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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!

CIRCLE NO. 101 ON REPLY CARD



267

269

274

281

290

304

COMMENT

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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source — % transducer > electronics DSP f—P
| (c) (ic2) (1C3)
MEMS transducer plan view
Tum-» 4 500 pum depth
7um -» - Stationary comb
Anchor ML —Stizum
e o o
Free || |Free
) = e I [
Anchor
Stationary comb

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

- =l

CIRCLE NO. 106 ON REPLY CARD




NEWS

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)
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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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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”);

April 2000 ELECTRONICS WORLD

295



CIRCUIT IDEAS

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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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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results. | INSULATION TESIERS

Measure to 2000Mohm, Test

Voltages of 250, 500, 1000V.
You can always rely on ouroutstanding Features Include voltage and

technical support. resistance measurements.

Phone 01279 639471 or
e-mail Business@TriangleDigital.com Ex

now for the new
free TDS2020F INSTRUMENTS
For information on the range of products contact imn
Datasheet Technical & General Ltd., 1Boaee varm
Parkway House 101, Sheen Lane, London SW14 6LS ALl
Latton Bush Centre, Southern Way, Harlow, UK.CM18 7BL { Phone: 020 8392 6980 Fax: 020 8392 6999 Technical-General® Cablenel.co.uk

www.TriangleDigital.com
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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
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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,

Quicker and easier than ‘'C’' or assembler. PIC BASIC is a true compiler providing faster
execution and shorter programs than BASIC stamp interpreters, built in 12C routines
and serial comms upto 115K Baud and full BASIC STAMP compatibility make wnting for
the Microchip PICmicro's easy! PIC BASIC compiles your basic language programs to
Microchip Hex format for use with In-circuit emualtors or for programming directly into the
PIC CHIP. Supports PIC12C67x. PIC14Cxxx. PIC16C55x, 6xx, &xx.84, 92xand 16F87x
Full documentation with syntax examples are provided in the 168 page user manual. A

’lechnlcal support mailing list s provided for life time support

PIC Basic Pro - £149,93
The PIC BASIC Pro compiler instruction set is compatible with the Basic Stamp | sn a s £1 ea
providing additional functionality over PIC BASIC, feature like LCD read Write, fully

customisable Serial in / out. {Create a serial LCD display driver in miniutes). Full de-bug

Packed with information, data sheets, appiication notes, programs
diagrams and tutorials. Includes TETRIS and PING PONG with
sound and video out of a single PIC 16F84. Basic language
assembly routines and macros for hundreds of commands. Data
sheets on thousands of devices, micro's, memory and support chips.

facilities, compile with debug to produce assembly commented with your Basic commends

PIC BASIC and PIC BASIC PRO compile tight efficient code without the use of a basic
with a 1 ge manuat, explaining each command end worked examples ' (] » ' t.

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 \

Order Online via our secure server
http://iwww.crownhill.co.uk
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

& Low cost programmer for PIC12Cxxx, PIC12CExxx, PIC14Cxxx, PIC16C505, 55x, 6xx,
7xx,84, 9xxPIC 16CE62x and PIC16F87x

@ ZIF adaptors are evaileble for 8/18 in 40/28Pin DIL, 8,18 and 28 SOIC, 44 Pin MQFP,
44 and 68 Pin PLCC

@ Powered by 2x 9V batteries or AC edapter.

@ Connects to PC parallel port

& Upgradable software is supplied for future PIC Micro's

® FREE 8051 style PIC Macro compiler

and ali componenets, software en 3.5° FB

SMARTCARD DEVELOPMENT SYSTEM

Clilrve Sttt + Windows Sore

Read anq Wrte dea on Smrt Cart Moy carcs
Mcrosof PCSC congae £69
Package Incdes; 9

£35 When purchased
with PIC BASIC

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),
PIC64 Prototype hoard - £8.50 Sobs s ot VEBA 46, Cond s
Exampes Apps 1 Read and Wit to Smart Cards and GSM cards
Documentation and detaled Windows DL descricon.

Www.towitoko.co.uk

s%lalll'rog 481V

g"b Low Cost - High Performance
== Intelligent Universal Device Programmer

BE Gﬂl'"“l"ﬂ
and mqr

'9.95

@ For PIC16F87X (emulates most PIC16C6)/TX devices)
& In-Circuit run time debugging
@ Real Time code execution 32Khz to 20Mhz real time eperation

Plugs into parallel port of your PC
_Adaptors fer TSOP, PSOP. QFP, SOIC. PLCC

@ Nigh Speed Parafiel pert intertace Connection ¢ . * True No Adaptor Pregramming upto 48 Pins
B n evics pregrarmetar B Programs and Verifies 227.3.3.3 & 5V devices

ZRun, Step. Run to Carser etc
@Cenditional Animation Break
w1Software animation trace captures 3 user defined variables
in additten to opcode, W, Status, FSR
registers and correspanding instructions.
@Source Lovel and symbolie debugging
ZRuns wader MCICD IDE (win95/98 or NT) or MPLAB
ZSupplied wikth ICD debug module, Proto board,
40Pin and 28Pin emuiater headers,
Cabies IDE software and user guide

PC Sofware Driver FREE seftware updates 3 Year Warranty
240VAC/12¥ adaptor

PreProm UNIVERSAL Eprom Programmer
Ilnlversal Serlal EEprom programmer Adaptors fer TSOP. PSOP QFP SOIC. PLCC
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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
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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 Selectors
Text Inserters; Swemar & Colour Generators; Grundig Video Generator.

Test Equipment

TECNOST Model WPV6800IV 20°x 16" Double Side Bare Board PCB Tester (97); MONTFORD 2.25m x 2.25m x 2.2m Humidity & Temperature
Test Chamber; KING 24" Vibration Tester; KING Model HT Drop Testers; 3 x MARCONI MDAS200 Incircuit Test Units; 2 x KIKUSU Insulation
and With Standing Voltage Testers; 3 x MINOLTA Colour Analysers; Over 100 Lots of other ltems of Test Equipment inc. Voltage Testers, Circuit
Testers, Oscilloscopes, Generators, Multimeters, Plugin Units, etc.; Buming Racks; Various PCB Test Stations; etc

Over £2.5 million of Electronic Components. SMT & Through Hole Components comprising: Resistors; Capacitors; Ceramic Filters; Flat
Mountings; Resonators; Various Mains, Adjustable, Linear & Fixed Inductor Coils: Tuners; Line and Saw Filters; Stereo, Flyback and other
Transformers; Power Switches; Video Amps; IR Receivers; Semi-Conductor & IC Delay Lines; Drodes; Transistors; Power Leads, Connectors
and other sockets; Speakers, etc
To be Sold in Conjunction with the Remaining Assets of the Company to Include 8 x Toshiba Plastic Injection Moulding Machines
upto 1600 Tonnes and Ancillary Equipment, Robotic Paint Spraying Line, Engineering Toolroom, Storage & Handling Equipment,
Business Machines & Quality Office Furniture

Free catalogues with lilustrations at:- www.walker-singleton.co, uk

/\
Walker Singleton
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Bus transceiver

Fairchild has introduced the
GTLP17T616 17-bit registered bus
transceiver that provides LVTTL to
GTLP signal level translation. The
device allows for transparent, latched
and clocked modes of data flow and
provides buffered GTLP (CLKout)
clock output from the LVTTL CLKAB.
For backplane and bus applications,
the transceiver can be used in
datacomms, telecoms and server
systems. It suits source synchronous
clocking architectures. There is a
balanced timing relationship between
clock and data to improve its
operating frequency. it supports multi-
drop backplane designs up to the
100MHz range and operates at 3.3V.
The product has internal edge-rate
control and is process, voltage and
temperature compensated. There is a
bidirectional interface between cards
operating at LVTTL voltage levels and
a backplane operating at GTLP
voltage levels.

Fairchild Semiconductor

Tel: 01793 856856

Enquiry No 501

Motor drive ICs

International Rectifier has announced
ICs supporting its power conversion
processor architecture for 600 and
1200V AC or brushless DC motor
drives. The architecture uses
monolithic integration of high voltage
circuits for gate drive, protection,
current sense, soft start and power
supply functions. The range includes
gate drivers with IGBT protection,
motor phase current sensing ICs with

PRODUCTS

direct PWM interface to a
microcontroller, and a soft start
controller for the input converter.
Intemational Rectifier

Tel: 01883 732020

Enquiry No 503

16A relay

The 16A LE relay from Matsushita
comes in PCB and top mounted
terminal variants. It can switch 16A at
250V AC. The top mounted terminal
version switches the load via a
crimped terminal connector instead of
a conventional PCB pin. Creepage
and clearance distances are 8mm.

Power consumption is 400mW and

class B standard (130°C). This relay
is suitable for switching the
magnetron and heater loads in

include refrigerators, domestic
heating, and office and industrial
catering equipment.

Matsushita

Tel: 01908 231555

Enquliry No 504

Electrolytic capacitors
BC Components has announced
electrolytic capacitors, the 198
PHR-SI series. There are nearly 50
capacitors in the range with case

sizes from 22 x 25mm to 35 x 60mm.
There are snap-in products with 4mm
pins, which do not have to be cut after

mounting. They are rated from 56 to
820pF at 400 and 450V,

BC Components

Tel: 00 31 40 259 0724

Enquiry No 505

Four-resistor arrays

Philips Components has introduced
resistor arrays integrating four size
0402 resistors in a 0804 surface-
mount package. The 0.5mm thick
eight-pin package contains four
electrically isolated resistor chips.

or concave terminations and has a
0.5mm termination pitch. It can be
used as a pull-up, pull-down circuit,
damping circuit or bridge. Power

Applications include on
motherboards and hard-disk drive

Transformers for
ADSL chip sets

Pulse's B2064 and B2068 ADSL line
transformers are UL approved for
use with Alcatel's Dynamite
MTK-20140 ADSL chip set. The
transformers are for central office
applications and customer premises
equipment such as external modems,
set-top boxes and PC adapter cards.
The surface mount B2064 has a
footprint of 13.1 by 13.5mm and a
height of 12.3mm. The through-hole
B2068 measures 14.0 by 13.9 by
12.7mm. Both come in ten-pin
configurations with a minimum
linearity less than 72dB at 20kHz for
the through-hole part and 10kHz for
the surface mount device.

Pulse

Tel: 01483 401700

Enquiry No 502

heat resistance characteristics are to

microwave ovens. Other applications

The package is available with convex

dissipation is up to 0.0625W at 50V.

circuits for notebook, desktop and
hand-held computers, mobile phones
and digital consumer equipment
such as DVD players, camcorders
and pagers. The arrays are available
in resistances from 10Q to 1MQ with
five per cent tolerance and a
maximum operating voltage of 50V.
Philips Components

Tel: 00 31 40 272 2091

Enquiry No 506

Coprocessor for

digital cameras

STMicroelectronics has introduced an
integrated coprocessor for use with
CMOS image sensors in digital still
cameras. The STV0680 interfaces to
the firm’s CIF (352 x 288) or VGA
(640 x 480) resolution sensors. The
coprocessor supports 16 or 64Mbyte
of external memory. The 64Mbyte
version supports up to 24 VGA
images, 80 CIF images or 300 QCIF
images. Power consumption is

typically 70mA from four 1.5 batteries
and 350pA, depending on SDRAM, in
sleep mode while retaining pictures in
memory. It has a USB interface,
tethered video modes, serial interface
and an untethered video mode that
lets small video clips be made
remotely. The video clip size depends
on the available memory and image
resolution selected. It is supplied with
USB drivers and Twain support,
allowing plug and play operation.
STMicroelectronics

Tel: 01628 890800

Enquiry No 507

22.5 and 30mm

pushbuttons

IMO has launched 22.5 and 30mm
pushbuttons. The BS is a flush
mounted IP65 30mm push-button with
indicator lens to protect against
extreme environments. It is vandal
proof and shock resistant. The

April 2000 ELECTRONICS WORLD

31




NEW PRODUCTS

Please quote Electronics World when seeking further information

22.5mm IP65 B3 range includes
momentary and maintained
mushroom head actuators, push-
buttons and selector switches that
are opaque or illuminated, key
switches and indicator lenses in
various colours. Both come with
either black plastic or metal bezels.
The B3 has a single handed
mounting operation, where the
actuator is positioned from the front
of the panel. A locking nut mounted
from the rear first grabs, then
tightens the actuator tightly into
position. An anti-rotational peg
ensures the actuators are held in the
correct orientation, but this peg can
be removed to update products
already in the field. The range aiso
includes assembied push-button
stations and accessories such as
single snap on contact blocks that
are colour coded for normally open
and closed contacts.

MO

Tel: 0208 2084006

Enquiry No 508

Right-angled male
connector

A male-side right-angle version of the
HDRA series of PCB mounted /O
connectors available from Honda
Connections. Applications include
notebook computers, ultra SCSI
devices and Raid controllers. Height
is 6mm and it conforms with ANSI
SFF-8441 requirements for VHDCI.
The 68-way connector is based on
0.8mm pitch and has a metal shell
with grounding fingers that protect
signal circuits by engaging first when
connectors are mated. Honda claims
more than 5000 mating cycles.
Honda Connections

Tel: 01793 523388

Enquiry No 510

RF design tools

An RF design kit including design
tools and components is an option in
the latest version of Electronics
Workbench Multisim (EWM) from
Adept Scientific. EWM is a circuit
design and simulation tool that can
perform at frequencies above
100MHz, making it a suitable
software simulator for radio frequency
design. The design kit is included as
standard with Power Professional
editions or available separately as an
add-on to the Professional edition. It
includes an on-screen spectrum

analyser. Circuit characterisation
analysis identifies the properties of
RF circuits by automatically
calculating voltage and power gain. It
also determines a noise figure.
There's a network analyser from
which EWM can automatically
calculate S, Y, Z and H parameters.
Network properties can be plotted
onto Smith charts, and stability and
gain circles generated. An RF parts
library is supplied, including models
of RF BJTs, MOSFETSs and various
diodes, striplines, microstrips and
waveguides. Model-making tools can
generate custom Spice models from
databook values.

Adept Scientific

Tel: 01462 480055

Enquiry No 511

Universal battery

charger

Datek is launching the UP-01
universal 5A battery charger for NiCd,
NiMH and lead-acid batteries. The
charger uses an electrode specific

charging system to provide the exact
and maximum charging current
needed. It can revitalise batteries
extending accumulator regeneration
and capacity, and provides automatic
battery detection and exact signalling
at the end of charging. Using a
computer controlled charger, it
monitors the electrochemical,
thermodynamic and crystal structural
state of each cell within the battery.
Datek

Tel: 01844 273800

Enquiry No 512

Expansion chassis

APW Electronics has introduced a
Smartslot interface for its intelligent
UPS, letting an extra three modular
accessories be plugged directly into
the units. The triple chassis is
available as a free-standing or 19in.
rack mounted unit. It can be powered
from the host UPS, giving a maximum
of 200mA for driving the accessories.
A separate 24V DC power supply,
giving an additional 400mA, is also
available.

APW Electronics

Tel: 01703 266300

Enquiry No 513

CAD converter

The latest version of Mydata
Automation's CAD conversion
program has been released with
features claimed to make CAD file
conversion simpler. A wizard leads

Multiport test system for RF

Agilent Technologies has
introduced the 87050E multiport
test set for evaluating 5002 RF
components on production lines.
The set works with the firm's
8712E network analysers for use
up to 3GHz for measuring devices
with up to 12 ports. The system
lets all transmission paths and port
reflection characteristics of a
multiport device be characterised
with one set of connections to a
device's ports. It has specified
performance at the test ports,
whether the device is measured in
a fixture or at the ends of test
cables. The system’s two
calibration routines can reduce
downtime typically needed to
calibrate multiport test sets. The
calibration routine requires users
to connect shont, open and load

standards only once to each measurement port, and reduces the number
of through connections required to calibrate all possible measurement
paths. The self cai routine performs automatic, periodic calibrations using
the set's internal calibration standards to correct system drift. The routine
takes a few seconds to run, and the user can program the interval

between self cal operations.
Agilent Technologies

Tel: 01344 366666
Enquiry No 509

the user through a step-by-step
process to create control files when
new CAD file types are encountered.
When a PCB or component file is
created, it can be transferred through
the network and imported to the
directory on the machine or server. A
graphical viewer shows a
representation of the converted PCB
including reference points or
fiducials. This helps ensure accurate
CAD data matching with the control
file and assures the PCB was
correctly created. Simplified
drawings of all the components
including their angles are also
reproduced.

Mydata

Tel: 01202 723585

Enquiry No 514

Digital meters and

controllers

Carlo Gavazzi has introduced digital
meters and controllers, with setpoint
and relay output, that cover
applications for volts, amps,
frequency, temperature and, via
sensors, rate measurement.

Available are 3, 3.5 and 4-digit
models, with either Din rail or panel
mount options. The meters provide
scalable inputs and scalable outputs
(analogue output only) with an
RS485 serial comms option on some
models. Other options include the
EDM35, which can be field
configured to suit an application via
plug-in modules, and the LDI3 and
LDI35 that handle voltage and
current inputs in the same unit.
Carlo Gavazzi

Tel: 01252 339600

Enquiry No 515

Power supplies

Thurlby Thandar has introduced two
single-output laboratory bench power
supplies — the EL183 18V 3.3A and
the EL561 56V 1.1A. The linear-
regulated PSUs have digital voltage
and current meters on the output.
The meters use 14mm LED displays,
and have an update rate of 4s™!
They simultaneously meter voltage
and current.

Thurlby Thandar Instruments

Tel: 01480 412451

Enquiry No 516
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HOW DOES YOUR EQUIPMEN

MEASURE UP?

TEKTRONIX 2445

e s 4ch 150MHz deiay sweep
Cursors readgut

S ONL

PHILIPS PM3217 -
Dual Trace 50MHz Delay

e

GOULD 0S300 Dual trace 20MHz. Lightweight.
Very good value

ony @D

THIS ISTHE
BEST CHEAP
SCOPE
YOU WILL EVER
BUYI

GOULD 0S1100 Dual trace, 30MHz

delay, very brght Sunghed with
manual and 2 probes

eyt

D

TEKTR.ONIX 400 SERIES

468 Digtal Stossige Dual Trace 100MHz Deiay....€550
466 Analogue Storage Dual Trace 100Kz Delay. .£250

485 Dual Trace 350MHz Day Sweep. €750
475 Dual Trace 200MHz Delay Sweep. £450
465 Dual Trace 100MH2 Delay Sweep .£350

FLUKE SCOPE METERS
Models 93/96/99. Dual Trace S5OMHz
+ Digttal Storage etc.

Unused from £400 to £650

SPECIAL - LIMITED QUANTITY

MARCONI 2022€
SYN AM/FM SIG GEN 10KMz - 1.01GHz
Up 10 +10dBm output, phase mod, LCD

keyboard e% gic. Small, lightweight

MARCONI 6311 Pro%Srﬁep Gen 100MHz-20GHz. £3750

HP. 8657A Syn Sig Gen 100KHz- 1040MHz £2500
HP 86568 Syn Sg Gen 100KHz-930MHz £1500
H P. 8656A Sgn S(%Gen 108KHZ-998MHz ... £1250

GIGATRONIC 7100 Syn Sig Gen 10MHz-20GHz. . £5000

MARCONI 2017 AM/FM Phase Locked Sig Gen 10KHz-
1024MHz Good Signal Punty . £1200

HPBGdOAAMFMSgGen SOOKHz-1004MHz. . £450
H.P.B640A AMIFM Sg Gen S00KHZ-S12MHz. . £250
PHILIPS PM5328 Gen 100KHz-180MHz with
200MHz Freq Counter. IEE 0850
MARCONI 6500 AmpMude Analyser. £1500
H P.4275A LCR Meter 10KHz-10MHz. £2750
H P.4192A LF impagence Analyser SHz-13MHz  £5060
H P.8903E Distorticn Analyser.. £750

MARCONI 2305 Mod Meter 500KH2-2GHz from _ £900
FARNELL AMM2000 Automatic Mod Meter 10Hz-

2.4GHz £950
WAYNE KERR AMM255 Automatic Mod Meter AMFM
1.5MHz2-2GHz 35 digit. Unused .£400

MARCON! 2955 Moile Radio Test Set. £2000
STABILOCK 4015 Radio Comm Test Set. £2250
H P. 53508 Freq Counter 20GHz £2000
H P. 3468 Naise Source 10MHz- 18GHz £500
H P. 116320 Dual Dir Coupler 2-18GHz. £1600
H.P. 116910 Dual Dir Coupler 2-18GHz. £1250
WAYNE KERR Inductance Analyser 3245 £2000
H.P.8112A Pulse Generator S0MHz . .£1250

DATRON AutoCal Multimeter 5.7 agu 10651061A/
1071 .from

RACAL 1998 Freq Counter 1 3GHz IEEE ec £400
MARCONI 2240 Freq Counter 206Hz friom £1000

MARCONI 2610 - True RMS Voitmaeter

N

STEWART of READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: (0118) 9268041
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

TEWART OF READIN

SPECTRUM ANALYSERS

H P.8562A 1KHz-22GHz £9000
H.P. 8530A 10KHz-1.8GHz {750hms). .£2250
H.P. 85588 with Main frame 100KHz-1500MHz.€1250
H.P.853A (Dig Frame) with 85594 100Khz-21GHz ..

- .£2750
H.P. 3582A Dual Channel 25KHz £1500
MARCONI 2382 100Hz-400MHz High Resolution £2000
B & K 2033R Signal Analyser. .. .. -

ADVANTEST TR4131 10KHz-3.5GHz.

MARCONI 2370 30HZ-110MHz.

HP141 Systemns 8553 1KHz-110MHz from

8554 500KHz-1250MHz from €750; 8555 10MHz-

18GHZ from £1000

MARCONITF2015 AMFM 5

gen 10-520MHz m
RACAL 9008 Automatic
MoD meler 'y
2GHz

THERE'S ALWAYS SCOPE FOR IMPROVEMENT!

