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Radio Communications Test Sets
Hewlett Packard M 12888 21550
o 1 - arconi
8642A - high performance R/F synthesiser Marconi 29558/608 £3995
(0-1-1050M Hz) £4750 Marconi 2955A £2000
- . £2200
SA oy f p. 7. , 00 Marconi 2955R
33354 synthesiser (200Hz-81MHz) £22 Marconi 2945 Comms service monitor £4500
Hewlett Packard Antritsu MS555A2 £1200
436A power meter and sensor (various) from £750 Hewlett Packard 89228 (GSM) £4000
IR 5 or and B—— fl £1100 Hewlett Packard 8920A (opts 1,2,3,4,5,11) £5250
4378 power meter and sensor (various) rom Hewlett Packard 89208 (opts 1,4,7,11,12) £7250
Hewlett Packard Hewlett Packard 8922M £6000
3 i £3500
. 310 — . i ’ A Schlumberger Stabilock 4031
Marconi 6310 — programmable sweep generator Schigmberger Stabilock 4040 £1500
(2 to 20GHz) — new £2750 Racal 6111 (GSM) £1750
Marconi 6311 Prog’ble sig. gen. (10M 11z to 20GHz) £3500 gﬁcz' 6; ‘sscﬁ(;SM)cMTA Y gggg
. ode warz
Iy 1 >, A 2 -
Marconi 6313 Prog’ble sig. gen. (10MHz to 26.5GHz) £5750 Rhode & Schwarz CMT 55 (2GHz) £8000
Hewlett Packard Rhode & Schwarz CMT 90 (2GHz) DECT £4995
3 - B cal 13 R . E1S Wavetek 4103 (GSM 900) Mobile phone tester £1500
33708 - universal time interval counter £1500 Wavetek 4106 (GSM 900, 1800, 1900) Mob. Phone tester £2200
Hewlett Packard 8662A synth. sig. gen. (10kHz to 1280MHz)
£8250
Hewlett Packard 3324A synth. function/sweep gen. (21NHz) :
£2500 2
Hewlett Packard 3314A Function Generator 20MHz £1250
Hewlett Packard
8904A Multifunction Synthesiser (opt 2+4) £1950
R&S SMG (0.1-1GHz) Sig. Generator (opts B142) £2950
Gould 400 20MHz - DSO - 2 channet £800
Gould 1421 20MHz - DSO - 2 channel £600
Gould 4068 150MHz 4 channel DSO £1500
Gould 4074 100MHz - 400 Ms/s - 4 channel £1350
Hewlett Packard 54201A - 300MHz Digitizing £995
Hewiett Packard 54600A - 100MHz — 2 channel £750
Hewlett Packard 54502A - 400MHz-400 MS/s 2 channel £1800
Hewlett Packard 548 10A “Intinium’ 508MHz 2ch £4000
Hewlett Packard 54520A 500MHz 2ch £3000
Hameg 205-2 20MHz DSO £550
Hitachi VIS2/V212/V222/V302B/V302F/V353F V550B/VE50F from €125 MISCELLANEOUS
Hutachi V1 100A - ID0MHZ - 4 channel £900 Eaton 2075-2A — Noise Gain Analyser at £2750
intron 2020 - 20MHz. Dual channel D.S.0. (new) £450 EIP 5484 26 5GHz Frequency Conntar £1035
twatstu SS 5710/SS 5702 - trom £125 : SR -
Kikusu COS 5100 - 100MHz - Dual channel £350 ENI 440LA (150KH2z-300MHz) 35 Watt Power Amp A
Lecroy 9314L 300MHz - 4 channels £3000 ENI 1040 (10KHz-500KHz) 400 Watt Power Amp £2750
Meguyo MSO 1270A - ZOM(P:-iz -D.S.0. (new) £450 Fluke 5100A/51008/5200A — Calibration Units (vanous avadable) from £1000
. Fluke 2620 Data Buckets £500
Philips PM3094 - 200MHz - 4 channel £1750 4
1 Fluke 45 Dual Display M/meter (IEEE) £550
sa:::g: g%szf?o%naz?%%ngqez channel g:gg Hewlett Packard 339A Distortion measunng set £1200
Philips PM3070 - 100MHz - 2 channel - cursor readout £750 :ew:e: Eac:::g Zggf“;;?'%'“"'al IC°“'D'°’5 g‘gg
Tektronix 465 - I0OMHZ - Dual channel £350 ewlett Pac ' ch/Control un
Tektronix 464/466 - I00MHZ - (with AN. storage} £350 Hewlett Packard 3457A multi meter 6 1/2 digit £950
}emonlx 475/475A - 200MHZ/250MHz from £450 Hewilett Packard 3784A - Digital Transmission Analyser £4500
ektronix 468 - I0OMHZ - D S O. £650 Hewlett Packard 3785A - Jitter Generator & Receiver £1250
Tektronix 2213/2215 - 60MHz - Dual channel £350 Hewilett Packard 5385A - 1 GHZ Frequency counter £650
Tektronix 2220 - 60MHZ - Dual channel D.S.0 £995 Hewlett Packard 6033A - Autoranging System PSU (20v-30a) £750
Tektronix 2235 - I00MHZ - Dual channel £600 X /i
Hewlett Packard 6622A — Dual O/P system p.s.u. £1250
Tektronix 2221 - 60MHz - Dual channel D.S.0 £995
Tektronix 22454 - 100MHZ - 4 channel £900 Hewlett Packard 6624A — Quad Output Power Supply £2000
Hewlett Packard 6632A - System Power Supply (20v-5A) £800
Tektronix 2440 - 300MH2/500 MS/s D.S.0. £2450 Y
Tekironix 2445A/24458 - 150MHz - 4 channel £1000 Hewlett Packard 83508 - Sweep Generator Mainframe £1500
Tektronix 2445 - 150MHZ - 4 channel + DMM £1200 :eme: 2“::3 ggggg gynmes!s:g $ha pensealor cfggg
Tektronix TAS 475 - 100MHZ - 4 channel £995 ewlett Pac ynthesised signal generator
Tektronix 7000 Senes (I30MHZ to 500MHZ] from £200 Hewlett Packard 8657A Synth. sig gen. (0 1-1040MHz) £1750
Tektronix 7104 — 1GHz Real Time — with 7A)29 x2, 7B10 and 7B15 trom £2500 Hewlett Packard 8901B - Modulation Analyser £2750
Tektronix 2465/2465A/2465B - 300MH2/350MHz 4 channel from £1250 Hewlett Packard 8903A, B and E - Distortion Analyser from £1250
Tektronix 2430/2430A — Digttal storage - 150MHz from £1250 Hewlett Packard 16500A + B - Logic Analyser Mainframes from £1000
Tektronix TDS 310 50MHz DSO - 2 channel £750 Hewilett Packard 16501A/B & C - Logic Analyser System Expander Frame from £2000
Tektronix TDS 320 100MHz 2 channel £850 -
Tekironix TDS 340A 100MHz DSO - 2 ch . £1250 Hewilett Packard 37900D - Signalling test set £3750
TOUK B Choe 2 Hewlett Packard 83220A DCS/PCS test sels £3000
Hewlett Packard 8657B - 100KHz-2060 MHz Sig Gen £3995
SPECTRU M ANALYSERS Hewlett Packard 8657D - XX DQPSK Sig Gen £4500
Avcom PSA-65A - 2 to t000MHz £850 3 acl eter z-1 z 0
Anritsu MS 610B 10KHz - 2GHz - as Hewlett Packard 4276A LCZ Meter (100Hz-20KHz)- £1500
Anmsz MS36068 SIOKH:-IZGH;) neatwga‘wAnal ser ggggg Marcont 10668 - Demultiplexer & Frame Alignment Monitor (140MBIT to 64KBIT)
AdvantesUTAKEDA RIKEN - 4132 - I00KHz - 1000MHz £1500 NEW £1750
Hewlett Packard 8756A/8757A Scaler Network Analyser from £1000 Marconi 2305 - modulation meter £999
Hewilett Packard 853A Mainframe + 8559A Spec. An. (0.01 to 21GHz £2750 Marconi 2610 True RMS Voltmeter £550
Hewlett Packard 182T Maintrame + 8559A Spec. An (0.01 to 21GHz £2250 Marconi 6950/6960/69608B Power Meters & Sensors trom £400
Hewleg Packard 8568A (100Hz - 1500MHz) Spectrum Analyser £3500 Marcon) 2840A 2Mbis Transmission Analyser POA
Hewilett Packard 8567A - 100Hz - 1500MHz £3995 Philips 5515 - TN - Colour TV pattem generator £1400
Hewlett Packard 8752A - Network Analyser (1.3GHz) £5995 Philtps PM 5193 - 50MHz Function generator £1500
Hewlett Packard 8754A — Network Analfyser aMHz-1300MHz £1500 Leader 3216 Signal generator 100KHz - 140MHz - AMFFM/CW with built in FM stereo
Hewlett Packard 3561A Dynamic signal anatyser £3995 modulator (as new) a snip at £795
Hewlett Packard 35660A Dynamic signal analyser £3250 Racal 1992 - 1.3GHz F p Count €5
Hewlett Packard 8753A (3000KHz2-3GHz) Network An £3500 = Z WOALERCY Lounter s
IFR A7550 - 10KH2-1GHz - Portable £1950 Rohde & Schwarz NRV dual channel power meter & NAV Z2 Sensor £1250
Meguro - MSA 4901 - 30MHz - Spec.Analyser £700 ?V::'O" D:%'E:&?B&' 35-55@"1 I“gc'Owave Freq Counter fggg
Meguro - MSA 4912 - | MHz - IGHZ Spec.Analyser £995 ektronix - Audio Signal Generator
Tektronix 2712 Spec. Analyser (9kHz I.BGHz() £3750 Wavetek 178 Function generator (50 MHz) £950
Wandel & Goltermann TSA-1 se/slem anatyser (100Hz-180MHz) £2750 Wayne Kerr 3245 — Precision inductance Analyser £1995
Wiltron 6409 - 10-2000MHz R/F Analyser £1750 Wayne Kerr 6245 — Precision Component Analyser £2500

