste less power. Ingenious solutions have appeared,
but the holy grail of low distortion combined with high efficiency has
proved elusive. lan Hickman has been investigating a new approach to

the problem - the Class-T. Do we finally have a switching amplifier that
can be called hi-fie
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y first real h-fi amplifier,
which in the late (fifties
replaced an earlier puny

transistor ‘power’ amplifier, was that
classic design - a Williamson. lts
Gilson output transformer had 43%
screen grid tappings, and was driven by
KT66 output valves.

In the early sixties, in search of
something smaller and less like an
electric heater, the Williamson was
replaced by a well known class B
design, due to Tobey and Dinsdale.
Like all Class-B audio amplifiers, this
was set up with the optimum amount
of forward bias to minimise crossover
distortion, making it in effect class AB.

Later, 1 experimented with a Class-D
amplifier, which was also published
originally in these pages.? For readers

AUDIO DESIGN

Tra
LT3 3]

T2 D, L
sves]  Fod

Fig. 1. Class-D amplifier design from 1967. With no signal input, drive to the loudspeaker is a
supersonic square wave. An input signal modulates the mark:space ratio of the drive to the speaker.
For more on this particular circuit, see ref, 2.

not familiar with Class-D operation, or  integrator due to C,, and its output

who might want to experiment with it,  rapidly slews until it reaches the point -

its circuit is reproduced here as Fig. 1. where it sets the bistable latch to the S SPir%'cn.LSumdiHM|ng

Note that the original circuit is repro-  opposite state, whereupon the sequence Is)

duced here verbatim - R, should have  repeats in the reverse direction. Predictive & 3

read 1.5kQ. In the absence of any input signal, > Processing %é
the output applied to the loudspeaker is 33 —'\ 20

Class-D operation a supersonic square wave, which pro- | &8 Sc

Briefly, the circuit works as follows.  duces no audible output. An audio sig- o~ —/ Mute Overlood - e

Positive feedback from Try s emitters  nal applied to the input, at C), modifies Control Detection 8 P~

via Ry, to the base of Tr, causes Try.s  the mark-space ratio, resulting in a cor- £

to act as a bistable latch. Consequently,  responding audio component in the Fault Digital

the output connection to the loud-  output. e ]

speaker is driven to one or other supply The output transistors experience

rail. negligible dissipation. Regardless of .

However, negative feedback is  the presence or absence of any audible Vokoge F 18- 2. Block
applied from the output, via Rg, to the  signal, they are at all times either bot- Generation q:agram & ”.'e
base of Try. This transistor acts as an  tomed or cut off; only their mark-space internal sections of

the new TAxx
series ‘Class-T’

Table 1. Characteristics of the TAxx range of Class-T power amplifiers. Note that only the popey amplifier
1101 and 2020 incorporate output power drive devices. building blocks.
Device Power/channel into imp. at thd+n at supply rail, efficiency

W) Q) (%) V) (%)
TA1101B 10 B 0.1 12 78

9 4 0.04 12 Ut/

6 8 0.1 12 82
TA2020-020 12 B 0.1 13.5 i/

10 B 0.04 13.5 75

8 8 0.1 13.5 83
TA0102A 150 4 0.1 245 78

80 8 0.1 +45 89

20 8 0.05 45 70
TA0103 250 5 0.1 +54 83

140 8 0.1 +54 83
TAO104 500 B 0.1 +80 82 (@+75V)

350 8 0.1 +90 90 (@+75V)
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Efficiency (%)

AUDIO DESIGN

Fig. 3. Stereo power amplifier system
using the TAT101B ~ 10W per
channel, 78% efficiency and 0.1%

thd+n.
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Fig. 4. Efficiency of

the TA11018 versus
output power, with

speaker impedance

as parameter.

ratio varies. A more detailed treatment
of Class-D operation can be found in
reference 3.

Recent developments

Over the past year or so, there has been
renewed interest in high-efficiency
audio amplifiers, with some important

Efﬁcnency versus Output Power

players coming into the field.

One of the first to catch my eye was
Texas Instruments. When this major
semiconductor manufacturer enters a
field, you may be sure it is seen as an
important one.

The company’s TPA00OSDO?2 is billed
as, ‘the first-ever stereo Class-D audio
power amplifier’. It is aimed at
‘portable, battery operated applications,
including notebook computers, hand
held PCs, PDAs, boom boxes and cel-
lular phones’.

Operating from a single +5V supply,
the device will drive 2W continuous
into a 4€2 bridge-tied load speaker on
each channel of its stereo output — if
that is what you want from your PDA
or cellular phone. And it does so with a
total harmonic distortion plus noise fig-
ure of less than 0.5%.

Clearly, the TPAOOSDO2 is a triumph
of semiconductor engineering in
squeezing 4W at high efficiency out of

a 5V supply. But it does illustrate the
difficulty of achieving hi-fi levels of
thd with a Class-D architecture.

Hi-fi from a switching amplifier?
Understanding the difficulties of
achieving high fidelity using Class-D, I
was intrigued to see a range of high-
efficiency audio power amplifiers
advertised that was claimed to be of
*superior fidelity’ and to operate in a
mode akin to Class-D.

Made by Tripath,® these devices
operate in a proprietary mode the man-
ufacturer calls ‘Class-T’. Called the
TAxx series, the family includes
devices covering a wide range of
power levels, as indicated in Table 1.

I was fortunate in being able to bor-
row an EB-TA1101B evaluation board,
complete with TA1101B and all asso-
ciated circuitry, from Tripath’s UK
agent.’

I chose the TA1101B device for test-
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ing as it contains all the active circuitry
needed for a complete power amplifier.
The EB-TA1101B evaluation board
consists of the device itself, mounted
on a high quality PCB, together with
all the necessary passive components
for gain setting, output filters, decou-
pling, etc.

Stereo input connections to the board
are made via two ‘RCA’ connectors,
better known in this country as phono
sockets. There’s also six 4mm banana
plug sockets. Of these, two pairs are for
the bridge-tied load left and right chan-
nel speakers, one for a +12V supply
and one for OV ground.

The TA1101B device comes in a
special thirty-lead power SOP surface-
mount package having a metal area
showing on the underside. This metal
must be sweated to a suitable area of
copper on the PCB, which acts as the
heat sink.

Application data supplied gives full
details for calculating the required area
of copper, depending upon the required
output, the speaker impedance and the
envisaged top temperature.

Should the maximum temperature
limit be exceeded, damage is prevented
as the device is shut down by the
device's comprehensive protection cir-
cuitry. This includes overcurrent/short
circuit protection, and turn-on and turn-
off ‘pop’ protection.

The next device up in the power
range is the TA2020-020, which comes
in a 32 pin SSIP package. Like the
TA1101B, this device includes all the
necessary active components. It is
designed to mount upright at the edge
of a PCB though, so that the device's

case can be bolted to a finned heat .

sink.

Higher power devices in the range all
come in a 38-pin quad package, but
require the addition of separate discrete
N-channel mosfets.

Two mosfets are required per chan-
nel, as the loudspeakers are driven sin-
gle ended from positive and negative
rails, rather than as bridge-tied loads
from a single supply.

These higher power devices also pro-
vide a programmable choice of dead
time between the turn-off of one
device, and the turn-on of the other.
This is to avoid ‘shoot-through’ current
due to overlap on the one hand, or
excessive dead-space with neither
device ‘on’, on the other.

Inside the TA1101B
Understandably, the manufacturer is
reluctant to release all the secrets of the
device's operation, but some informa-
tion is available.

Figure 2 shows a block diagram of
the internals of the device. It contains
an adaptive signal conditioning pro-

THD+N versus Frequency
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Fig. 9. General
view of the test
set-up with the
EB-TA1101B
evaluation board
and load resistors
in front, and to
their right the
circuits of Fig. 7.

To €—

Oscilloscope

Spectrum analyser
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Input

EB-TA1101B

E L

4.5Q
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Fig. 7a)

Fig. 8. Block diagram of the test set-up using a 4.5Q
resistor as a dummy load, in place of a 4Q loudspeaker.

Fig. 10. Waveform at one end of the
dummy load, OUTP1 of Fig. 2, with a
1kHz test signal applied. Horizontal:
0.5ms/div. Vertical: 0.5V/div., ac
coupled.

cessor, a digital conversion function,
mute control, overload handling, fault
detection, predictive processing and
qualification logic functions.

The result is to produce switching
drives to the output devices, which are
mark/space modulated like a Class-D
amplifier, but differ from the latter in
that the switching frequency is not
fixed.

In fact, a Class-T amplifier switches
its output transistors at a variable rate,
up to 1.5MHz, but averaging out at
about 600 to 700kHz. Operation is sim-
ilar in some respects to spread-spec-
trum working, or to the arrangement

Fig. 11. The output spectrum with a
1kHz test signal. Vertical: 10dB/div.
Ref. level (top of screen): -6dBV.
Horizontal: 0-5kHz span, 5s/div
sweep, 10Hz resolution bandwidth,
PDS (post-detector smoothing) off.

used in some direct-digital-synthesiser
chips to spread out and thus suppress
the energy of discrete line spurs.

Figure 3 shows a TA1101B used to
construct a stereo power amplifier. The
gain of each channel can be set as
required by means of R; and Rf.

On the EB-TA1101B, with which I
was about to experiment, this is all
done for you. But first, it was necessary
to make up a balanced-to-unbalanced
test circuit, so that the balanced output
to the bridge-tied load could be applied
to the unbalanced input of my various
audio frequency test instruments.

I used a Burr-Brown OPA604 op-
amp for the test circuit. Its specified
distortion of 0.0003% ensured that the
instrumentation added a negligible
amount of distortion of its own to any
measurements.

The TA1101B on test

While I wanted to conduct some tests
of my own on the TA1101B, there is a
great deal of performance data already
available in the data sheet, and there
was clearly no point in simply repeat-
ing this.

Figure 4 shows the efficiency of the
device versus output power, with
speaker impedance as parameter. Since
the output FET Ry, is a lower per-
centage of the load resistance when
using an 8Q speaker, the efficiency is
then of course higher. But with the lim-
ited voltage swing available from a
12V supply, the maximum output
power is obviously lower.

Figure 5 shows the distortion, i.e.
THD+N, at 5W output power per chan-
nel versus frequency, again with speak-
er impedance as parameter.

Figure 6 shows the intermodulation
distortion at high audio frequencies.
The test level is 1W per channel, i.e.
10dB below full output, and I assume
this refers to the average power. The
PEP or peak envelope power is of
course higher than this, and given the
frequency of the two tones, 19kHz and
20kHz, this is quite a severe test of lin-
earity.

As the plot shows, all intermodula-
tion products, including the third order
terms, are S0dB or more below either
tone, i.e. 56dB or more below PEP.

Next, I wanted to test the linearity of
the amplifier, in particular seeing the
distribution of the distortion among the
various harmonic frequencies — infor-
mation which is not available from a
simple THD+N test.

The balanced-to unbalanced con-
verter circuit mentioned earlier is
shown in Fig. 7, together with a two-
tone combining circuit, also using an
OPAG604, for intermodulation testing.
Figure 8 shows a block diagram of the
test set-up. A 4.5Q resistor — actually
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Fig.12. Two-tone test signal, tones combined by circuit of
Fig. 6b). Vertical: 10dB/div. ref. level 0dBYV, horizontal: span
0-2kHz, 5s/div sweep, 10Hz resolution bandwidth, PDS
(post-detector smoothing) off.

three 1.5Q wirewound resistors in
series — was used as a dummy load, in
place of a 4Q loudspeaker.

Figure 9 is a general view of the
unit on test. In the front is the EB-
TA1101B evaluation board and load
resistors, with to its right the circuits
of Fig. 7. Behind them is a low dis-
tortion audio frequency generator®
and to the right of that, an HP3580A
audio frequency spectrum analyser.
The analyser has had its CRT screen
escutcheon and blue filter temporari-
ly removed to allow an oscilloscope
camera to be attached.

Figure 10 shows the waveform at
OUTPI of Fig. 3, with a 1kHz test
signal applied. It is not blurred or out
of focus, the broadening of the trace
being due to the residual switching
frequency ripple.

Figure 11 shows the spectrum of
the voltage across the dummy load,
with a 1kHz test signal. A previous
check on the test signal itself showed
all harmonics below the —88dB noise
floor of the analyser.

A modest output power level of
some 800mW was chosen, to illus-
trate how the low level of distortion is
maintained as the signal amplitude is
reduced. In this respect, the TA1101B
resembles a Class-A amplifier, rather
than a class AB amplifier, where
crossover effects result in an increase
in THD at low levels, compared to
full output.

Figure 11 demonstrates that the
even harmonics, second and fourth,
are barely visible above the noise
floor, as would be expected with a
bridge-tied load drive.

Third and fifth harmonics are both
about —-78dBc, or 0.013% each. These
are the worst harmonics, and this
level is probably just not achievable
with Class-D operation.

Figures 12 and 13 show a two tone

intermodulation test. In contrast to
Fig. 6, the test was carried out with
tones in the middle of the audible
range, where intermodulation prod-
ucts would be most noticeable.

Equal level tones at 900Hz and
1100Hz were provided by two
Linstead type G1000 video oscilla-
tors, which cover 10Hz to 10MHz.
These exhibit a modest THD of
around 0.05% at audio frequencies —
not exactly hi-fi, but of no conse-
quence for the test in hand.

Figure 12 illustrates the two-tone
test signal at the output of the
OPA604 combining circuit. Note
that as the PEP is 6dB above either
tone, the tones have been set at 6dB
below the top-of-screen reference
level, to avoid overloading the spec-
trum analyser.

The second harmonic of the lower
tone is visible at 1800Hz, while the
only other significant responses are a
little pick-up at 50, 100 and most
noticeably 150Hz at the left hand
end of the trace.

I applied the two tone test signal to
the EB-TAI110IB test bed and
adjusted its amplitude to give an
amplifier output just below clipping
level, as determined by observing the
waveform at one end of the dummy
load, with the oscilloscope.

Given the 4.5Q resistance of the
dummy load, this corresponded to
rather less than 10W. The resultant
spectrum is shown in Fig. 13. The
third-order intermodulation products
are visible at 700 and 1300Hz, at
about 80dB down on either tone, or
86dB down on PEP. This is a truly
excellent performance.