SPECIAL OFFERS

WHILST STOCKS LAST

TEKTRONIX 2215 - Dual Trace 60 MHz
Sweep Delay,

incites 2 probes
NOW ONLY

HC 3502 5mv-20,0w, 0.2u sees-
Dual Trace 20MHz 0.5 SecDw; X-Y- X5
i @ Magnifer; TVSync etc

POWER SUPPLY Mcdel HSP3010
0-30 vots, 0-10 amps current

GOODWILL
GVT427 DUAL CHANNEL AC limiting. 2 meters
MILLIVOLTMETER
10pv In 12 ranges
Fve‘:]uenq 10Hz-1MHz SOLATRON 7150 '
Used £100 Unused £125 &7 DM 6.5 digit
- True RMS IEEE
GOODWILL GFC 8010G [ —— FLUKE MULTIMETERS
Frequency Counter Range THz- == & W - TYPE 8050A 4 digh 2A True RMS £75
120MHz 8 digit dispiayy 15MV .
RMS sensiliviy Wodsed @ TYPE 8010A 3 digit 10 Amps £50
TYPE 8012A 34 digi 2 Amps £40
OSCILLOSCOPES H.P.5315A Unwersal Counter 1GH2 2Ch 80

PHILIPS PM3092 242 Ch 200MHz Detay TBetc. . £950
PHILIPS PM3082 242 Ch. 100MHz Delay ec £800
TEKTRONIX TAS465 Dual Trace 1000Hz Daley etc  £800
TEKTRONIX 2465 4 Ch. 300MHz Delay etc £1500
TEKTRONIX 24458 Dual Trace 150MHz Delay elc. £1580
TEKTRONIX 2205 Dual Trace 20MHz £300
KIKUSUI 6100 5 Trace 100MHz Dek £425
TEKTRONIX 2430 Dg Sworege Dual Trage 150MHz £1000

UNUSED OSCILLOSCOPES

TEKTRONIX TDS350 Dual Trace 208MHz 1G5/Sec £1500
TEKTRONIX TAS485 4 Channel 2004Hz etc £1100
HP 546108 Dual Trace S00MHz 20WS. £2000
H.P. 546088 Dual Trace 100MHz 20WS £1000
GOULD 400 Dual Trace 2044Hz 100MS. £800

RACAL 9318 Frequency Counter 10Hz-568MHz  £50
FARNELL LF1

E;ﬁ Sine’Sq Osctllator,
= 10Hz-1MHz @

GOULD J3B Sine‘Square Oscillator, 10Hz-100KHz
low distortion Onily £95

A Classic Bench Multmzter - SOLARTRON 7045

- 4 d.gllbn%hl LED, ONLY,

warking with leads.
It's so cheap you should have 1t as a spare

Digntal/Analogue. As New.
ONLY ~ as

Fax: (0118) 9351696

USED EQUIPMENT - GUARANTEED. Manuals supplied
This 1s VERY SMALL SAMPLE OF STOCK. SAE or tefephione for lists. Phssas (fmck availability betore

ordering. CARRIAGE all units £16 VAT to be added 1o total of g

#4 and carnage.

CIRCLE NO.120 ON REPLY CARD

Why Settle for AM when you
can afford High Quality FM !

Transmitters & Transceivers

We can offer the lowest prices on high quality FM
Radio Data Modules both in the UK and overseas !

Our qualified engineers offer full technical support
from simple advice to system design & integration.

For a free catalogue, wall chart or quotation just

e-mail

sales@radtec.demon.co.uk.

alternatively

fax or telephone quoting ref: WWRMI

Telephone +44(0)1992 576107

Fax +44(0)1992 561994
http://www.radio-tech.co.uk

adio - Tech Radio-Tech Limited

Your official Radiometrix Distributor

CIRCLE NO.121 ON REPLY CARD

ELECTRONICS WORLD

(U

CAMBRIDGE

MICRO

LOW COST

PROCESSOR

SYSTEMS LIMITED
http://www.cms.uk.com

Low cost
Embedded Control

Control Systems
Custom Design

Micro-Controllers

Logic Controllers
Data Loggers
Analogue & Digital 110 |

!

Units 17-18, Zone ‘D',
Chelmstord Road Industnal Estate,
Great Dunmow, Essex

UK CM6 1XG

Tel +44 (0) 1371 875644

Fax +44 (0) 1371 876077
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8-bit micro with
2K x 14-bits flash

Microchip's latest 8-bit flash
microcontroller extends its range with
the 28-pin PIC16F872 device
providing 2k x 14-bits of flash
memory, 64 bytes of EEPROM data
memory, and an extended operating

voltage of 2.0 to 5.5V. It also has a
5-channel 10-bit (+1L.SB) A/D
converter, brownout detection, up to
5MIPS performance at 20MHz, 12C or
SPI communications capability for
peripheral expansion, two 8-bit timers
and one 16-bit timer. As with all
Microchip’s PICmicro flash and OTP
microcontrollers it features in-circuit
serial programming. The PIC16F87X
family also supports self-
programming, allowing the device to
be reprogrammed in-circuit at a
remote location. In addition, an
in-circuit debugging feature aliows
designer to emulate’ the
microcontroller without the need of an
in-circuit emulator.

Microchip

Tel: 0118 921 5858

Enquiry No 517

Rotary-coded switches

Devlin Electronics has introduced a
range of Fujisoku rotary coded
switches, with fluorescent ink
markings, for improved visibility in
applications with low light levels. The

supplier describes the rotary switches
is ‘digital’ i.e. the rotary movement is
divided into a series of positive
‘clicks’, and a clearly calibrated rotary
scale shows the rotational position.
There are four ranges of switches:
10x10mm switches with a recessed
slotted spindle (through-hole or SM);
10x

10mm switches with a raised, slotted

spindle (through-hole); 10x10mm
switches with a turning knob and
fluorescent markings (through-hole);
and 7.5x7.5mm switches with a
raised, slotted spindle (through-hole
or SM).

Devlin Electronics

Tel: 01256 467367

Enquiry No 519

1°C multiplexers

Philips Semiconductors has
announced a family of 12C
multiplexers. Designated the
PCA954x family, it is designed for
multiple system management buses
or multiple I2C devices with the same
address, different voltage levels, or
loads too large for the I°C master to
handle. The devices provide
multiplexing and interrupt controlling
to eliminate the need for glue logic
and general purpose I/Os. In addition,
they include diodes to enable shifting
between 5.0V and 3.3V buses and
bus isolation to prevent system hang-
ups. The PCA9540 is a two-channel
12C mutltiplexer without interrupts that
switches between two 12C devices or
buses. The PCA9542 is a two-

channel multiplexer that contains
three address pins, allowing a bus to
use eight PCA9542s to switch up to
16 I2C devices or buses. The
PCA9544 is a four-channel
multiplexer that can be used for
switching up to 32 I12C devices or
buses. Both devices include an
interrupt controller to prevent system
hang-ups if a bus generates
interrupts.

Philips Semiconductors

Tel: 00 31 40 272 20 91

Enquiry No 520

3U CompactPC card

MEN makes its first move into 3U
CompactPCl with the F2 CPU card. It
is a Pentium lll-class system master
with scalable performance enabled
by the 'Super Socket 7’ support. It
provides typical PC functions such as
main memory (SO-DIMM), ditferent
interfaces such as 4 fast UARTSs,
10/100Mbit Ethernet, EIDE, LPT,
USB and GPIO, plus support for
Microsoft's ACPI specification. In
addition, the F2 provides 32Mbyte
shock-resistant on-board DRAM,
watchdogs to monitor temperature,
voltage, fan and time-out, PXI trigger
lines for data acquisition and
analysis, and industrial BIOS,
allowing the CU to operate without
graphics. A PC-MIP mezzanine slot

SiGe power amp for 2-way pagers

Temic Semiconductors has introduced a silicon germanium (SiGe) power
amplifier (PA) designed for use in 900MHz 2-way pagers, PDAs, meter
reader transceivers, driver amplifiers and ISM phones. The T0930 is
intended to replace the usual GaAs power amplifier devices normally used
in two-way pagers by a SiGe integrated solution. In addition to the power
amplifier, the device includes an RF power-control and a standby circuit.
Thanks to SiGe, the current consumption in power-down mode is only
10pA, eliminating the need for a high-side switch. The T0930 permits real
continuous wave (CW) operation as necessary in systems with high duty
cycles or long time siots. The output power in CW mode is up to 33dBm.

Temic Semiconductors

Tel: 01753 763120
Enquliry No 518
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PER 100 UNITS

Jidiai eree
v

The range of ‘FM-Controllers’ provide . Ui : | —
most of the features required for bl e P DEVELOPMENT
embedded control at a very low cost G i p The PC Starter Pack provides the

. A A >R

ickest method t: t licat
FEATURES FM-200 Controller e S

up and running
¢ 68K Micro-Controller 14 MHz clock Operating System
¢ 512 Kbytes Flash EEPROM : ;
¢ 512 Kbytes SRAM Battery Backed ¢ Real Time Multi Tasking

# 2 RS232 Serial Ports 11 eprocessar Sustems Lid 1935 ¢ Unlimited copy licence
¢ 1 RS232/R5485 Serial Port OPTIONAL EXTRAS Languages
¢ Real Time Calendar Clock , ¢ ‘C', Modula-2 and Assembler

(Y2K Compliant) Additional extra features to the FM 200 ‘ -
¢ Watchdog & Power fail detect ¢ LCD Port Graphics or Alphanumeric ¢ Up to 32 Digital VO Channels ¢ Full libraries & device drivers provided
¢ 10 Digital 10 Lines ¢ Key Pad Port 64 Keys 8 X 8 ¢ Up 't(o 8 Mbytes of SRAM Battery Expansion
¢ 2-16 bit Counter/Timers ¢ 8 Channeis 8 bit analogue in Backed

¢ Ea

¢ ICBus or M-Bus # 2 Channels 8 bit analogue out ¢ Up to 512 Kbytes of Fiash EEPROM pej;);‘:f;,":n"dd,}g i;féfe fangg St
¢ Expansion 8us ¢ 8 Channels 13 bit analogue in ¢ 1 Mbyte EPROM Space

¢ Size 100%80 mm Support

OTHER FEATURES CAMBRIDGE ¢ Free unlimited telephone, FAX, email
¢ Up/Download removable card for data MICROPROCESSOR and Internet support

logging and or re-programming et ) = .
# STE VO Bus, 68000 and PC Interface SYSTEMS LIMITED Custom Design

PPN SRS Urits 17-18, Zone D Chelmsford Road Industrial Estate, Great Dunmow, i (cl:‘:tir::'mdf:'%':r:x::"“'m““’ =
n the UK Essex UK CM6 1XG Tel +44 (0) 1371 875644 Fax +44 (0) 1371 876077 =
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WATCH SLIDES ON TV
> PE-POOY | MAKE VIDEOS OF YOUR SLIDES
DIGITISE YOUR SLIDES

WWW. PCB-POOL.COM | | eromsans: wionen sinvomssan it norsosmesor eanma
A 4 ¥ ) v Vi | uan our
AMA AN 1 - W &P / @ N e has a?:oa?pcsne video output to a phono plug (SCARTg BNC adaplors are availabie)
They are in very good condition with few signs of use.. ... .........£91.91 + VAT = £108.00
Pro'o' Ype PCBS Board cameras all with 512 x 582 pixels 8.5mm 1/3 inch sensor and composite video
out All need to be housed in your own enclosure and have tragile exposed surface
from your usual manufacturer for a mount parts.
B They all require a power supply of between 10 and 12v DC 150mA.

fraction of the cost 47MIR size 60 x 36 x 27mm with 6 infra red LEDs (gives the same illumination as a small
torch but is not visible to the human eye)............ ... .£50.00 + VAT = £58.75
40MP size 39 x 38 x 28mm spy camera with a fixed focus pin hole lens for hiding behind
avery smallhole... ... ...£50.00 + VAT = £58.75
40MC size 39 x 38 x 27mm camera !or C moum Iens lhese gve a much sharper image
than with the smaller lenses........ .. ..... ....£38.79 + VAT = £45.58
Economy C mount lenses all erd locus and llxed lrls
VSL1220F 12mm F1.6 12 x 15 degrees viewing angle. ......
VSL4022F 4mm F1 22 63 x 47 degrees viewing angle ......

0 £15.97 ¢ VAT = £18.76
.. £17.65 « VAT = £20.74

VSL6022F 6mm F1.22 42 x 32 degrees viewing angle ... . ....£19.05 « VAT = £22.38
VSL8020F 8mm F1 22 32 x 24 degrees viewing ang'e ............. .£19.90 + VAT = £23.38
Better quality C Mount lenses

VSL1614F 16mm F1.6 30 x 24 degrees viewing angle ... ... ..... . £26.43 + VAT £31.06

...£77.45 + VAT = £91.00

VWLB813M 8mm F1.3 with lris 56 x 42 degrees viewing angle.
Blue and silver recordable CD ROM bulk... £0.766 + VAT = £0.90
With jewelcase. ... ... v £1.00 # VAT = £1.18
PEKE103A 130v diode ... ... . £0. BBp + VAT £1. 15 20 for €13 00 + VAT = £15.28
RC300 Philips universal remole comrol 5 for £24.45 + VAT (£4.69 + VAT each) = £27.55
Konig Ultrasonic remote control clearout, imited quantities. Quantity left in brackets

US8207 (15), USB209 {5), USB220 (4), US8224 (5), USB225 (2), USB232 (3),
FREE |-¢Y°|l| Software US8233 (2),UUS8239 (8), USB260 (1), USB264 (124). USB265 {116), USB302 (2),
° o o USB306 (1), USB309 (1), USB406 (1), USB513 (21). USB514 (40), USB516 {19),
FREE Dlgllgl-MU"Imeiel‘ US8519 (2), USB535 (82), USB578 (182)...

. ...100 of 1 value £1.00 + VAT, 1,000 of 1 value £5.00 + VAT
Please add E 1 66 + VAT = £1.95 postage & packing per order

Prele] Q £ oo H JPG ELECTRONICS

2 276-278 Chatsworth Road, Chesterfield S40 2BH
l I = J Pru5 (e 201880 Tel: 01246 211202 Fax: 01246 550905
onneded EE= 70088 ' RN Callers welcome 9.30am to 5.30pm Monday to Saturday

.......................................... £5.50 + VAT V T [ T
1206 surface mount resistors E12 v;Iues :;(:):mtf: ‘?:\:)h: '0' e 00 - VA '0' o
FREE PHONE 0800 389 8560
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NEW PRODUCTS

Please quote Electronics World when seeking further information

expands the F2's /O capabilities to
cover industrial graphics, senal
interfaces and field busses, etc. All
the F2's functions are supported by
board support packages for Windows
NT/NTE and VxWorks. Whilst the F2
is a two-board solution — CPU and
110 - it occupies only one slot on the
CPCI backplane.

MEN

Tel: 01276 677676

Enqulry No 522

Long range transceiver

Low Power Radio Solutions is offering
the RDT868 transceiver which is
designed for sending high volumes of
data over long distances. Operating at
868.3MHz in the newly harmonised

£10 off Newnes

leading experts

pan-European band, the transceiver
combines a high-stability 25mwW
transmit section with a selective dual
SAW filter receiver. This is combined
with a 1ms turnaround between
transmit and receive sections to
provide a 50kbit/s data rate at typical
ranges up to 700m line-of-sight or
100m in buildings. The system’s
construction means that the transmit
and receive halves can be pulled
apart to provide a separate
transmitter and receiver. With a dual-
in-line construction occupying only 23
x 33mm of PCB space, the RDT868 is
both compact and frugal, drawing
135mA in transmit mode and 70mA in
receive mode, both from a single 5V
supply.

Low Power Radio Solutions

Tel: 01993 709418

Enquiry No 523

200kHz switching

regulator

Linear Technology's latest 200kHz
monolithic buck mode switching
regulator is designed for dc-to-dc
conversion at 5V to 3.3V or lower
conversions. Lower output voltages
can be delivered since the output can
be adjusted down to the 1.2V
reference voltage. The LT1 578
includes a 1.5A low-loss switch and a
BIAS pin that is designed to improve
efficiency and lower thermal
dissipation. The device requires

1.35mA of supply current that drops
to 20pA in shutdown mode. While the
efficient high power internal switch
with 200m2 on-resistance eliminates
the need for an external MOSFET
and Risense) resistor, the constant
200kHz switching frequency keeps
noise away from sensitive IF
trequencies and reduces inductor
size to as low as 15uH. The device
incorporates all oscillator, control and
protection circuitry for a complete
switching regulator and is available in
8-pin SO in both commercial and
industrial temperature ranges.

Linear Technology

Tel: 01276 677676

Enquiry No 524

Jack plugs with fibre
lightpipes

Inverted right-angle modular jacks
(modjacks) with lightpipes from Molex
direct light from PCB-mounted LEDs
to the front of the modjack to indicate
system activity. The design uses
lightpipes and customer supplied
surface-mount LEDs, which in
combination reduce EMI/RFI
(antenna effect) noise by 50 per cent
as compared to a modular jack with
integral LEDs, claimed the supplier.
Applications are expected to be in
networking systems, set-top boxes,
security systems and mini-PCl
applications. The modjacks feature a
plug latch on top for easy unmating.

£10 DISCOUNT

Electronics World is
delighted to offer you

CD-ROM library of
Circuits, including

simulations, from

around the world.

Name

Please send me a copy of “Newnes
Interactive Electronics CD-ROM”, normal
RRP £49.99 DISCOUNTED PRICE only
£39.99 (postage free)

Simply return this order to:

Jackie Lowe, Quadrant House,

The Quadrant, Sutton, Surrey, SM2 5AS.

Address (for delivery)

Information)

Card Number:
Expiry Date:

Signature

Pay by cheque (payable to Reed Business

M Visa 7 Access/Mastercard 7 Amex

They are available in shielded and
unshielded versions for both RJ11
and RJ45 configurations. The
RJ45-configured modjack is specified
to deliver CAT 5 performance for Fast
Molex

Tel: 01420 488488

Enquiry No 525

SiGe LNA GSM

dual-band phones

Maxim's silicon germanium (SiGe)
low-noise amplifier (LNA) is designed
for use in the GSM900, DCS1800,
and PCS1900 mobile phone
frequency bands. The MAX2652
includes a 20dB attenuation step
control to further improve receiver
sensitivity and dynamic range
performance in GSM dual-band and
triple-band cellular phones. The
device consists of two LNAs. One
LNA is optimised for the GSM3900
band and provides a low 1.3dB noise
figure and a 1.8dB gain; the other
LNA is optimised for the DCS1800
band and provides 1.8dB noise figure
and also an 18dB gain. A band select
pin allows either of the two LNAs to
be active at one time, helping to
reduce supply current.

Maxim Integrated Products

Tel: 0188 930 3388

Enqulry No 526

Low cost set-top

box decoder

STMicroelectronics has announced
an addition to its Omega family of
set-top box decoders. The STi5512
device is pin-to-pin and software
compatible with the existing STi5510
launched last year but has been
introduced to deliver increased
system performance. The STi5512
integrates, in a single chip, a
programmable MPEG transport
stream demultiplexer block, an ST20
32-bit system CPU, an audio/video
MPEG-2 decoder, advanced display
and graphics features, a digital video
encoder and system peripheral
functions, including interfaces for
external memory, IEEE1394, 12C,
teletext and smartcards. It is designed
to increase the performance in real
STB applications through a 20 per
cent increase in processor speed
coupled with peripheral optimisations
that reduce CPU loading. At the same
time, 16 and 64Mbit SDRAM suppont
is added.

STMicroelectronics

Tel: 01628 890800

Enquiry No 527
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Visit our website
www.distel.co.uk

THE AMAZING TELEBOX

Converts your colour monitor into a QUALITY COLOUR TVt

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE *

MTELEBOXsanamamvemwcasedmanspwerednmn:zm

edactronics ready to plug into a host of video moniors or AV equipment

ars fited with a composte video or SCART input. The compostte video output
reception

wil also plug directly into most video recorders, alowng
nelis not normally receivable on most television receivers®

MB). Push button controts on the front panel allow reception of 8 fully tuneable

‘off ai UHF colour television channels. TELEBOX MB covers virtually al telev-
sion frequencies VHF and UHF including the HYPERBAND as used by
most cable TV operators. 'deal for desktop computer video systems & PIP
(pmxenpnure)setws For complete compatbilty - even for montiers without
sound - an Ntegral 4 watt audio ampiffier and low level Hi Fi audio output are
provided as standard Brand new - fully guaranteed.
TELEBOX ST for composite video input type monitors
TELEBOX STL as ST but fitted with integral speaker
TELEBOX MB Muttiband VHF/UHF/Cabie/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
*For cable / hyperband signal reception Telebox MB should be con-
nected tQ a cable type service. Shipping on all Telebox's, code (B)

State of the art PAL (UK spec) UHF TV tuner module
® with composite 1V pp video & NICAM hi fi sterec sound
" Outputs. Micro electronics all on one small PCB only 73 x 160
#% 52 mm enable full tuning control via a simpie 3 wire link to an
IBM pc type computer. Supplied complete with simple working pro-
gram and documentation. Requires +12V & + 5V DC to operate.

BRAND NEW - Order as MY00. Oniy £49.95 code (B)

£36.95
£39.50

See www.dlstel.co.uk/data_my00.htm for picture + full detalls

FLOPPY DISK DRIVES 21" -

All units {unless stated) are BRAND NEW or removed from often
brand new equipment and are fully tested, aligned and shipped to
you with a full 90 day guarantee. Call or see our web site
www.dlistel.co.uk for over 2000 unlisted drives for spares or repair.

8"

3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only
3%" Mitsubishi MF355C-D. 1.4 Meg Non laptop
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE
5%" Teac FD-55F-03-U 720

£25.95(B
£18.95(B
£18.95(B
40/80 (for BBC's etc) RFE  £29.95(B
5%" BRAND NEW Mitsubishl MF501B 360K £22.95(B,
Table top case with intel Sval PSU for HH 5%* Floppy / HD £29 95(8(
8" Shugart 800/801 8° 5SS refurbished & tested 0(E
8" Shugart 810 8° SS HH Brand New €195 00 E
8" Shugart 851 8° double sided returbished & tested £260.00(E
8" Mitsubishi M2894-63 double sided NEW £295.00(E
8" Mitsubishi M2896-63-02U DS slimline NEW £295.00(E
Dual 8" cased drives with integral power supply 2 Mb £499.00(E;

HARD DISK DRIVES 22" - 14"

2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95
2%" TOSHIBA MK2101MAN 2.16 Gb laptop (19 mm H) New £89.50
2% TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New£105.00
2%* TOSHIBAMKE409MAYV 6.1Gb laptop (12.7 mm H) New£190.00
2%" to 3%" conversion kit for Pc's, complete with connectors £14.95
3%" FUJI FK-309-26 20mb MFM I/F RFE

3%" CONNER CP3024 20 mb [DE I/F (or equiv.) RFE
3%" CONNER CP3044 40 mb IDE I/F {or equiv.) RFE
3% QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE
5%" MINISCRIBE 3425 20mb MFM U/F (or equiv.) RFE
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb

5%" CDC 94205-51 40mb HH MFM I/F RFE tested
5%" HP 97548 850 Mb SCSI RFE tested

5%" HP C3010 2 Gbyte SCSI differential RFE tested
8" NEC D2246 85 Mb SMD interface. New

8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00
Many other drives In stock - Shipping on all drives Is code (C1)

£195.00
£199.00

DC POWER SUPPLIES

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

10,000,000 items EX STOCK

For MAJOR SA VINGS

the highest specification
x monitors you will ever see -
At this price - Don’t miss it!!