Quality second-user
test & measurement
equipment

NEW PHONE CODE FOR COVENTRY 02476

All equipment is used - with 30 days guarantee and

Tel: 02476 650 70
Add carriage and VAT to all goods. [ ]

Telnet, 8 Cavans Way, Binley Industrial Estate,

o
Coventry CV3 2SF. Fﬂx. 02476 650 77
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Killing fields — recognition at last

324 NEWS

® Electronics skills shortages

@ Cambridge firm in optical disk link up
® Firms team up to make superchip

® Amstrad profits plummet

@ Patent bounty hunters pay $40 000

® New CO sensor made in UK

@ Technology halves mobile antennas

® Metallic superconductor

® Ford cars to have electronic telematics
® New |1kHz to 30MHz oscillator IC

330 CHIP CAPACITOR
FLAWS INVESTIGATED

Ralph Carbone and Tom Adams
provide a unique insight into the failure
modes of ceramic chip capacitors.

DESIGN COMPETITION
Time to get your entries in! Qur design
with £90{) worth of
closes 30 April

competition

prizes

336 PC INTERFACE

VIA ETHERNET

Connecting external devices to your PC
via a local-area network card is not as
difficult as it may seem. Eddy Insam
explains how it all works and what you
need to know.

350 QUENCHING
PROCESSOR THIRST

The quest for performance in today’s
mobile world means that high power
consumption is the curse of chip
designers. But plenty of solutions exist.
Richard Ball reports.