The difference tone of 200Hz is
also visible, at a little under 70dB
down on either tone. As this is a sec-
ond-order product, it suggests that the
drive signal was pushing one of the

Fig. 13. As above, but measured at the amplifier output, via
the circuit of Fig. 6a).

four output mosfets a little too close
to clipping.

In summary

Published data on the TAIl101B,
together with my own tests, demon-
strate that it is possible to construct an
amplifier with comparable efficiency to
that of a Class-D circuit, but with sub-
stantially lower distortion. In particular,
the percentage distortion does not rise
as the amplitude is reduced - unlike a
class AB amplifier with its inherent
crossover distortion.

For those of you wishing to design-in
the device, a comprehensive collection
of data sheets and application notes is
available. These include one giving
data on the arrangements for driving a
subwoofer in addition to the left and
right-channel speakers. Another pro-
vides information on FET selection for
the higher power alternatives, which
need additional discrete output devices.

My thanks to Unique UK - formerly
Ambar Components — for the loan of a
TAI110IB evaluation board, and to
Tripath Technology for permission to
reproduce Figs 2-6. ]
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TEST & MEASUREMENT

Measure AC

millivolts to 5MHz

General-purpose digital multimeters are fine for DC, but most of them

are poor at measuring AC signals much above mains frequency. Cyril

Bateman’s high-performance millivoltmeter has a wide dynamic range

and bandwidth. It even indicates a couple of millivolts reliably at 5MHz,

yet it is easy to put together and calibrate. You can add the circuit to

your DMM or implement it as a stand-alone meter.

odem low-cost hand-held

digital voltmeters measure

DC millivolts with excellent
accuracy. With many of them though,
measurements of small AC voltages
are inaccurate and severely bandwidth
limited. I found one otherwise good
DVM to be more than -3dB down by
just 4kHz when measuring a sinewave
of 250mV.

I already have a Hewlett Packard
bench AC voltmeter measuring from a
few microvolts to 300V. While flat to
IMHz, its response is 3dB down
before SMHz. It also exhibits measur-
able peaking between 2 and 3MHz.

Recently, I had a job that involved
measuring AC from 10mV up to
200mV with reasonable precision up to
5MHz. Readings had to be free from
any significant peaking and it had to be
possible to make them without switch-
ing ranges. In addition, I wanted a
portable low cost instrument that could
be used with conventional switchable
divide-by-10/x1 oscilloscope probes, or
within a 50 system.

A search of my library files, the
Internet and back issues of Electronics
World revealed a number of published
designs. Most designs were intended to
measure higher voltages and there was
no indication of their accuracy when
measuring millivolt levels. Others did
not provide an input impedance suited
for use with oscilloscope probes.

One which did provide an input for

use with conventional oscilloscope
probes was designed by Chester
Simpson and published in May 1996'.
Using only three low-cost integrated
circuits, he claimed less than 0.2dB
error up to 800kHz when measuring a
2V input. This performance equates
well with that offered by the well-
established,  high  performance
HP3468B and HP34401A bench
meters.

However since Chester's design
made no performance claims for lesser
voltages, I decided to look further. One

suggestion I found used the excellent
Maxim 435 transconductance amplifi-
er. Having two pairs of matched
HP5082-2080 low-voltage Schottky
diodes, I breadboarded this circuit2.

I found its response with 0.5V drive
was flat from 1kHz to IMHz. While it
looked initially promising, when I test-
ed it with a 50mV drive, I found it was
0.5dB down by IMHz, and much
worse at higher frequencies. I needed
far better small signal performance.

In my Hands-on-Internet article in
the March 99 issue, I discussed using

Diode matching

When building the prototype board, | used a number of matched resistors in order to
evaluate circuit behaviour. These were simply selected from normal 1% stock using a
DMM.

| found that the offset voltages at the +Out and —-Out terminals depended more on diode
matching than on the MAX457 amplifier's offset voltage.

To facilitate choice of diodes, the printed board has been laid out to accommodate both
normal wire-ended diodes and dual surface-mount packaged diodes. Such dual diodes
offer good matching and low costs.

Already having several HP5082-2080 diodes, | decided to match these myself. The
HP5082-2080 reference indicates they are batch matched HP5082-2835 types.

To select pairs of diodes, | daisy chained ten diodes in series with a 15kQ current-
limiting resistor and applied a voltage in turn such that currents of 10pA, 100pA and
1mA passed through the diodes.

After stabilising for a few minutes, | measured and noted the voltage dropped across
each individual diode. Three well matched pairs were selected from this batch of ten.

To date three circuits have been built using these diode pairs. All provided similar small
offset voltages and measurement accuracy with frequency.
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the AD630 and the OPA678 ‘SWOP’
amps to rectify fast AC signals. I
breadboarded a circuit using an
OPA678 amplifier® and repeated my
tests. At low frequencies the circuit
behaved impeccably but even at the
0.5V level its response was 0.25dB
down by IMHz. At the lower input
voltage - due to the small but
inevitable delays incurred while
switching between input channels and
switching transients — this error
increased.

Time to rethink

Since I already have a very good true
RMS meter built in 1992 using the
AD637 and AD84S5 integrated circuits,
I returned to an earlier plan to upgrade
this design. The high-precision AD637
circuit provides excellent sine-wave
performance up to 2MHz, but at this

frequency its dynamic range is much
reduced. For 1dB accuracy it should
only be used to measure signals in the
range 0.7 to 7.0V.*

Since I needed to measure from a
few millivolts up to 200 millivolts, the
circuit would require some 30dB of
pre-amplifier gain, combined with
rescaling of the AD637 output. I
explored the various op-amps that were
readily available and might be suitable
but decided this circuit was now
becoming over complicated and too
expensive for my present needs.

I then recalled comments from my
January Internet article about the
improved performance when using a
MAX435 transconductance amplifier
to drive opto-coupler diodes.

So why were the results I obtained
with my breadboarded MAX435 cir-
cuit so disappointing? I decided to
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rebuild this circuit and explore further
by examining the diode waveforms
using a divide by ten oscilloscope
probe.

When driven with the higher input
voltage at IMHz, the circuit rectified
cleanly with almost no dead time. As
the input voltage was reduced, the
diode waveform became visibly more
and more distorted, so explaining my
earlier results.

After some thought I wondered
whether the MAX435 itself was limit-
ing these results. The MAX435 is a
wideband transconductance amplifier
with a bandwidth of 275MHz and
slews at 850V/us. Its gain is fixed by
the value of a resistor connected
between its Z+ and Z- pins.
Consequently while it was very fast
and provided the benefits of a current
drive to the diodes, it was not able to
go ‘open loop’ and so reduce the time
taken to cross the diodes’ threshold
voltages.

Was this the answer I was seeking?
Did I need a transconductance amplifi-
er which has its gain controlled by an
external feedback network, as used
with a conventional voltage drive, op-
amp precision rectifier?

Less speed, more haste
I recalled the high-gain circuit, also
featured in the January Hands on
Internet, which used the MAX457 dual
op-amp. The MAX457 is a 70MHz
transconductance CMOS video ampli-
fier that slews at 150V/us. It can drive
a 1V signal into 75ohms. While much
slower than the MAX43S5, its uses an
external feedback loop so could go
‘open loop’ while crossing the diode
threshold voltages. Would this chip
provide acceptable performance?

To find out I replaced the MAX435
with the MAX457 dual transconduc-
tance amplifier. This being a dual

Table 1. Performance of the wide-band AC millivoltmeter. Try making such a table for your DVM! The graph above shows relative roll-off with
each reference input voltage.
Frequency (Hz) Reading Error (dB) Reading Error (dB) Reading Error (dB) Reading Error (dB)
200mV ref. 20mV ref. 10mV ref. 2mV ref.
1kHz 200.0 20.0 9.9 -0.09 1.8 -0.92
3kHz 200.0 20.0 9.9 -0.09 1.8 -0.92
10kHz 200.0 20.0 9.9 -0.09 1.8 -0.92
30kHz 200.0 20.0 9.9 -0.09 1.8 -0.92
100kHz 200.8 +0.035 20.1 +0.04 9.9 -0.09 1.8 -0.92
300kHz 201.6 +0.07 20.1 +0.04 9.9 -0.09 1.8 -0.92
1MHz 199.5 -0.02 19.7 -0.13 9.7 -0.26 1.7 -1.41
3MHz 198.0 -0.09 19.1 -0.4 9.1 -0.82 1.2 —4.44
5MHz 191.4 -0.38 17.8 -1.0 8.2 -1.72 0.7 -9.1
10MHz 175.4 -1.14 149 -2.6 6.0 —4.44 0.3 -16.5
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Fig. 1. Final schematic as built, measured and
photographed. The minimum cost version requires
only those parts to the left of the +Out and -Out
terminals, the measurement point for the results table.

amplifier I used the first amplifier sim-
ply as a voltage follower, the second
amplifier driving a full-wave diode
bridge and repeated my measurements.

Driven with the lower test voltage at
1MHz, the diodes’ waveform was now
visibly much less distorted than for my
previous tests.

I swept a 1V signal from |kHz to
IMHz and found no measurable
change in the diodes’ output voltage as
frequency increased. With the input
voltage reset to 100mV, the diode out-
put was equal at both frequencies. A
final reduction to 10mV found output
down less than 0.8dB at IMHz.

With this circuit still on a bread-
board, I re-configured the first ampli-
fier to provide an input circuit suitable
for use with an oscilloscope probe. To
improve diode linearity with small sig-
nals, I increased its gain so that my
desired 200mV AC input signal pro-

o~

Why the MAX457
video amplifier?

The Maxim 457 integrated
circuit was part of a family of
video amplifiers and buffers
featured in Maxim’s Design
News publication, March
1989. It is a unity-gain-stable
dual op-amp with low input
bias current and small input
capacitance. Standard dual
amplifier pinning is used for
the device, yet it provides a
high isolation between its two
amplifiers of 72dB at 5MHz .

Designed specifically as
video amplifier it provides
good differential gain and
differential phase. It can drive
+2.5V into a back-terminated
75Q cable yet draws only
35mA supply current.

The device’s unique features,
which suit this meter project,
are its transconductance output
and a gain bandwidth product
that increases with load
impedance. This increasing
open-loop gain minimises
dead-band time when crossing
the diodes’ threshold voltages.

Schottky Diodes.
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vided a 1V rectified output from the
diodes. Attenuated by five this would
drive a 200mV meter to full scale.

With this single op-amp’s minimal cir-
cuitry, I could perhaps provide a 0-200mV
measurement with the probe switched to
times one and 0-2V while using the probe
set to divide by 10.

One possible drawback of this circuit is
that the diodes provide an output of
+100mV around OV and not a +200mV
output referred to ground. This £100mV

output could however be converted to
ground referred form using an instrumen-
tation amplifier. The AD712 dual op-amp
is arranged as a low cost, simple, times
two instrumentation amplifier. Halving its
output provided the necessary +200mV
ground-referred final output.

Final design

It is possible to build the final circuit
design shown in the schematic as a mini-
mum-cost DVM adapter by deleting the

Fig. 2. My prototype PCB measures only 65mm by 67mm making it easy to fit into many
different box options. The +Out and —-Out terminal pins have been spaced to suit the
input terminal spacing used for most portable voltammeters.

Instrumentation amplifier

The arrangement used here of dual op-amp as an instrument amplifier, was chosen to
provide similar, high input impedances for both inputs, good performance and easy
resistor matching.

As with the popular three op-amp configuration, this amplifier’s gain can be increased
using only one additional resistor, without affecting the common-mode rejection
performance of the circuit. This resistor would be connected between pins two and six
of the AD712.

Using equal value resistors the circuit has a gain of two. Higher gains are easy, when
using the extra resistor, but unity gain is not possible.

Readers interested in more details, together with design equations should refer to
application note AN-244 from Analog Devices.

AD712 and its components. Using the full
schematic as shown, it makes a stand-
alone, ground referenced, millivoltmeter,
Fig. 1.

Encouraged by the results from my
breadboarded circuit, I designed and built
a printed circuit board version for my final
performance tests. This board also includ-
ed a low drop-out +5V linear stabiliser and
the -5V converter as used in my tand
meter design, Fig. 2.

The board design was sized to easily fit
into either of two commercial plastic
cases. Using the same style V155 OKW
Shell case, as used for my tand meter, the
board, a PM128 display meter and two
PP3 batteries are easily fitted, Fig. 3.

Alternatively, the board and batteries
can also be fitted into the smaller 80mm
by 150mm ‘Veronex case from Vero. If
this option is chosen, a different meter
display must be used. The low cost
PM128 display is too large to fit into this
particular Vero case.

To date, I have built three prototypes
and all performed equally well. While IC
sockets are probably best avoided for
these frequencies, my prototypes were
built using low profile Augat turned-pin
sockets. If different sockets are used, the
value of Cj should be adjusted to com-
pensate for change in socket capacitance,
Fig. 4.

Performance

I deliberately provided gain reduction
above 5SMHz in the final circuit for two
reasons. One is that the roll-off ensures
circuit stability when the MAX457 gain
falls off at very high frequencies. The
other is that with the test instruments I
have available, I would not be able to cal-
ibrate the meter with sufficient accuracy
at higher frequencies.

I intend to use this meter with a 50Q
‘through-termination’ at its input as well
as with my regular M12SW oscilloscope
IMQ probes. These have a 250MHz
bandwidth when set to divide-by-ten, but
are -3dB at 10MHz when switched to
times one, limiting the highest input fre-
quencies for small signals.

No doubt this circuit is capable of good
results to even higher frequencies, but
rather than risk any higher frequency gain
peaking, I choose to deliberately roll off
the gain. The circuit’s low cost and its
measured results are more than sufficient
for my present need. Reading errors are
better than +0.5dB to SMHz at 200mV
and better than +1dB at 20mV.

Measured results
To eliminate any oscilloscope probe
induced errors, I tested the meter using a
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As with all my designs 1 wanted the simplest possible calibration
routine. For this design, providing the flattest possible frequency
response ensures easy calibration. A flat response allows calibration —
if necessary — to be performed at low frequencies only using only a
conventional multimeter.

Obviously, when higher frequency comparisons are possible, they
should be made. But with my three prototypes, | found acceptable
performance could be obtained without using a comparison meter
simply by setting the value of R3 to 31.5Q.

The calibration routine used for the measured result table was to
supply a known test voltage from a 50Q signal generator to the
millivoltmeter, via a 10dB attenuator connected to a ‘T’ adapter.
This was fitted to the millivoltmeter’s temporary input BNC
connector.