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monttor with fine
. 0.28 dot pitch tube and resolution of 1024 x 768. A
mnetydmnsalowscuvmloahostdwvw
IBM PC's in CG? EGA, VGA & SVGA
modes, COMMODORE (Induding Amiga 1200),
ARCHMEDES and APPLE. Man
facepiate, text swiching and LOW RADIATICN MPR
specffication. Fully guaranteed, in EXCELLENT Itie

Titt & Swivel Base £4.75

Only £119 © wrcave
VGA cable for IBM PC included. y S
External cabiles for other types of computers available - CALL

used condition.

Ex demo 17" 0.28 SVGA Mitsubishi Dlamond Pro
monitors, Full muitisync etc.
Full 90 day guarantee. Only £199.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info

PHILIPS HCS35 (same sgle as CM8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separate phono jacks.
Integral audio power amr and speaker for all audio visual uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
vldeo monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good

used condition - fully tested - guaranteed
Bimensions: Wia- x Hizw x15%- 0. ONly £99.00

PHILIPS HCS31 Ultra compact 9” colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal
for all monitoring / security applications. High quality, ex-equipment
tully tested & guaranteed (possible minor screen bums). In attrac-
tive square black plastic case measuring W10° x H10" x 13%"* D.

240 V AC mains powered. only £79.00 ©
KME 10" 15M 10009 high definition colour monitors with 0.28"° dot
pitch. Superb clarity and modern styling. ..
Operates trom ang 15.625 khz sync RGB video §

source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13%* x 12° x
11°. Good used condition. 0n|y €125 ()

20" 22" and 26" AV SPECIALS
Superbly made UK manutacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Attractive
teak style case. Perfect for Schoots, Shops, Disco, Clubs, etc.in
EXCELLENT little used condition with full 30 day guarantee.

20"...£135 22"...£155 26"...£185@/

We probably have the largest range of video monitors in
Europe, All sizes and types from 4" to 42" call for info.

Virtually every type of power
supply you can imagine.Over
10,000 Power Supplies Ex Stock

Call or see our web site.

EST EQUIPMENT & SPECIAL INTEREST ITEMS

MITS. A FA3445ETKL 14" Industrial spec SVGA monitors  £245
FARNELL 0-60V DC @ 50 Am gs bench Power Supplies £995
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy £1850
1kW to 400 kW - 400 Hz 3 phase power Sources - ex stock £POA
IBM 8230 Type 1, Token ring base unit driver £760
Wayne Kerr RA200 Audio frequency response analyser £2500
IBM 53F5501 Token Ring ICS 20 port lobe modules £750
IBM MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortron Oscitlator SHz to 330Khz, IEEE £550
ALLGON 8360.11805-1880 MHz hybrid power combinars £250
Trend DSA 274 Data Analyser with G703(2M) 64 o £POA

Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
Marconi 2022C 10KHz-1GHz RF signal generator £1550

Marconi 2030 opt 03 10KHz-1.3 GHz signal generator,New £4995
HP1650B Logic Analyser £3750

HP3781A Pattern generator & HP3782A Error Detector £POA
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675
HP54121A DC to 22 GHz four channel test set £POA
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900
HP A1, AO 8 pen HPGL high speed drum plotters - from £550
HP DRAFTMASTER 1 8 pen high speed plotter £750
EG+G Brookdeal 95035 recusnon lock in amp £1800
View Eng. Mod 1200 computerised inspection system £POA
Sony DXC-3000A High quality CCD colour TV camera £995
Keithley 590 CV capacitor / voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500
Emerson AP130 2.5KVA industrial spec.UPS £2100
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. BMb Ram £945
Slemens K4400 64Kb to 140Mb demux analyser £2950

HP6030A 0-200V DC @ 17 Amps bench power supply £1950
Intel SBC 486/125C08 Enhanced Muttibus (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
PHILIPS PM5518 pro. TV signal generator £1250

Motorola VME Bus Boards & Components List. SAE / CALL £POA

Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM high speed band printer £1950
Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 299B Infrared spectrophotometer £500
Perkin Elmer 597 Infrared spectrophotometer £3500
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250

LightBand 60 output high spec 2u rack mount Video VDA's £495

Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
B&K 2633 Microphone pre amp £300
Taylor Hobson Tallysurf amplnher/recorder £750
ADC $5200 Carbon dioxide gas detector / monitor £1450
BBC AM20/3 PPM Meter (Ernest Tumer) + drive electronics €75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650
ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser £POA
ANRITSU ML33A optical power meter £990
ANRITSU Fibre optic characteristic test set £POA
R&S FTDZ Dual sound unit £650
R&S SBUF-E1 Vision modulator £775
WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750
TEK 2445 150 MHz 4 trace oscilloscope £1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955
TEK TDS380 400Mhz digital reattime + disk drive, FFT etc  £2900
TEK TDS524A 500Mhz digital realttime + colour display etc  £5100
HP3585A Opt 307 20Hz to 40 Mhz spectrum analyser £3950
PHILIPS PW1730/10 60KV XRAY genevalov & accessories £POA
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs  £2900

Surplus always
wanted for cash!

19" RACK CABINETS
Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top qualilé 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of equipment mounting
\plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatlle we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in muttiple bays.
Overall dimensions are: 77%" H x 32%" 8 x 22°W. Order as:

OPT Rack 1 Compiete with vemovable side panels.

R

£345.00 (G)
45.00 (G)

Over 1000 racks, shelves, accessories

19" 22" & 24" wide 3t0 46 U hlgh
Available from stock !!

32U - High Quality - All steel RakCab

Made by Eurocraft Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable

side, front and back dgors. Front and back doors are a8
hinged for easy access and all are lockabie with o

five secure 5 lever barrel locks. The front door
is constructed of double walled steel with a %)
‘designer style’ smoked acrylic front panel to
enable status indicators to be seen through the
panel. yet remain unobtrusive. Intemally the rack ]
features fully siotted reinforced vertical fixin
members to take the heaviest of 19 rack
equipment. The two movable vertical fixing struts [
(extras avaulable) are pre punched for standard §
‘cage nuts’. A mains distribution panel internal- |
ly mounted to the bottom rear, pvov:des BxIEC3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features include: fitted
castors and floor ievelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H x 635D x 603 W. { 64" H x 25" D x 23%" W)

Sold at LESS than a third of makers price If

A superb buy at only £245.00 ©
42U version of the above only £345 - CALL

12V BATTERY SCOOP - 60% off !!

A special bulk purchase from a cancelled export order brings you
the most amazing savlr':?s on these uitra high spec 12v DC 14 Ah
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15
featuring pure lead plates which offer a far superior shelf & guaran-
teed 15 K‘ar service life. Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.

M6 bolt terminals. Fuilly guaranteed. Current makers price over £70

eachDur Price £35 each «, or 4 for £99

RELAYS - 200,000 FROM STOCK

Save ££££'s by choos:ni’your next relay Irom our Massive Stocks
covering types such as Military, Octal, Cradle, Hermetically Sealed,
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Solid
State, Printed Circuit Mounting etc. , CALL or see our web site
www.distel.co.uk for more information. Many obsolete types Irom
stock. Save ££££°s

COLOUR CCD CAMERAS

Undoubtedly a miracle of modern technology &
our special buying power I A quality product lea-
turing a fully cased COLOUR CCD camera at a
give away price | Unit features full autoli?ht sensing for

. use in low light & high light
applications. A 10 mm fixed focus
wide angle lens |ves excellent focus
and resolution from close up to lon?
range. The composlte video output will
' connect to any composite monitor or TV
{via SCART socket) and most video
recorders. Unit runs from 12V DC so
ideal for security & portable applica-
tions where mains power not available.
Overall dimensions 66 mm wide x 117 deep x 43 high. Supplied
BRAND NEW & tfully guaranteed with user data, 100's of applica-
tions including Secunty, Home Video, Web TV, Web Cams etc, etc.

Webrel=LK33  ONLY £99.00 or 2 for £180.00 ()
SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack

and licence - OEM packaged ONLY £89.00 (8
ENCARTA 95 - COROM, Not the latest - but at this price ! £7.95
DOS 5.0 on 3%" disks with concise books c/w QBasic £14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00
Wordpertect 6 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

DISTEL on the web !! - Over 16,000,000 items from stock - www.distel.co.uk

- ELELTRONICS-
eoiis | O | i £

EST

YEARS

ALL MAIL TO
Dept ww, 29/35 Osborne Rd
Thornton Heath
Surrey CR7 8PD
Open Mon - Fri 9.00 - 5:30

Universties and Local

of Sale and unless stated guaranteed for
1o stock. Dascounts for volume. TopC»\SHpnoespaud

LONDON SHOP

Open Mon - Sat 9:00 - 5:30
215 Whitehorse Lane
South Norwood
On 68A Bus Route

N.Thornton Heath &
Solhun' Park SR Rail Stations

)

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Mewnum order £10. Bona Fide acoount orders accepted from Govemment,

£50. Cheques over £100 are subject to 10 working days clearance. Carriage chamges (A)=£3C.0 (A1)=£400
(B)=£5.50, (C)=£8.50, (C1) £12.50, (D)=£15C.0 (E)=EIBCO (F}=£20.00, (G}=CALL Allow approx 6 days for shipping - faster CALL. Al Standard Condtions
?rameesonaretumtobasebws Al nghts reserved to
surplus goods. Alltrademarks, tradenames etc

Authorties - minmum account order

CIRCLE NO. 126 ON REPLY CARD

DISTELO

Visit our web site
www.distel.co.uk
email = admin @ distel.co.uk

ALL ‘@ ENQUIRIES

0208 653 3333

FAX 0208 653 8888

Qoods supplied 1o our
pnoes / specifications without pnor notice. Orders subject
© Display Electronics 1999. E & O E. 07/99.




BOOK TO BUY

Official Wireless Application
Protocol: The Complete Standard
with Searchable GD-ROM

Available for the first time in book and CD form, the
complete, unabridged standard of the breakthrough
wireless technology standard. The Wireless
Application Protocol (WAP) is the first open,
licence-free standard which allows for the first time
any brand of wireless device to talk to another

-

§ WILEY 9

Official
wireless

Iuatwn
Aglr)otoco

across all networks
worldwide. The potential
for new applications
using this protocol is’
enormous. Unwired
Planet is the firm that
developed WAP with
AT&T Wireless, Motorola,
Nokia, and Ericsson. In
this, the first of a three-
book series on WAP,
they provide the definitive

reference of the standard.

CD-ROM provides the
unabridged specification
for quick reference

UK Prics: £45.50 Eurepe £47.00 ROW £49.50

** Price includes delivery **

Return to Jackie Lowe, Room L333, Quadrant House,

The Quadrant, Sutton, Surrey, SM2 5AS
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Please supply the following title:

Official Wireless Application Protocol

Total

Address

Postcode

Telephone

Reed Business Information

Credit card no

Method of payment (please circle)

Access/Mastercard/Visa/Cheque/PO
Cheques should be made payable to

Card expiry date
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Low power 8-bit
microcontrollers

Hitachi has announced the H8/3887
series of low power 8-bit
microcontrollers, based on the
H8/300L CPU core. The micro’s 1.8V
operation makes it suitable for
applications where low power
consumption is critical. The device
also incorporates an LCD controller
with on-board LCD power supply
generation, suitable for many simple
display applications. The H8/3887 has
the ability to start its main oscillator in
20ps, which according to the supplier
is unlike most other devices which
typically take a few milli-seconds to
start. This means the device can
power up, handle an extemal event or
internal process and return to standby
before a typical microcontrolier has

responded. The HB8/3887 also
features a peripheral set of up to
2kbytes of SRAM and 60 kbytes of
ROM, three 8-bit timers, a 16-bit timer
and a watchdog timer, 8 channels of
10-bit a-to-d converter, dual USARTS
a synchronous serial interface and 84
I/O pins. The device is supported by
an emulator, the E6-3880, and a more
comprehensive development kit, the
§6-3880. This includes Hitachi
WorkBench, an integrated
development environment complete
with C compiler, assembler and
debugger.

Hitachi

Tel: 01628 585163

Enquiry No 528

CAN micro with flash

The latest CAN microcontroller from
Toshiba is a 16-bit device featuring
128kbytes of on-board flash memory.
Based on the TLCS-900/H core, the
TMP95FWS54AF integrates full CAN
functions, a 16-bit controller, memory
and a number of on-board peripherais
including eight 8-bit timers, two 16-bit
timers, a watchdog timer and an 8 by
10-bit a-to-d converter. As well as the
single-channel CAN interface,
on-board connectivity options include
two serial /O channels and an
SPI-compatible TSEI interface. It
incorporates 4kbytes of built-in RAM,
128kbytes of on-board flash
EEPROM and 2kbytes of mask ROM
for booting. The core delivers a
number of features suited to real-time
applications including a general-
purpose register bank for fast context
switching, high-speed, four channel
micro DMA and 16bit multiplication
and division instructions. Full

CAN2.0B bus ensures compatibility
with both standard frame (11-bit) and
extended frame (29-bit) identifiers.
The TMP95FWS4AF is supplied in a
100-pin QFP package and operates
from a nominai 5V supply.

Toshiba Electronics

Tel: 00 49 211 52960

Enquiry No 529

Optical-fibre
interconnect

An optical fibre interconnect system
from AMP offers a complete
end-to-end design for Gigabit
Ethernet, Fibre Channel and ATM
0OC-12. Based on the MT-RJ small
form connector, the new system
offers twice the port density of
traditional systems. The family of
products features a range of
muitimode and singlemode
preterminated cable assemblies,
transceivers, work-station field

installable jacks, patch panel field
installable jacks, patch panels,
adapters and snap-in adapter plates
and a jack termination tool kit.

AMP

Tel: 0800 267777

Enquiry No 530

JTAG debugger for
Pentiums

Embedded Power Corporation has
launched a JTAG debugger for the
Pentium family. The system supports
the entire Intel embedded Pentium
family: Pentium I/11/ill, mobile Celeron
and Xeon, including 5V and 3V
Pentium processors. Also the QED
debugger’s reconfigurable design
simplifies the changing from one
configuration to another. If no JTAG
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Easy-PC For Windows from
Number One Systems
Call 01684 773662
or Fax 01684 773664

Email info@numberone.com

§OO0DO00000007 ™

o

From

£97

INdows*35/°98/NT at Computer Store Prices!!

in Is Gaining Pace!!

® True Windows interface

® True Windows 32 bit application

@ Schematic and PCB Design as standard

® Design in Imperial or Metric units {no rounding errors)

@® Drawing area up to 1.0 m by 1.0 m (39" by 39")

@ Database resolution down to 0.1 micron

@ Rotation to 0.1 (1/10th) degree

@ Intelligent Cut, Copy and Paste - internal and external

® Multi-level Undo and Redo

@® Cross probing schematics to PCB and Projects

® Auto component renumber

@ Forward design changes (ECOs) - Schematics to PCB

2 ® Integrated Autoplace

@ Integrated Shape based AutoRouter (Optional Extra)

@ Intelligent Bussing

@ Supports SMT, Through-hole and mixed technology

® SMT suported on both sides of the board

® Dynamic Pan, Zoom in and Out and Frame Views

® Change Component on-the-fly

® Maximum elements per design: Layers, Components,
Tracks, Pads, Text Strings, Polygons Unlimited !

® Pins per Component: Unlimited, yes Unlimited!!

Visit our web site WWW. n U m be rone.C()m

Number One Systems, at Sightmagic Ltd, Oak Lane,Bredon, Tewkesbury, Glos, GL20 7LR. UK

CIRCLE NO.127 ON REPLY CARD

Test & Measurement Instruments

All-in-One bench Instrument with 3 supplies,
DMM, Signal Generator and Counter / Timer

HF

Instruments

Phone: 01420 590000
e-mail: sales@hf-inst.co.uk

® RF
truments

Data Loggi
& Acquisition

EMC
quipment

ered bench power supplies
‘Up to 60V and 6A

Handy DM / Sco
rices from £127 inc. VAT « RS

Counter/Timer
TTL Sig. Gen.
£199 inc. VAT [lilnd

www.hf-inst.co.uk
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GENUINE GOVERNMENT SURPLUS

We currently have in stock a selection of MOD
surplus electrical equipment. All items are untested
and sold as seen. Please ring for more details.

Tektronics 212 Oscilloscope AC/DC £80.00

Tektronics 2445a Oscilloscope 150mhz £399.00
Phillips 3217 Oscilloscope 50mhz £125.00
Phillips 3215 Oscilloscope 50mhz £99.00
Wavetek 178 Waveform Synthesiser £599.00
Spector SD345 Spectruscope [l £149.00
Fluke 1722/AP/1 Instrument Controller £149.00

Advanced Bryans DS525AD14 Storage Scope £499.00
Marconi 2305 Modulation Meter £999.00
Marconi 2019A80-104mhz Signal Generator £299.00

n‘od>‘oower

3}ISGaM INO UO SN JNOE 3J0W INO0 puily

Schlumberger 7150 Digital Multimeter £69.00
Fluke 8600A Digital Multimeter £59.00
Solartron JM1861 Signal Generator £99.00

We shall be holding a Tender Sale
of various electrical equipment.

Viewing 13th-15th March

Catalogues will be available on viewing dates
and from our web site. Tender deadline 16th
March. Please call for more details.

Church Lane, Croft, Skegness, Lincs PE24 4RW (Just off the A52)
Telephone: 01754 880880 .,

CIRCLE NO.129 ON REPLY CARD
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BOOK T0 BUY

Frequency Synthesis
by Phase Lock

Frequency synthesis is an important element in the design of all
communications equipment, but has taken on new life recently

with the advent of new hand-held wireless devices. This
technology not only allows wireless transmitters to change

frequencies quickly, but also gives high reliability and security in

transmissions. Mobile devices such as cell phones can utilise
this technology to change frequencies until a suitable one is

found for the location in which

itis being used.

® Emphasises the
synthesis
Egan has been teaching
Clara University
ftp site for the use of
associated MATLAB
exercises
Lock Basics by the same
author, the two books
provide readers with
complete coverage of the
field.

CONTENTS

Phase-Locked Synthesiser;
Modulation, Sidebands and

Return to Jackie Lowe, Room L333, Quadrant House,

Noise Spectrums; Frequency

Dividers; Phase Detectors; Higher Order Loops; Sampiing
Effects; Architectures; Large-Signal Performance, Natural
Acquisition; Acquisition Aids; Spectral Purity; Computer Aided
Engineering.

UK Price: £64.00 Europe £66.50 ROW £69.00
** Price includes delivery **

The Quadrant, Sutton, Surrey, SM2 5AS

Please supply the following title:
Frequency Synthesis by Phase Lock

| enclose Total

Name

fundamentals of frequency
® Based on a course that Dr.
for over 20 years at Santa

@® Provides a link to the Wiley

® Taken together with Phase

Introduction; The Elementary

Address

Postcode

Telephone

Method of payment {please circle)

Access/Mastercard/Visa/Cheque/PO

Cheques should be made payable to
Reed Business Information

Credit card no

Card expiry date

Signed

NEW PRODUCTS

connection interface is available on
the target hardware, optional socket
breakout adapters are offered, which
add minimal loading to the design and
support all popular Pentium socket
configurations. Five different
connector interfaces are offered: 20-
pin JTAG; PGA 320 Socket 5; 30-pin

JTAG; PGA 370 Socket 7; and Slot 1
The debugger comprises the
VisualProbe debug interface and a
MicroChassis, which incorporates a
full implementation of the JTAG pont,
providing all the standard debug
features, and access to special
“hidden” internal Pentium registers.
AMP

Tel: 01256 474448

Enquiry No 531

High bandwidth FIFOs

IDT’s 3.3V x72 SuperSync i FIFOs
operate at 100MHz and are available
in versions ranging from 32kbit to
4Mbit densities. The FIFOs are
designed to provide double the
system bandwidth of existing x36
FIFOs in a single fine-pitch BGA
package. Developed for terabit
switches and routers, the devices also
include JTAG which allows board
designers to debug and test the
FIFOs and other components on the
board. All members of the extended-
bus (x72) family are pin-compatible
with each other and have a common
teature set and timing characteristics
with existing narrow-bus (x9/x18) and
mid-bus (x36) SuperSync Il FIFOs.
The x72 FIFOs provide a separate
seral clock a synchronous output
enable feature and bus matching
capabilities.

DT

Tel: 01372 378851

Enquiry No 533

High-speed op-amp

The LT 1886 contains two high-speed
op amps, which are capable of
providing a minimum of 8.6V
peak-to-peak output at 200mA on a
%6V or single 12V supply with low
total signal distortion. They are
suitable for upstream line driver
application in G.dmt and G.Lite ADSL
modems.

Linear Technology

Tel: 01276 677676

Enquiry No 534 ]

Instruments get optical interface

The new Yokogawa WE7000 Series is a PC-based range of
instrumentation modules, which combine together to produce a
measurement workstation, incorporates an optical communications
interface that operates up to 250Mbit/s, is also immune to noise and
interference. The system also allows each module to be calibrated
individually to maintain stand-alone traceability. Instrument modules
available include a digital oscilloscope, function generator,
counter/timer, multichannel digital thermometer, and a data-
acquisition system with fully isolated inputs. Each instrument module
contains its own in-built software, which automatically opens up on
the PC as soon as it is connected. This software provides full front-
panel emulation for instrument control and setting, along with a wide
range of signal viewing and analysis capabilities. Diagrammatic set-up
screens are availabie to allow complex trigger arrangements to be

created between modules.
Yokogawa Martron

Tel: 01494 459200
Enquiry No 532
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Post your completed order form to:-

Jackie Lowe, Electronics World, Room L333,

Jole] G(e1BUY

Without an engineering degree, a pile of
money, or an infinite amount of time, the
revised 289-page Interfacing with C is worth
serious consideration by anyone interested in
controlling equipment via the PC. Featuring

extra chapters on Z transforms, audio

processi

structures, the new Interfacing with C will be
especialy useful to students and engineers
interested in ports, transducer interfacing,
analogue-to-digital conversion, convolution,
digital filters, Fourier transforms and Kalman
filtering. Full of tried and tested interfacing

routines.

ng and standard programming

Price £14.99.