SPEAKERS’ CORNER

Moving-coil loudspeakers are invariably
driven by a voltage amplifier. Here,
John Watkinson explores the alternative
— current drive.

356 PHONO-PREAMP
FOR THE CD ERA

Power supply problems and solutions are
the subjects of this second article
describing Norman Thagard’s high-
performance, pick-up preamp.

354
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362 FUEL CELLS

Chris Evans-Pughe investigates fuel cell
technology and its implications.

NEW PRODUCTS

New product outlines, edited by
kichard Wilson

CURRENT
CONVEYORS lii

In this third and final article on low-
voltage current-conveyors and their
applications, Giuseppe Ferri et al
describe how to implement capacitance
multipliers.

CIRCUIT IDEAS

@ Battery pack short-circuit protector

@ Voltage-controlled pC-based sig. gen.
@ 12V battery level detector

® LDR stabilised Wien bridge oscillator
@ Use an LED as a photodetector

@ Baseline clamp

® Log control from a linear pot

LETTERS

EMC. Skill and training, More choice on
FM, Valve substitute, A true dome
tweeter, Phono preamp debate

NEW THOUGHTS
ON EMC

lan Darney presents a new approach
to EMC with a view to demystifying
the subject.

BIOSENSORS:
ELECTRONICS MEETS
BIOLOGY

Biological materials combined with
traditional transducers allow substances
to be analysed much more rapidly than is
possible using conventional laboratory
techniques. David Clark reports.

400 WEB DIRECTIONS

Useful web addresses for the electronics
engineer.
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Acoustic imaging provides a
unique insight into chip capacitor
failure mechanisms - page 330.

Reader offer - 10MHz single-trace
oscilloscope. Turn to page 353 for
details.

Ethernet — 10Mbit/s over a long
length of coaxial cable and very
cheap to implement. Wouldn't it be
nice to use it for i/0? See page 336.

New generation power sources — a
fuel cell can power a mobile phone
for 20 days and it takes only

seconds to recharge. See page 362.

June issue on
sale 3 May
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b2 Spice 2000

Analogue and digital circuit design for the PC

"{Il"ll'i"li"li'l" ’

Design and test circuits quickly and easily

Packed with new features:
® Uses the latest xspice engine for
guasanteed accurate mixed mode simulation
® Parameterised ac sweep ® Monte carlo
. cncryses ® Parameterised transient sweep

- * New xspice simulations ® New noise

and distortion analyses ® Improved features

bl

for processing plot families as units ® New
menu items toshow local maxima, minima, and

zero crossings and much more!

Accurate results that can be relied on

i

RResearch

RD Researchy, Research House, Norwich Road, Eastgate, Norwich NRTU 4HA
VISA % Tel: 01603 872331 Email: rd.research@paston.co.uk www.looking.co.uk Apice
— *Please add £5 00 postage and packing. ‘applies to users of B* Spice & B* logic All rademarks acknawledged

CIRCLE NO.104 ON REPLY CARD

Next Generation Electronics CAD

-

Studio 2, the new modular electronics
design system that includes simulation,
schematic, PCB, autorouting and CADCAM
modules as standard.

Introducing Electronic Design "sl%?ﬂ'gllgc
K L 8
L

Our state of the art integrated design environment brings
powerful management to your projects and now features
expanded libraries with 3D style PCB footprints, and the new
Viper autorouter. EDS 2 Advance also includes rip up and retry
routing, net styles, shape based realtime design rule checking
(DRC), full copper pour support with unlimited automatic zones,
split power planes with router support, cross probing, netlist
navigation, DTP quality feature rich schematics and a wide range
of import/export options.

EDS 2 is fully compatibie with the latest TINA Pro 5.5 with support
for FAST TINA net import using the Project Wizard.

Standard Advance

e I e ct ro n i c Schematic, Simulation, PCB & CADCAM Modules Yes Yes
design STU DIO A\ﬁﬁAutoroﬁuter Single Pass meeui

2 Multiple copper pour, thermal relief, power planes Yes

Cross probing & Net Styles Yes

Shape based Design Rule Check Yes

Quickroute Systems Ltd

Regent House, Heaton Lane, Price’ £199 £349
Stockport SK4 1BS UK

Tel/Fax 0161 476 0202/0505

O T S www.dotqr.com

(c) 2001 Quickroute Systems. E & O. E.
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Killing fields - recognition at last

he NRPB’s recently published report on ‘ELF

Electromagnetic Fields and the Risk of Cancer’
confirms a weak association between power line
electromagnetic fields and childhood leukemia. This
should be no surprise to readers of Electronics
World who may recall a series of “Killing Fields
features in the 1990s by independent researchers
investigating the effects of power lines on those
living and working nearby.

What is important is that over the intervening
years the NRPB has slowly shifted from outright
denial of any possible link to a grudging recognition
that further research is needed to determine the
exact mechanism linking power lines and cancer
processes.

As one of those researchers and an EW feature
writer, I'm pleased that the door to further research
has creaked slightly ajar. Nevertheless. there's still a
mountain to climb to make sure that future research
is directed into those areas where it is likely to shed
most light.

The main problem is one of definition. The
eminent research group chaired by Sir Richard Doll
was only briefed to investigate the effects of non-
ionising ELF radiation emanating from electric
power systems. This led to an obsessional
concentration on the electromagnetic fields
emanating from power lines.

There has been no interest in extending power line
electrostatic and electromagnetic field research to
interactions with other known harmful radiations.
involving natural charged particles and background
ionising cosmic radiation.

In some ways it’s remarkable that the Committee
found any link at all, bearing in mind that over a
century of domestic and industrial electric power
has more or less proved that power system magnetic
fields per se are unlikely to be directly harmful.

The problem facing regulators like the NRPB is a
reluctance to range across the EM spectrum to
actively research interactions that may be harmful.
This is partly due to NRPB resources being hijacked
1o allay public disquiet about siting mobile phone
masts near schools, while ignoring broadcast
transmitters generating far higher field strengths in
the same bands and areas.