This T adapter was also connected to the high-impedance input
terminal of my Hewlett Packard voltmeter, then to my oscilloscope
via a 50Q ‘lead-through’ termination, thus minimising any line
reflections.

For consistent 5082 system measurements — even at these relatively
low frequencies — a 10dB attenuator should be inserted adjacent to
the device under test. This attenuator reduces any reflections fed
back to the generator by 20dB, optimising the signal generator’s
output stability with change in frequency.

Allow the circuits to warm up, then with no signal input, connect
a DMM across +Out and ~Out terminals and check the offset
voltage. If this is satisfactory, apply a signal at as near 200mV as
possible from the signal generator.

At this point, | adjusted R3 until both the HP voltmeter and the
DMM read the same voltage. If you don't have a suitable high-
frequency voltmeter available for comparison, apply a suitable low
test frequency. Measure the input voltage on the BNC inner contact
using an appropriate AC multimeter. Reconnect the multimeter
across the +Out and -Out terminals, read the DC voltage and adjust
Rj3 as before.

Fig. 3. This photograph illustrates one possible packaging option, in an OKW
‘Shell’ case, resulting in a battery powered, self contained, portable AC
millivoltmeter. This case provides a removable aluminium front panel able to
support a panel mounting BNC socket and on/off switch.

TEST & MEASUREMENT

correctly-terminated 50€2 system. Signal input
to the millivoltmeter was from a —10 dB co-
axial attenuator. This connected to the signal
generator via a Hatfield 50Q2 attenuator and a
short 50Q coaxial cable.

Initially, the switchable attenuator was set to
0dB, then —20dB, —26dB and -40dB in turn.
With the attenuator switched to OdB, the sig-
nal generator output was set to provide
200mV at the input to the millivoltmeter

I monitored the actual voltage input at the
millivoltmeter circuit up to IMHz using my
Hewlett Packard voltmeter, with the attenua-
tor switched to OdB. At IMHz and above, 1
used my HP8405 vector voltmeter.

As an additional check, I also cross-checked
the peak-to-peak amplitude at all frequencies
using my 100MHz oscilloscope, which com-
pleted the system. Measurement frequencies
were checked using a Racal 9918 frequency
counter. Results are shown in Table 1.

All the output voltages shown in the Table
were measured using a 3 3/4 digit DMM
across the +Out and —Out terminals marked
on the schematic drawing. With no input sig-
nal, the offset at these terminals measured
0.1mV while that at the AD712 output mea-
sured —0.1mV. The AD712 output voltage
closely followed the above readings after cor-
recting for these measured offsets. [ |
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Fig. 4. The prototype hand-etched board, complete with the
temporary BNC socket exactly as used for the measured results
table. The value of C3, which is visible adjacent to pins 1 and 2
of the MAX457, should be adjusted to compensate for
capacitance change if using a different IC socket.
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Unique reader offer:
x1, x10 switchable

oscilloscope probes,

only £21.74 a pair,
fully inclusive*

* Additional pairs as part of the same order, only
£19.24 each pair.

Please supply the following:
Probes
Total

Name

Address

Postcode Telephone

Method of payment [please circle)

Cheques should be made payable to Reed Business
Information

Access/Mastercard/Visa/Cheque/PO

Credit card no

Card expiry date Signed

Please allow up to 28 days for delivery

Seen on sale for £20 each, these high-
quality oscilloscope probe sets
comprise:

@ two x1, x10 switchable probe bodies
@ iwo insulating tips

@ two IC tips and two sprung hooks
@ frimming tools

There’s also two BNC adaptors for using
the cables as 1.5m-long BNC-to-BNC
links. Each probe has its own storage
wallet.

To order your pair of probes, send the
coupon together with £21.74
UK/Europe to Probe Offer, Electronics
World Editorial, Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.

Readers outside Europe, please add
£2.50 to your order.

Specifications

Switch position 1

Bandwidth DC to 10MHz

Input resistance 1MQ - i.e. oscilloscope i/p
Input capacitance 40pF+oscilloscope capacitance
Working voltage 600V DC or pk-pk AC

Switch position 2

Bandwidth DC to 150MHz

Rise time 2.4ns

Input resistance 10MQ +1% if oscilloscope i/p is
1MQ

Input capacitance 12pF if oscilloscope i/p is 20pF
Compensation range  10-60pF
Working voltage 600V DC or pk-pk AC

Switch position ‘Ref’
Probe tip grounded via 9MQ, scope i/p grounded
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Free with this issue of

Free with this

o & $S4006 specifications
month S ISsue’ Is Forward current 1, 1.5A
Peak inverse voltage PIV 800V
a pack of four Forward voltage @1A 1.6V
$S4006 power
rectifier diodes.
Similar to the

1 N 4006, bUt With & l Voltage doubler. High ripple and poor regulation

Simple power supplies

DC but useful for low-current applications where a
a 1 . 5A curre nt out suitable transformer isn’t available.
Mains 'y -
handling in -
capability as
opposed to 1 A, Mains beC Half-wave rec:;f;'e.rh— usf: wf.reri S{m[,JIICHy is
. o T = paerInounr and high 50Hz ripple isn’t a
these diodes are oo
excellent general-
) l Full-wave rectifier needs a centre-tapped
p u I‘pose Mglns ————o transformer but produces an output with much
-~ i .L DC less ripple than the half-wave rectifier. Ripple is
rect|f|e Is. »i on 100Hz, assuming 50Hz mains, hence easier to
smooth.

*UK readers only
Bridge rectifier doesn’t need a centre-tapped
transformer to produce a clean output and

bC although it uses four diodes, these only need to

oul  have a voltage rating of half those needed for an
equivalent full-wave rectifier.

Mains

Your S14006 diodes
Outline rectifier circuit characteristics.
are Sponsored by Circuit Input  Output Approx. Rectifier Rectifier
2 voltage voltage output peak current
SemlcondUCtor (rms) noload voltage inverse
3 H full load voltage
SUpplle.S Internathnal Half wave E VoxE E 2V2xE |
— the distributor with Fulwave E+E  V2xE 12E  2v2xE 0.5l
. Bridge E v2xE 1.2E v2xE 0.5l
20000 hard-to-find Doubler E 2(V2xE) 2E 2N2xE |
items from stock.

Web address:
http://www.ssi- -

Uk_Com, Semiconductor Supplies International Ltd
e-mail: Dawson House, 128 - 130 Carshalton Road,

Sutton, Surrey, England, UK. SM14TW

i- Telephone: 020-8643 0829 (Accounts Dept.)
sales @ S8l uk.com, 020-8643 1126 (Sales and Technical Queries)
Fax: 020-8643 3937 (For International use +4420)
fax 020 8643 3937 e-mail: sales@ssl-uk.com Web: ssi-uk.com
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£9.99

+ postage & packaging

Your Complete 5? adlntenance

articles!

Please send me copies of The LP is Back!
Name
Address

Post code

Daytime phone number

| enclose a cheque for £

Or debit my Visa Master Card _ (tick one)

Card number

Expiry date /

Card-holder’s signature:

Love
vinyl2

If you treasure your vinyl collection,
this book is for you. Featuring articles
from the pages of the US magazine
Audio Amateur and other sources, it
contains absolutely everything the
serious LP music collector needs to
get the most out of both vintage
records and the highest quality new
pressings.

Articles feature:

@ Cleaning discs

® How to build a cleaning machine

@ Calibrating and maintaining your tonearm
and cartridge

@ Equipment that will improve the quality of
long-play record listening

Collected from the high point of this old-new again
technology, ‘The LP is Back!' brings a wealth of information
to help you keep your existing equipment in top form and
help you understand and appreciate the best in new products
available from cartridges to turntables. Published 1999,

160 pp., 8in by 10'/5in, softbound.

Fully inclusive prices:

UK £11.49
Europe £11.99
ROW £13.98

How to order:

Post the coupon to:
The LP is back, Electronics World, Quadrant House, The Quadrant, Sutton, Surrey
SM2 5AS, or fax 0208 652 8111,

or e-mail jackie.lowe@rbi.co.uk

Please make cheques payable to Reed Business Information
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Please allow 28 days for delivery of your first issue.
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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 LAST FEW ONLY

HP141T+ 85528B IF + 85538 RF -1KHZ -110Mc/s - £500.

HP141T+ 85528 IF + 8554B RF -100KHz -1250M - £600.

HP141T+ 85528 IF + 8556A RF - 20Hz-300KHz - £400.

HP141T+ 8552B (F + 8555A 10 MC/S-18GHzS - £1000.

HP8443A Tracking Gen Counter 100KHz-110Mc/s - £200

HP84458B Tracking Presalector DC to 18GHz - £250.

HP8444A Tracking Generator ¢ 5-1300Mc/s - £450.

HP8444A OPT 059 Tracking Gen ® 5-1500M¢/s - £650.

HP35601A Spectrum Anz Interface - £300.

HP4953A Protocol Anz - £400.

HP8970A Noise Figure Meter + 3468 Noise Head - £3k.

HP8755A+8+C Scalar Network Anz Pl - £250 + MF 180C - Heads

11664 Extra - £150 each.

HP37098B Constellation ANZ £1,000.

HP11715A AM-FM Test Source - £350.

FARNELL TVSTOMKII PU 0-70V 10 amps - £150.

MARCONI 6500 Network Scaler Anz - £500. Heads available to

40GHz many types in stock.

Mixers are available forANZs to 60GHz.

HP6131C Digital Voltage Source + -100V% Amp.

HP5316A Universal Counter A+B.

Marconi TF2374 Zero Loss Probe - £200.

Racal/Dana 2101 Microwave Counter - 10Hz-20GHz - with book

as new £2k.

Racal/Dana 1250-1261 Universal Switch Controller + 200Mc/s Pl

Cards and other types.

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

TEKA6902A also A63028B Isolator - £300-£400.

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

HP Frequency comb generator type 8406 - £400.

HP Sweep Oscillators type 8690 A+B + plug-ins from 20M¢/s to

18GHz also 18-40GHz.

HP Network Analyser type 8407A + 8412A + 8601A - 100Kc/s -

110Mc/s - £500 - £1000.

HP 8410-A-B-C Network Analyser 110Mc/s to 12 GHz or 18 GHz
plus most other units and displays used in this set-up - 8411a-

8412-8413-8414-8418-8740-8741-8742-8743-8746-8650. From £ 1k.

Racal/Dana 9301A-9302 RF millivoltmeter - 1.5-2GHz - qty in
stock £250-£400.

Racal/Qana Modulation Meter Type 9009-9008 - 8Mc/s - 1.5GHz
- £150/£250 - 9009A £350.

Marconi RCL Bridge type TF2700 - £150.

Marconi Microwave 6600A 1 sweep osc., mainframe with
6650P) - 18-26.5 GHz or 6651 PI - 26.5-40GHz-£750 or Pl only
£600. MF only £250.

Gould J3B test oscillator + manual - £150.

Marconi 6155A Signal Source-1 to 2GHz - LED - £400.

Barr & Stroud Variable filter EF3 0.1Hz-100Kc/s + high pass +
low pass - £150, other makes in stock.

Racal/Dana 9300 RMS voltmeter - £250.

HP 8750A storage normalizer - £400 with lead + S.A. or N, A
Marconi mod meters type TF2304 - £250 - TF2305 - £1,000.
Racal/Dana counters-93904-3905-9906-9915-9916-9917-9921-
50Mc/s-3GHz - £100 - £400 - all fitted with FX standards.
HP180TR. HP181T, HP182T mainframes £300 - £500.
HP432A-435A or B-436A-power meters + powerheads to 60GHz
-£150 - £1750 - spare heads available.

HP3586A or C selective level meter - £500.

HP86222A+B Sweep Pi -01-2.4GHz + ATT £1000-£1250.
HP86230A+8 Sweep PI-2 - 18GHz - £1000 - £1250.

HP8620C Mainframe - £250. [EEE £350.

HPB8165A Programmable signal source - 1MHZ - 50Mc/s - £1k.
HP3455/3456A Digital voltmeter - £400.

HP5370A Universal time interval counter - £1k.

HP5335A Universal counter - 200Mc/s-£1000.

HP3552A Transmission test set - £350.

TEKTRONIX 577 Curve tracer + adaptors - £300.

TEKTRONIX 1502/1503 TOR cable test set - £400.

HP8699B Sweep Pl YIG oscilletor .01 - 4GHz - £300. 86908 MF-
£250. Both £500.

Dummy Loads & Power att up to 2.5 kilowatts FX up to 18GHz -
microwave parts new and ex equipt - relays - attenuators -
switches - waveguides - Yigs - SMA - APC? plugs - adaptors
etc. qty. in stock.

B&K Items in stock - ask for list.

Power Supplies Heavy duty + bench in stock - Farnell - HP
Weir - Thurlby - Racal etc. Ask for list. Large quantity in stock,
all types to 400 amp - 100Kv.

HPB405A Vector voltmeter - late colour - £400,

HP8508A Vector voltmeter - £2500.

HP8505A Network Anz 500KHz-1.3GHz - £1000.

HPB505A + 8502A or 8503A test sets- £1200 - £1500.

HP8505A + 8502A or 8503A + 8501A normalizer - £1750-£2000.
Phillips 3217 50Mc/s oscilloscopes - £150-£250.
Wavetek-Schlumberger 4031 Radio communication test set

LIGHT AND OPTICAL EQUIPMENT

Anritsu ML93A & Optical Lead Power Meter - £250.

Anritsu ML93B & Optical Lead Power Meter - £350.

Power Sensors for above MA96A - MA9BA - MA913A - Battery
Pack MZ95A,

Anritsu MW9TA Pulse Echo Tester.

Pl available - MH914C 1.3 - MH9158B 1.3 - MH913B 0.85 -
MH925A 1.3 - MHI29A 1.55 - MH9I25A 1.3GI - MH914C 1.3SM .
£500 + one Pl

Anritsu MW38A Time Domain Reflector.

Pl available - MH914C 1.3 - MH915B 1.3 - MH913B 0.85 -
MHI25A 1.3 - MH929A 1.55 - MH925A 1.3Gl - MH314C 1.3SM -
£500 + one PI.

Anritsu MZ100A EO Converter.

+MG9128B (LD 1.35) Light Source + MG92B (LD 0.85)

Light Source £350.

Anritsu MZ118A O/E Converter.

+MH922A 0.8 O/ unit + MH923 A1.3 O/E unit £350.