Listings on disk — over 50k of C source code
dedicated to interfacing. This 3.5in PC format
disk includes all the listings mentioned in the
book Interfacing with C. Note that this is an

upgraded disk containing the original

Interfacing with C routines rewritten for Turbo
C++ Ver.
Price £15, or £7.50 when purchased with the

3

above book.

Especialy useful for students, the original
Interfacing with C, written for Microsoft C
Version 5.1, is still available at the price of

£7.50. Phone 0181 652 3614 for bulk
purchase price.

Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

Please send me

Enhanced Interfacing with C book @
Enh. Interfacing with C book @ + disk

Original Interfacing with C book @
Postage + Packing per order UK
Postage + Packing per order Eur

Postage + Packing per order UK
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Price
£14.99
£22.49
£15.00
£7.50
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£7.00
£12.00
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)
i
i How to pay
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Are current
: conveyors finally
1| coming of age?

Circuit designers avoid current conveyors, invariably

\

R —
Not an ideal symbol for
the current conveyor, but
nevertheless a useful tool
for envisaging what it
does.

resorting to the traditional op-amp regardless of
how much better the conveyor might be at solving
their problem. In the past, they have had an excuse
in that current conveyors have been difficult to get
hold of. With the advent of the ’perfect transistor’
though, things may be starting to change, as John
Lidgey and Khaled Hayatleh explain.

ond-generation current-conveyor, or ship it is given by,
CClII, as a building block. Here, we look
at implementing the CgCllat transistor level. Vao¥ipdrrdrand 17=
As a reminder. the sign suffixing the  These equations show that there is a simple
abbreviation ‘CCII" indicates whether the  voltage-following action between input Y
polarity of device's output current is invert-  and X nodes. and that there is a simple cur-
ed or not relative to input current. For a  rent-following action between node-X and
output node-Z.
In addition, these equations tell us that the
Iz ideal impedance relationship for the current-

i
Vy o__g Z conveyor are,
= \
g It e

CCll+ Z}+»—

I n our last article, we discussed the sec-  CClI+, the current/voltage transfer relation-

Ziny)=o0, Zx=0 and Zzoyr)=°

v Comparison with a transistor

Vy = =——— since g, Ry >>1 .. Vy =V, Figuu:e 2 shows a single 'bipolar-jur.lclion

Fig. 1. Current [ 1 1‘ transistor. In principle, this is a unipolar

8- bc;l ":’e’" ,ZO"V‘;X"’ L1+ R J CCllI-, so a current-conveyor can be regard-

f: ":' o r;n", i u'!g 9m Px ed as an ideal transistor with infinite gain,

et I e g B . represented by P, and transconductance, or
gain. Loosely speaking, l, =——"—y, since B>>1, .. |, =—ly &
there’s a voltage follower [B + 1] 2

action between X and Y
nodes and a current-
follower action between
Xand Z.

Fig. 2. In principle, an n-p-n bipolar transistor is a

unipolar CCll-, so a current-conveyor can be

regarded as an ideal transistor with infinite gain and

transconductance.

Driving into the base of a bipolar transistor
gives close to unity voltage gain from input
base to output emitter. There’s a relatively
high input impedance at the input and a low
impedance at the output.

On the other hand, driving into the emitter
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of a bipolar transistor gives almost
unity current gain from emitter input
to collector output. with low input
impedance and  high  output
impedance.

Drawing the comparison further. the
high input impedance Y node corre-
sponds to the base (or gate) of a tran-
sistor while the low input impedance
X node corresponds to the emitter (or
source) of a transistor. Similarly, the
high output impedance Z node corre-
sponds to the collector (or drain) of a
transistor.

Clearly one transistor cannot func-
tion alone as a complete current-con-
veyor. An unbiased single transistor
can only handle unipolar signals. The
high accuracy unity voltage and unity
current gain required for a high per-
formance current-conveyor cannot be
obtained.

However, the generic relationship
between the transistor and the current-
conveyor is valid and it does provide
valuable insight into the development
and operation of monolithic current-
conveyors.

First monolithic current-
conveyor

The first commercially available cur-
rent-conveyor based on the current-

feedback op-amp was the CCII0I.
Shown in Fig. 3. this monolithic
device was designed and marketed by
LTP Electronics and manufactured by
Elantec Inc.

This circuit was fully symmetrical.
Transistors Tr) to Try made up the
input stage. The Y-node input was
high impedance while the low
impedance X node could be used as an
input or output.

A voltage applied to the Y input was
followed at the X node. The collector
currents of Try and Try were reflected
and recombined through current mir-
rors CM and CM5 to the high output
impedance Z node. Hence any input
into the X node was conveyed with
unity current gain through to the out-
put Z node.

Supplied as a dual device in an 8-
pin DIL package, the CCIlI0l was
built on a high-speed dielectric isola-
tion fully complementary bipolar pro-
cess. The device featured an equiva-
lent slew rate of 2000V/ps and
100MHz bandwidth. lts equivalent
open-loop gain was 80dB and its
CMRR performance better than 53dB
at IMHz. Maximum output current
from the device was *10mA and it
operated from +5V to 15V supplies.

The CCI10I first appeared in 1993.

COMPONENTS

+Vee

current-conveyor.

Fig. 3. Internal schematic of the first monolithic

Unfortunately. the electronics industry
looked somewhat sceptically at this
new analogue building-block. Despite
many passionate enthusiasts around
the world who realised the value of
the CCI101!. its manufacturer stopped
producing it due to poor sales vol-
umes.

What is the ‘perfect transistor’?
On pages 1049-53 of December 1999's
issue of Electronics World, Cyril

+Vee

PTAT Buffer 1 T Qjﬁer 2 cM 1
lo
100Q2
50k€2 CcM2
0 Rogx
'Q Ad) -
-Vee

Fig. 4. Schematic
of the OPA660
‘perfect
transistor’ reveals
three main
building blocks -
a temperature-
controlled
current source,
PTAT, a voltage
buffer and a
CCll+ type
current conveyor
(buffer 2 plus
CM1 + CM2.)

April 2000 ELECTRONICS WORLD
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Bateman outlined a ‘new’ analogue
integrated circuit. Described as ‘the
perfect transistor’, this was a relatively
new device from Burr Brown known
as the OPA660.

Within the OPA660, whose schemat-
ic is shown in Fig. 4, there are three
main building blocks. These are a cur-
rent source proportional to absolute
temperature (PTAT), an independent
high-speed complementary common-
collector emitter-follower (voltage
buffer) and a current-conveyor type
CCll+.

Buffer 1 to the right of the PTAT
current source in Fig. 4 is a two-stage,
cascaded complementary common-col-
lector emitter-follower. Similar circuit
configurations to this have been avail-
able in integrated circuit form from
several semiconductor manufacturers,
one of the first being National
Semiconductor’s so-called fast buffer
the LHO0002. This topology offers high
speed, push-pull operation. It has good
unity gain conformance and excellent
current gain, which is exactly what is
wanted for a fast voltage buffer.

The second buffer combined with the
complementary current-mirror output
stage shown in Fig. 4 is referred to in
the Burr Brown data sheet as a
‘Diamond transistor’, or operational
transconductance amplifier, OTA.

By comparing this stage with the
CCIIO! schematic of Fig. 3 you can see
that the two circuits are virtually iden-
tical. This leads to the conclusion that
the OPAG660 is actually a CCIl+ type
current-conveyor, with an additional
on-chip voltage buffer.

Burr Brown has clearly decided to

describe the CClI+ part of the OPA660
as a ‘diamond transistor’. The company
uses the bi-directional transistor sym-
bol shown in Fig. 5 as a schematic rep-
resentation.

Unfortunately this symbol is poten-
tially confusing. Any current flowing
out of the E (emitter equivalent) termi-
nal results in the same level of current
flowing out of the C (collector equiva-
lent) terminal, and vice-versa. This is
counter intuitive to Kirchhoff’s current
law.

Also, the symbol is rather too close
to that of a single BJT and it is difficult
not to be concerned with bias voltages
for Vgg and Vg, which are actually of
no relevance to the operation of a fully
integrated CCII+.

Current-conveyors and current-
feedback op-amps

Monolithic current-feedback op-amps
became commercially available as
high-speed alternatives to voltage op-
amps over a decade ago. Examination
of the internal structure of the current-
feedback op-amp is revealing as this
device is essentially a CClI+ with the
internal high impedance Z node con-
nected to an output voltage-follower, as
in Fig. 6.

Any current flowing at the low-
impedance inverting input is conveyed
to the gain node, Z. Resulting voltage
at the Z node is buffered to the output.

The impedance at node Z is thus the
open-loop transimpedance  gain
(CCVS) of the current-feedback op-
amp. In practice, node Z's impedance
is equal to the paralle] combination of
the CClI+ output impedance, the volt-

B (Y)

c@

E (X)

Fig. 5. ‘Diamond’ transistor
schematic - useful for getting
an idea of how a current
conveyor works, but not an

Y
CCli+ Z

Fig. 6. Current-feedback op-amp. Examination of the

age buffer input impedance and any
compensation capacitance at the gain
or Z node.

Generally the gain node is not con-
nected to an external pin and so the Z
node of the CClI+ in a current-feed-
back op-amp cannot be accessed.
However, simply removing the output
buffer from a current-feedback op-amp
is all that is required to obtain a high
performance CCII+, and this is effec-
tively what is inside the OPA660.

Future of the current-conveyor
Although the concept of the current-
conveyor is over 30 years old, it is an
analogue building block of consider-
able value. Now that it is available in
monolithic form it is a very welcome
device for the analogue circuit design-
er’s tool-kit.

There is no doubt that the current
conveyor is both versatile and conve-
nient for many applications. In many
cases, circuits made up using current-
conveyors are extremely simple in
structure. Often fewer parts are needed
than with the traditional op-amp coun-
terpart, due to the very attractive com-
bined voltage/current capability of the
current-conveyor.

In many applications, op-amp reali-
sations are significantly less practicable
than the equivalent current-conveyor
implementation. This is particularly so
for circuits involving high impedance
current output capability.

Further, the current-conveyor can
provide high speed and bandwidth, due
to the inherent local feedback nature of
the follower-based internal structure of
the device.

Finally, we would like to
acknowledge the work done by Prof.
Chris Toumazou and Dr Alison
Payne of the Imperial College,
London for their role in the CCIIOI
design and development. [ ]

In last month’s article, the current
conveyor in Fig. 4, the lower
conveyors in Figs 6 and 7 and the top
conveyor in Fig. 8 all had their Y and
X inputs transposed. Apologies.

The authors

John Lidgey and Khaled Hayatieh, are in the
Department of Electronic Engineering at
Oxford Brookes University, Oxford, UK.
John Lidgey is Professor of Electronics and

ideal representation. internal structure of the current-feedback op-amp is Head, and Dr Khaled Hayatieh is Senior
revealing as this device is essentially a CCll+ with the Lecturer in Electronics & Communications.
internal high-impedance Z node connected to an John is also a Co-Director of LTP Electronics
output voltage-follower. Limited, Oxon.
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a lifetime in electronics

PEOPLE IN ELECTRONICS

In this second article, 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.

with wireless, I started to look at
other uses for electronics.

The second most interesting appli-
cation for electronic circuitry was in
playing gramophone records. by way
of a turntable and gramophone ‘pick-
up’. These were generally piezo-elec-
tric devices. They used a somewhat
fragile and hygroscopic crystal of
Rochelle salt sandwiched between two
strips of aluminium foil.

A popular manufacturer of piezo-
electric pick-ups was Cosmacord. My
schoolfriend John Brown and I both
had record players based on these
units.

Although the pick-up had a fairly
high peak electrical output — probably
around 500mV rms — it needed addi-
tional amplification to make it operate
a loudspeaker.

In my case. to begin with. I used a
DIY three-valve amplifier. shown in
Fig. 1. My friend John simply plugged
his pick-up into a socket on the back
of the Brown family’s table radio.

Quite apart from the fairly obvious
difference in sound quality. which
favoured the table radio, there was the
consideration that the HT battery of
my battery-powered radio needed reg-
ular replacement. This problem wors-
ened if | lowered the grid bias voltages
to make the sound better.

F ollowing my early experiments

The advent of mains power
To address the battery problem. 1
found a suitable sized wooden box
once used for shoe polish and brushes.
Within it I built a 120V mains trans-
former powered HT power supply.
Although this solved the battery
problem, since the 2V accumulator
was readily recharged and the grid bias

batteries seemed to go on for ever. it
was clearly only an interim measure.
The wireless magazines 1 read had tre-
quent circuit descriptions of amplifiers
with output power ratings of eight
watts or more, at distortion levels of
less than one percent.

These more powerful amplifiers
mainly used phase-splitter circuitry to
avoid the need for output-valve driver
ransformers, which introduced distor-
tion unless they were very well made —
and hence expensive. This made me
keen to try out these new circuit ideas.

Without exception though, these cir-
cuits were based on valves with indi-
rectly heated cathodes. Most operated
at either 4V or 6.3V. except for recti-
fiers. for which 5V was the conven-
tional heater rating.

Tidal flows

This was the first of what I think of as
the tidal flows in electronics technolo-
gy. which left a number of amateurs
washed up in its wake. These experi-
menters were quite happy using bat-
tery powered valves with directly heat-
ed filaments or cathodes. and 120V
HT supplies, but the thought of HT
supplies of up to 450V. and power
transformers of comparable ratings
was, frankly, a frightening one to the
inexperienced.

Mains-powered circuitry was prone
to annoyingly obtrusive background
hum levels. These problems were eas-
ily remedied by attention to supply-
line smoothing and the layout of the
wiring and components, but they were
off-putting to the novice.

RF gain stages using valves

Most radio enthusiasts find difficulty in
getting either adequate stage gain or
adequate selectivity from their rf stages.
This problem is enshrined in the equation.

0- 1L

r\C
where Q" is the "quality factor® of the tuned
circuit.

Both the circuit voltage magnification
factor and its sharpness of tuning are
defined by Q. Thus, for a high Q value,
inductance L should be high in relation to
capacitance C. Likewise. the equivalent
circuit series loss resistance. designated r,
should be small.

Stray circuit inductances. which are
usually lossy. are mainly due to the wiring

between components. Most general purpose
valves have internal wiring lengths of the
order of Scm, as would tuning capacitors. At
least twice that wiring length would be
incurred by any frequency changing
switching. For these reasons. most amateur
radio constructors regarded 28MHz — i.e. the
‘ten metre’ band — as about the highest
‘easy” frequency to build for.

In the case of FM radio, 10.7MHz was
soon adopted as the normal superhet
intermediate frequency. Components like
‘Foster-Seeley” and ‘ratio-detector’ FM
demodulators. and bandpass-coupled IF
transformers. were soon commercially
available. They came in neat metal cans. to
smooth the path of the amateur constructor.

However. the ideal. drift-free. and motor
car ignition noise-free FM tuner was as
elusive at the end of the 1950s as it had been
for me in 1947.
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Fig. 1. My home-

A moment of anarchy

By now, Britain had been involved in
the Second World War for some years.
The effect on life in Reading was rela-
tively slight. Some things, however,
such as new electronic components,
were becoming difficult to obtain. In
addition, some nameless civil servant
had thought up a ban on the purchase
of directly-heated triode valves having
anode dissipations greater than four
watts. It was possible to obtain a
replacement power valve, but one had
to fill in a tiresome form from the
GPO, and have it countersigned by a
JP.

The reason given for the ban was that
such valves could be used by spies
wanting to construct clandestine radio
transmitters. Any interested schoolboy
though — me for instance — could have
told the ‘powers that be’ that one could
just as easily make a transmitter using
an output pentode valve, for which no
permit was required.

To prove the point I built a nominal-
ly five-watt transmitter, with which I
re-broadcast the BBC ‘Home Service’
on a new frequency, somewhere near
the bottom of the medium-wave band.
A tour on bicycle among my friends

Pentode versus triode - the
quest for sound quality

The original design of the thermionic
valve, as an amplifying device, was the
triode. It involved a spiral wire ‘grid’
mounted between the filament, which
was also the cathode, and the metal plate
anode.

Such early triodes worked well at low
frequencies, and introduced relatively lit-
tle distortion as an amplifier, but they
were prone to instability when used at
higher frequencies. This was due to the
effect of feedback through the inter-elec-
trode capacitances.

If the structure was elaborated to
include a ‘screening grid’, as in the
tetrode or pentode, the available stage
gain was greatly increased. However,
there was also an increase in the amount
of signal distortion — mainly third har-
monic — which couldn’t be removed by
‘push-pull’ operation.

In the middle to late thirties, before the
general adoption of overall negative
feedback in audio amplifier circuitry, a
major topic among amateur audio enthu-
siasts was the extent to which the effi-
ciency and stage-gain benefits from pen-
todes could be retained if the output
circuit was modified. Such modifications

Radio’ component catalogue — the last to
be printed before the war. In practice
though, they did not become available in
the shops until about 1947.

A typical ‘high-quality’ audio ampli-
fier of the period is shown in Fig. 2.

Time testing magnetrons

On leaving school, I had the luck to get a
job as a *student assistant’ in the GEC
Research  Laboratories at North
Wembley in London. 1 was mainly
involved in building and using test
equipment for the new 10cm magnetrons
that had started to be produced.

At the time, these magnetrons were
transforming the UK’s radar defences.
They improved the accuracy of aircraft
location due to their higher frequency
output signal, and their shorter RF pulse
length relative to their predecessors.

Though I greatly enjoyed the work, for
me the main attraction of the job was the
company of my new colleagues. Their
knowledge of electronics seemed ency-
clopaedic, and made my previous efforts
in radio and audio seem clumsy.

However, visiting a new friend, who
had a superb record playing set-up,
(though, actually, he preferred playing
his bagpipes), brought home to me the

brewed three- established that my transmissions were  included, for example, the use of un-  truth that a better speaker system would
valve amplifier. receivable over much of the Reading - bypassed cathode resistors or other ways  often make for better results than any
Its sound quality area — in some cases at better strength  of introducing local negative feedback. ~ amount of clever electronic circuitry.
could than the official signal. A significant step in the direction of A mouth-watering discovery, from
be improved a To be on the safe side, I took my  greater output stage linearity was made  those days, was that some parts of the
little by lowering BBC ‘spy’ transmitter to pieces again  in the late 1930s when Marconi-Osram  North Wembley laboratories were used
the grid bias the following day, since I felt that I  introduced the ‘beam tetrode’. This valve  for ‘life-test’ purposes, on a wide range
voltage, but that shouldn’t abuse my father’s hospitality.  offered pentode-type stage gain withtri-  of valves including the new ‘kinkless
meant I could imagine the wrath of the ode type levels of distortion. Such tetrodes’. Iremember seeing several
that | had to authorities if my actions were uncov-  valves, in various power ratings, were  thousands of them glowing in the dark-
replace the ered. listed in my 1940 edition of the ‘Premier  ness of the gallery in 1942.
expensive HT
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These valves were mostly KTZ63 radar This course was divided into two six-  on a raft of double triodes connected in
IF amplifiers. but there were also some of ~ month spells. at Glasgow and Yatesbury  parallel push-pull. This kit was said to
the legendary, and quite unobtainable.  in Wiltshire, where much of the work tied ~ have been available, on hire. for a fee. to
KT66 output valves. | asked the technician ~ in with my previous experience at the  the various Indian political parties taking
in charge what would happen to them.  GEC. 1 was back once more in familiar  part in the 1945 elections.
*Oh’, said my informant. “when the tests  territory. The second job | recall was an early
are finished. we sling them out. If you ask At the conclusion of the course 1 was pro-  digital computer that Mac built for
me again. say in 1945 or 1946, you can  moted to ‘Leading Aircrafisman’, and post-  Bombay University. It used hundreds
take your pick of any that are still work-  ed to the celebrated Telecommunications  more 6SN7 and 6SL7 double triodes.
ing. Research Establishment. at Malvem. Inthe ~ For his work on the computer, Mac was
way of the RAF however. this posting actu-  given an early. ‘Class B’, demobilisa-
Military service ally tumed out 10 be to the ‘Radio tion.
After some ten happy months at the GEC  Experimental Unit” at Malabar Hill, Bombay At this juncture, Mac and 1 parted
labs. 1 found, somewhat to my surprise, - which was in the process of having its  company. 1 was posted to Jaffna, in
that in the course of ‘Registering’ formil-  name changed to TRE (Asia). north Ceylon, to work on airborne radar,
itary service. | had actually volunteered to with particular reference to the detection
join the RAF for training as a wireless ~ Time in Asia of thunderstorms. This too was fascinat-
operator/air gunner with RAF bomber My immediate boss in Bombay was an  ing work. It involved much experimen-
command. However. as is frequently the  RAF Corporal, generally known as tation with oscilloscope time-base cir-
way with the military, what one isactual-  ‘Mac’. 1 remember him as the most  cuitry. which came in handy after I had
ly doing differed from what one is sup-  astonishingly energetic and enterprising  left the RAF, in building my first green-
posed to be doing. bloke 1 had ever met. He seemed to be  screen TV.
1 spent the next six months or so in var-  able to make the RAF authorities jump
ious RAF hospitals catching up with  through a hoop at his command. The first true hi-fi
sundry childhood ailments, like chicken It was said that when he was away  With the end of the war, the attention of
pox, measles. scarlet fever and the like.  from the unit — absent without leave, a  many amateur electronics enthusiasts
These bouts were interspersed with week  frequent event — he would arrange for  tumed again to high-quality audio ampli-
or ten day spells of quarantine and sick  the Pay Office send his pay to him, fiers. Particular attention was paid to the
leave. through the post. at whichever civilian  use of the new output beam tetrodes.
By the time | had been out of hospital  address he was using at the time. These could also be ‘triode connected’,
for three weeks, and the RAF had decided ‘Mac’ was an excellent instructor. if he ~ when they would operate in a similar
1 was, once more, fully fit for duty, the pri-  could be persuaded to take time off from  manner to output triodes, but without the
orities had changed again. The RAF was  his various “foreign” jobs. 1 recall two of ~ disadvantage of a low stage gain and a
now very happy to accept me, instead. for  these jobs in particular. One was a one  limited power output.
training as a radar mechanic — an outcome  kilowatt mobile. motor-generator pow- The first - and. in my view, by far the
which 1 welcomed. ered. public address system. It was based  best - circuit using these new valves,
April 2000 ELECTRONICS WORLD 327



PEOPLE IN ELECTRONICS

Fig. 3. The first
- and, in my
view, by far

the best -
circuit using
beam
tertrodes,
designed by
DTN
Williamson
and published
by Wireless
World early in
1947. It had a
10Hz to
100kHz
response, 15
watts output,
and a total
harmonic
distortion of

less than 0.1%

-~ a 'Rolls
Royce'
design, and it
sounded
superb.
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was a design described by DTN Williamson
in Wireless World early in 1947. 1 have
shown the circuit of this in Fig. 3.