As | write. Vatican Radio faces shutdown by the
Italian Government for massively exceeding HF
field safety limits in urban areas near its short wave
transmitters. If threatened by local TV transmitter
shutdown and loss of soaps. public concern about
transmitter safety is likely to wane in the UK!

The same goes for ionising radiation. Nuclear
paranoia has ensured that radiation risk assessment

has failed to grasp the nettle that there may be no
lower safe limit for human lionising radiation
exposure, and that some public risk has to be
accepted, as it is with road traffic accidents.

While the scientific jury is out. the precautionary
principle has led to power companies in the USA
buying up properties close to power lines deemed
unsaleable. and planning codes and guidelines
advising against domestic housing close to overhead
lines.

In the meantime, the likelihood of a link between
electrodynamic fields and human disease through
background ionising radiation interactions is
strengthened by the numbers of papers reporting
solar cycle disease curves for cancers at high
magnetic latitudes and high altitude urban locations
where natural background radiation flux is
intensified by location.

The NRPB must get away from its comfortable
preoccupation with ELF non-ionising fields, and
actively investigate ionising radiation interactions
with all electrodynamic fields. [ ]
Anthony Hopwood
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Poll reveals serious concern over
electronics skills shortages

A survey of electronics executives
by City consultancy KPMG shows
there is serious concern over skills
shortages in the industry in the UK.

In a survey of executives from
firms such as ARM, BT Cellnet,
IBM and Motorola, 98 per cent of
respondents in the survey said their
major concern was over skills
shortages.

“Much more active investment is
needed in centres of learning,” said
KPMG's head of electronics, Crispin
O’Brien. “If you compare what we

IT in school not hitting right spot

The effectiveness of tackling the shortage of science
and engineering graduates by boosting investment
on PCs and IT in schools has been questioned by a
director of one of the UK’s science and technology
regional organisations (SATRO).

According to John Hindhaugh, director of
Staffordshire SATRO, most of the Government’s
proposed £400m investment in new technology for
schools will go on supporting IT in English, business
studies, leisure & tourism, geography and every other

subject area.

“This of course is no bad thing but these areas of
the curriculum have little to do with electronic
design. Design & technology in schools is not often
seen as a priority for IT support,” said Hindhaugh.

have with partnerships in
Cambridge, for example, we’re a
long way behind other countries.”

According to O’Brien, a recent
IDC report says that the shortage of
skilled labour in Europe could reach
3.8m by 2003. “You could probably
say that just under one million of
those could be in the UK,” he said.

However, he stressed that
KMPG's report did not try to blame
any one party for the situation and
insisted that the industry must also
do more.

“The Government is listening, we
just have to wait and see how
effective their measures will be.,”
said O’Brien, commenting on the
recent publication of the enterprise,
skills and innovation white paper.

The report by KPMG, announced
mid February, also highlights the
lack of R&D funding and the
industry’s relationship with
Government and education as key
areas that need to be addressed.

Countries where R&D funding is
high have a healthier industry and
economy, said O’Brien. Competition
in Europe for inward investment is
much higher now, he said, and only
five per cent of the UK electronics
industry is actually UK owned, so

the manufacturing base is not tied to
Britain.

“Tax incentives are needed to
keep them here. But although these
incentives certainly help, the main
reason that people invest in a
country is the skills base,” said
O’Brien. “And right now, the
biggest constraint is good quality
people and access to a research
base.”

Firms team up to

make superchip

IBM, Sony and Toshiba are to
develop jointly a “super-computer
on a chip”. With a 300-person
design centre in Texas, the three
firms will invest $400m on the
project over the next five years.

Called ‘Cell’, the sub-0.1pm
chip will combine technologies
such as copper interconnect,
silicon-on-insulator transistors
and low-k dielectric material.

Cell will be more powerfu! than
IBM’s Deep Blue supercomputer,
the firms claim. Providing
teraflops of processing power, it
will be aimed at broadband
consumer products.

Cambridge firm wins multilayer optical disk link up

Constellation-3D, the firm
developing high capacity optical
disks, has partnered with Plasmon to
co-develop manufacturing processes.

Cambridge-based Plasmon will use
its experience in recordable optical
media to set up a prototype
production line for fluorescent
multilayer disks (FMDs), most
probably in the UK.

“Our collaboration will focus on
industrialisation of the production
processes, to provide future
manufacturers of FMD disks with
efficient, low cost and durable mass
production techniques,” said Nigel
Street, CEO of Plasmon.

FMDs use fluorescence, rather than
reflection, to sense data. Dye placed
in the pits of the disk fluoresces when
a laser is focused on it.

Because the CD-sized FMD is

essentially transparent, multiple
layers can be formed. A 20 layer disk
is capable of storing up to 100Gbyte
of data, the firm claimed.

“C-3D has demonstrated multilayer
read-out using their unique FMD
technology at a level that is
significantly greater than the two
layers achievable with current
reflective recording layers,” added
Street.

In January C-3D signed a deal
with Lite-On to manufacture drives
for the disks. Last November it
signed a similar deal with optical
disc equipment supplier Steag
Hamatech.

Richard Ball
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The Balance Box

Microphone or line level amplifier for
balanced or unbalanced signal lines

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

% Precision true floating transformerless balanced input and
output at microphone or line level % Simple interfacing and
conversion between balanced and unbalanced signal lines
% Low noise and distortion & High common mode rejection
% Switchable gain selection % Extensive RFI protection

The Phantom Power Box — The Headphone Amplifier
Box - The OneStop DIN rail mounting radio
frequency interference filter and voltage transient protector
for voltage and current loop process signal lines

Ramco

GENUINE GOVERNMENT SURPLUS

As an MOD Contractor we offer genuine

government surplus equipment now
tested and with a 120 day guarantee.

X .
BEST VALUE DEALS...