Anritsu ML96B Power Meter & Charger £450.

Anritsu MN95B Variable Att. 1300 £100.

Photo Dyne 1950 XR Continuous Att. 1300 - 1500 £100.

Photo Dyne 1800 FA. Att £100.

Cossor-Raytheon 108L Optical Cable Fault Locator

0-1000M 0-10kM £200.

TEK P6701 Optical Converter 700 MC/S-850 £250.

TEK OF 150 Fibre Optic TDR - £750.

HP81512A Head 150MC/S 950-1700 £250.

HP84801A Fibre Power Sensor 600-1200 £250.

HP8158B ATT OPT 002+011 1300-1550 £300.
HP81519A RX DC-400MC/S 550-950 £250.

STC OFR10 Reflectometer - £250.

STC OFSK15 Machine jointing + eye magnifier - £250.

COMMUNICATION EQUIPMENT

Anritsu ME453L RX Microwave ANZ - £350.
Anritsu ME453L TX Microwave ANZ - £350.
Anritsu MH370A Jitter Mod Oscillator - £350.
Anritsu MG642A Pulse Patt Gen. £350.
System MS02A Timer & Digital Printer - £500.
Complete MS65A Error Detector.

Anritsu ML612A Sel Level Meter - £400.
Anritsu ML244A Sel Level Meter - £300.

W&G PCM3 Auto Measuring Set - £300.

WE&G SPM14 Sel Level Meter - £300.

W&G SPM15 Sel Level Meter - £350.

W&G PS19 Level Gen - £500.

W&G DA20+DA1 Data ANZ £400.

W&G PMG3 Transmission Measuring Set - £300.
W&G PS§S16 Generator - £300.

W&G PS14 Level Generator — £350.

W&G EPM-1 Plus Head Milliwatt Power Meter - £450.
W&G DLM3 Phase Jitter & Noise - £350

W&G DLM4 Data Line Test Set - £400.

W&G PS10 & PM10 Level Gen. - £250.

MISCELLANEOUS ITEMS

HP 3852A Data Acquisition Control Unit + 44721A 16ch input

£1,000.

HP 4261 LCR meter - £650.

HP 4274 FX LCR meter - £1,500.

HP 4951A Protocol ANZ - £500.

HP 3488 Switch Control Unit + Pl Boards - £500.

HP 75000 VXI Bus Controllers + E1326B8-DVM-quantity.

HP 83220A GSM DCS/PCS 1805-1990MC'S convertor for use

with 8922A - £2,000.

HP 1630-1631-1650 Logic ANZ's in stock.

HP 8754 A Network ANZ 4-1300MC'S + 8502A + cables - £1,500.

HP 8754A Network ANZ H26 4-2600MC'S + 8502A + Cables -

£2,000.

HP 8350A Sweeper MF + 83540A Pl 2-8.4GHZ + 83545A PI5.9-

12.4GHZ all 3 - £3,500.

HP MICROWAVE TWT AMPLIFIER 489A 1-2GHZ-30DB - £400.

HP PREAMPLIFIER 8447A 0.1-400MC'S - £200. Dual - £300.

HP PREAMPLIFIER 8447D 0.01-1.3GHZ - £400.

HP POWER AMPLIFIER 8447E 0.01-1.3GHZ - £400.

HP PRE + POWER AMPLIFIER 8447F 0.01-1.3GHZ - £500.

HP 3574 Gain-Phase Meter 1HZ-13MC/S OPT 001 Dual - £400.

MARCONI 2305 Modulation Meter-50KHZ-2.3 GHZ - £1,000.

MARCONI 2610 True RMS Meter — £450.

MARCONI 893B AF Power Meter (opt Sinad fiiter) - £250-£350.

MARCONI 6950-6960B Power Meters + Heads - £400-£900.

MARCONI SIGNAL SOURCE-6055-6056-6057-6058-6059 - FX

Range 4-18GHZ- £250-£400.

RACAL 1792 COMMUNICATION RX - £500 early - £1,000 - late

model with back lighting and byte test.

RACAL 1772 COMMUNICATION RX - £400-£500.

PLESSEY PR2250 A-G-H COMMUNICATION RX - £500-£900.

TEK MODULE MAINFRAMES - TM501-502-503-504-506-

TM5003-5006.

TEK PI 5010-M1 - Prog Multi Interface — £250. FG Prog 20MC/S

Function Gen - £400 - §1 Prog Scanner - £250 - DM Prog

DMM - £400.

TEK 7000 OSCILLOSCOPE MAINFRAMES - 7603-7623-7633-

7834-7854.7904-7304A-7104 - £150-£1,000.

TEK 7000 Pl's - TA11-7A12-TA13-TA18-TA19-7A22-7A24-TA26-

TA29-TA42-7810-7815-7B53A-7880-7885-7892A-7D15-7D20.

TEK 7000 - 7511-7512-7514-TM11-§1-S2-S3A-54-85-56-S51-

$63-854.
P IES - 6621A-6623A-6624A-6632A-6652A.

HP POWER SUPPLIES
Qtys available. Aiso 6000 types £POA.

RADIO COMMUNICATION TEST SETS

BULK PURCHASE ONLY FROM JOHNS RADIO

HP 8920A RF Communication Test Sets - Opts available 001-3-
4-5-7-11-12-14-H13-K13. £1,500-£1,750.

HP8920A with opt 002 Spectrum anz plus tracking generator
plus opts. 001-3-4-5-11-12-014 available in part includes syn sig
generator - digital oscilliscope distortion meter - mod meter -
RF power meter etc. £2,500.

s > SPECIAL OFFERS - - v
MOTOROLA R2600A plus RLN4260A RF Test Set - £1,800.
MARCONI 2955 RF Test Sets-1000MC/S - £1,000 each.
MARCONI 2958 RF Test Sets-1000MC'S - £1,000 each.
MARCONI 2960 RF Test Sets-1000MC/S - £1,250 each.
MARCONI 2955A RF Test Sets-1000MCIS - £1,500 each.
MARCON! 2960A RF Test Sets-1000MC/S - £1,500 each.
ANRITSU MS555A2 Radio Comm Anz-1000MCs - £750
each.
MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS -
80KC/S-1040MCIS - AM-FM - £400 inc. instruction book -
tested.
MARCONI 2022E SYNTHESIZED SIGNAL GENERATOR
10KC/S-1.01GHZ AM-FM - £500 inc. instruction book
tested.
R&S APN 62 LF Sig Gen 0.1Hz - 260KHz c/w book - £250.

WE KEEP IN STOCK HP and other makes of RF Frequency
doublers which when fitted to the RF output socket of a
SiGenerator doubles the output frequency EG.50-1300MC'S to
50-2600MC/S price from £250 - £450 each.

SPECTRUM ANALYZERS

HP 3580A SHZ-50KHZ - £750.

HP 3582A Dual 0.2HZ-25.5KHZ - £1,500.

HP 3585A 20HZ-40MCS - £3,500.

HP 3588A 10HZ-150MC/S - £7,500.

HP 8568A 100HZ-1.5GHZ - £3,500.

HP 8568B 100MZ-1.5GHZ - £4,500.

HP 8590B 9KCS-1.8GHZ - £4,500.

HP 85698 10MC/S (0.01-22GHZ) - £3,500.

HP 3581A Signal Analyzer 15HZ-50KHZ - £400.

TEK491 10MC/S-12.4GHZ + 12.4-30GHZ ~ £500.

TEK492 50KHZ-21GHZ OPT 2 - £2,500.

TEK492P 50KHZ-21GHZ OPT 1-2-3 - £3,500.

TEK492AP 50KHZ-21GHZ OPT 1-2-3 - £4,000.

TEK492BP 50KHZ-21GHZ - £3,000-£4,000.

TEK495 100KHZ-1.8GHZ - £2,000.

HP 8557A 0.01MC/S-350MC/S - £500 + MF180T or 180C - £150 -
1827 - £500.

HP 85588 0.01-1500MC'S - £750 - MF180T or 180C - £150 -
182T - £500.

HP 85534 0.01-21GHZ - £1,000 - MF180T or 180C - £150 - 182T
-£500.

HP 8901A AM FM Modulation ANZ Meter - £800.

HP 83018 AM FM Modulation ANZ Meter - £1,750.

HP 8903A Audio Anatyzer - £1,000.

HP 89038 Audio Analyzer - £1,500.

MARCONI 2370 SPECTRUM ANALYZERS - HIGH QUALITY -
DIGITAL STORAGE - 30HZ-110MC/S Large qty to clear as
received from Gov - all sold as is from pile complete or add
£100 for basic testing and adjustment - callers preferred - pick
your own from over sixty units - discount on qtys of five.

A EARLY MODEL GREY - horizontal alloy cooling fins - £200.

B LATE MODEL GREY - vertical alloy cooling fins ~ £300.

C LATE MODEL BROWN - as above {few only} - £500.

OSCILLOSCOPES

TEK 465-465B 100MC/S + 2 probes - £250-£300.

TEK 466 100MC'S storage + 2 probes ~ £200.

TEK 475-475A 200MC'S-250MC/S + 2 probes - £300-£350.
TEK 2213-2213A-2215-2215A-2224-2225-2235-2236-2245-60-
100MC/S - £250-£400.

TEK 2445 4ch 150MC/S + 2 probes - £450.

TEK 2445A 4ch 150MC/S + 2 probes - £600.

TEK 24458 4ch 150MC'S + 2 probes - £750.

TEK 468 D.S.0. 100MC/S + 2 probes - £500.

TEK 485 350MC'S + 2 probes - £550.

TEK 2465 4ch-300MC/S - £1,150.

TEK 2465A 4ch-350MC/S - £1,550.

TEK 2465ACT 4ch-350MCS - £1,750.

TEK D.S.0. 2230 -100MC'S + 2 probes - £1,000.

TEK D.S.0. 2430 -150MC/S + 2 probes - £1,250.

TEK D.S.0. 2430A -150MC'S + 2 probes - £1,750.

TEK D.S.0. 2440 -300MC/S + 2 probes - £2,000.

TEK TAS 475-485 -100MC/S-20MC/S-4 ch + 2 probes - £900-£1.1K.
HP1740A - 100MC/S + 2 probes - £250.

HP1741A - 100MC/S storage + 2 probes — £200.

HP1720A - 1722A - 1725A - 275MC/S + 2 probes — £300-£400.
HP1744A - 100MC.'S storage - large screen - £250.
HP1745A — 1746A - 100MC/S - large screen - £350.
HP54100A - 1GHz digitizing - £500.

HP54200A - SOMC'S digitizing - £500.

HP54501A - 100MC/S digitizing - £500.

HPS4100D - 1GHZ digitizing - £1,000.

MICROWAVE COUNTERS - ALL LED READOUT

EIP 351D Autohet 20Hz-18GHz - £750.

EIP 371 Micro Source Locking — 20Hz-18GHz - £850.

EIP 451 Micro Pulse Counter — 300MC/S-18GHz - £700.

EIP 545 Microwave Frequency Counter - 10Mz-18GHz - £1K.
EIP 548A Microwave Frequency Counter — 10HZ-26.5GHz - £1.5k.
EIP 575 Microwave Source Locking — 10Hz-18GHz - £1.2K.

EIP 588 Microwave Pulse Counter - 300MC/S-26.5GHz - £1.4K.
SD 6054B Micro Counter 20HZ-24GHZ - SMA Socket - £800.
SD 6054B Micro Counter 20HZ-18GHZ - N Socket - £700.

SD 6054D Micro Counter 800MC/S-18GHz - £600.

SD 6246A Micro Counter 20Hz-26GHz - £1.2K.

SD 6244A Micro Counter 20Hz-4.5GHz - £400.

HP5352B Micro Counter OPT 010-005-46GHz - new in box - £5k.
HP5340A Micro Counter 10MZ-18GHz - Nixey - £500.
HP5342A Micro Counter 10HZ-18-24GHz - £800-£1K - OPTS
001-002-003-005-011 available.

HP5342A + 5344S Source Synchronizer - £1.5K.

HP5345A 500MC/S 11 Digit LED Readout - £400.

HP5345A + 5354A Plugin - 4GHz - £700.

HP5345A + 5355A Plugin with 5356A 18GHz Head - £1K.
HP5385A 1GHz 5386A-5386A 3GHz Counter - £1K-£2K.
Racal/Dana Counter 1991-160MC'S - £200.

Racal/Dana Counter 1992-1.3GHz - £600.

Racal/Dana Counter 9921-3GHz - £350.

SIGNAL GENERATORS

HPB640A — AM-FM 0.5-512-1024MC/S - £200-£400.

HP8640B - Phase locked - AM-FM-0.5-512-1024MC/S - £500-
£1.2K. Opts 1-2-3 available.

HPB8654A — B AM-FM 10MC/S-520MC)S - £300.

HP8656A SYN AM-FM 0.1-990MC/S - £900.

HP8656B SYN AM-FM 0.1-990MCS - £1.5K.

HP8657A SYN AM-FM 0.1-1040MC'S - £2K.

HP8657B SYN AM-FM 0.1-2060MC’S - £3K.

HP8660C SYN AM-FM-PM-0.01-1300MC/S-2600MC/S - £2K.
HP8660D SYN AM-FM-PM-0.01-1300MC/S-2600MCS - £3K.
HP8673D SYN AM-FM-PM-0.01-26.5 GHz - £12K.

HP3312A Function Generator AM-FM 13MC/S-Dual - £300.
HP3314A Function Generator AM-FM-VCO-20MC/S - £600.
HP3325A SYN Function Generator 21MC!S - £800.

HP3325B SYN Function Generator 21MC/S - £2K.

HP8673-B SYN AM-FM-PH 2-26.5 GHz - £6.5K.

HP3326A SYN 2CH Function Generator 13MC/S-IEEE - £1.4K.
HP3336A-B-C SYN Func/Level Gen 21MC/S - £400-£300-£500.
Racal/Dana 9081 SYN S'G AM-FM-PH-5-520MC/S - £300.
Racal/Dana 9082 SYN S/G AM-FM-PH-1.5-520MCIS - £400.
Racal/Dana 9084 SYN S'G AM FM-PH-.001-104MC'S - £300.
Racal/Dana 3087 SYN SiG AM-FM-PH-.001-1300MC/S - £1K.
Marconi TF2008 AM-FM-Sweep 10KC'S-510MC/S - £200 Fully
Tested to £300, as new + book + probe kit in wooden box.
Marconi TF2015 AM-FM-10-520MC'S - £100.