Williamson's amplifier employed a care-
fully designed and tightly specified output
‘loudspeaker’ transformer. It also had quite
a large amount of negative feedback — 26dB
- over the whole system. from loudspeaker
output to signal input.

These features gave it a + 1dB bandwidth
of 10Hz to 100kHz. an output power of 15
watts. and a total harmonic distortion of less
than 0.1%. It was a ‘Rolls Royce’ design,
and it sounded superb.

Unfortunately, although there were a
number of DIY kits for Williamson's
design, these generally also commanded
‘Rolls Royce’ type prices. | had to wait until
1952 to build my own. A wealthy acquain-
tance of mine bought a kit. but took fright at
the prospect of building it, and sold it to me
at half price.

Windscale - a hot-bed of
technology

Having spent four years at university, read-
ing physics. 1 joined the electronics labora-
tory of the Department of Atomic Energy at
Sellafield. in Cumbria. in 1951.

‘Windscale Works’, as it was known, was
a fascinating place. It comprised a series of
laboratories and chemical processing refin-
ery blocks. built around two huge graphite
moderated. natural uranium-fuelled, nucle-
ar reactors. These were just coming on line
in 1951. and resulted in a recruitment drive
that was filling the local villages with new
inhabitants.

Seascale, a small village two miles or so
down the coast to the south of the “works’,
was the main recipient of this influx of per-
sonnel. lts remote location and its large
number of technically-qualified inhabitants
led to a great interest in home entertain-
ment.

In those days. home entertainment main-
ly meant radio and gramophone record
playing systems. This resulted in a large
number of home-designed and home-built
loudspeaker systems — mainly notable for
their size, in the pursuit of better bass.

1. too. had joined this quest for better
bass, and called at the workshops of the vil-
lage joiner cum undertaker to ask him to
cut me up the various odd shaped pieces of
wood. These would ultimately fit together
to make an exponential horn, that would
then form the base of a large ‘radiogram’
cabinet.

Having looked at my sketches, he walked
round to my house to get me to explain
how they would fit together. While there,
he listened to my record playing system —
then my Williamson's predecessor — and
offered to make me a cabinet to my design
if 1 would make him the electronics for
another identical one for him. This swap
was done and resulted in two very happy
people. It also resulted in a temporary lull
in my amplifier-making activities.

The coming of FM

A further technological tide whose ebb
stranded a number of otherwise competent
radio enthusiasts was the advent of the
BBC 'VHF' radio broadcasts.

This new ‘frequency-modulation” (FM)
system offered a number of attractive fea-
tures. These features were actively touted
by the broadcasting authorities as solutions
to the problems that increasingly beset
existing amplitude modulation® (AM)
broadcasts.

Among the problems with AM broadcasts
were ‘fading’, coupled with widely variable
signal strength, from station to station. In
addition there was the increasing conges-
tion of the 'medium’ and ‘long wave’
broadcast bands. This resulted in a lot of
adjacent channel interference — especially
at night when listeners might particularly
wish to relax and listen to the radio.

The use of a 88-1 08MHz band VHF sys-
tem would solve adjacent channel break-
through because it was essentially a ‘line-
of-sight’ broadcasting system. In any case,
this frequency band would allow a lot more
elbow room. However, there were snags.
The first — and the most immediately irri-
tating of these — was frequency drift.

A number of the more enterprising radio
enthusiasts, particularly those within a 50
mile radius of London, had made their own
TV sets. These were tuned to the 41-
45MHz transmissions from the BBC’s
Crystal Palace transmitter. soon supple-
mented by “Midlands’ transmitters at
Sutton Coldfield, and ‘Northem’ broadcasts
from Holme Moss on the hills above
Huddersfield.

Home built television sets provided expe-
rience in laying out and constructing high-
frequency RF amplifiers, but only for wide
bandwidth and single-frequency operation.
For this type of amplifier, a ‘TRF" layout
would have been adequate.

With FM broadcasts it was necessary to
provide for reception on any one of the
200kHz channels over the whole 88-108
MHz broadcast band. Clearly, only a
‘superhet’ layout would give the required
sensitivity and frequency coverage.

In principle. the drift problem inherent in
such designs could be corrected by the use
of capacitors with a positive or negative
temperature coefficient. These were usual-
ly labelled *N750" or 'P100°. and so on.
denoting the change in capacitance, in parts
per million, per degree Celsius. They only
worked though if the compensation com-
ponent was of the right value, and in the
right place. which could prove difticult to
achieve.

During my years with TRE in Singapore.
1 had built a number of short-wave
receivers. These included a full specifica-
tion communications receiver, and several
quite good ‘bedside’ radios for day-to-day
reception of the BBC news, current affairs
and entertainment broadcasts.

1 felt that building the kind of RF ampli-
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fier needed for VHF reception would hold
no terrors for me. However, 1 found that 1
had several fundamental lessons to learn.

Bass, heat and drift

In 1947, on returning to the UK following
demobilisation, my parents owned a mag-
nificent 1920s vintage "Aeolian Vocalion’
acoustic gramophone. This was an impres-
sive piece of furniture, whose motor had the
ability to play ten 12in record sides, at a
splendidly constant speed, at a single wind-
ing of its handle. In all other respects
though, it was very primitive technology.

1 therefore proposed to my father that 1
should replace the gramophone part of the
Vocalion with a proper, high quality, audio
amplifier, and moving coil loudspeaker.
together with one of the new FM type radio
receivers. The massive clockwork motor
would be replaced by an electric one. The
space released by this change, and the
removal of the large metal exponential hom,
could then be used to house a Rola (G12)
twelve inch loudspeaker driver. The 12in
driver was to be added in the interests of
better bass — a decision | was later to regret.

In particular, 1 had not fully anticipated the
problem of oscillator frequency drift. The
basic difficulty was that the sources of heat —
the valves — were in a different thermal envi-
ronment from the frequency determining
components — the tuned circuits. They would
heat up or cool down at different rates.

While it was possible to arrange that the
correct tuning for any station was the same
at switch-on as it was half an hour later,
there was an intermediate period when the
receiver was audibly off tune. 1 spent a lot
of time trying to solve this problem. but
without much success.

My father listened to my technical expla-
nations. but | felt that he was not impressed
with my skills. My mother side-stepped the
issue by buying a commercial AM/FM radio
— mainly because she liked the look of its
cabinet.

1 noted, somewhat wryly. that this com-
mercial product also suffered from oscilla-
tor drift, though not quite so badly. Also,
this new receiver was used mainly as an
AM radio. If FM was used, it would prob-
ably be listened to in the evening. when the
radio would have been already switched on
for hours and uniform in temperature.

My other design problem was due to the
proximity of the loudspeaker cone to the
underside of the turntable. If one turned up
the volume too much, the resulting acoustic
feedback could make the pick-up leap
about on the surface of the record - thor-
oughly blunting the thorn needle.

The very good bass response also gave a
lot of trouble in minimising mains fre-
quency hum, which 1 furtively doctored by
deliberately injecting a small anti-phase
50Hz voltage into the signal chain. |

In his next article, John recalls the coming
of the transistor.
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Uses for a
different kind

of log amp

Joe Carr has been investigating a relatively new log amplifier that

COMPONENTS

delivers a demodulated output over a 92dB dynamic range.

Applications presented here include an RF wattmeter for microwatts

to kilowatts and an RF level meter calibrated in dBm.

logarithmic amplifier pro-
A duces an output signal, Vg,

that is proportional to the
natural base-e logarithm of the input
signal, Vyy, or Vg=kxlog(V,y), where
k is a proportionality constant.

Early log amps used a bipolar
transistor — usually n-p-n — connected
in a common-base configuration in
the feedback loop of an operational
amplifier between the output and
inverting input, Fig. 1.

These older log amp circuits work
because the collector current of a
bipolar transistor is logarithmically
related to the base-emitter voltage
VgE. Because of the fact that Ijy=/¢,
and Vo= Vg, you can write an
equation such as Vp =klog(V/y).

Those designs usually suffered
from a number of difficulties includ-
ing bandwidth, thermal drift, and
limited dynamic range - three killers.
I've built a number of these ampli-
fiers over the years, and all lacked a
bit in performance. That's why I was
so intrigued when I saw Analog
Devices’ AD8307 demodulating
logarithmic amplifier.

The demodulating logarithmic
amplifier

The AD8307 is a logarithmic amplifi-
er that delivers a demodulated DC
output over a 92dB dynamic range

from ~75dBm to +17dBm. Its output
scaling has a slope of 25mV/dB, and
an intercept of ~84dBm. The band-
width is DC to SOOMHz with +1dB
linearity up to 100MHz.

The AD8307 operates from a 2.7 to
5.5V DC power supply. It requires
less than 8mA in ‘enabled’ mode or
150pA in sleep mode. Operating
power consumption is a mere 22mW.

The AD8307 is available in eight-
pin SOIC and plastic DIP packages.
Figure 2 shows the 8-pin DIP
package pin-out. The device operates
over the ‘industrial’ temperature
range of —40 to +85°C. Definitions of
the pins are shown in Table 1.

Applications outline

A logarithmic amp that operates from
DC to 500MHz has numerous
applications.

Instrumentation examples include
decibel meters from very low near-
DC frequencies up to full device
bandwidth. Published applications
have included an RF field strength
meter (Hickman 1998), an RF decibel
meter (Bolch 1999) and a circuit for
controlling the output power of an RF
power amplifier (Gilbert and Nash
1999).

Other applications include a 120dB
IF amplifier in a spectrum analyser
circuit, received signal strength

!
Rl g

Vo

Fig. 1.
Traditional
logarithmic
amplifier relies
on the log
relationship of
collector
current to base-
emitter voltage.

Fig. 2. AD8307 pin-out.

Table 1. Pin functions of the demodulating
logarithmic amplifier.

Pin  Function

Common - ground in most cases
Oftset adjust

Output

+6dB intercept adjust

CMQOS chip enable, active high.
V+ (+2.7 to +5.5V DC)

DN A WN =

Inverting input (~in), usually kept at (V+)/2.

Non-inverting input (+in), usually kept at (V+)/2.
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Band-gap reference | Enable
and biasing {active high)

Six 14.3dB 300MHz
amplifier stages

+in »

B L I
T Intercept
P —

adjust
1 '

Nine detector cells > Mirror
spaced 14.3dB apart 2uA/dB - Output

i L Fig. 3. The AD8307 overcomes a lot of
Offset Ll Input-offset 1 problems seen in other forms of log amp by

Basic circuit configurations
Figure 5 shows the basic circuit
configuration for the AD8307 log
amp.

Power is applied to pins 7 and 6,
the latter being the chip-enable pin. A
small-value resistor, Ry, and a
capacitor C; provide a bit of decou-
pling and isolation. The resistor
should be a non-inductive type such
as carbon composition or metal film.
The capacitor should be usable at
frequencies into the UHF region.

The input is differential between
pins | and 8. Because these pins are
at a potential of (V+)/2 capacitors
C 5 are required.

Values for C; and C, should be
equal and will vary from 10pF at
frequencies near DC to about 2pF at

adiet compensation loop using a special architecture. 500MHz. For RF applications it is
common practice to use 1000pF
capacitors for Cy and C,.
indicator (RSSI). Sonar and Radar problems seen in other forms of log Input impedance of the device is
signal processing, medical and scientific ~ amp by using a special architecture, normally 1.1k shunted by 1 .4pF
device amplifiers, and a host of others. Fig. 3. that enables the ‘progressive capacitance between pins 1 and 8.

If your application requires a very compression’, or ‘successive detec- Resistor Ry brings the input resis-
wide dynamic range, at frequencies tion’ technique. tance down to a specified standard
from DC to UHF, then the AD8307 log Each of the six cascaded level such as 50X for RF systems or
amp may be a candidate solution amplifier/limiters in the design has a 75Q for TV systems.
because the gain slope is compressed at —3dB bandwidth of 900MHz. The The value of Ry should be 52.3Q if
high input signal levels. natural input range of the device is the input impedance is to be 5S0€.

Fig. 4. Output —~75dBm to +17dBm, although an One way to obtain this resistance —
level versus input How the device works input matching scheme can alter this apart from buying a precision resistor
level in dBm. The AD8307 overcomes a lot of range to ~88dBm to +3dBm. —is to use a 512 5% unit that has an
Output from the amplifiers passes to  actual measured resistance of 52.3€.
+V a 2pA/dB current mirror. It is convert- . )
ed to a 25mV/dB output voltage when ~ Slope and intercept-point
3 the current is passed through a adjustment
= 12.5k€2 precision resistance. The DC The 25mV/dB output scale factor is
2 1 output voltage will thus vary from approximate, but is adequate for
% 2. 250mV at -74dBm to 2 500mV at many applications. If you want to
3 +16dBm, Fig. 4. provide higher calibration accuracy,
= These levels assume a 5V DC then use the circuit of Fig. 6. It is like
R power supply. If a 2.7V DC power the basic circuit of Fig. 5, but adds
supply is used then the output scaling adjustments for the output slope, Rj,
factor can be reduced from 25mV/dB and intercept point, Rs.
ok L e to {SmV/dB in order to utilise the Resistors R3 and Rs copnected
130 70 60 50 40 -80 0.6 0 T o' entire output range. between the output terminal and
Input level (dBm) gr(?und makg . .the i SAuge !
adjustment circuit. The series combi-
ci nation Rj,s is shunted across the
o 5 H ; internal 12.5k$Q resistor, reducing the
] output slope to some value close to
o % 20mV/dB. This value depends on the
—~75dBm to T setting of R3. With the values shown
+18dBm the output slope range will be approx-
- imately 18mV/dB to 22mV/dB.
°—L—| There are two basic methods for
i Nl adjusting the output slope control. The
. . - Y - ° first is to apply two different signal
Fig. 5. Basic connection -L levels alternately, while adjusting the
scheme of the R control for the proper output levels.
demodulating log B I a For example, signals of 0dBm and
amplifier. —60dBm can be alternately applied.
332 ELECTRONICS WORLD April 2000



The other method is to use an
amplitude-modulated signal with a
continuous wave level in the middle
of the device’s range — say 40dBm -
and a standard modulation level. The
difference in the two adjustment
points will be,

1+M) )

AdB =20log,,| ——
glo(l M

Where AdB is the difference between
peak and trough on the AM wave-
form as observed on an oscilloscope
and M is the percentage of modula-
tion expressed as a decimal.

The example given in the AD8307
data sheet is AdB=15dB when 70%
sinusoidal modulation is applied, i.e.
M=0.70.

It is possible to adjust the intercept
point by applying a DC voltage level
to pin 5. This technique allows a
+3dB adjustment, which can be used
to null out any intercept error in a
particular circuit.

The basic method for adjusting this
control is to apply a low-level signal
to the input that is a specified number
of decibels above the desired inter-
cept level. For example, to set the
intercept point to —-80dBm, apply a
signal level of -65dBm, which is
15dB above the desired intercept, and
adjust Rs to 375mV.

Single-ended input operation
Figure 7 shows single-ended opera-
tion of the AD8307. It also shows a
typical DC power supply circuit that
can be used for all of the circuits
described here.

Single-ended input operation is
unbalanced with respect to ground.
This is the type of operation that most
RF circuits use, and is consistent with
the use of coaxial cable to intercon-
nection circuit elements.

In Fig. 7, the signal is applied
directly to pin no. 8 through capacitor
C). Although a value is shown for C)
and Cj, the actual value can be scaled
to the desired frequency range.

A resistor, Ry, shunts the input in
order to reduce the input resistance to
approximately 50Q. The alternative
input terminal on pin 1 is bypassed to
ground through capacitor C,. Be sure
to keep C) equal to C;.

The DC power system consists of
the same low-value resistor, R,, and
decoupling capacitor, C3, that were
used earlier. In addition, a +5V three-
terminal IC regulator, IC,, is provid-
ed. This device is the 78L05 100mA
regulator.

COMPONENTS

Input
=75dBm to
+18dBm Ry

Output o
20mVv/dB

+9-12V
[0/}

Fig. 6. Basic connection with
slope and intercept adjust for
improved output scaling
accuracy.

+3 10 +5V
DC
’ 2>
J— c3
T 0.1pF
R4
51k

F

8¢
Y

Fig. 7. Single-ended
operation, in which
the input is
unbalanced with
respect to ground.
Most RF circuits are

Inpuf
R1
52.3
Output o
20vur18//d8
Slope
adjust

single-ended, making
them easy to
interconnect using
coaxial cable.

Decibel notation

Decibel notations sometimes provoke a
little confusion. Basically a decibel (dB) is
the base-10 logarithm of two voltage,
current or power levels. It is used because
multiplication operations - e.g. amplifica-
tion — can be accomplished by simple
addition, division operations by simple
subtraction. The basic decibel formulas are,

for power levels P, and P,

P,
dB =101 -1
°8|0(P)

2
and for voltage levels V; and V,,

dB = 20|0g,o(¥’-)

2

In some cases, special decibel scales are
used. Scales commonly used in RF work
include dBm, dBpV and dBmv. These
compare a signal level against some stan-
dard reference level that establishes the
0dB point.

dBm. Compares P, to a standard power of
one milliwatt dissipated in a 50Q resistive
load. A voltage of 223.6pV RMS (316.2pV
peak) across 509 represents 0dBm.

dBpV. Compares V; to a standard voltage
of one microvolt across a 50Q load.

dBmV. Compares V; to a standard voltage
of one millivolt across a 75Q load. This
unit is used in TV systems.
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R4
oA (s0e text)
AD8307 M T

4

R3
(see toxt)
MY

20mvid8 |

Fig. B. Buffering may be
needed because the output of
the log amp is formed by
passing mirror current through
a 12.5kQ resistor.

Capacitors Cy.g are used to prevent
noise and voltage fluctuations from

affecting the circuit.

Buffering the output

Output from the AD8307 is at a
relatively high impedance. This
comes about because the output

+5V DC
o
| ca
Cc1 1
10uF

Input f
0.5mV t mvf i
(] r__ ml

Fig. 10. Using
the log-amp
for low-

operation.

cad:
10.;I

C1
Input @ “ + ) XM
-88 to +3dBm ”L I : o“

| N.C.
sl [7ElE 7
; TEREN
Fig. 11. Frequency ) AD8307
selective operation.
Here, an LC network ":;n:r@'v—)
at the input to It Nclil
provide a nominal ‘ 7 L—— Output
50Q impedance. c2==
Component values for | J
different frequencies :
are given in Table 2. ﬂL

‘WL‘}.J o ;"
R2§ |
5k
ey | o ° 25mviee

voltage is formed by passing the
mirror current through a 12.5kQ
resistor.

Figure 8 shows how to connect an
operational amplifier to the output to
buffer the output, providing a low
output impedance.

If gain is provided by the buffer,
output level scaling is added. If no
gain is required, then delete resistors
R; and R4, and connect the output
terminal of the op-amp to the invert-
ing input, -IN.

For other cases, where gain is
required, use the standard gain
equation for the non-inverting
follower,

A=+l @

Where Ay is the voltage gain and R34
are the resistances.

Make sure you use the same units.
The gain required will depend on the
desired scale factor, which will be
higher than 20mV/dB.

An example of a project based on
the idea of a buffered output AD8307
is the RF level meter shown in Fig. 9.

Table 2. Component values for the
frequency-selective circuit of Fig. 11.

Fc(MHz) Ci(pF) C2(pF) Li(uH)
10 160 150 33

20 82 75 16

50 30 27 0.68
100 15 13 0.33
150 10 8.2 0.22
200 75 6.8 0.15
250 6.2 5.6 0.10
500 3.9 3.3 0.039

Fig. 9. RF level meter
calibrated in dBm.

This circuit uses the single-ended
input configuration for the AD8307,
with a 51K resistor shunted across
the input. Select R, for an actual
value as close to 52.3€Q2 as possible.

Calibration for actual levels should
be done using an accurate signal
generator. The instrument selected
must have a calibrated output in
either dBuV or dB.

Low-frequency operation
Figure 10 shows a variant of the
circuit for low frequency operation.
The intercept point of this circuit is
shifted from -84dBm to -64dBm.
This change provides an output
voltage range of 0.5mV to 2V.

The input circuit provides both low-
pass and high-pass filtering. High-
pass filtering is set by the networks
Cy-R; and C5-R;. With the values
shown — namely 10puF and 5kQ - the
high-pass -3dB knee frequency is
about 3Hz.

The low-pass filter consists of C3
and the 1.1k<Q input resistance of the
ADB8307. With the values shown the
-3dB low-pass frequency is near
200kHz.

Additional low-pass filtering is
provided for the output signal by
capacitor Cg across the output line.

High-frequency input matching
The circuit of Fig. 11 uses an LC
network to tune the inputs of the
AD8307. The values for Cy, C; and
L, for a nominal 50 input
impedance are shown in Table 2.
Note that this particular circuit uses
unbalanced values of C; and C.