Tektronix 2440 300MHz Digital Scope £1950
Tektronix 2445A 150MHz Analogue Scope  £800
Philips 3264 100MHz Analogue Scope £450
Gould 0S300 20MHz Analogue Scope £180
Marconi 2370 110MHz Spectrum Analyzer £1100
Racal 9914 Counter/Timer £150
Philips PM2521 Bench Meter £150
Philips PM6671 Counter/Timer £150

Conford Electronics Conford Liphook Hants Gu30 7Qw
Information line 01428 751469 Fax 751223
E-mail contact@confordelec.co.uk
Web: www.confordelec.co.uk/

CHURCH LANE, CROFT, SKEGNESS, LINCS (JUST OFF THE A52)

07754 880880

FIND OUT MORE ABOUT US ON OUR WEBSITE
WWW.ramco.co.uk
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@ Easy PC - Number One Systems - |[PCB Design' Design 566.pcb]
% Fle Edt View Add Sengs Quiout Toos Windaw Hep

price.

Cross

Call +44 1684 773662 or Fax +44 1684 773664
E-mail info@numberone.com

Professional PCB Layout for Windows at
Computer Store Prices!

Suddenly, a professional level PCB layout product is available at a realistic

with Easy-PC For Windows. Then test before you buy with a demo version
- you will be simply amazed with Easy-PC For Windows.

True Windows 32 bit product Over 7,000 users must be right!
Integrated Schematics and Layout as standard

Windows drag & drop throughout

Multiple documents open within disptay Consistently, one of Europe’s most popular
Technology files for fast start-up PCB Layout products for Windows )

Tiled display - Cascade, Vertical, Horizontal 95/98/NT/2000, Easy-PC has won pralge.
Multi-level Undo/Redo from users for the wealth of features within
Integrated standard Autoplace each new release.

Optional shape based AutoRouter Many of these new features are normally

Full Copper Pour only found in the world’s most expensive PCB
Split powerplanes Layout software packages.

Unlimited signal/powerplane layers

Unlimited non-electrical/doc layers Now try Easy-PC For Windows for yourself !

Keep out/keep in areas for routing
R/H mouse menu support
Pan across design o cursor position

N u m be r O ne System s Full forward & backward annotation Schematics /PCB

Modeless driven operation, no menu selection required

*Ultiboard is a trademark of Uitimate Technology

call us for a demonstration copy or download from WWW- n U m be rO n e . Com

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

Easy-PC For Windows 4.0
now reads Ultiboard designs/libraries*

Just check the specification and see what excellent value you get

probing between Schematics and PCB

CIRCLE NO. 108 ON REPLY CARD
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UPDATE

Amstrad profits plummet
due to e-mQ@iler losses

Amstrad’s telephone with e-mail
capability — the e-m@iler - is
continuing to lose money for the
company, which saw interim pre-tax
profits fall by over 80 per cent to
£1.5m.

The consumer electronics
manufacturer’s e-m@iler business is
operated through a joint venture with
Dixons known as Amserve. As the
majority shareholder, Amstrad
incurred a pre-tax loss of £3.9m in its
Amserve business.

Around 77 000 e-m@ilers have
been installed since the launch last
March. These are being sold at a loss
in order to quickly build up a user
base. It is hoped that they will then
generate revenues through advertising
and call charges.

“With over nine months

Satellite mission investigates
solar storm effects

The first results have been published from the four
satellite Cluster mission which is measuring the Earth’s
magnetosphere. The bow shockwave, where the solar
wind interacts with the magnetosphere, has been
measured in detail for the first time. Findings from the
mission may enable designers to increase the ruggedness
of communication satellites which have been destroyed

experience, e-mail usage is currently
generating an income for Amserve
which equates to £20 per phone per
year or £1.5m per annum on the
current installed base of 77 000
units,” said Amstrad chairman Sir
Alan Sugar.

Sugar said that first advertising
revenues were expected to start later
this year when the installed base tops
120000 units.

“We are looking for growth of the
installed base and as more e-m@ilers
are sold losses from the Amserve
business will continue but the future
profit potential of the Amserve
business will increase,” said Sugar.

Amstrad, which is one of five
suppliers to satellite broadcaster
BSkyB, also saw weakness in the
digital TV set-top market.

Last week Amstrad also announced
plans to license its first GSM mobile
phone product to Chinese
manufacturer Haier CCT.

Turnover for the six months was 27
per cent down from £60.8m to
£44.1m.

Richard Wilson

Patent bounty hunters pay out $40 000

BountyQuest has paid out $10000
each to four people who may have
found ‘prior art’ to break patents.

The company was set up last year
to make money by putting bounties
on the patents that other companies
do not want to exist.

“Patents are a double-edged sword.
While they encourage creativity and
the introduction of new products that
improve lives, they can also stifle
competition — particularly when they
don’t represent genuine innovation,”
said Charles Cella, founder and CEO
of BountyQuest when it was set up.

Patents are awarded only if there is
no evidence that an idea has been
thought of before. A search for
evidence, or prior art as it is called, is
made before granting the patent, but
this search may not be exhaustive.
Finding prior art can cause a patent to

by solar storms in the past.

be withdrawn.

New CO sensor stands to benefit from tighter gas laws

Fuel-cell sensor technology
developed by Scipher spin-off
firm Monox stands to benefit
from possible changes to EPA
(Environmental Protection
Agency) regulations in the US.

The Swindon-based firm, a
spinout from the Scipher
intellectual property group, has
developed a hermetic plastic
carbon monoxide sensor — the
subject of 27 patents.

It uses conductive plastic to

transfer the output signal to
conventional solder pins while an
internal platinum/ruthenium
electrode system deposited
directly onto plastic minimises
precious metal use. Test gas
passes into a sulphuric acid
electrolyte via a semi-permeable
membrane/wick system.

The company has already
received a $1m order for the new
sensor, with more promised.