Marconi TF2016A AM-FM 10KC/S-120MC/S - £100.

Marconi TF2171/3 Digital Synchronizer for 2015/2016A - £50.
Marconi TF2018A AM-FM SYN 80KC/S-520MC/S - £500.
Marconi TF2019A AM-FM SYN 80KC/S-1040MC/S - £650-£1K.
Marconi TF2022E AM-FM SYN 10KC'S-1.01GHz - £1K-£1.2K.
R & S SMPD AM-FM-PH 5KHz-2720MC'S - £3K.

Anritsu MG3601A SYN AM-FM 0.1-1040MCSS - £1.2K.

ITEMS 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 MARKEQ 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: (01274) 684007. Fax: 651160
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CIRCUIT IDEAS

Winner of the second

National Instruments

l n radar and sonar applications. the A
scope display — received signal
vertically versus range horizontally - is
popular.

Range R is given by R=cxAt/2. where
At is the time from the transmitted pulse
to the reception of the echo. and ¢ is the
speed of light. Fig. 1. A target tracking
system can follow a given target.
providing range information
continuously. Figure 2 shows a circuit to
perform this function.

Two monostable multivibrators M, and
M; of Fig. 2 produce adjacent time slots.
the early gate and late gate. Fig. 3. The
target echo blip on the CRT display is
sampled by these gates. each of width
/2.

If the areas of the portions of the echo
in each gate are equal, then the position
of the gates - i.e. the delay At relative to
the ‘tr’ pulse. Fig. 4 - indicates the
range.

Monostable device M, is triggered by
the tr pulse, its delay being determined
by its timing components. These include
an FET. controlled by feedback from the
SUM amplifier.

Analogue switch SG, gates the
received echo to SG, and SGs. The area
of the echo under the early and late gates
is thus integrated by I, and I,
respectively.

The inverted early gate output is
summed with the late gate output. the
result controlling the period of M.
waveform b) of Figure 4.

Integrators 1, and I, are reset by the
transmit pulse tr each sweep. so that the

‘A’ scope target tracking

correspond to the current position.
Tracking is initiated by setting switch
SW to A. applying a fixed voltage V| to
the gate of the FET. Potentiometer PR is
adjusted to centre the bright-up cursor. g)
of Fig. 4. on the selected target, and SW
returned to position B. The output of

digital multimeter
worth over £500

OR,, f). gives the range in PWM form.
and the negative edge detect NED output,
), in PPM form.

K. Balasubramanian

European University of Lefke,

Turkish Republic of Northern Cyprus

D9%6

_-|I'._

Transmitted F

pulse (tr) —! V\NW

f— Ot
R
(D96a)

Fig. 1. Echo delay At
gives the target range.

PR
—

b (Toy
— SG1 SG2 detiection
Vi plates)

Fig. 2. Tracking
system circuit

SUM

SUM output is always updated to diagram.
Cursor position brightened by g)

3 M

b _| L

c) !

d) n__

e) l_]__

L =

f—— At e
9 N
(0964d) L
Fig. 4 d) Ms (late gate)
a). ‘A’ scope trace e) OR, output
b) M, output f) OR; output (PWM range)
¢) My (early gate) 8) NED output (PPM range)
(D96c)
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National Instruments sponsors Circuit Ideas

Over the next 12 months,
National Instruments is awarding
over £3500 worth of equipment
for the best circuit ideas.

Once every two months for the next year,
National Instruments is awarding an NI4050
digital multimeter worth over £500 each for the
best circuit idea published over each two-month
period. At the end of the 12 months, National is
awarding a LabVIEW package worth over
£700 to the best circuit idea of the year.* The
first winner, selected from this issue or the
following one, will be announced next month.

About National Instruments NI14050

National Instruments offers hundreds of software and The NI 4050 is a full-feature digital multimeter (DMM) for hand-held and
e notebook computers with a Type Il PC Card (PCMCIA) slot. The NI 4050
analysis, and presentation. By utilising industry-standard feature 51/, digit DC volta g AC vol d resi
computers, our virtual instrument products empower users in a Caliles accurate 5/ Qb Yo . EEl BXsSeRnS NOAEgE, MG stance
wide variety of industries to easily automate their test, (ohms) measurements. Its size, weight, and low power consumption make it
measurement, and industrial processes at a fraction of the cost  ideal for portable measurements and data logging with hand-held and notebook
of traditional approaches. computers.

Software

Our company is best known for our innovative software
products. The National Instruments charter is to offer a
software solution for every application, ranging from very
simple to very sophisticated. We also span the needs of users,
from advanced research to development, production, and
service. Our flagship LabVIEW product, with its
revolutionary, patented graphical programming technology,
continues to be an industry leader. Additional software
products, such as LabWindows/CVI, ComponentWorks,

DC Measurements: 20mV to 250V DC; 20mA to 10A

AC Measurements: 20mV rms to 250V rms; 20mA rms to 10A rms;
True rms, 20Hz to 25kHz

Up to 60 readings/s

UL Listed

5!/, Digit Multimeter for PCMCIA

Measure and VirtualBench, are chosen by users who prefer C LabVIEW‘ .
programming, Visual Basic, Excel spreadsheets, and no LabVIEW is a highly
programming at all, respectively. productive graphical

programming environment
that combines easy-to-use
graphical development with

Hardware
Our software products are complemented by our broad
selection of hardware to connect computers to real-world

signals and devices. We manufacture data acquisition the flexibility of a powerful
hardware for portable, notebook, desktop, and industrial programming language. It
computers. These products, when combined with our offers an intuitive

software, can directly replace a wide variety of traditional

instruments at a fraction of the cost. In 1996 we expanded our
high-performance E Series product line in PCI, ISA and .
PCMCIA form factors. shipped our first VXI data acquisition ~ hardware, for engineers and
products, and added remote (long-distance) capabilities toour  scientists to quickly produce

environment, tightly
integrated with measurement

SCXI signal conditioning and data acquisition product line. solutions for data acquisition,
Our virtual mst.rumematlon.vnsxon keeps us at tl.xe forefront data analysis, and data \
of computer and instrumentation technology. National N ‘ ree Seftuare inchudod
presentation.

Instruments staff works actively with industry to promote
international technological standards such as IEEE 488,
PCMCIA, PCI, VXI plug&play, Windows 95/NT, and the ® Graphical programming development environment
Internet. More importantly, we integrate these technologies @ Rapid application development
into innovative new products for our users. ® Seamless integration with DAQ, GPIB, RS-232, and VXI
@ Full, open network connectivity
@ Built-in display and file /O

*All published circuit ideas that are not eligible for the prizes detailed here

will earn their authars a minimum of £35 and up to £100. The first NI4050
will be awarded next month for the best idea from the December or January
issue.

National Instruments - computer-based measurement and automation
National Instruments, 21 Kingfisher Court, Hambridge Road, Newbury, Berkshire, RG14 5SJ. Tel (01635 523545), Fax (01635) 524395
\info.uk@ni.com www.ni.com.
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Photoelectric

tilt sensor

Operational transconductance
amplifiers are used here together with
a bubble-type tilt sensor to provide a
signal proportional to the sensor’s
angle of tilt.

+Vec  +Vee
(C66)
2k 2k Vi
1% 21%
1—9 lo Ro
m " VW~
< lt:f :\\ A
g S o3 G o R >
Bubble tilt sensor i
s
Ro: 1M %R én
R:1k <

ngle of tilt information is extracted

from an electrolytic tilt sensor in this
circuit. The sensor is connected in a
Wheatstone bridge arrangement so that the
tilt angle and direction is sensed due to the
varying resistances R; and R,.

Differential output of the bridge connects
to an operational transconductance
amplifier. The magnitude of the
transconductance amplifier’s output current
is determined by the transconductance
8gm=1p/2Vr, where I, is the auxiliary bias
current and V7 is the thermal voltage.

Magnitude and direction of the output
current depends on R; and R, and thus flows
in the LED of one or other optocoupler.
Transconductance of A;orA,, and hence
resultant output voltage, is determined by
the value of Ry . typically IMQ or more.

Outputs of A, and A are applied to A3,
connected as a differential amplifier, thus
rejecting any common mode errors due to
temperature effects on the photodiodes or
other causes. The output of A ; represents the
wanted direction and angle of tilt.

Current /;, can be manipulated to alter the
angle-to-voltage scaling factor.

M Abuelma’‘atti
Dahran

Saudi Arabia
C66

Telephone light switch

his circuit switches on an

electric

light in the vicinity of a telephone
when it rings, if natural light is
insufficient. It is built around two

monostables, /Cy, . Ry, Cy;
and C,.

When the telephone rings,
point 2 falls, triggering both

lClc.d‘ Ry

voltage at

monostables, assuming the photodiode

has not pulled point 1 low. The period
of monostable 2, waveform 4, is longer
than that of monostable 1, waveform 3.

During the period when waveform 4
is low but waveform 3 has returned
high, the second optocoupler is
activated and the lamp is on.

The period for which the lamp is lit
can be extended via the push-button

+?,V e
This circuit turns a light on A Mws
when the phone rings, but 1'-'"\14
only when it’s dark. <
IC, 4011 47k
D,D, 4003
10k
1w
Telephone D, A 4 \\:
e 1;, opto coupler 3
1 OPt0 coup . o . IC,d
Pushbutton T
Some telephone administrations may not SWiich 4%211

permit the connection of this circuit to their
lines. Ed.

switch. Assuming Sw; is in its ‘up’
position, setting Sw; to ‘down’ lights
the light continuously, but it can be
extinguished by pressing the push-
button.

Vasiliy Borodai

Zaporozhje

Ukraine

C5a

° Lamp
| .
»° RL
A0, ~pRelay
ACI/IDC
1k = — — — —
|
|
1
\} OR \
1
1, opto couplen
470R 4
(Csa)

292

ELECTRONICS WORLD April 2000
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Low noise solid-state relay

I n most commercial solid-state relays, In this configuration. both FETs are RFIVEMC 1o the 50dB level.
zero crossing detection is by a stan- conducting. one in the forward direction Removing the control signal +V,,
dard opto-coupled triac. The ‘zero and the other in the reverse. not as causes the FETSs, and hence the thyris-
point’ thus sensed is somewhere might be supposed via the body diode. tors, to turn off. Due to the storage time
between 20 and 35 volts. and the load The total Ryqp) is about 7€2. and the in the FETs, this in fact takes about one
waveform is therefore distorted. result- thyristor turns on at some 30mA gate to one and a half cycles.
ing in harmonics. current. Up to this point, current flows Colin Wonfor
These harmonics can cause EMC in parallel with the thyristor. via the Dumfermline
problems of about 120dB at 100kHz. FETs and the Schottky diode, reducing Scotland
requiring filtering. This is bulky, and harmonic distortion and the consequent Cc29
not always effective in reaching the
required specification. +Vi, to fire
Shown is an improved solid-state 0 B e Relays that
relay. A thyristor requires about 0.8V 50, éoov 50dB @ 120KkHz incorporate

zero-crossing

cathode to gate bias before latching on,
switching don’t

and here, this is bypassed by a low § Ry Rz
forward conduction Schottky diode.  Laah i fai - actually switch
Zero crossing detection is by an T 1nsa17 at zero volts,
optocoupler and a pilot thyristor. When rT:Syl;lll:f ::1 'EMel
1S rnativi

the voltage across /SO, falls to too low
a level to maintain current in the LED,
the opto transistor turns off. Thus.

switches at

—o
Contact B 1y sch nearer ov,

assuming +V;, has been asserted to turn sgg‘;uﬁ.can;ll‘yw
on the relay, pilot triac Ds turns on. and s

, ~ . S0A, 800V Rg problems.
current flows in the photovoltaic 47k g
coupler /SO. This produces a high Try 2 oW
enough voltage to turn on the source STPAN100
coupled FETs Tr| and Tr». (C29)

Ten year index:

Agpplications
Applications by descnption The Electronics World Softindex runs from
Applications by part numbers January 1988 to May 1998 and contains
¥ addresses - J references to 1300 articles and 800 circurt ideas
. There 1s a separate author index with full cross
. . B + references Repnints can be obtaied for all the
HG rd COpIeS Gﬂd flOppY'dlSk ddfd ba ses Circutt [deas artictes in this index - see the information
. Information section for more detads For up to date
both aval'a ble Subject index informatron about Electronics World see our
Analogue Design website at http //www softcopy co uk
Audio
Whether as a PC data base or as hard copy, SoffCopy can Avonics
. g 8 q N Broad
supply a complete index of Electronics World articles going back e
over the past nine years. Components
Computing
s . s . Consumer Electronics
The computerised index of Electronics World magazine covers the Canii Elecirnics
. R . Digital esign
nine years from 1988 to 1996, volumes 94 to 102 inclusive and History

is available now. It contains almost 2000 references to articles. . i

circuit ideas and applications - including a synopsis for each. WWW. sof'tc o py. CO.U k

The EW index data base is easy to use and very fast. It runs on
any IBM or compatible PC with 512K ram and a hard disk.

Ordering details

The éisk-bosed index price is sti‘ll only ‘220 inclusiv?. Please The EW index data base price of £20 includes UK postage
specify whether you need 5.25in, 3.5in DD or 3.5in HD format. and VAT. Add an extra £1 for overseas EC orders or £5
Existing users can obtain an upgrade for £15 by quoting their far penfC ovenseasariBks

serial number with their order. Postal charges on hard copy indexes and on photocopies

are 50p UK, £1 for the rest of the EC or £2 worldwide.
ORI ICON T i Y T T LYy T S YR T T W Y- T8l For enquires about photocopies efc please send an sae to

issues are available at a flat rate of £3.50 per SoftCopy Ltd. Send your orders to SoftCopy Ltd,
article, £1 per circuit idea, excluding postage. 1 Vineries Close, Cheltenham GL53 ONU.

Cheques payable to SoftCopy Ltd, please aliow 28 days
Hard copy Electronics World index for delivery.
Indexes,on aper for volumes 190'1 01, and 102 e-mail at SoftCopy@compuserve.com, tel 01242 241455
are available at £2 each, excluding postage. /
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A low-cost function generator
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Asimple flexible function
generator can be built
using a single EPROM, a
standard d-to-a converter and
a counter. The principle is
based on direct digital
synthesis, or DDS, where the
digital samples of the
required function are stored in
a memory, an EPROM for
example, and read out in a
cyclic manner.