Wide-range RF wattmeter
The AD8307 can be used to make an
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Fig. 12. RF wattmeter,
calibrated in dBm, for

o +5V
use from a microwatt
to a kilowatt.
Dummy load
or antenna
M1
Voltmeter
R2
187k
A ' o +5V
J_ c3
R1 0.1
28 10.7MHz
IF filter
L1 L g ==
RF input 0.75uH 3 _— 6 7
50Q o SYYTL - 7 330 8
-105 to +15dBm 5 J_ A:)CG103 AN
R3 Ic2
150p 5k R5 <
A 5 4643 : AD8307
6 2 C2 kem 2 4
Fig. 13. 120dB demodulating n T
10.7MHz IF amplifier. This 1 R6
configuration could form the IF G4 e 77 80.5k
amplifier of a spectrum analyser.  0.1p éno7k
8 t AM
-5V RS
radio-frequency wattmeter, calibrated 100k
in dBm, for a range of one microwatt $
to one kilowatt, or —-30dBm to Output
+60dBm, Fig. 12. 10mv/dB
To accomplish this range the
intercept point is moved from amplifier such as the AD603. One which operates over the range
—84dBm to -40dBm to produce an application for this type of circuit is 100MHz to 2.5GHz, with a range of
output scale factor of 250mV per as the IF amplifier of a spectrum 70dB. Both AD8303 and AD8313 are
decade of RF power. analyser instrument. offered with evaluation boards by
With the values of the coupling The circuit of Fig. 13 provides a adding the suffix ‘-EB’ to the part
capacitors C) and C, the wattmeter gain of 120dB. A ceramic IF filter, number, i.e. AD8307-EB and
operates at frequencies greater than such as the Murata SFE10.7MS2G-A,  AD8313-EB. |

10MHz. Larger capacitors will drop
the frequency limit lower.

The voltage appearing across the
dummy load or antenna is reduced by
R, producing a 158:1 attenuation
ratio to accommodate the input range
of the device.

120dB IF measurement system
The AD8307 can be used to form a
high-gain demodulating IF amplifier
when paired with a variable gain

is used to provide bandpass limiting.
This circuit works by using the
ADB8307 output signal to control the
gain of the AD607.

In summary
The AD8307 demodulating logarith-
mic amplifier is a clever chip that will
solve a number of problems at
frequencies from DC to UHF.

A related device - but using
different pin-outs - is the AD8313,
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Get the most
from your scope

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

go through a series of measurement

situations. in terms of waveforms
only, to show which are suitable for
which type of scope.

The first group of measurements are
‘easy’ in the sense that they can be
done using a real-time or digital stor-
age oscilloscope. Clearly the actual
measurement may be very difficult for
other reasons. radiated interference for
example. and some of these difficul-
ties are highlighted in subsequent sec-
tions.

All waveforms have to have a repe-
tition rate above about 10Hz to be
considered easy. Sine. square and tri-
angular  waveforms are easy.
Rectangular waveforms with duty
cycles that are not too low are also
easy.

Repetitive-pulse burst waveforms
this could be a set of five pulses fol-
lowed by a long pause before the next
set of five pulses — are easy provided
you have a slightly more expensive

l n this second article. 1 am going to

real-time oscilloscope with a delayed
timebase facility. This will allow close
examination of each of the pulses in
the burst.

Difficult measurements
for DSOs
Digital-storage oscilloscopes have dif-
ficulty handling X-Y displays. The
main problem is the dot joining. Even
the cheapest real-time scope does dot
joining between time-adjacent points
automatically. no problem at all.
Cheaper DSOs may not support X-
Y at all. and much more expensive
ones try very hard to emulate the per-
formance of real-time scopes.
Lissajous figures for equal frequencies
are not too bad but the higher-order
patterns are not so nice.
Very-high-frequency repetitive sig-
nals are a difficult area for DSOs.
On the other hand. real-time oscillo-
scopes lend themselves to this sort of
waveform. The trace is bright and
updates very rapidly, following
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changes in the signal almost instan-
taneously.

Digital storage oscilloscopes have
difficulty with this type of waveform
as super-fast analogue to digital con-
verters cost super-large amounts of
money.

In order to enhance the measure-
ment capability of their DSOs. most
manufacturers design their instru-
ments to enter a mode called equiva-
lent time sampling. or ETS, at high
timebase speeds. This can boost the
sampling speed ~ but for repetitive
signals only — by at least a factor of
10. without costing very much.

Equivalent time sampling mode
involves taking a group of several
acquisitions. Data points from these
are then interleaved, which results in
a higher effective sampling rate.

Single transient events can not be
captured in this mode. This is no loss
compared to a real-time scope, but
notice that the waveform has to be
constructed out of multiple acquisi-
tions; the speed at which this occurs
is critical.

With great effort. some DSOs
claim to keep up with real-time
scopes in this respect: mostly they
fail to keep up and therefore at best
suffer from a less immediate feel to
the controls. The only small comfort
you can get from using a DSO in this
application is that you can easily plot
the waveform or do mathematical
manipulations on it.

How many samples per cycle? Note
that a DSO does not have to have any
minimum sampling rate in order to
display the correct amplitude of a
given signal frequency.

True. you will get an ‘alias’ if the
sampling rate is t0o low. An alias is a
false representation of a signal due to
there being too few samples to recon-
struct it properly. However. the peaks
of the envelope of the alias will get to
the correct amplitude, provided that
the sampling clock is not an exact sub-
multiple of the input signal frequency.

Having said this. a 20MHz band-
width DSO with 20MS/s is not partic-
ularly useful at 20MHz. This is
because there is only one dot per
cycle. Nyquist sampling — two samples
per cycle — is all very well for mathe-
maticians. but if you were to look at
such a waveform on a display it
wouldn’t look like much of anything.

Really. you want as many samples
as possible on the wavetorm. About
five or six dots per cycle is the abso-

INSTRUMENTATION

called ‘bright line’ by some.

more difficult to set.

What is ‘auto triggering’?
Auto trigger is a misleading, somewhat historic term. It used to be

The idea is that if there is no signal available to trigger the trace
then the oscilloscope invents one in order to get an updating trace
on the screen. This is essential for setting the ground position,
measuring DC levels and seeing how big a signal is. Without it, the
sensitivity and trigger controls cannot be adjusted.

A key requirement is that the auto trigger circuit should not make
the trigger LED illuminate. If it does, it makes the trigger level much

There is a relatively new trigger feature available for oscilloscopes
that automatically tracks the signal and keeps the trigger in the
middle of it; this automatic trigger level feature is useful and should
not be confused with the original auto trigger mode.

lute limit of sensible viewing: 1GS/s
for a 20MHz DSO is not uncommon.
resulting in 50 dots per cycle.

Complex. variable frequency bursts
on a waveform can be tricky on
DSOs. Many people are used to
looking at video data on TV lines
using real-time scopes. The answer
you get on a DSO is completely dif-
ferent; this can be disturbing.

Two particular things can be seen;
either an alias or a solid block of
trace.

Maxi minis and aliasing. Whether
you see an alias or a solid block of
trace depends on whether or not
‘max-min’ — also known as peak
detect and glitch detect — has been
selected. The ‘max-min’ block of
trace tells you that something is
going on in that area. It is up to you
to zoom-in on that area by using a
faster timebase to see exactly what is
going on.

The latest generation of digital
storage oscilloscopes can give
intensity or colour-graded traces
according to the probability
distribution of the trace. This gives
the newer DSOs a much more
analogue ‘feel".

By far the biggest problems with
aliasing occur when you are not
aware that it is going on. Of course
you could just leave the max-min
feature on all the time but this will
give you wavetorms which appear to
be very noisy. The trick is to select
max-min when you first view the
waveform to make sure that there is
nothing funny going on.

You should not buy or rent a DSO
unless it has a max-min facility.

Beating. Digital-storage oscillo-
scopes often have very accurate crys-
tal controlled timebases. If they are
used to view crystai-generated sig-
nals. the beat frequency between the
sampling clock and the waveform
can be very low. displaying an enve-
lope modulation of a signal that has
no such modulation on it.

False triggering. Familiarity with a
piece of equipment gives you confi-
dence in its ability and gives you
clues as to possible problems with
the displayed data. If. for example.
the trigger LED is illuminated but
the trace is not locked on the display,
then this is a good indication that
something strange is going on.

Of course you may be triggering
on another channel. which is not cur-
rently being displayed, but if this is
not the case then try winding the
timebase up to a higher speed or
putting the max-min on: the wave-
form might be an alias.

Variable bandwidth. A real-time
scope has a bandwidth marked on
the front that is generally fairly
believable. Sometimes though, you
will find that the most sensitive
range has less bandwidth than the
rest. This will be mentioned in fine
print somewhere.

A small, but significant. proportion
of DSOs change their bandwidths
according to what you are doing. This
is particularly iniquitous if the oscil-
loscope manufacturer buries reference
to this in the manual. What you really
need is alarm bells and flags waved in
front of you to warn you that your
alleged 400MHz bandwidth has just
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dropped to under 150MHz because
you clicked the timebase!

This is something you really need to
waitch out for: always read the manu-
al — get a new manual if the original
one has been lost. One justification
used for this oversight is that it is
done to ‘protect’ against aliasing. If
there is high-frequency content in the
waveform though, I want the scope to
tell me it’s there, not filter it out!

Note that it is convenient for oscil-
loscope designers to minimise the
bandwidth of the measurement as it

reduces the perceived noise: one has
to view this from the user’s point of
view and improve the noise perfor-
mance without reducing the band-
width.

Difficult measurements for real-
time scopes
Repetition rates much below about
10Hz are difficult to view clearly on
real-time scopes.

The exact repetition rates that cause
problems are a function of the persis-
tence of the phosphor, the brightness

Joining the sample dots

These are all representations of the same input waveform - five cycles of a sinusoid ~
but with different numbers of samples per waveform. It is clear that the number of
samples per cycle has a significant effect on how the original waveform is

reconstructed.

Digital oscilloscopes usually incorporate dot-joining filters known as interpolators.
These are intended to make the displayed waveform clearer by drawing lines

between the sample points.

Simple linear interpolation shows where the real data points are, as in the top trace
. Sin(x)/x interpolation makes the trace look prettier, but can give the user a false

sense of what is actually being measured.
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of the tube and whether or not you are
prepared to use an oscilloscope hood
to cut out ambient light. Any digital
storage oscilloscope will handle this
speed of waveform easily, although
some will handle it better than others.

Good DSOs have a feature called
‘roll-mode’. At low speeds the scope
display can be made to look like a
chart recorder display with the ‘paper’
moving from left to right across the
screen and the "pen’ at the right edge.

At one second per division, the dis-
play on a DSO without roll-mode will
update every ten seconds. This is
annoying, as you can not see what is
going on as it happens. At this sort of
speed it is also important to be able to
stop the acquisition as soon as you
have captured the desired event.
Given that you don’t necessarily know
what the event is going to look like, a
big "STOP’ button is required to keep
the data on the screen.

Instruments with these roll and hold
features are no more expensive than
others; if you are buying or renting a
DSO. get one with these features.
They are particularly useful for look-
ing at low-speed events such as the
start-up conditions in an electronic
system.

One-off signals. Transient events are
clearly not visible to any great degree on
real-time oscilloscopes. Sometimes, with
the brightness turned up to maximum
and with your face buried in a scope
hood. you may just catch the shape of
the waveform but you stand no chance
of analysing it. saving it or plotting it.

Even the cheapest digital storage
oscilloscope will happily sit there all
day waiting for a single transient to
come along; when you arrive the next
day. the trace will be there on the
screen waiting for you.

Transients of repetitive waveforms.
There is a different type of transient
event that a real-time oscilloscope also
misses. This is the occasional transient
on an otherwise regular waveform.

Together. the real-time scope and
the human eye conspire to do an aver-
aging operation on the trace. Hence
single spikes running through a wave-
form, due to an interference noise
source not locked to the main wave-
form for example, may well not be
easily visible or analysable. They
could be 100 times dimmer than the
main trace.

Certainly low-frequency rejection
trigger coupling would help with this
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problem, but it may not be enough.
Any DSO could give a picture of
some of these events as the spikes
will be displayed at full brightness,
to help you find out what is going
on.

There are two additional ways of
solving this measurement problem
that may be found on more expen-
sive DSOs. The first is a type of per-
sistence mode. You trigger on the
main waveform and allow multiple
waveform acquisitions to be overlaid
on each other. The scope can be left
in this mode indefinitely and the dis-
play will show the max-min limits of
the waveform over that period.

The second way is by using some
form of advanced triggering, gener-
ally only found on more expensive
DSOs. The DSO can be programmed
to trigger only on narrow pulses and
hence will capture these events as
required.

Transients in digital systems.
Another example of this type of tran-
sient event occurs in digital systems.
Looking on a logic bus to view the
exact voltage levels is next to useless
on a real-time scope.

Different sources feed the bus so
that some logic transitions can be
clean whereas others ring. The real-
time scope will just average them
out; this can actually be worse than
useless because it makes you think
that everything is fine when it may
not be.

Even an average DSO will display
rings on logic edges fairly easily.
Better yet, more advanced DSOs can
be made to trigger on partial pulses
that don't make it to the logic thresh-
old (runts).

Real-time oscilloscopes have ana-
logue timebases so that if you wish
to measure the period or pulse width
of some rectangular waveform you
may well get an answer that is only
accurate to a percent or so. A DSO,
on the other hand, generally has a
crystal controlled digital timebase.
These timebases are therefore given
worst case error specifications
around the 100ppm level, at least
100 times more accurate than their
analogue counterparts.

Note that this measurement accu-
racy is not achieved by displaying
the whole waveform on the screen
and using cursors. Even a 1000 point
display means that the measurement
uncertainty of two dots will give a
time uncertainty of 0.2%.

INSTRUMENTATION

Bandwidth versus sample rate

It is important to appreciate the difference between bandwidth — mea-
sured in megahertz ~ and sample rate - measured in megasamples a
second. It can get confusing for people new to the subject when the
term megahertz is used for sampling rate.

For an oscilloscope, the specified bandwidth is the frequency at
which a sinusoidal waveform - as displayed on the screen — drops by
3dB, i.e. to 0.707 of its real value.

The accurate way to measure it is
to move the timebase up to a high
sweep speed then use the trigger
delay to view the next edge.
Alternatively, turn the store length
up to 100000 points or more.

Permanent records. Real-time
oscilloscopes are not good at giving
a permanent record of the displayed
waveform. DSOs can provide inter-
nal printers, can drive standard ink-
jet printers and can transfer their data
to PCs via serial links or floppy
disks.

Using real-time oscilloscopes you
have to resort to an oscilloscope
camera or to tracing the waveform
onto film. These out-dated tech-
niques are still used under the pretext
of saving costs. This is often a false
economy though. In electronics
design, is important to keep design
details in log-books. There is no bet-
ter way to encourage this than to
provide simple plots from internal
printers or pretty plots for reports
stored in convenient formats such as
JPG or WMF.

Such instruments can provide time

and date annotation, in addition to
waveform data, as physical evidence
that tests have been performed. It is
possible to continue to use an old
analogue sampling oscilloscope in a
modern world. By feeding the ana-
logue outputs of the sampling oscil-
loscope into a modern DSO and dig-
itally rescaling the measurements,
rise time and overshoot readings can
be taken with considerably greater
accuracy and repeatability than is
possible by eye. The trace is also
available in WMF format for inclu-
sion in reports.
Small repetitive signals. Low-level
repetitive noise sources are not par-
ticularly easy to track down on real-
time scopes. With a DSO you can
trigger on a particular potential noise
source then investigate the noise
using another channel on the DSO.

If you want to check for mains
related noise for example, you can
put a mains reference into the exter-
nal trigger input, or use ‘Line’ trig-
ger, then put the noisy signal into
one of the oscilloscope inputs. The
noise may fill the screen, but if you
select averaging then the noise that is
synchronous with the trigger signal
is isolated from the other non-syn-
chronous noise sources.

This technique cuts through lots of
general measurement noise and pick-
up to give a much more sensitive
measurement of the synchronous
noise source. It is not difficult to
guess which things are likely to
cause noise: mains transformers,
switched-mode supplies, scan cir-
cuits, high-voltage drivers and high
current drivers are all a good bet as
potential noise sources. Get and use
a DSO with an averaging capability
if you are trying to get the best noise
performance from your system.

Averaging differences

Note that although I have said that
real-times scopes average, they do
not do so in the same way that a
DSO does. This is easy to see by a
simple example.

On a real-time scope, a square
wave that is not locked to the display
will display two half-brightness lines
corresponding to the max and min
values of the waveform. On the same
test, the DSO in averaging mode
could display a single line half way
between the two limits; the DSO is
performing the mathematical aver-
aging operation that you expect
when the term averaging is used.

The real-time scope is actually dis-
playing a probability density func-
tion; the areas where the trace occurs
most often are the brightest. [

Les's next article looks at noise and other
factors that can influence how effectively
an oscilloscope does its job.
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Synchrodyne?

On page 171 of the February
2000 issue, George Short asks
who invented the Synchrodyne.
Here are two early documents to
relating to the question.

First is a photocopy of part of
a servicing manual for receivers
sold by ‘Radio L.L.’ (Lucien
Levy) under the trade name
‘Synchrovox’ in 1937. These
circuits are plain superhet
models, without any
‘synchronisation’

Second is the front page of a
64 page book by H. de
Bellescize, entitled ‘La
reception synchrone’ dated
1932. Reference to this text is
made by Professor R. Mesny in
the bibliography of his book,
‘Radioelectricite’ Generale® on
page 172: ‘Synchronisation: le
reception synchrone’.

In this book, Mr de Bellescize
describes the technique of
single-sideband reception, as
developed by American
engineers back in 1917 and
used for transatlantic
communications. He also refers
to a paper by A. H. Reeves in
L’onde Electrique of November
1931 entitled ‘Reception
asynchrone.’

On page 38 of his book, Mr de
Bellescize gives a diagram of a

‘synchronous receiver’ as
shown.

Note the system suggested
for keeping the local oscillator
in step with any carrier being
received. The anode current of
the detector varies with the
strength of the received signal
— and this current is called
upon to switch up or down the
value of negative bias applied
to the RF amplifier of the set.

This AGC circuit was used in
receivers made before the
introduction of diode detection
and variable-mu screen-grid
valves.

It could be that the
‘Synchrovox’ referred to in the
advertisement cited by Mr
Short was fitted with such an
autornatic gain control, but I
doubt it. The advertisement in
‘L’lustration’ would have
made a lot of fuss about it.

Independently from the above
references by the way, the
publication ‘Transatlantic
radiotelephony’, by Nichols is
significant. Specifically the
section Electrical
Communication - 1 - 1923 - 11
- 22, suppressed carrier on
55kc/s, single sideband.

Paul de Lattre
Tilff
Belgium

Letters to “Electronics World” Quadrant House,
The Quadrant, Sutton, Surrey, SM2 5AS
4 e-mail jackie.lowe@rbi.co.uk using the subject heading ‘Letters’.
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Part of the cover of a 1937 servicing manual for ‘Synchrovox’ receivers.

In his letter ‘Who invented the
synchrodyne’ in the February
issue, George Short suggests
that homodyne and synchrodyne
can be used synonymously.
However it appears to be
general practice now for many
years to use the term
synchrodyne to describe a direct
conversion receiver in which a
local tuned oscillator is used to
select and demodulate the
required signal.

The term homodyne is
nowadays used to describe a
direct conversion receiver in

which the incoming signal is
selected by a tuneable filter and
separated and mixed with itself
to give the desired
demodulation.

While I do not have
immediate access to the original
papers by Tucker, my
impression was always that he
differentiated between the
meanings of these two terms.

See my article in Electronics
World, November 1998.
Michael Slifkin
Jerusalem College of
Technology

|

H. do BELLESCIZE

LA RECEPTION
SYNCHRONE

Esrsns CHIRON, Edibowr
40, ree de Seine
PARIS

—

Ra w

Front page and ‘synchronous receiver’ circuit from de Bellescize’s 1932 book, ‘La reception synchrone’.
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Long-life lights

I was interested to read of
radio sets using a capacitor as
a lossless voltage dropper.
During and after the war, it
was customary to leave a light
burning in a hallway,
suggesting the occupants were
there. | used a 60W lamp in

series with a 4MFD capacitor
and that lasted until we left
London.

Here in France, we do a
similar trick to give a little
light in a small lobby. Full
light, when needed, is done by
shorting the 4MFD capacitor.
This combination is still going

after 24 years of continuous
use.

The trick gives the lamp
filament an easy time.
Switching to full light avoids

the huge starting current pulse.

I tried the same thing with a
flash-lamp bulb and 2MFD as
a permanent pilot light. This

LETTERS

worked perfectly until the first
thunderstorm.

Another trick 1 have used is to
put a silicon rectifier in series
with the load - which has to
be resistive of course.

Ralph L West

Devillac

France

Co-axial-cable

transformers
There are some flaws in Chris Hancock’s
article in the January issue.

It took me some time to realise that the
unbalanced feedpoint to the baluns was
supposed to be on the end of the A/2 line-
sections.

1t then became clear that the connection of
balun-to-balun is useless, as can be seen in
the redraw below.

Balun-to-balun

It then became clear that the connection of
balun-to-balun is useless...

The 1xA section feeds itself via its own
output and is therefore of no importance or
use. There remains solely the connection of
a 50Q cable to a 2002 cable, what is a
greatly unmatched condition.

Figures 4 and 6 also give for one and the
same point two different voltages, a thing
that never is seen.

The problem of figure 6 can be solved
with just one A/2 balun which transforms the
50€2 generator and feed cable to the 2002
impedance of the load.

Chris should also have pointed out that in
a (cable) balun the characteristic impedance
of the A/2 piece is immaterial.

Peter Rook
Apeldoorn
Holland.

Chris replies

Peter’'s comments are very useful and |
thank him. Referring to Figs 4 and 6, |
should have shown a break between the
start of the first A/2 section and the end of
the second A/2 section, then used a A/4
transformer {simplest) or a A/2 coupler to
combine the two signals before
subsequent launch into the third A/2
transformer to provide the balanced

condition and further voltage/ impedance
multiplication.

1 was interested to read Dr Hancock's article
‘Transformers from Coax’ in the January
issue.

Perhaps 1 missed it, but 1 didn’t see what
the optimum tapping point on the half-wave
line was. Clearly it is not at the 50% point,
as this would not phase split as required. By
symmetry we can say that it must be from
0% to 50%.

Simulations suggest that tapping at less
than 20% from any end is necessary to
minimise the attenuation.

It is then interesting to note that the line
can be tapped at 0% and this achieves the
same result. A half wave line phase inverts
the signal as required. Thus it seems that
there is no need to tap the line at all, since
this is a difficult task — as stated in the
article.