A ruling in the US, although

currently suspended, requires that
all public buildings must have
carbon monoxide (CO) detection
alongside smoke and other fire
detection systems.

An attempt was made to
enforce the regulation several
years ago but, following a
massive spate of false alarms
from the sensor technology then
available, the requirement for CO
detection was put on ice.

However, recent technology

“BountyQuest taps into the world’s
knowledge market to uncover this
hard-to-find information, which can
be used not only to weed out bad
patents, but also to validate good
ones,” Cella said.

BountyQuest rewards start at
$10000 and could go higher than
$1m, depending on the value of the
information to the client searching for
it, said the company.

Prior art, claims BountyQuest, has
been found that challenges the
following patents: a method for on-
line music sampling, held by Intouch
Group; a method controlling access to
an event venue through alterable
tickets, held by Walker Digital; a
technology for database copying, held
by Oracle; and a technology for
single-chip network routers, held by
Cisco Systems.

Steve Bush

developments producing better
sensors has caused legislators in
Canada and the European Union
to set much tighter limits on CO
detection — and the US is under
pressure to follow suit.

New Canadian and European
legislation requires reliable
detection at gas concentrations
down to 10ppm, a sensitivity
which, until recently, could only
be achieved with bulk
semiconductor heated wire
transducers. Frank Ogden
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UPDATE

New technology will halve mobile antenna numbers

Quintel S4, the company that
emerged from a deal between
DERA, the research arm of the
Ministry of Defence, and UK
landlord, Rotch Group, was
launched this week.

The company is combining
technology from DERA with
properties owned by Rotch to halve
the number of mobile phone
antennas across the UK and Europe.

Radio masts are often shared but

Interactive audio plan

Broadcaster Capital Radio has
teamed up with US digital radio
technology firm, Command Audio
to launch on-demand interactive
audio through the UK’s digital
audio broadcasting (DAB) network.

A joint venture company also
including UBC Media, Command
Audio-UK (CA-UK) will produce
on-demand interactive programmes
and license other programmers and
service providers.

According to the firms, when
deployed in the UK this will allow
listeners to choose from a range of
programmes and listen to them
whenever and wherever they want.

several antennas are attached to
them. DERA said its technology let
each antenna receive up to five
radio signals at once.

This means the services of all
five 3G licence holders could be
combined on one roof-top or mast
antenna.

Quintel reckons that each
operator will need up to 20000 sites
to complete the roll out of third
generation mobile services.

“Personal communications are
transforming all our lives and the
pace is hotting up,” said Andrew
Middleton, director of knowledge,
information systems at DERA. “Not
all change is good and it is
important to offer socially
responsible choices.”

Rotch’s part in the deal means
making its £3bn portfolio of
around 130000 possible sites
available to Quintel.

Software boost for WAP
developers. Nokia's WAP
Toolkit 2.1 is a free soft-
ware tool that provides a »
PC-based environment in -
which developers can write,
test and de-bug WAP
applications. For this
version, the company has
added simulators for its
6200 and 7100 series
phones. It also includes a
June 2000 WAP Forum
specification reference
implementation simulator,

the market later this year and next.

— - -
e — —_ ==

which supports multipart push among other new features. The simulator enables the
prototyping of next-generation WAP services that will be supported in hand-sets coming to

Orange unveils the house of the future. A detached house in Hertfordshire is being used as
a research centre to test, monitor and evaluate advanced services and products for the home.
Dubbed ‘Orange at home' the project is being led by mobile operator Orange. The house was
adapted at a cost of £2m to include a range of services that can be controlled using ‘wire-
free’ technology such as lighting, heating, security, curtains and baths.
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UPDATE

Metallic superconductor works at 39K

Japanese researchers have found a
simple metallic compound that
superconducts at twice the
temperature of previous materials.

Magnesium diboride (MgB,)
superconducts at 39K, claims
Tokyo's Aoyama Gakuin University,
twice that of the previous best
metallic material.

“It’s certainly a new type of
semiconductor,” said Dr Mark
Blamire, a materials scientist
researching superconductivity at

LEDtronics has unveiled a set of incandescent
replacement lamps based on clusters of high intensity
LEDs. The DecorLED range uses a standard Edison-
screw base and outputs in six colours from the 18
LED:s. Lifetime is claimed to be 11 years. Light output
ranges from 3000mcd for a blue bulb, to 10 000mcd
for green. Power consumption is just 1.0 to 1.7W, for
lamps equivalent to a 15W incandescent bulb, the
company said. Depending on the colour, the LEDs are
made from either InGaAIP or SiC/GaN technology.

Cambridge University. “But it
doesn’t really compete with high
temperature superconductors.”

Blamire’s group at Cambridge
has already repeated the Tokyo
experiments, creating 99.99 per cent
pure MgB,, with a T, of 39.5K.

Ceramic and other intermetallic
compounds remain much better
superconductors, working at over
100K, but they are potentially
harder to manufacture than metallic
varieties.

The Tokyo work may open up
new avenues of research, using less
exotic and expensive elements than
niobium, the current favourite.

At Cambridge and other
research centres, scientists are at
the stage of making bulk materials
by sintering powders, said
Blamire.

Work is under way to make
useful electronic components
which would involve laying down
thin films on substrates.

All new European Ford cars to have
electronic telematics within 5 years

Ford aims to put electronic telematic
systems in all its European cars
within five years.

The car maker has stepped up its
plans for in-car electronic systems
through a partnership with mobile
communications operator Vodafone
with the intention of bringing in-car
security and information services to
its range of European vehicles by
2006.

The first production Ford Focus
cars with telematics will appear in
Germany next week. A UK launch
using Vodafone’s mobile network
will follow shortly after, said a
company spokesman.

“We anticipate that within five
years nearly all new Ford vehicles
will be fitted with some type of
telematics system,” said David
Thursfield, president and CEO of
Ford Europe.