The digital samples are
spaced in time by the memory
clock frequency period 7. The
digitised signal is converted
to the analogue domain by the
d-to-a converter and a low-
pass filter selects the base-
band signal (the first Nyquist
window, from O to Fs/2,
where Fs=T/2).

Most commercially avail-
able DDS chips have a
sinewave output, the output
frequency being set by the
user clock. By using an
EPROM, you can build
whatever signal you want, as
long as the signal is cyclic.
To avoid distortion, the first
sample and the last sample
should be the same, so that as
the sequence repeats, there is
no discontinuity in the output.

The setup as shown on the
schematic will generate the
required sequence, between
frequency limits of 16kHz
and 500kHz. Four-bit coun-
ters Us and Ug, form the 8-bit
count word, which generates
addresses for the memory
EPROM, Us, together with
the 8-bit d-to-a converter for
the analogue conversion.

An inverter generates the
4MHz clock for the counter.

"The address range of the 8-bit

wide EPROM is 256 samples
per stored waveform. The
sample frequency of the
signal is the frequency of the
CNTO signal, being 2MHz
(LSB of the counter).

There are five jumpers
allowing selection of 32
different sequences of 256
samples in the EPROM. To
select the first bank, bankO,
all five jumpers should be
present, as each address pin
from CNT8 to CNT12 is
pulled-up with a 10k resistor.

The d-to-a converter is a
standard DACO0800, where
the reference resistor Ry sets
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ELECTRONICS WORLD April 2000



the reference current to 2.55mA. Full-
scale output-current of the converter
is therefore (255/256)x!.¢. Resistor
R, sets the full-scale voltage at
840mV and P, allows the gain to be
adjusted between 1 and 6.
Components Ry and Cj set the low-
pass filter cut-off frequency at 2MHz.
Output impedance of U, is 50Q,
suitable to drive coaxial lines.
Voltage V,is 12V and V¢ is +5V.
Contents of the EPROM are
generated with a simple C program,

apollonia@skynet.be.

as per the listing. As shown, this
generates 32 sequences. The source
code, executables and EPROM
content are freely available at

Further extensions are possible.
Two EPROM s and further address
counters can be added to provide 16-
bit resolution. The EPROM may be
replaced by a RAM, loaded via
buffering from a PC parallel or serial
port. Higher clock frequencies can E3
then be used, and a programmable

CIRCUIT IDEAS

function generator implemented.

By using a larger counter and
addressing more address lines of the
EPROM, longer sequences can be
generated. For these extensions, the C
code for the mapping of the sequence
samples in the EPROM needs to be
changed accordingly.

Martin Van De Weghe
9620 Zottegem
Belgium

Listing in C for the PC-controlled function generator.

*/ An array of 256 samples is used to generate the
sequence. In total, 32 sequences can be defined to be
stored in the EPROM. The format of the EPROM is absolute
binary and the first samples should start on address 0.
Two functions are shown to make ramps (make_ramp) and to
make sines (make_sine)
*/
#include <math.h>
#include <stdio.h>
#include <conio.h>
#define samples 255
#define pi 3.1415
void output_to_new_file (unsigned char *signal, char
*Filename)
{
FILE *outstream;
int i;
if ({outstream = fopen(FileName, “wb”"))} == NULL)
{
printf (*\nThe outputfile could not be opened”);
{
else
{
printf(*\n-);
for (i=0;i<=zsamples;i++)
{
if ((signal(i)>=0) & (signal[i)<=255))
{
fputc(signal[i]), outstream);
}
else
{
printf (*Data exceeds range [0..255]) !!*);
fputc (255, outstream) ;
}i
}s
fclose (outstream);
};
}i
void append_to_file ( unsigned char *signal, char
*FileName)
{
FILE *outstream;
int i;
if ((outstream = fopen(FileName, “ab”)) == NULL)
{
printf (*\nThe outputfile could not be opened’);
}
else
{
printf(*\n*);
for (i=0;i<=samples;i++)
{
if ((signal(il>=0) & (signal[i)<=255))
{
fputc(signal(i]), outstream);
}
else
{
printf(*Data exceeds range [0..255] !!”");
fputc (255, outstream);
}:
}:
fclose (outstream);
}:

iE
void make_ramp ( unsigned char *signal, unsigned char
factor)
/* Variable factor determines No of ramps per sequence:
the more ‘ramps’, the steeper they are.
*/
{
int i,3;
for (i=1;I<=factor;i++)
{
for (j=(i-1)*(256/factor);j<=(i*(256/factor))-1;j++
{
signal [jl=j*factor;
:
3
W
void make_sine ( unsigned char *signal, unsigned char
factor)
/* Here the variable factor determines the sine frequency
= (4MHz*factor)/256.
*/
{
int i,3;
double x;

for (i=1;i<=factor;i++)
{
for (j=(i-1)*(256/factor);j<=(i*(256/factor))-1;j++)
{
x = 127*sin(2*pi*j*factor256);
signal [j)=(unsigned char) (x+128);
}:
}:
D
void main()}
{
unsigned char signal [samples];
/* Four ramps */
make_ramp (signal,l);
output_to_new_file(signal, “test.abs”
make_ramp(signal, 2);
append_to_file(signal, “test.abs”);
make_ramp{signal,3);
append_to_file(signal, “test.abs);
make_ramp (signal,4);
append_to_file(signal, “test.abs”);
/* Four sines */
make_sine(signal,l);
append_to_file(signal, “test.abs”);
make_sine(signal,2);
append_to_file(signal, “test.abs”);
make_sine(signal,3);
append_to_file(signal, “test.abs”);
make_sine(signal,4):
append_to_file(signal, “test.abs”);
make_sine(signal,5);
append_to_file(signal, “test.abs”);
make_sine(signal,6);
append_to_file(signal, “test.abs”);
make_sine(signal,7);
append_to_file(signal, “test.abs”);
make_sine(signal, 8)
append_to_file(signal, “test,abs”);
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Indore
india
C72

Simple fixed-speed stepper
motor driver

l n some applications where position control is not required, this

inexpensive stepper motor drive arrangement may be used. The

micro-stepper drive motor is driven by sine and cosine waveforms, 2
using a step-down transformer and a capacitor. The capacitor
generates the phase-shifted cosine wave.

The limitation is that the motor speed is fixed at synchronous speed,
given by 120f/p , where p is the number of poles and fthe mains v
(line) frequency.
Vikas Meshram

(C72)

230VAC g '12VAC

Step-down
transformer

Note: stepper motor should be of
permanent magnet type

10p
12VAC

__I

12V stepper motor

If you need a
fixed rotational
speed but have
only a stepping
motor, this simple
sine/cosine drive
may be the
answer.

O

hge tester uses no meter

his is a test set for measuring the

hgg of transistors. either n-p-n or
p-n-p. It is completely self contained
and very low cost. as it does not use a
meter. The arrangement is an
improved version of a scheme
published some years ago.’

Base current bias for the transistor
is supplied from its own collector
circuit. The base current therefore
flows through the collector resistor
R.. and thence via base resistor R,
(RV;) and another resistor of value
equal to R,

Op-amp IC), produces a buffered
reference voltage equal to the
transistor’s base voltage. Thus the
non-inverting input of /C,, is held at
a potential midway between base
voltage of the transistor under test

and the supply rail.

Potentiometer RV is adjusted so
that the voltage across its collector
resistor R is equal to its collector-
base voltage. This condition is
indicated by one LED just
extinguishing and the other lighting.
The change-over point is clearly
marked, as /C), is operated open
loop. without any negative feedback.

When this condition applies. the
collector current /.. and the base
current [, are related as follows.

Vlvud: V('h
SO.
R, +1)=(Ry+R jI;,

The term R, appears on both sides
of the equation and therefore cancels

HEN S3a
SZ/c +— o 0—e +4.5V
or 1 1
Sta { p-n-p
[ 3 1k i
100R ) -
1K . 100k % 1n 4
100k il
Te
|
A -
LED
100k : .
s1b L / 1 N oV
' +
IC1b N
LED
100k § - i
100R 1K oon —
fu( [ 100n
i S3b
100n J o
* 0, 0——9 .
IC1a t G
TUT. @, Y
(E2)

out, leaving the relationship,
R =Rpl,

from which.
hep=1/1,=Ry/R,.

A pointer knob on the 100kQ2
potentiometer RV is used to indicate
the resistance setting, which is
marked directly on the panel of the
instrument. Two hgg ranges are
provided. If S, is used to select
R,=10092. then RV, provides a range
of /igg readings up to 1000. while
with the 1kQ collector load selected,
values up to /igg=100 are indicated.

For IC,, a BicMOS or CMOS type
should be used, with negligible bias
current Ip,,. A TLO82 proved
satisfactory. although a more modern
type designed for +5V supplies
would be even better.

Switch S, permits either n-p-n or
p-n-p devices to be tested. Note that
when testing an n-p-n transistor. as in
the diagram. if the setting of RV is
too high the upper LED will be lit, or
the lower LED if the setting is too
low. When testing a p-n-p device. the
situation is reversed.

The tester is designed to be
powered from two 4.5V flashlamp
batteries. type 703 or 1289. IEC
designation 3R12. Assuming a biased
toggle is used as indicated at S3, to
prevent the instrument being
accidentally left switched on. the
batteries should last aimost
indefinitely.
lan March
Waterlooville
Hampshire
E2

Ref. 1. "Novel direct reading hgg
Tester,” Elecironic Engineering,
April 1988, page 28.
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Isolated power-on switch

his circuit was developed to switch on an isola-
tion amplifier when the unit’s serial interface
supply was turned on.

Due to mounting problems associated with the
unit’s enclosure, the use of two separated switches
was ruled out. The solution was to use a photo-relay
connected in series with the isolation amplifier’s
battery.

Current for the photo-relay’s LED is formed by
the /.. current of an optoisolator transistor. The
optoisolator’s LED is supplied from the serial
interface power supply. Thus when the serial
interface supply is turned on, the isolation amplifier

is powered up.

In the power-off state, the optoisolator current
drawn from the isolation battery power supply is
very small, and only a few milliamps in the pow-

ered state.

W. Maggs
Bedminster Down
Bristol, U.K.

C73

+5V
*Viso R‘
? I IC, o
2 e
ﬁ_’
)} | Opto isolator L
R
G3VM B
+*=  gar
! isolated PSU
COM;550- I

L

Designed to power up an isolation amplifier when the +5V supply
powering a serial interface is sensed, this circuit consumes very little
battery power when in the ‘off’ state.

A simple and reliable keypad ~ or switch —
sensor can be made using the
propagation delay and high input impedance
of the CMOS digital family.

This circuit uses four 4011 NAND gates
and an octal D-type flip-flop designated
74HC374. Two of the gates operate as a
clock oscillator, while the other two provide
a clock to the octal D-type flip-flop, delayed

by the time T, see the timing diagram.

When a finger is placed on a touch plate,
the increase in its effective capacitance is
sufficient to delay the rising edge at the
corresponding D input, so that a logic ‘one’ is
latched, instead of a logic ‘zero’.

Value of resistors Ry 7 are given by the
inequality,

Capacitive keypad is simple yet reliable

where C is the total capacitance associated
with each D input with finger present,
Vi/max) the maximum input low voltage and
Tmax the maximum delay between the D and
clock signals. The minimum value of R can
be determined empirically by temporarily

Lol (C70) substituting a variable resistance.
: The advantages of this keyboard are low
Plate Pi ] :
R<0 cost, long life, absence of mechanical
S e Do Qol2 contacts, simple construction and water and
D1 o1l 31 dirt repellence.. .
D2 a2f8 2 Radovan Stojanovic
D3 @3f2 s3 University of Patras
D4 IC, Qaf!2 S4 Greece
D5 asHs S5 C70
D6 Q68 S6
p7 a7pe S7
12k 1 . (C70a)
OoC
et
2
74HC374
DO
CLK
—] i+
S0

Touch keypad with eight contacts works off finger capacitance and needs only two ICs to provide logic-level output.

Time
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Is your Spice simulator not quite hot enough?
If not, read on...

Produced by the UK's leading simulation engineers, Spicycle offers...

@ Analogue + mixed-mode digital simulation with SPICE and extended
algebraic functions

Schematic editing with TrueType fonts

Drag and drop from component bins

PCB layout facilities - optional extra

PCB features: regional DRC, copper fill. BOM, rat's nest connectivity
from schematic

Back annotation from simulator to schematic
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devices

Convert Spice net lists into rat's-nested schematic — reverse engineering
made easy

CAM outputs (printer, plotter. drill and Gerber)

Re-use existing PCB layouts with Gerber import

Hook up the simulator directly to PCB for the ultimate in design
validation

Upgradeable — buy what you need now and upgrade later

And much more. To get a better idea of the power of Spicycle,

visit our web site at http://www.spiceage.com.

Spicycle - Professional Windows software
tools for tomorrow's electronic designs.

neliheers L&
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Automatic gain control for audio

his audio AGC circuit is an improved version requir-

ing only one op-amp. With inputs increasing up to
350mV, the output rises pro rata, increasing up to 1.5V.
With larger inputs. increasing by up to a further 30dB. the
output increases by less than 0.5dB.

—— Out
To volume control

D1

R& 470k

Sensitivity may be increased by reducing R3. When R; 4 ING148
equals 5.6kQ. limiting commences at 125mV. d €2
Components R, and C, prevent audio distortion when in vR1[ 1 100n RS 470k 12y
limiting. 10k siSg i
The prototype used an MEF103 FET. adjust preset VR, 3 R6 g
allowing for device selection tolerance. For single-rail 9 1}:]— ™ ~AL
applications. the centre-rail generator. shown dotted. may L . --,_<: v
be used. R+/Rj sets the small signal gain. N | !
John Hey G3TDZ Up to 350mV input, output amplitude U ! L‘J
Leeds increases proportionally, thereafter increasing £
E1 by only 0.5dB for a further 30dB input.
° ° +3V
Simple FM broadcast receiver Y |
3 C2 200n
This simple FM radio receiver uses only two transistors. They function as a low {}——= Audio
power oscillator, the frequency being determined by L and C;.
When the frequency of oscillation is the same as that of the wanted signal, the L: 41 18SWG on

recovered audio is available at the output. The audio signal is dc blocked by C, E 2 P T

and fed to an audio amplifier.