Is there some deeper significance to
tapping the line?

Leslie Green CEng MIEE,
Senior Principal Engineer
Gould Nicolet Technologies,
Via e-mail

Chris replies

Thank you to Mr Green for the comments
regarding the position of interconnect to
the A/2 line. In my experiments | merely
connected the unbalanced feed line as
close as physically possible to the start of
the A/2 section. Apologies if my
comments on tapping the line at 0% were
misleading.

Referring to the article ‘Transformers from
coax’, why was the task so complicated?
Take for instance the problem of Fig. 5.
Here a load of 12.8kS2 has to be transformed
to a source of 50Q2 or vice versa.

A far simples solution using less hardware,
and thus with less loss, is to use three-
quarter wave transformer sections resp.
Z,=100, 400, and 1600€2 transforming from
50 to 3200€2 and then using a X4 balun to
arrive at the proposed 12800€2 balanced
load.

In my opinion the drawings of the baluns
as depicted in the article are misleading in so
far that neither the impedance nor the length
of the pieces of coaxial cable beyond the
connection point of the input coaxial part
and the load are mentioned.

In the simple solution for transforming 50

to 20092, the characteristic impedance of the
stubs between the 502 balun and the load
should be 100€2. If no lengths of coaxial
cable are inserted between the load and the
balun, putting in series two baluns is the
same as using a re-entrant loop of twice
halve a wave - in other words inserting
nothing.

A far better and easier means of
transforming different impedances, while
obtaining better broad-band operation, can
be found in the literature concerning
Thebychev impedance matching. (cfr.
Mathei er al) Do not reinvent the wheel.

A A De Gryse
Overijse
Belgium

Chris replies

| agree with your comments that the
transformers could in fact be made
using multiple A/4 sections, which
would be in principle be simpler than
using A/2 sections. Although, as you
pointed out, a balun is still required at
the output to achieve balanced
conditions, which may make the
structure equally complex. Referring to
Fig. 5, this was included solely for
illustration purposes and did indicate
that it would be totally impractical due
to the dimensions required for the
3.2kQ and 6.4kQ sections. | apologise if
the figure is misleading, but hope that
you would not attempt to build such an
arrangement. Referring to Fig. 6, | agree
with the comments made. | have indeed
shown that the output at the end of the
second balun is in phase with the input,
though in practice this arrangement
appeared to provide better isolation to
currents flowing back along the outer
sheath of the co-axial cable. This
investigation could possibly be taken
further to prove or disprove this. | thank
you for pointing out literature on
broadband impedance matching and |
have looked at Chebyshev A/4
transformers and the Chebyshev tapered
transmission line. These do not provide
the balanced condition required, but are
interesting in as much as they reduce
discontinuities between sections and
increase in bandwidth. A very good
reference book for understanding the
operation is by Robert E Collin and is
called ‘Foundations for Microwave
Engineering’ (ISBN 0-07-112569-8).
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Auto-intermodulation
During a study of power ampli-
fier designs I reverted to Dr Ed
Cherry’s article ‘Ironing out
distortion’ in the July 1997 issue
of EW. In the article Dr Cherry
points out a specific distortion
mechanism - auto-intermodula-
tion — in the input differential
stage of the standard common-
collector output power amplifier
configuration.

A question to Dr Cherry:
would one way to reduce this
auto intermodulation be to use
overall shunt voltage feedback
instead of the standard overall
serial voltage feedback? The
output from the differential
stage then has to be taken from
the second semiconductor of the
input pair.

This approach was used in the
JC-3 Power Amplifier designed
by John Curl during the 1970s.

Another feature of this config-
uration is that the capacitance of
the input semiconductor does
not suffer from the Miller effect,
which is useful, when using
FETs as input devices. Are there
any specific drawbacks of this

approach, as it never became
popular?

Dr Cherry is an advocate of
the common-emitter output
stage. Could he possibly publish
one of his designs suitable for
home constructors?

Clas Wanning
Sao Paulo
Brazil

CAD for Linux

Many thanks to the readers who
wrote in with their lists of Linux
CAD programs in response to
my editorial in the February
issue.

When I wrote the editorial I
was thinking of the established
Windows programs and the
Windows-oriented CAD firms
that are studiously ignoring the
presence of Linux. Fortunately,
there are signs of movement
here, with Corel very recently
entering the fray with its easy-
to-use version of the Linux o/s
and more specifically the Eagle
schematic capture and POB
drawing program, available in
both Windows and Linux
format. This package has a good

quality autorouter and is worth
attention
By the way, Eagle was omitted

Norway and Singapore, but not
here. But in this situation I think
areview is called for despite

from the pcb-cad reviews this. B
because there is no UK agent Simon Wright
selling it. There are agents in Via e-mail

Adaptable active speaker
Regarding my loudspeaker design article in the February issue,
there was a slight error.

In Fig. 2a), resistance R3 marked 220Q should be 220k<2. The
effect of this fault is that the amplifier switches in immediately.
There is no danger to the amplifier, but it is the intention of this RC
circuit to delay switch-in.

Christof Heinzerling
Heiligenhaus
Germany

Styropor spheres

Regarding Christof Heinzerling’s article on loudspeaker design in
the February 2000 do you have any idea where to get the ‘Styropor’
kits he mentions? I've tried one or two sources and they’ve never
heard of anything like it and the web isn’t coming up with anything
either.

Rob Graham

Via e-mail

| believe that Styropor is a trade name for expanded Polystyrene.
Focus Superstores and no doubt other craft and DIY outlets stock 20,
16, 8 and 4cm spheres of expanded Polystyrene. Rings to sit them on
are also available — Ed.

1MO
A +20V
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BOOK TO BUY

THE INVENTOR OF STEREO
The Life and Works of
Alan Dower

Bluimlein

> W

Robert Charles Alexander

10% DISGOUNT
Reader price £21

Post your completed order form to:-
Jockie Lowe, Room 1333, Quodront House, The Quodront, Sutton, Surrey, SM2 5AS
Phone your credit cord order: 020 8652 3614
Fox your completed order form to 020 8652 8111
Delivery pleose odd the following o your order fo cover delivery of your books.
UK customers odd £2.50. All other countries odd £3.50

\

How to pay

(Blumlein)

A I enclose a cheque/bank draft for £
(poyoble to Reed Business Information)

Please charge my credit/charge card
- Mastercard J American Express 1 Visa O Diners Club

Credit Card No: Expirey Date:

Signature of Cardholder
Send my order to: {please use capitals)

Nome

Address

Post Code Tel:

L _4

his book is the definitive study of the life and

works of one of Britain's most important

inventors who, due to a cruel set of
circumstances, has all but been overlooked by
history.

Alan Dower Blumlein led an extraordinary life in
which his inventive output rate easily surpassed that
of Edison, but whose early death during the darkest
days of World War Two led to a shroud of secrecy
which has covered his life and achievements ever
since.

His 1931 Patent for a Binaural Recording System
was so revolutionary that most of his contemporaries
regarded it as more than 20 years ahead of its
time. Even years after his death, the full magnitude
of its detail had not been fully utilized. Among his
128 patents are the principal electronic circuits
critical to the development of the world's first
electronic television system. During his short working
life, Blumlein produced patent after patent breaking
entirely new ground in electronic and audio
engineering.

During the Second World War, Alan Blumlein was
deeply engaged in the very secret work of radar
development and contributed enormously to the
system eventually to become 'H2S' - blind-bombing
radar. Tragically, during an experimental H2S flight
in June 1942, the Halifax bomber in which Blumlein
and several colleagues were flying, crashed and all
aboard were killed. He was just days short of his
thirty-ninth birthday.

For many years there have been rumours about a
biography of Alan Blumlein, yet none has been
forthcoming. This is the world's first study of a man
whose achievements should rank among those of
the greatest Britain has produced. This book
provides detailed knowledge of every one of his
patents and the process behind them, while giving
an in-depth study of the life and times of this quite
extraordinary man.

Contents

Earliest days

Telegraphy and telephony

The audio patents

Television

EMI and the Television Commission
The high- definition television period
From television to radar

The story of radar development
H2S - The coming of centimetric radar
The loss of Halifax V9977

Legacy

To Goodrich Castle and beyond



WEB DIREGTIONS

AQUILA VISION
http://www.aquila-vision.co.uk

Aquila Vision specialises in supplying and
supporting Embedded Microprocessor

Development products from PICs o DSPs.

We also stock robotics boards, Linux and
general interest CD-ROM's.

ALCATEL COMPONENTS

http://www.components
@alcatel.de

ASHWELL ELECTRONICS
http//www.ashwell-hq.com

Ashwell provide technical support for
Apex Microtechnology op-amps and
DC/DC'S; Aerofiex; EMP fittered
connectors; M S Kennedy; Mintech
obsolescence; NSC Mil/Aero; Teledyne
Relays and isocom mil/optocoupiers.

ARCOM
httpz/Aww.arcomcontrols.convew

A leading international supplier of
communication and control technology to
industry, Arcom provides leading edge
solutions through a comprehensive

range of market leading products.

BROADERCASTING
COMMUNICATIONS
SYSTEMS

www.broadercasting.co.uk

WINRADIO now brings you a complete
choice in personnel computer controlled
radio scanning and reception solutions @
Broadcast @ Media @ Monitoring @
Professional Amateur Radio
communications

BEDFORD OPTO
TECHNOLOGY LTD
hitp://www.bot.co.uk

Optoelectronic products UK design
development manufacture standard and

custom, LED bargraphs, circuit board
indicators, stand offs,
transmissive/refiective switches, baseefa
optocouplers tubular and surfacemount,
pannel mount LED assemblies.

CONCEPT ELECTRONICS
http://www.conceptkey.co.uk

Concept Keyboards are specialists in
the design and manufacture of
customer specified membrane panels
and keyboards, and electronic design.
Concept's membrane manufacture is
supported by a full electronic
production facility to provide a
complete turnkey keyboard and
electronics service, fully accredited to
1S09001.

CONTROL SOLUTIONS
www.controlsolutions.co.uk

Data acquisition and control for
beginners, hobbyists, and professionals.
Perform mathematical and logical
operations on data in real time. Email:
info@controlsolutions.co.uk.

COOKE INTERNATIONAL
http://www.cooke-int.com
e-mail: info@cooke-int.com

Stockists of Quality Used Electronic
Test Instruments and Operating &
Service Manuals.

CROWNHILL ASSOCIATES LTD
http://www.crownhill.co.uk

Crownhill supply low cost development
tools for use with Micro-Controllers and
Smart Cards. Products include Smart
Card development tools, Smart cards,
Micro Development tools and Bespoke
Design Services.

DANIEL MCBREARTY

http://www.danmcb.demon.co.u
k/eng.htm!

Experienced engineer based in London,
specialist in audio and control systems.
Available for design, project engineering
or general consultancy. Background of
high-quality work.

EQUINOX TECHNOLOGIES
UKLTD

htp://www.equinox-tech.com

Pt e A nguet R Ly

- We're going
§ @wm ——
- ———
- e

Equinox Technologies UK Ltd., specialise
in development tools for the embedded
microcontrolier market.

ELECTRONICS WEEKLY
HYPERACTIVE

ht}(;/)://www.electronicsweekly.co
.u

http:// www.ecmsel.co.uk

For the pick of the UK's Top High-Tech
Software and Hardware career
opportunities - from fresh Grad/PhD to
Senior Engineer/Manager - £22,000 -
£70,000

FLASH DESIGNS LTD
http://www.flash.co.uk

Flash supply low cost AVR ISP
programmers (£39), MINI-ICE starter
kits (from £69), Portable Easy-ICE
emulators (from £199), ICE Adapters &
'C’ compilers for any ATMEL AVR,
MCSS$1, Dallas, Hitachi H8
microcontroller. Download FLASH
NEWS now, Watch out for Special
Offers’. ARE YOU developing code in a
Flash?

HSPS LTD
http-//dspace.dial.pipex.com/hsps/

FILTER DESIGNER - Advanced analog and
digital filter design software for the PC. -
Standard and Professional versions.- Free
download of Evaluation version.

LOW POWER RADIO
SOLUTIONS
http://www.Iprs.co.uk

LPRS markets low power radio
transmitters, receivers and transceiver
modules manufactured by ourselves,
Radiometrix, Circuit Designs, RDT and
Micrel. Applications for telemetry,
video and remote control.

MATTHEY MICROFILTERS
hitp-//www.microfilters.net
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ELECTRONICS PRINCIPLES
FREE ONLINE

hitp/Awww.eptsoft.com

This popular electronics educational titie
now available to engineers, students and
hobbyists absolutely free. A huge ‘virtual
textbook’ of electronics information, from
DC to PIC's.

FELLER UK
http://www.feller-at.com

Feller (UK) Ltd. manufacture Fully
approved cordsets (Moulded mains
plugs and connectors) and Power
Supply Cables for all industrial
Countries to National and International
Standards

30 years experience in the design and
manufacture of high quality passive filters
and delay lines. Used in Broadcast,
Telecommunications, Medical,
Multimedia, and Computer industries.

NEWNES - BOOKS FOR THE
ELECTRONICS WORLD

http://www.newnespress.com

Over 300 books and information
packages for those working with
electronics and engineering technology.
Visit our slte for a free catalogue and
downloads

@ Newnes

&
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To reserve your web site space contact Pat Bunce

Tel: 020 8652 8339 Fax: 020 8652 3981

OMEG POTENTIOMETERS
http://www.omeg.co.uk

Omeg 16mm and 20mm potentiometers
and switched potentiometers with
conductive polymer tracks. Web site has

full product details, latest news, company
contacts, stockists and distributors,

PCA:PHILIP COLLINS &
ASSOCIATES PTY. LTD

http://www.pca.cc

PCA manufactures Radphone 2000DX
remote control systems for shortwave
broadcasters and government agencies
wanting worldwide control of
communications receivers and
transceivers from any tone phone.

POLY-FLEX CIRCUITS LTD
http://www.polyflex.com

Design, manufacture and population of

L
!
printed polyester flexible

circuits, including Flip Chip on Flex o~
providing practical, low cost,
reliable solutions for today’'s small
lightweight products.

QUILLER ELECTRONICS
http://www.quiller.com

100+ pages of detailed technical
information on Schrack Relays, MEC
Switches, Hirose Connections.

RADIOMETRIX
http://www.radiometrix.co.uk

Radiometrix specialises in the design and
manufacture of VHF & UHF, RF data
modules. We offer a broad range of PCB

mounted miniature transmit, receive and o=
transceiver modules for OEM use. k. =
RADIO-TECH LIMITED gc;:

http://www.radio-tech.co.uk =
I

Radio modules, modems, telemetry, audio
transmitters, pagers, antenna, remote
controls and much more. All UK designed
and manufactured.

RALFE ELECTRONICS

professional test & measurement
www.ralfe-electronics.co.uk

RD RESEARCH

http://www looking.co.uk/spice
fusTrooisd (sign d Ghma~tns
82 Spice & B2 Logic ~

Analogue and digital SPICE modelling
software. Full details available on this site.
Available on a 30 day evaluation basis.

RS COMPONENTS LTD

http://rswww.com
The award winning on-line service from RS
- 110,000+ products available
- Technical data library
- Stock availability check
- Integrated on-line purchasing
- Order by 8pm - with you tomorrow.

SOFTCOPY

SESCOM, INC.

STAFFORDSHIRE

To reserve your web
sihe space corfact

Pat Burxe
Tel: 020 8652 8339
Fax: 020 8652 3981

http://www.softcopy.co.uk

As a PC data base or hard copy, SoftCopy [y
can supply a complete index of
Electronics World articles over the past
ten years. Photo copies of articles from
back issues are also available.

SESCOM INC.isa 30 -year m
of audio “problem solvers® and
transformers. We also offer easily-
fabricated aluminum enclosures for small
production runs and prototypes.

anufacturer

WIRELESS COMPANY
http://www staffs-wireless.com

Wireless, communication, test equipment,
bought and sold for very competitive —
prices visit our web site or telephone John

on 01889 569928 or 0973 296461.

= -

W eleame 10 Jenving's ! !

7K

http://www.sescom.com

SUPRA AUDIO CABLES
http://www jenving.se

Jenving Technology AB is the
manufacturer of Supra Audio Cables. OEM
T : productions are also accepted.

TEMWELL CORPORATION
- http://www.temwell.com.tw

il

i
de o s

(s

Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Fliter and
Handset/Base Station Duplexers
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THERMOSPEED
httpj/www thermospeed co.uk

WA,
=r

Ire Site

7 H-- ala..o

B N TRl bt p—
ey B e
. —— s

Temperature and pressure, control and
instrumentation. Full on-line purchasing.
* Overnight ex-stock delivery
* Create your own hotlist
* Download datasheets
* Full technical support
Continuved over poge

Put your weh address in front of 21000
electronics enthusiasts and experts.
Electronics World acknowledges your
company’s need to promote its web site,
which is why we are now dedicating pages in
every issue to announce your

WEB ADDRESS.

This gives other readers the opportunity to
look up your company’s name, to find your
web address and to browse the magazine page
to find new sites.

We understand that cost is an important
factor, as weh sites are an added drain on
budgets. But we are sure you will agree that
the following rates make all the difference:

FOR 12 ISSUES:

Lineage only will cost £150 for a full year just
£12.50 per month.

This includes your company’s name, web
address and a 25-word description.

Lineage with colour screen shot costs £350 for

a full year, which equates to just £29.17 per
month.

This price includes the ahove mentioned
information, plus a 3cm screen shot of your
site, which we can produce if required.

To take up this offer or for more
information ring:

Pot Bunce on 020 8652 8339

or fox on 020 8652 3981.
or e-moil: lindo.poyne@rbi.co.uk

Company name

Web address
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WEB DIREGTIONS

THOSE ENGINEERS LTD
http://www.spiceage.com

Working evaluations of SpiceAge mixed-
mode simulator, Spicycle PCB design
tools and Superfilter demo (synthesises
passive, active, digital filters). Tech
support, sales links and price list.

TEST EQUIPMENT
SOLUTIONS

http://www.TestEquipmentHQ.com

Quality second user test equipment with
full warranty and support. All types of
equipment from all leading
manufacturers including general purpose,
communications and industrial test.

s T
| B TEST EQUIPMENT
f';_._i ZSOLUTIONS.J LI
F .

L.
| I Specialists in the supply
\ =1 of qualy refurbished
{un. Test Equipment.

Phone: +44 (0)1753 596000
{ Email:  into@Testequipmentta com

TRIDENT MICROSYSTEMS LTD

http://www_trident-uk.co.uk

Visit the Trident website for details and
datasheets on their entire LCD and
printer product range. Downioad data
and subscribe for our regularly updated
newsleter.

TOWER HILL
TECHNICAL SERVICES
http://www.towerhillaerials.com

[

N=——

Everything you need for DIY Satellite &
TV aerial installation. The one stop
shop for TV, FM, Satellite, Amateur
Radio PMR Aerials, Distribution
Equipment, Cable & Accessories.

TECHNICAL AND
SCIENTIFIC SUPPLIES

http://Avww technicalscientific.com

Suppliers of pre-1985 equipment and
components.

- Test/Measurement equipment

- Valves and semiconductors

- Transducers and pressure gauges

- Scientific books and catalogues

- Manuals and data sheets

VANN DRAPER
ELECTRONICS LTD

http://Awww.vanndraper.co.uk

Test equipment from Grundig.
Kenwood, Hitachi, Fluke, Avo,
Glassman, Advance in a comprehensive
site including oscilloscopes,
multimeters, power supplies,
generators, counters, soldering, digital
tv etc.

VUTRAX PCB DESIGN
SOFTWARE
http://www.vutrax.co.uk

VUTRAX electronic schematic and pcb

design system for Windows 95, 98 and
NT. Limited Capacity FREE version
downloads available, all upgradeable to
various customised levels.

WO00D & DOUGLAS
http/Avww.woodanddouglas.co.uk

Wood & Douglas Ltd is the leading
independent British designer and
manutacturer of quality radio products
for International telemetry, data,voice &
video wireless communications.

020 8652 8339 Fax: 020 8652 3981

PROFESSIONAL

Development Tools

PIC Emulators
from Tech Tools

Mathias In-Circuit Emulator

® 16C5X 1o 20MHz

® 16CXX 10 25MHz and dato bregkpoinis
oM « demgn

© Touw iniegroted VW mcows Emwormen

@ Ssppors s'ondord assembhrs ova comolen

@ Tus Bondout Chip set based
® Piogrammers and adaplors aiso avasabie
Full details ot wwvie tece-1oels can

BASIC Stamps

Stll the easiest and fastest way ‘o
ge! your project up and going

8 or 16 1/O pins, easytoread §
BASIC instructions plus onboard
comms and simple interfacing fo
pericheral chips

Scenix Emulators

from Parallax

SX-Key Emulator

compatible micras wi
serfarmance

# 1810 52 pio’ reprc

SX ctips are EEPROM pased. PIC! 6C5x pin
‘o 100mips

# Ful speed debugging an productian chips
# integrared Windaws erviranment
# Sohware confgered arclato
‘ammapie dew
# SX Bltz law cost programmer also
avoilable Full details and software at
www.parallaxine cam
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Paul Farnese
describes how to

put together a low-

thd seven-band
graphic equaliser
using the LA3607
from Sanyo.

Seven-band
graphic equaliser

equaliser housed in a 20-pin dil package. It incorpo-
rates selective capacitive/resistive filtering to achieve
the desired range of boost and cut.

Frequency range and amount of boost and cut is config-
urable by the user. The chip’s ability to be connected in
series enables greater selectivity to be achieved.

Low audio distortion makes it suitable for a wide range of
audio applications and the device’s low price means that it
can add value to,a product with little increase in overall price.

Component selection is not difficult, but tends to yield
non-standard values as a matter of course. The values
shown in the application circuit give seven bands centred

T he LA3607 is a seven-band, single channel graphic

Vee
‘: 10k

wL]

Application circuit for a seven

on 60Hz, 150Hz, 400Hz, 1kHz. 2.5kHz, 6kHz and 15kHz.
As with most things in life. some compromise is called

for. In this case, as always. a decision must be made
regarding the cost of non-standard components versus
performance trade-off.

Two formulae are used to calculate component values.