The in-car communications links

supporting GPS-based location,
security and information services will
be provided by Vodafone’s UK
mobile network and its D2 subsidiary
in Germany.

Services are expected to include
providing emergency and roadside
assistance, traffic information and
dynamic re-routeing as well as an
operator and voice controlled
service.

For example, the driver will be
connected with the emergency
services, who will also be
automatically alerted if the airbag is
deployed. Also, the vehicle’s position
will be calculated using the GPS
location system.

“Telematics is an integral part of
our strategy,” commented
Vodafone's Thomas Geitner.

Typical additional cost to the first
Ford Focus’ being fitted in Germany
will be 0845, ]

1kHz to 30MHz oscillator IC

Linear Technology has produced the LTC1799, a handy
1kHz to 30MHz oscillator in an five-pin SOT-23 package.
Frequency is set between 100kHz and 30MHz with a

output divide ratio of 1, 10 or 100 is selected with a single

between 5kHz and 20MHz (0°C to 70°C) with +40ppm/°C
The chip operates from 2.7 to 5.5V, although it will not
Typical supply current is 1mA and output impedance is

100Q. Linear sees the chip driving charge pumps, clocking
switched capacitor filters and replacing crystal and ceramic

1 kHz <t . < 30MHz
@ V+ = 5V
V+ OUT.5— I I I |
single resistor (f has a linear relationship to R, and an

V+

GND external pin.
2100 Claimed frequency error is two per cent or under
& o, 5
sen SR o - 10 Hi-2 temperature and 0.05%/V supply stabilities.
ol reach 30MHz on lower voltages.
o —
~ oscillators.
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THE OSCILLOSCOPE IS MOVING ON...

Features:

A A fraction of the cost of benchtop scopes

: - Ask for a FREE catalogue and
A Save multiple setug f ease of use 2

demo software, or visit:

.+« DON’T GET LEFT BEHIND
Tel:+44 (0) 1480 396395, Fax:+44 (0) 1480 396296, E-mail: post@picotech.com

CIRCLE NO.109 ON REPLY CARD

Customised design services from Intec

Associates Limited

INTEC look for interdisciplinary collaborations with
experts who work in other fields. We supply creative
and cost-effective solutions.
Key expertise
PC interfacing applications
Implementation of PIC micro-controllers and PC-104
implementation of radio linkers
Implementation of sensors
Analogue and digital circuit design

PC software development using VB, VC, Java, Turbo
Pascal and Delphi

Applied areas

Standalone data logger using PIC micro-controller
Standalone devices using PIC micro-controller
Data logging/contro! system using PCs or PC-104
Remote data logging/control via radio link
Remote data logging/control via telephone line

Intec instant solutions

® PC-based data loggers controllers
® Standalone data loggers
® Sound loggers

SERVICING YOUR COMPLETE PROTOTYPE NEED

Prototypes at a fraction of the cost © Industry standard quality
B Tooling and setup included £ Follow up series runs
£ Any contour © CAM/ CAD consulting

¥ Fr4 1.6mm, 35um Cu
WCE DAL \
31EURO0ARD osIPTH
+ Tooling
+ Photoplots
+ VAT

. 20.89*

*Sterting rates may vary. Price = € 49

FREE

-
—

38
T 35 (0461 701170 °s°°'

=~ o b e ® Remote control and telemetry applications
oy s you s s s LN www.intec-group.co.uk
WWW Pca_ Poo L co M 11 Sandpiper Drive, Stockport, Cheshire, SK3 8UL. UK
. . Tel: +44 (0)161 477 5855 Fax: +44 (01161 477 5755
Protel] ’ ‘. B 2 . MWy GraphiGede E-mail: mail@intec-group.co.uk
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Ralph Carbone and
Tom Adams provide a
unique insight into the

failure modes of
ceramic chip
capacitors.

Ghip cap flaws investigated

Above Fig. 1.
Nondestructive
acoustic image

looking down into a
ceramic chip
capacitor shows
overlapping
delaminations
(green, red, black)
between layers.
Acoustic image
courtesy Sonoscan.

Ralph A. Carbone
is a Reliability
Physicist in the
Failure Analysis of
Components (FAC)
Laboratory of
Hewilett-Packard
Co., Roseville CA
USA. Tom Adams
is a Consultant with
Sonoscan Inc., Elk
Grove Village IL
USA.

don’t automatically blame the

assembly process. The mechanism
of tailure may have been built in at
the factory'.

Ceramic chip capacitors are among
the least expensive ot electronic
components. and among the simplest
in design. A ceramic chip capacitor
consists of alternating layers ot metal
plates. or electrodes. and ceramic
insulating layers.

At each end of the capacitor. one
set of plates — positive or negative
joins together in a termination.
Properly built and installed. a ceramic
chip capacitor will store and release a
charge thousands or millions of times
per second without incident.

The primary function of a capacitor
is to block DC voltages. while
passing AC signals. As such they are
often used in a variety of circuit
designs.

By volume. they are most often
used as “bypass’ components on
voltage supply or bus line circuits.

I t a ceramic chip capacitor fails.

where they filter out unwanted high-
frequency noise. In these
applications, random circuit
“glitches™ are shorted to ground. thus
preventing inadvertent errors from
being generated.

However. the most common failure
mode for a ceramic capacitor is the
development of a resistive short. This
causes DC signals to also be shunted
to ground - i.e.. a short circuit
condition - resulting in the failure of
the product.

Most ceramic chip capacitors sell
for relatively low prices. If they were
made and tested to the exacting
standards of. say. a high-speed
microprocessor. they would be more
reliable. but they would also be
exorbitantly expensive. Still. a failed
ceramic chip capacitor can be an
annoyance at the very least.

For example. it is typical for
automotive air bags to contain a test
circuit. If a capacitor in the test
circuit becomes defective. a leakage
current may flow around it. What

should be a closed circuit is now
open. and the driver will be looking
at an erroneous "Air Bag Failure
message.