Rajik Gorland ( gi:;nfe"”p':

(address not supplied)

D9s BF797

BF797
This synchronised oscillator recovers the audio from a broadcast FM station. (098)

Simple glass-fibre receiver monitors laser pulses

he circuit shown uses a low-cost

multimode glass fibre and receiver to
monitor the shape of pulses from a copper
vapour laser. The laser gives optical pulses
of approximately 45ns FWHM and at
510nm and 578nm wavelength.

The set-up uses an HP HFBR2406

receiver, mounted near an oscilloscope and
coupled to a 100/140pm multimode glass

low-cost components.

laser light. Working on a single

+5V

(C69)

Monitoring pulses from a
copper vapour laser
normally needs a
biplanar diode and high-
voltage power supply.
This alternative is
cheaper and simpler.

| / oscilloscope

Glass
fibre
100/140pm

Copper
‘/ B ne— vapour
laser
Laser
beam

Mirror

fibre. Both the HFBR2406 and the fibre are

The other end of the fibre intercepts part
of the beam. or, such is the sensitivity of the
receiver. can even work on stray reflected

the circuit is much cheaper and less
cumbersome than the standard set-up, which
requires a biplanar diode and associated

high-voltage power supply.

In the second diagram. pulses from the
laser are shown. monitored on a Tektronix
TDS540 oscilloscope. The set-up can be
used to monitor pulses from other lasers —
particularly in the visible band.

S. V. Nahke
Indore 452013
India, C69

5V supply.

(C69a)

/~ 160mV

25.0ns
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oscilloscopes data acquisition spectrum analysers multimeters signal conditioning temperature monitonng
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30% discount for EW readers
digital multimeter for just £8

Features

3.5 digit 0.5inch Icd display
AC & DC voltage

DC current to 10A Vann Draper Electronics Ltd

Stenson House, Stenson, Derby DE73 1HL.

Alternatively tel 01283 704706, fax 01283 704707, email sales@vanndraper.co.uk | Cheaues payable to Vann Draper Electronics Ltd
or debit my Visa, Mastercard or Switch card.

Resistance The test & measurement specialists
Diode & transistor hFE test www.vanndraper.co.uk
e o I ey
verload protection S o e e e —— ————
Supplied with battery & probes { Use this coupon for your order 'i
Optiona' soft carrying case l Ploase SUPPlYy MB .. .......covvvevrarnuesnnssunaonnnnn l
N l ............ DT8308 multimeter(s) at £8.00 inc vat and del |
For a limited period Vann Draper is offering the compact DT830B digital multimeter Soft canrying case(s) at £3.50 inc vat and del I
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complete with test probes, battery, operatmg instructions and a 1 year guarantee. | I
An optional soft vinyl carrying case is available at £3.50 including vat and delivery. J oo ]
TOUNG <ot et et et e |
To order simply post the coupon to Vann Draper Electronics Ltd at : - |
[+ 1 I R R R R I
|
|
|
Key Specifications [ CamtPe .ot I
DC volts 3 200m, 2V, 20V, 200V, 1000V basic accuracy 0.5% I CariNo .oovons |
AC volts : 200V, 750V basic accuracy 1.2% { i |
DC current : 200uA, 2mA, 20mA, 200mA, 10A | B e ... S 1
Resistance : 200, 2k, 20k, 200k, 2Mohm basic accuracy 0.8% | Signature ... : : 1
Transistor hRFE 0 to 1000 | Overseas readers can stil obtain this discourt but carlage.
Size : 70 x 126 x 24mm, { charges vary according to country. Please telephone, fax, |
Weight 2 170g | email or write to Vann Draper.
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Car stereo

stabilised. This circuit provides:

delay. change C; to 22uF);

Ca4

protection unit

W ith customised in-car entertainment compo-
nent systems, it is essential that loudspeaker
thumping at switch-on is prevented by activating

the power amplifiers after all other equipment has

® a latching delayed DR output five seconds after s
the normal R line goes high (for a 2.5 second

® an R ‘off” causes an immediate DR ‘off";
@ with R ‘on’ but a sudden B+ drop that exceeds

—~\BC327

(C44)

10k 10k

470k
1N4148

'ultrabright’

1N4148

Green| DR on

2V (engine starting or overloaded battery cell), +L BC327

C, is immediately discharged via the C, circuit, e

and DR resets cutting the audio for five sec- -[17‘“

onds. o

o o

Graham Maynard, B+ B~ R
Newtownabbey
N. Ireland

This gating provides two signals, D and DR, which make sure that
in-car power amplifiers don’t suffer from power surges.

o
DR

PC control of a DC motor

his circuit. in conjunction with a

PC. controls the speed and
direction of rotation of a DC electric
motor. via the PC’s parallel port
LPT1. It uses bridge connected
complementary transistors with
freewheeling diodes. Controlling the
bridge are two 2SC1483 transistors,
which interface with the parallel
port of the PC at address 378.

Data bits Dy and D;. on pins 2 and

3 of the parallel port are used to
drive the bridge circuit. Pin 25 of
the parallel port is connected to the

OV ground of the bridge power
supply. The simple QuickBasic
program runs the DC motor at any
speed in either direction.

A data O on bit Dy and a | on D,
switch transistors Tr; and Tr; "on’,
resulting in current flow through the
motor in one direction. A data | on
bit Dy and a 0 on D, switch
transistors Try and Try ‘on’”.
resulting in current flow through the
motor in the other direction,
reversing the direction of rotation.

Listing for PC control

ON KEY (1) GOSUB Speed
KEY (1) ON

ON KEY (2) GOSUB Direction
KEY(2) ON

=1: h 500: 1 =0

INPUT “Speed 0 - 500 = *; s

20 FOR i% = 0 TO h - s: NEXT i%
OUT &H378, d

FOR j% = 0 TO 1 + s: NEXT i%
QUT &H378, 0

GOTO 20

Speed:
INPUT “Speed 0 - 500 A
RETURN

Direction:
INPUT "Direction 1=>CW; 2=>CCW " ;
RETURN

motor is controlled by switching on
Try and Try alternately. Setting the
length of one FOR/NEXT loop.
while adjusting the other to keep
the sum constant, results in pulse
width modulation of the motor
current.

With the QuickBasic program
running on a P-1 166MHz PC, a
pulse-width modulation frequency
of about 7kHz resulted. Speed and
direction of rotation are controlled
by the keys Fl and F2.

The software controls the motor M T igbal
speed by pulse width Rawalpindi
modulation. If. for example, Dy Pakistan
is at logic 0 and hence Tr) is E4
‘on’, current flow through the
+30Vdc +24Vdc (E4)
- .
1K T | . Tr2
BDX53C*
Je) 10K
"
oq| | 2SC1483
*
™
°e BDX54C*
. T3
L] - e
Pin2s .: Use heatsink
\Y
IBM PC
Parallel 2SC1483
Port LPT1 ”L
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DIGITAL DESIGN

Suggested layout
diagrams, which
can be lifted
directly into your
application, are
effort-saving gems
that can be dug
up in data sheets.

Perfect
onversions

What are the most common mistakes made when engineers design

with analogue-to-digital converters? Steve Bush asked five

application engineers from the companies that make the chips

nalogue-to-digital
converters are deceptive
little beasts. On the face of

it. they are simply building blocks,
to be dropped into a circuit at will.
In reality they are a can of worms
and the surrounding circuitry has to
be very carefully considered if all

the performance you pay for in the
chip is to be realised in the final
circuit.

Fast or high-resolution analogue-
to-digital, or a-to-d. converters. are
the most difficult to apply, but there
is still plenty of scope for the
uninitiated to make cock-ups in the

Anologue
ground

Tie grounds together
at only one point

Digital
ground
OGND Digital
logic
D0-03 SUERlY
V#
DGND Digital
logic
D4-D11
g DGND
X = via to ground plane
[] = topside trace

simplest of low-performance
designs. Only the foolhardy set forth
without a thorough understanding
the principles involved.

Grounding and power

Grounding seems to be the issue that
most frequently confuses the
uninitiated. Except for the simplest,
most a-to-d converters have more
than one ground connection. These
are provided to allow digitally
sourced switching currents to be
routed away from the inductance
and resistance of bond wires and
tracks carrying the input signal.

The most extreme grounding
problems are to be found in
instrumentation a-to-d converters.

*“A single point ground is
absolutely critical for
instrumentation,” says Adolpho
Garcia, applications manager at
Linear Technology. "We produce
sigma-delta a-to-d converters with
more than 20-bit resolution. One
LSB (least-significant bit) for these
converters is in the order of 1pV.”

A milliamp of current through
1mQ of track can produce this on its
own, without invoking inductance
and 100mA bus driver pulses.

The idea of single-point grounding
is to separate all the converter
system current paths until they meet
at one point. This point acts as a
local reference ground, even though
circuit currents will impose voltage
variations on it with respect to the
PCB power ground connection.

Working to maintain a single-
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specification match the task?
/- even at maximum frequency

DIGITAL DESIGN

Take heed... The
distilled wisdom
of five top

Does the converter performance

Can the output impedance Will the . analogue-to-
here drive the input clocks beat Will variable dii 7
Does the conditioning impedance here? with the conversion igital converter
circuitry compromise - even dynamically? input signal? Is the digital bus time destabilise application
the signal over J o a control loop? b
temperature or time? #partenaighy specialists, It may
A Is the input not say
oc impedance g
| high enough? f'veryth.mg, but
Will tracks ignore it at your
Signal . under the il
Signal gna, Analogue to Following chip inject peril.
conditioning iqital iaital noise into
source d'g‘ M the die?
Multiplexer converter circuitry
Suck it and
] ] see on an
HSpd Ground Ground evaluation

Are these connections
suitable for the
signal bandwidth? Have you

point ground in a design. in the face
of grounding due to chassis-
mounted connectors and the like,
can be a major system-level
exercise.

The next step down from single
point grounding is to isolate part of
the PCB ground plane, assuming it
is an equi-potential surface and
declaring it the ‘analogue ground’.
This can be a good alternative to
strict single-point grounding and is
probably the most common way to
implement high-performance a-to-d
converter circuits.

As before. this has to be done
with extreme care as the equi-
potential assumption has to be valid
for the signals you are designing
for.

Some, with good justification,
advocate a single ground plane. But
“One big ground plane is certainly
not always the best strategy.” warns
Marcel Pelgrom of Philips’ mixed-
signal research group.

At the low-performance end,
a-to-d converters are mostly
integrated on-chip with
microcontrollers. There is little
scope for finesse here. but an
understanding of basic principles
can still pay dividends.

Proper supply-rail decoupling is
vital if the a-to-d converter power
pins are not to become alternative
converter inputs.

Some say you cannot go too far.
“You want short loops and no
inductance. Try to glue the
decoupling caps under the die,”
says Pelgrom, “With a 12-bit
50MHz converter there is 120 to
140dB more energy switched in the
output latch than in the input
signal.” This puts into perspective

Analogue Digital Output
ground ground ground

\1/

read ALL Do you know what
of the data to do with all
sheet? of the grounds?

the importance of proper output
latch grounding and decoupling.

The aspect of circuit design that is
frequently left until late and then
palmed off onto some unsuspecting
PCB designer is the layout of
conductors under and around the
a-to-d converter chip. This sweep-
it-under-the-carpet approach is
likely to decrease resolution or
increase system noise. Both, if it is
not your day.

Makers of a-to-d converter chips
are now used to circuit designers
compromising the performance of
their babies and now — for it was
not always so — mostly include
plenty of ayout information in their
device data sheets. The gems
among these are suggested layout
diagrams which can be lifted
directly into your application.

Evaluation boards are another
wonder that chip makers have
woken up to supplying. Unless your
Spice skills are particularly well
honed, or lucky is your middle
name. use them to breadboard that
tricky a-to-d converter section
before you go for a first PCB.

National Semiconductor does a
PC interface board and software
suite to go along with some of its
a-to-d converters, to enable
statistical performance data (o be
gathered at an early stage.

The importance of timing

Most converters require some form
of clock signal. In a low-speed
application. this could come straight
from the system clock. but as speed
increases. jitter in the clock
becomes an issue.

“It is no use looking at dynamic
performance of a 20MHz 12-bit

grounding, have
you achieved it?

board?

If you need
single-point

r —_—

The most important thing

Ask a bunch of analogue to digital converter
application engineers for one good tip they will cry
in unison: “READ THE DATA SHEET.” And they
mean all of it, not just the first page. Beyond this,
there are many general texts. As a start, take a look
at Linear Technology’s Application Note 71, the
excellently named: ‘The care and feeding of high
performance a-to-d converters: Get all the bits you
paid for’. www linear-tech.com

system if the clock jitter is worse
than 10ps. It is easy to show that a
few picoseconds of jitter introduces
more than 1 LSB in error,” says
Philip’s Pelgrom. “Feeding a
20MHz converter through a
standard logic gate with a clock
derived from some lousy CMOS
oscillator is unreasonable.”

Constant-impedance inputs?

For various good reasons. converter
makers seldom add on-chip buffers
to the inputs of their high-
performance a-to-d converters. This
means that their input impedance is
unlikely to look like a well behaved
resistor to ground — however handy
that would be.

The input impedance of a
sampling a-to-d converter —
particularly if the part uses a
capacitor front end — is likely to be
dynamic and change during the
conversion cycle.

*CMOS charge transfer a-to-d
converters squirt current out of their
inputs.” said Tony Allen,
application engineer of Maxim. “If
it is fed from an inductive source
this can be a nightmare.”
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AVpp

n

>

AVgg

The input of an
unbuffered
analogue-to-digital
converter is most
unlikely to look like
a well-behaved
resistance to
ground.

v, o——o-c/o—nﬁgl—

"o

There is one simple solution. so
long as the input signal is relatively
slow. ““Put a low inductance
capacitor to ground right next to the
input. Any value that will fit will be
fine as the LSB sampling capacitor
will be small, under 1pF." said
Allen.

If the input signal bandwidth is
high, this solution is less viable as
anything driving the capacitor at
high frequency will have to work
hard. An op-amp is the obvious
solution. But Allen warns: “An op-
amp’s output impedance rises with

frequency and starts to look
inductive. A very high bandwidth
op-amp — a video amplifier — can be
used as a buffer. I would go for a
100MHz device on the input of a
IMsample/s converter.” As always.
the solution is to understand the
problem and work out the answer.