_ [CR,
s VRG,
fy =
" 2n/CC.RR,

Where R, and R» are internal values of 1.2k€2 and 68k

Out

4}

)

COMPONENTS

band equaliser with centre Cs
frequencies of 60Hz, 150Hz, - 47pI
400Hz, 1kHz, 2.5kHz, 6kHz and 5 24
15kHz. M+
l VJ_\
20l [19] [ig] 12] [i1]
Technical support > LA3607
Specialist audio component
supplier Profusion supplies
the LA3607 in the UK. E-mail - i —
sales @ profusionplc.com or L1|J 2l L3 8] [9] [10
fax 01702 543700 for more e = - .
details. CI 28n - 10n — 1n6 — GQOp* 280‘#
A data sheet can be 0.07u ‘ )
downloaded from _L _a_ J_ -L
www.profusionplic.com C, OUS opm  OH19 30N g 12N5 e 5N
1u25 1 R - “
g
8k2 +3u3
Ino—fvv\/\,—i . - - - ~ < - be
’ VR 100k x 7
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COMPONENTS

(All boost

REsponse - dB

‘\at all fiat mode

Vee = 8.0V
R, = 10k
Vg = -10dB
1s taken as O0dB

atf = 1kHz

10 2 3 5 7100 2 3 5 71k 2 3 5 710k 2

3 5 71004

2
;;" 10} — —
= 7| L
¢ 5| T A
8
E a
3
a8 2 1
(2]
.§01 All boost | ! [
% 7| Vec=8.0V — All flat
T 5| R =10k "
| Vg = -10dB
R 31 R,=6000
2

Il
3 510 23 5 1k 23 5 10k 23
Frequency - f (kHz)

Frequency - f (kHz) 5
Boost and cut curves for each channel of the application circuit together with flat § 3| Vee=12.0v
and boost/cut curves for all channels combined. T 2 R, =10k
'T 1.0 f=1kHz
c 7| Rg=6000
o
€ 5
3 ¥, s S
Technical specifications % 9 ol e
Recommended supply voltage, 8V % 2
Operating voltage range, 5 to15V € 0.1 _A" boost
Max. power dissipation, 300mW s 7
Min Typ Max % 5
Boost gain relative to flat mode 10dB 12dB 14dB 5 3 | flat
Cut attenuation relative to flat mode -14dB -12dB -10dB s 2 /
Total harmonic distortion 0.02%  01% =
Output noise input s/c. All flat mode 704V 40pV O ——7—23 5770 2 3 5
Vol}age gain relative to flat mode 6.2dB 9.2dB 12.2dB Output Voltage - Vo (Volts)
Quiescent current at 8V 7mA 9mA
Distortion curves versus frequency, top and versus output
voltage at 1kHz, bottom
GND DC Vce OouT NF IN NF7 BASE7 NF6 BASE6
20 019 018 17 916 15 014 013 Q12 11
Internals of the ‘ ___
LA3607
graphic
equaliser chip. 12k 10k
AMA—4—AMA-
> —9
- 3
47k
&
| R,
68k §
L . 4
R1
1k2
. - S . .
o1 2 03 4 05 06 o7 8 09 010
BASE1 NF1 BASE2 NF2 BASE3 NF3 BASE4 NF4 BASES NFS
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COMPONENTS

sp3ev
respectively. Two things to bear in mind when 470p +
calculating values are, O O 47 O O
2 2 | o

® Avoid using electrolytic capacitors. This will 0
then give a starting point in the calculations for

the maximum value of C,, which will be in the LA3607 22y
order of 1pF and by definition, the lowest centre + 1ev
frequency.

® Aim to make the ‘Q’ of the selective CR net-

works between 1.5 and 2.0. This value is chosen
on the basis of the manufacturer’s recommenda- 280p 690p 16 an 10n
tion for best overall performance.
Working out the values
5 5n 12n5 30n 75 190n
L

S

I 28n ! 70n

1) Assume C; to be 1pF. Using equation 1 and a value i 0us 1u25

for ‘Q’ of 2, calculate the value of C;.
2) Substitute the values of C; and C; into equation 2

and calculate f,,. 3u3
3) Recalculate Cy by the simplified method, if the 12\/ +

value of f,, obtained above is not accurate enough. VR
100k x 6

o

Cinen =f_cuuur 3)

4) Re-check the new value of Q to ensure it is still 8k2
within limits.

You can calculate other values of C) for different f,

frequencies using equation 3. The ratio of C, to C;

for all £, values is the same, and hence the calcula-

tion of new values of C; is quite straight forward. ®m  Suggested board layout for a seven-band equaliser.

ADVERTISE FREE OF CHARGE

Subscribers* to Electronics World can advertise their
electronics and electrical equipment completely free of charge

Simply write your ad in the form below, using one word per box, up to @ maximum of twenty words.
Remember to include your telephone number as one word.
You must include your latest mailing label with your form.
* This free offer applies to private subscribers only. Your ad will be pfc/:ced in the first available issue.
This of&r applies to private sales of electrical and electronic equipment only.

Trade advertisers - call Pat Bunce on 020 8652 3620

All adverts will be placed as soon as possible. However, we are unable to guarantee insertion dates. We regret that
we are unable to enter into correspondence with readers using this service, we also reserve the right to reject adverts

which do not fulfil the terms of this offer.

Please send your completed forms to:
Free Classified Offer: Electronics World, L333, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS
| S—
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ELECTRONICUPDATE

A regular advertising feature

bling readers to obtain more

Contact Pat Bunce on e ::?ormcm; on comlpanies'

0208 652 8339 products or services.
/B New 2000 Catalogue

ANORER SEEES The widest range of colour LCDs, LCD 2000 Computer-Based Measurement and

monitors and plug and play kits
available in the UK, all in one easy to
use brochure, is now available FREE!
It includes information on products
ranging from 2.9 monitors to 16.1"
colour LCD screens, mono/colour STN
TFTs and touch screen technology
from the world’s leading
manufacturers.
Phone TRIDENT today for your free
copy.
TEL: 01737 780790
FAX: 01737 771908

OR VISIT OUR WEBSITE:
www.tridentdisplays.co.uk

Automation Catalogue The National
Instruments 2000 catalogue features
hundreds of software and hardware
products for solving your measurement
and automation applications. New
products include additions to our modular
| Compact PCI (PX!) platform, new
| computer-based instruments, and our
| latest software offerings such as LabView
RT for making real-time applications easy.

Phone 01635 523545

| Fax: 01635 524395

{ E-mail: info.uk@ni.com
Website: www.ni.com/uk

CIRCLE NO.131 ON REPLY CARD

CIRCLE NO.132 ON REPLY CARD

Toolworld Ltd

Call now for the TW Catalogue
& featuring thousands of quality brand
y name products.

e Adhesives, Aerosols & Cleaning
Supplies

e Datacom/Telecom, Cables &
Connectors

o Test & Measurement
e Cutting & Polishing Tools
e Toolkits, Cases & Bags

the sisplest on*screen

Video On-Screen Display
Products

LSdesigns supply a range of simple-to-use
and cost-effective On-Screen Display
devices that superimpose ftext and
graphics directly onto composite video
signals. These products offer new
possibilities for designers looking for a
smmmmsem——-===| simple method of displaying data and
information in conjunction with a video
image.

For the simple solution to your On-

sisplay gengraters

~in the world!

T i et b e 60 £
et S P gy et st
e s ety g D e
gy et ot

5 € e 5 0 e o R

epypam

The free Software Showcase CD from
National Instruments, provides engineers and
scientists with extensive information and
demonstration version of industry leading
application software for measurement and
automation applications, such as
LabVIEW™/CVI, Lookout™, HiQ™ and more.
Now in standard HTML format, Software
Showcase delivers an easy to use interface
and direct access to information via the
internet.

For your FREE CD call National
Instruments on 01635 523545

E-mail: info@natinst.com
Website: www.natinst.com/uk

CIRCLE NO.135 ON REPLY CARD

ST .,
SMART

COMMUNICATIONS

PROGRAMMERS

® Hand held and bench top

o Single socket to 16 gang

o Stand alone and PC based

@ DOS and Windows 3.1/95/NT

o Fast algorithms

o Vast range of adaptors:-
-PLCC, QFP, SOIC,
-SSOP, BGA, etc...

Tel: +44(0) 181 953 9292

Email: sales@smartcom.co.uk

Web: www.smartcom.co.uk

CIRCLE NO.136 ON REPLY CARD

TW Ltd Screen Display requirements call

Tel: 01249 822100 P | Lsoesinstodey

Fax: 01249 821919 = Tel: 0115 932 4488
CIRCLE NO.133 ON REPLY CARD

Free Software Showcase CD

TO ADVERTISE
YOUR CURRENT
CATALOGUE/
CD ROM

CONTACT
PAT BUNCE FOR
DETAILS
TEL: 0181 652 8339
FAX: 0181 652 3981



VISA
MasterCard @ ‘!}

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

Cooke International
Unit Four, Fordingbridge Site, Barnham,

Bognor Regis, West Sussex, PO22 OHD, U.K.
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457

Web: http://www.cooke-int.com
E-mail: info@cooke-int.com
catalogue available

——
D> =
OPERATING & SERVICE ALS

Cooke International
Unit Four, Fordingbridge Site, Barnham,
Bognor Regis, West Sussex, PO22 OHD, U.K.
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
Web: http://www.cooke-int.com
E-mail: info@cooke-int.com
catalogue available

CIRCLE NO.137 ON REPLY CARD

CIRCLE NO. 138 ON REPLY CARD
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Tel: 0208 652 8339

CLASSIFIED

Fax 0208 652 3981

WANTED: Britel & Kjaer type 2606 or later
measuring amplifier in good working condition.
Manuals etc not necessary. All reasonable offers
considered. M. Edinger, Bjaclkevangen 10B. dk-
2800, Lyngby, Denmark. Contact: Email
Musiklab@image.dk, phone +45 45 874977, fax
+45 45 874976.

WANTED TO BUY. Used Neutrik chart
recorder system. Fax USA 702/565-4828
Franklin Miller. Email fjm@anv.net

WANTED: good M49KZK16X Tube or Sony
monitor Model CPD20SF2T5 non working or
incomplete. Must have good CRT. Can collect
Also for sale LEADER LCT910A CRT

juvenator p Sensible offers.
Contact John on W-ton 01902 781599

‘COP 8 Microcomputer' evaluation and
progr ing unit g simul |
All you need to start. NEW. Half price - £50.
Tel: 01737 844420.

PCB MAKING EQUIPMENT, cverything you
need for A4 circuits. New and unused equipment,
originally cost £400. Yours for £160. (01223) 50t
288.

‘TEKTRONICS® S/MANUALS, originals. Plug
ins, D, K, P. G, H, L, £3.50 each. Probes 6006,
6008, 6075, 60p each. Oscilloscope D1i-15
manual, £5. Racal 907/-76 operating manual. £3
Tel: 01395 273977,

Nelson Jones Ultra low distortion class A
amplifier and IC stereo pre-amplifier (Wireless
World March and July 1970) for sale
Tel: 0780 336 6894.

P&P Electronics Analogue and digital design
services. Tel: 01924 402931.

PRINTED CIRCUITS production from CAD
design. To obtain details including costs to make
PCB's write to: Mr Belt, 5 Velden Way,
Mill Road, Market Rasen, Lincs LN8 3HD
(including an SAE).

Wanted: Working P.S.U. for satellite receiver.
Amstrad SRD 2000. State price. Hughes, 51
Standard View, Ynyshir, Rhondda, Mid-Glam
CF39 OHR. Phone 01443 685044.

CIRSIM. Circuit simulation program for
Windows. Circuits up to 100 nodes. Graphical
output. Many examples. £10. Tel: 01753 643384,

Wanted to Buy. Component Data, books/sheets,
any age. Email list to: info@sentient-
systems.co.uk. Fax list to: 01202 884420.

Please Mention Electronics World
When Replying to advertisements

TOP
PRICES
PAID

For all your valves, tubes,
semi conductors and IC’s.

Langrex
Supplies Limited
1 Mayo Road
Croydon
Surrey CRO 2QP
TEL: 0181 684 1166
FAX: 0181 684 3056

| ARTICLES WANTED

SAVAIN T E XD =
DEAD OR ALIVE P.M.R. RADIOS

* ALL MAKES OF RADIO EQUIPMENT HAND PORTABLES OR MOBILES *

BEST PRICES PAID - CASE WAITING!!!
WE WILL COLLECT ANYWHERE IN THE UK

CALL: P.M.R. 2000
ON: 01502 531212 / 0142 693 4804
OR FAX USYOUR LIST ON: 01502 531111

BEST CASH PRICES
PAID FOR VALVES

e.g. KT88, PX25, EL37,
DA100
and Valve Tester VCM163
Ask for our free Wanted List
WIDE RANGE OF
OBSOLETE VALVES
STOCKED

Visitors please phone for an appointment

Email:
billingtonexportitd@btinternet.com

ARTICLES FOR

SALE

RF DESIGN
SERVICES

All aspects of RF
hardware development
considered from
concept to production.

[ WATERBEACH ELECTRONICS |

TEL: 01223 862550
FAX: 01223 440853

Billington Export Ltd, Billingshurst,
Sussex RH14 9EZ

Tel: (01403) 784961 Fax: (01403) 783519

POWER SUPPLY DESIGN

Switched Mode PSU
Power Factor Correction

designed to your specification

Tel/Fax: 01243 842520

e-mail: eugen_kus@cix.co.uk
Lomond Electronic Services

WANTED

Valves & Semiconductors
All types e.g. Discrete & IC’s
Good Rates Paid

CHELMER
VALVE

CO.

130 New London Road
Chelmsford
Essex
Tel: 01245 265865
Fax: 01245 490064

SERVICES

From

Concent
Production

Electronic design and engineering services
for the new millennium:

HOUR

armviCL

Embedded control

products
Datacommunication products
SM PSU and bm managament

Rack.Enclosures

New and Used most sizes
16U to 50U side and rear panels
mains distribution 19” Panel mounts
optima eurocraft. Prices from £45 svat

M&B Radio

B6 Bishopsgate Street Leeds LS14B8B
Tel. 0113 2702114 Fax. 0113 2426881
]

Audio and Video procesaing
DVD control systems
Internet site and graphi€s authoring

hitp://designersystems.co-Itd.net

80 Our web sitc @

PCB desi
Sch. fic layout and re-d: Q
T L fon &

Tel/Fax: +44 (0) 1872 223306
Email: designer systems@btinternet.com

Mo —p
)
VA S

2000 c0008s

Designer
Systems

ADVERTISERS PLEASE
NOTE FOR ALL
YOUR ENQUIRIES ON
ADVERTISING RATES
PLEASE CONTACT
PAT BUNCE ON
TEL: 0181 652 8339
FAX: 0181 652 3981
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INFORMATION
SERVICE

For more information about any of the products or services in this issue of ELECTRONICS WORLD,
simply ring the relevant enquiry number.
Enquiry numbers may be found at the bottom of each indwidual advertisement
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Job title

Company Address
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Only tick here if you do not wish to receive direct marketing [
promotions from other companies.

Subscribe
today!

Guarantee your own
personal COpY each month

Save on a 2 year
subscription

ELECTRONICS
WORLD

Newsagent order form

Pass this order form to your newsagent to
ensure you don't miss the next issue of EW.

(name of Newsagent)

Please reserve me the May
issue of Electronics World
and continue to order
every month’s issue until
further notice

Thank you

Subscrihe

today!

own
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Guarantee YO « month

personal Copy €ac

Save on a 2 year
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WINRADIO

TAKING THE EUROPEAN RADIO MARKET BY STORM

TAKE A LOOK AT WiNRADIiO’s DiGIiTAL SUITE SOFTWARE (AWARDED 5 STARS BY WRTH)

. Audio Oscilloscope, real time Spe
calibration cursors
5. Squelch-controlled AF Recorder
6. DTMF, CTSS decode and analyse

WiNADIO™ PC RECEIVERS

conditioning functions.

ONLY £81.07 inc vat

(requires SoundBlaster 16 compatible sound card)

Available as either an internal ISA card
that slips inside your PC, or as an external
(portable) unit. WiNRADIO combines the
power of your PC with the very latest, and
greatest, synthesised receivers.

YOU CAN USE WINRADIO™ SCANNING
PC COMMUNICATION RECEIVERS FOR:
Broadcast, media monitoring, professional &
amateur radio communications, scanning,
spot frequency, whole spectrum monitoring,
instrumentation surveillance and recording.

If you're after the ultimate receiver-in-a-PC
with full DSP then smile and say, “Hello” to
the new WR31000i-DSP with its hardware for
real-time recording, signal conditioning and
decoding applications. It's all you need.

Model Name/Number
Construction of internals
Construction of externals
Frequency range

Modes

Tuning step size

IF bandwidths

Recelver type

Scaaning speed

Audio output on eard
Max on one motherboard
Dynamic range

IF shilt (passband tuning)
Whm

no

no

yes
yes
yes

PCMCIA Adapter (external):

NEW EXTERNAL MODELS

EXTERNAL WINRADIO™

We are now able to offer you a
complete range of stand-alone
WINRADIO comms systems:

* WR1000e - £359 INC VAT

» WR1500e - £429 INC VAT

* WR3100e- £1169 INC VAT
Each stand-alone unit connects

“It's software is excellent.. more versatile and less idiosyncratic

than that of the lcom IC-PCR1000”
WRTH 1999 Review

“Five stars for its
mechanical design”
WRTH 1999 Review

“Most Innovative

0.5-1300 MHz
AM,SSB/CW,FM-N,FM-W
100 Hz (5 Hz BFO)

6 kHz (AM/SSB),

17 kHz (FM-N), 230 kHz (W)
PLL-based triple-conv. superhet
10 ch/sec (aM), 50 ch/sec (FM)
200mwW

8 cards

65 dB

no -

£299 inc vat
£359 inc vat

to your PC through either the
basic RS232, or through an
optional PCMCIA adapter (for
high speed control).

The units are powered through
either your existing 12v
supply, or through an
(entirely optional) NiMH
rechargeable 12v battery
pack.

Receiver”
WRTH 1998 Awards

WR-1000

WR-1500
~ WR-1000i/WR-1500i-3100iDSP- Internal full length ISA cards
- WR-1000e/WR-1500e - 3100e - external RS232/PCMCIA (optional)

0.15-1500 MHz
AM,LSB,USB,CW,FM-N,FM-W
100 Hz (1 Hz for SSB and CW)
2.5 kHz(SSB/CW), 9 kHz (AM)
17 kHz (FM-N), 230 kHz (W)

200mwW

8 cards

65 dB

+2 kHz
use optional DS software

no

yes

yes

yes

£369 inc vat
£429 inc vat

WR-3100

0.15-1500 MHz
AM,LSB,USB,CW,FM-N,FM-W
100 Hz (1 Hz for SSB and CW)
2.5 kHz(SSB/CW), 9 kHz (AM)
17 kHz (FM-N), 230 kHz (W)

200mw

3-8 cards (pse ask)
85dB

+2 kHz

YES (ISA card ONLY)
yes (for ISA card)
yes

yes

yes (also DSP)
£1169.13 inc
£1169.13 inc (hardware DSP only internal)

£69 00 inc when bought with ‘e senes unit (otherwise. £99 ing)

PPS NiMH 12v Battery Pack and Charger: £99 inc when purshased with ‘e’ series unit (ofmerwise. £139 ing)
The WiNRADIO Digital Suite: £74.99 inc when purchased with a WINRADIO receiver (otherwise- £81 05 Inc

To recelve your completely free (no obligation) info pack and WINRADIO software emulation demo disk all you have to do is get on the internet and go to
our website at http://www.broadercasting.com. If you don’t yet have easy access to the internet then by all means feel free to telephone us or send a fax.

Please send all your enquiries to: info@broadercasting.com or Telephone: 0800 0746 263 or +44 (0)1245 348000 - Fax: +44 (0)1245 287057
Enformatica Limited, Unit B, Chelford Court, Robjohns Road, Chelmsford, Essex, CM1 3AG, United Kingdom

E&OE WINRADIO and Visitune are trademarks of WINRADIO Communications - copyright Broadercasting Communications Systems
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Surely not. Surely someone somewhere
has developed a portable programmer that
has even more features, even greater
flexibility and is even better value for money.

Actually, no. But don’t take our word for
it. Use the feature summary below to see how
other manufacturers’ products compare.

* Plugs straight into parallel port of PC or
laptop

* Programs and verifies at 2, 2.7, 3.3 and 5V

* True no-adaptor programming up to 48 pin

DIL devices

Free universal 44 pin PLCC

adaptor

Built-in world standard PSU

for go-anywhere

programming

* Package adaptors
available for TSOP,
PSOP, QFP, SOIC and
PLCC

Optional EPROM emulator “_‘
F »
-

TRI

()1300 2(77C

Fﬁﬂﬁﬂm@

Orders received by 4pm will normally be despatched same day.
Order today, get it tomorrow!

If you do not agree that these
truly are the most powerful
portable programmers you
can buy, simply return your
Dataman product within 30
days for a full refund

* Programs 8 and 16 bit EPROMs, EEPROM:s,
PEROMs, S and 12V FLASH, Boot-Block
FLASH, PICs, 8751 microcontrollers and
more

» EPROM emulation as standard

* Rechargeable battery power for total
portability

* All-in-one price includes emulation leads,
AC charger, PC software, spare library ROM,
user-friendly manual

* Supplied fully charged and ready to use

4 GAL module

* Programs wide range of 20 and 24 pin logic
devices from the major GAL vendors

* Supports JEDEC files from all popular

compilers

)

Still as unbeatable

. - \/ r
Beware of cheap imitations. Beware of false
promises. Beware of hidden extras.
If you want the best, theres still only one
choice - Dataman.
Order via credit card hotline - phone today,
use tomorrow.
Alternatively, request more detailed
information on these and other market-
leading programming solutions.

véear
GUARANTEETE

Support

* 3 year parts and labour guarantee

* Windows/DOS software included

* Free technical support for life

¢ Next day delivery - always in stock

* Dedicated UK supplier, established 1978

DATAMAN

Dataman Programmers Ltd, Station Road,
Maiden Newton, Dorchester, Dorset, DT2 QAE, UK
Telephone +44/0 1300 320719
Fax +44/0 1300 321012
BBS +44/0 1300 321095 (24hr)

Modem V.34/V.FOV.32bis
Home page: http/iww.dataman.com
FTP: ftp.dataman.com
Email: sales@dataman.com