Any input buffer has to maintain
the accuracy and bandwidth of the
system. If you think about what
ILSB of a high speed 14-bit
converter represents, it is a very
small part of the input signal.
Maintaining accuracy and timing
through the input buffer is anything
but trivial.

It is frequently necessary to
multiplex more than one signal into
an a-to-d converter. This
multiplexer can either be a separate
device, or on the same chip as the
converter. But, “*adding a separate
multiplexer is a gotcha waiting to
happen”. says Allen.

Charge injection is the problem.
When a multiplexer changes state.
unwanted charge is added to its
signal path.

The bigger the signal switching
transistors in the multiplexer are.
the worse the problem. Off-a-to-d
converter multiplexers have to drive
PCB tracks so they need large
transistors. “If you go fast with a

[

Which converter?

achieve 6.8.”

The appropriate number of bits and sampling rate are only the very tip of the a-to-d
converter specification iceberg. Most n-bit converters only have n-bit resolution
with a slowly changing input. Converter designers have invented the term ENOB
(effective number of bits) to describe how a converter operates at high speed. “The
1175 is an industry standard 8-bit 20Msample/s a-to-d converter,” says Mark
Holdaway, data-converter marketing manager at National Semiconductor, “Our
version of it has an effective resolution of 7.5 bits at 20MHz. Some others only

ENOB is not the only useful dynamic parameter. Spurious-free dynamic range
(SFDR) and differential non-linearity (DNL) are another couple. “For radio
applications, SFDR may be more important than DNL. Then DNL is more relevant
for baseband video than jitter specs,” says Marcel Pelgrom of Philips’ mixed signal
research group. National Semiconductor’s ADC1175 data sheet, page 8
(www.national.com) has a handy explanation of dynamic specifications.

One extra thing to think about if the converter is part of a control loop is
conversion time. Long conversion times are bad enough — particularly within fast
control loops like those found in mobile phone base stations. Add in the
fluctuations in conversion times that sigma-delta and pipeline converters can
produce and almost anything can happen.

separate multiplexer you get
significant charge injection and
have to wait for the signal to settle,”
said Allen, “On-chip multiplexers
can have low charge injection
transistors because they only have
to drive on-chip connections.”

Allen makes similar arguments
for pre-converter sample-and-holds
and track-and-holds.

Multiplexers can have another
unwanted effect as Allen’s co-
worker. Maxim applications
engineer Kevin Bilk explains. “A
sigma-delta converter will quickly
follow a continuously varying input
signal. but will take longer to settle
if a multiplexer is switching step
changes into it.”

One final thing to think about on
the route to the a-to-d converter
input is the PCB tracks themselves.
Keep an eye on resistance in high-
accuracy systems and inductance in
high-speed systems. Stripline
techniques are an option as
frequencies rise and track length
matching is something to watch to
avoid phase errors when sensing
signals in quadrature.

The digital output

The more current the a-to-d
converter digital output drivers
have to deliver. the more spurious
signals are injected into the a-to-d
converter chip and the higher the
risk of errors creeping into the
conversion process. Buffering the
digital data stream with a high
impedance buffer. as physically
close to the a-to-d converter chip as
possible. will reduce the capacitive
load on the converter chip drivers
as much as possible.

Be careful with the buffer power
connections. You don’t want to
inject noise straight into the a-to-d
converter grounding system. “It is
preferable to have low-swing slow
buffers to prevent injection.” said
Philips” Marcel Pelgrom. “Consider
a buffer from the previous logic
generation.”

Serial interfaces are better
standardised than parallel ones and
involve switching less current, but
have to switch faster to achieve a
given data rate.

The moral of this design story is:
If you understand your pet a-to-d
converter. and treat it with respect,
it won't bite your hand off. W

306

ELECTRONICS WORLD April 2000



PIC Micro CD-ROM

over 1.2Gb of info £10 ine P&P and VAT

Write your PIC programs in BASIC! - No STAMP REQUIRED!
* Bic Basic - £48,95,
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FREE PIC Macro . FREE P s File Editor, FREE Windows Front End D D .

PIC BASIC PRO Includes samples programs and code to support Smart card read&wrte. ‘

Download the full 168 page PIC BASIC MANUAL and sample programs w mm from m

http://iwww.picbasic.co.uk \
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PIC16x84 programmer Kit
WINDOWS Driver - £15.00 inc P&P + VAT

Programs the popular PIC1684 and 24 sories serial memory devices.
Connects te the serial port of PC upte pentium (not P2 er F3) and requires
NO Extornal pewer supply. The KIT includes Diagram. layout. Bigh Quality PCB
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& Upgradable software is supplied for future PIC Micro's
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Clilrve Sttt + Windows Sore
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Mcrosof PCSC congae £69
Package Incdes; 9
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Paraliel port extension cabie - £5.95
40PIn 2IF socket - £22.50

8/18PIn ZIF Socket - £22.50

PIC8 Prototype hoard - £4.50

PIC18 Prototype board - £5.50 z&m ‘:fcda Rr::‘ﬂ;!\fyﬁrft%%e Ken)
(1) - " A pAces are ict 10 VAI@1 7 5% parrs),
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@ Real Time code execution 32Khz to 20Mhz real time eperation
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one has ever heard what a
loudspeaker sounds like. Even if

it was possible, people wouldn’t like
it. It is impossible to hear anything
but the result of exciting the acoustic
environment with a loudspeaker.

Often, the acoustic environment
will be a room of some sort, perhaps
because we like to be out of the cold,
or because we want to listen to
reproduced sound to the exclusion of
extraneous sounds.

The closest we can get to hearing a

I t’s not widely appreciated that no-

Room for
improvement

The listening room has a surprisingly
significant effect on the loudspeaker. In
this first article on the topic, John
Watkinson examines how the listening
room affects sound at low frequencies.

speaker alone is perhaps to suspend
it and ourselves a hundred feet off
the ground by thin wires. In the
absence of a suitably quiet location
and means of support, we might try
an anechoic room. Such a room
absorbs almost every sound so that
only the direct sound from the
speaker can be heard.

In both environments, the results
are disappointing. Even with a very
high quality speaker, the sound
appears dry and lacking in bass.
Consequently anechoic room testing

SPEAKERS” CORNER

can only be used for making
objective measurements on a
loudspeaker.

We should not listen to the speaker
in an anechoic room to assess its
subjective quality. Instead we should
use the results of measurements
made in the room to determine what
the speaker will sound like in more
representative environments. The
absence of any reflections allows
anechoic testing to give very good
measurements of speaker directivity
and phase linearity.

S

Frequency

Fig. 1. LF
response for four
different room
locations.

Y

Frequency mmp

S
K
=

;

Frequency ‘
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Is a metre enough?

For some reason. anechoic tests are
usually performed with the
microphone a metre from the speaker
under test. This is suspect in many
cases because most speakers are
designed to be heard from at least 2m
away. Also. in the case of large
speakers or phased arrays the
wavefronts may take more than a
metre to coalesce.

In a listening room., the effects of
the room vary with frequency. At
low frequencies the wavelengths may
be long compared to the distances to
the floor and walls. Thus these
obstacles are acoustically close and
their presence will raise the acoustic
impedance allowing a greater sound-
pressure level to be created for a
given volume velocity. This can
easily be demonstrated by equipping
a moderate-sized speaker with long
leads so it can be moved while
playing.

Figure 1 shows the results of
placing the speaker in various
locations. In the centre of the floor,
but elevated half way to the ceiling.
the bass response. 1a), is least
because the speaker is radiating into
a whole sphere.

Placing the speaker centrally on the
floor or on a wall, 1b). will raise
low-frequency output by 6dB
because radiation is now into a half
sphere. Placing the speaker in the
angle between the floor and the wall.
as in 1¢). gives a turther boost as
radiation is now into a quarter
sphere. Finally. placing the speaker
in a corner, 1d), gives the most boost
of all.

Generally. the speaker designer
doesn’t know where the speaker is
going to be positioned. and so has to
provide a good tonal balance
somewhere in the middle of the
possibilities of Fig. 1. In the case of a
cheap speaker with a fixed response,
it will only sound tonally balanced
when placed in the correct location.

Note that the bass lift effect only
occurs at frequencies up to a few
hundred hertz. The frequency at
which it ceases is often very close to
the low-frequency crossover point.
Because of this. it is desirable to
have a means of adjusting the
relative output of the woofer with

AUDIO

1kH
. Frequency ‘

Fig. 2. ‘Tone’ controls can’t fix poorly positioned or equalised speakers.

Response of speaker

Typical 'bass' tone control

Response of speaker
plus tone control

respect to the remaining drivers. All
serious speaker designs will have
such adjustment capability.

A stand for better
performance

Another possibility is to limit the
number of mounting possibilities by
making the speaker integral with a
suitable stand. The amount of
equalisation needed on installation
will be less and this can be a great
advantage in location recording
where the monitoring is frequently
moved.

The conventional tone controls of
an audio system are quite unable to
compensate as the bass lift generally
begins below |kHz. Figure 2 shows
the result of trying to compensate for
a wrongly positioned or incorrectly
equalised speaker using a tone
control. Doing so simply results in a
response peak. resulting in
colouration and listening fatigue. In
fact this is how most of the general
public listen.

Two speakers change tonal
balance

In stereo systems naturally there are
two speakers. These are often spaced
apart by two to three metres. At this
distance the woofers are acoustically
close and will augment one
another’s output by mutually raising
the acoustic impedance seen when
reproducing signals that are
correlated at low frequencies —
which is usually the case.

The effect of using two speakers
instead of one is therefore not simply
to increase the level. but also to
change tonal balance.

It follows that when adjusting the
equalisation of sterco speakers in a
room. both speakers must be
operating and both must be adjusted
simultaneously or a correct balance
will not be achieved.

At low trequencies, rooms may not
be acoustically what they appear to
be. Actual results depend heavily on
the constructional techniques and
materials.

Lightweight construction, such as
plasterboard on thin wooden
uprights is from an acoustic
standpoint very nearly absent at low
frequencies. In other words. low-
frequency signals can almost pass
straight through because the
panelling simply flexes.

The result is twofold. Firstly the
listening room is not isolated so
sound can escape or enter, possibly
causing a disturbance within or
outside the room. Secondly, the
acoustic impedance seen by a
speaker in such a room will be lower
and it will appear bass light. Low-
powered speakers in tlimsy
buildings may run out of power
when, from an acoustic standpoint,
they are trying to provide adequate
sound-pressure level in the car park.

The only solution here is mass.
There is no substitute for masonry,
but there is little point in providing
heavy walls if the ceiling is tlimsy. B

April 2000 ELECTRONICS WORLD

309



Joint Administrative Receivers of
Onwa Electronics (UK) Ltd

Viewing:

Tuesday 18th, Wednesday
19th & Thursday 20th April
2000

Between 9.30am and 4pm

each day

Location:

Simonside East
Industrial Park,
Newcastle Road,
South Shields,

Tyne & Wear,
Newcastie upon Tyne,
England

Sealed Bids Close:
12 Noon GMT,
Friday 5th May 2000

5% Buyers Premium
to be Charged

Web Site: www.walker-singleton.co.uk

E-Mail: auction@walker-singleton.co.uk

Fax: 44 (0)1422 430044
Tel: 44 (0)1422 430000

214 Py A P
o -
TELFORD ELECTRONICS e
Old Officers Mess, Hoo Farm, Humbers Lane . i " 2
Horton, Telford, Shropshire TF6 6DJ, UK A 1o
Phone: (00 44) 01952 605451 Fax: (00 44) 01952 677978 [, , .
e-mail: telfordelectronics @telford2.demon.co.uk 'N -
Web: http://www telford-electronics.com WP ;
Carriage: £10+VAT @17.5% to be added to all UK orders HP 81114 Fa .
Qverseas orders welcome — Please call tj A . -
ALL OUR EQUIPMENT HAS A 30 DAY GUARANTEE i : " - .
We now accept all major credit cards - Visit our NEW Web Site H
P ) P
JUST ARRIVED " . -
BT ' ‘
. — .
¥ 4
¥ 1
b
|4 ¥
- P 152 A
A ; Py
RS )
-
(o )W y Yol - " .
; 1A v o 2 s P 1 A
4 4 1 P 87438 A
L A WM ~ye
£ - - ', 18
; 5 e - X e
"l A 0 1A
A - A » ] 3
— A 1
L » :
(5 -
A
A
,- X
A Haw'e 1O
b x -
. g 3 "
A £ b 1 !
— A 725
.
. ‘
s . . )
2 £27 e - 4 14 X
CIRCLE NO.118 ON REPLY CARD
Instructed by
SMT & THROUGH HOLE ASSEMBLY
J P McLean CA
Grant Thornton @

MACHINES, TEST EQUIPMENT &
£2.5MILLION ELECTRONIC COMPONENTS

SEALED BID - TENDER SALE

ENTIRE CONTENTS OF A TELEVISION MANUFACTURING FACILITY, ESTAGUSHED IN 1994 AT A COST OF £12MILLION.
ALL ASSETS TO e OFFERED ON A PIECEMEAL BAsis
lation
PANASONIC SMT Machines inc. 3 x MSH2 (1997) & 1 x MSH1 (1989) Chip Shooters; 4 x HDP3 Spot Gluers; 3 x BIPM Board Inverters; 2 x

MV5 Magazine Fillers; 2 x MBBSM Storage Units; 2 x M3SF Magazine Emptiers; & 600mm & 1200mm Conveyors; 2 x HERAEUS Quarzglass
Electric Curing Ovens.

Through Hole Machines inc. 2 x UNIVERSAL 2596R 80 Station Sequencers; 4 x UNIVERSAL VCD6295 Dual Head VCD Inserters with
Robotic Loaders; 4 x TOK AVISERT VC-5B Head Radial Inserters; 3 x SOLTEC 6621 Prisma Wave Flow Solder Machines (97); Ancillary Board
Feeding/Lifling Systems; Assembly & Inspection Conveyors; Manual Inserting Conveyors with Auto Clinches,
Assembly
HIRATA Final Assembly, Wire Dressing and Power Testing Line 200 foot long. Robots for CRT Insertion, Lifting and Tilting, 3 Vacuum CRT
Litters (Installed New 1998). Final Assembly Line With Extensive Buming, 2 Level Conveyor with Electric Lifts, Wire Dressing, Power Testing
and Packing (New in 1993)

ipment

Gej
PHILIPS TV Modulators for PAL, Secam & NTSC; Digitali Sound, Teletext and Function Generators; TV Channel Combiners; Video 