On a given printed circuit board.
it's usually not difficult to tell that a
ceramic chip capacitor has tailed -
there may be a spike in the power
supply for example. It may be more
difficult to tell by electrical testing
which of many capacitors has failed.

Without resorting to relatively
heroic measures, it is nearly
impossible to tell why the capacitor
failed. Examining a capacitor visually
doesn’t give you much information
unless the capacitor has sustained
gross damage that is visible on the
exterior.

Often — but not always — the failure
is the result of an internal
manufacturing defect that eventually
reached a critical state. The most
common internal defects are voids in
the dielectric layers.

A void is a bubble of air - or
possibly another gas — that became
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Fig. 2. Optical view of sectioned
capacitor shows a delamination that, in
this case, ran nearly the entire length of

the capacitor. Photo courtesy Hewlett-
Packard.

Fig. 3. Acoustic image showing damage
— one or more delaminations, and
probably cracks - in a ceramic chip
capacitor. Acoustic image courtesy
Hewlett-Packard.

trapped in the fluid ceramic before
the capacitor was fired. If you sliced
a capacitor open at just the right
point, the void would look like a tiny
flattened bubble. It might lie entirely
within one layer of ceramic, or it
might be in contact with one or both
of the adjacent plates.

Sawing open a capacitor to examine
a void is something not often done,
because of the labour and time
involved. In most applications, the
condition of a single ceramic chip
capacitor isn’t truly critical. But in
some systems — those that go into
earth-orbiting satellites or marine
buoys, for example — every capacitor
has to be flawless. For these
applications, capacitors are often
inspected by acoustic micro imaging,
which sees internal defects
nondestructively. Voids and the other
frequent defects, cracks and
delaminations, are usually too small
to be imaged by x-ray.

Detecting flaws via acoustic
imaging

Acoustic micro imaging uses an
ultrasound-pulsing transducer that
scans over the capacitor. Several
thousand times a second, the
transducer switches between pulsing

COMPONENTS
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ultrasound and receiving the return
echoes from the interior of the
capacitor.

The return echoes are used to make
data points. The whole collection of
data points from a capacitor shows its
internal structure, including defects.

Ultrasound is reflected only by
interfaces between different
materials. The stack of electrodes and
dielectrics in a capacitor presents a
great many material interfaces, but
these are basically low-contrast
interfaces, at least when compared to
defects.

The three common defects — voids,
cracks, and delaminations — amount
to an interface between a solid
material and the air or other gas
inside the defect. Technically, what
occurs is a difference in acoustic
impedance, which is the density of a
material multiplied by the speed of
ultrasound through that material.

Since the density of a gas is
extremely low compared to the
density of a solid, the difference in
acoustic impedance between either a
metal or a ceramic and air is huge,
and results in a very high-contrast
data point.

In the completed acoustic image,
defects are very easy to spot. The
ordinary acoustic view, looking
straight down into the acoustically
transparent capacitor, shows the x-y
outline of defects, but there are other
kinds of acoustic views, including a
nondestructive cross-section that
shows feature depth.

Cracks in ceramic chip capacitors
usually extend more or less vertically
through several layers of ceramic and
metal. Since they provide a direct
pathway between plates, cracks create
dead shorts. Voids can also cause
shorts, by a slightly more indirect
route.
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Fig. 4. Optical view of a nearly vertical firing crack first detected acoustically. The dimensional
accuracy of the acoustic image simplifies and speeds up accurate physical sectioning. Photo courtesy
Hewlett-Packard.

If a void lies entirely within a
ceramic layer, it still encourages
metal migration between the two
adjacent plates. Eventually enough
metal coats the inside of the void so
that a short occurs between the two
plates.

Delaminations are horizontal
separations between layers.
Capacitors having one delamination
are likely to have several more
delaminations at various layers, since
delaminations are the result of a lack
of bonding between layers.

Companies involved in high-
reliability applications send around a
million ceramic chip capacitors a year
to the applications laboratory at
Sonoscan [www.sonoscan.com] for
acoustic inspection. The lab’s
acoustic imaging screens the
capacitors into good and bad
categories; for expensive high-
reliability uses, this is far cheaper
than having a system become
impaired or fail outright in an
inconvenient or impossible location.

The lab sometimes saws capacitors
open too, chiefly so that customers
can see defects optically. Sawing in
exactly the right place is a simple

Contact information

Sonoscan Inc., 2149 East Pratt Blvd, Elk Grove Village
IL, USA 60007. Phone: 847 437-6400,

fax: 847 437-1550, e-mail: info @ sonoscan.com,
website: www.sonoscan.com

business because the acoustic image
has already shown exactly where the
defects are.

Because acoustic micro imaging
primarily operates in the reflection
mode - pulse the ultrasound, receive
the return echoes — ceramic chip
capacitors can be imaged acoustically
equally well when they are still
mounted on a board. This became
important recently at Hewlett-
Packard, where a circuit board used
in a medical product began to
experience field failures.

The problem was identified
electrically as a single ceramic chip
capacitor on the board. The lab could
have removed the capacitor from the
board for acoustic imaging, but this
would have created the possibility
that the removal process had caused
whatever defect was present — at least
in the eyes of the capacitor
manufacturer. Instead, capacitors on
failed assemblies were imaged right
on the boards.

The results show two types of
defect — large delaminations between
layers, and cracks resulting from the
firing process. No voids were found,
suggesting that manufacturing flaws
were related to firing, and did not
involve the fluid ceramic material.
The board assembler was then able to
set up a screening process for
incoming capacitors, and the
capacitor manufacturer was able to
adjust his processes to make
delaminations and cracks less

frequent. (]

Peter Marlow
Contents: Introduction; A-Z
of manufacturers and

models

Readership: Professional
service engineers, some
college courses.

Pages: 400pp

Price: £22.50

TV Fault

Finding Guide

Unique expert authorship ond trusted
Television magazine identity. Real repair
and froubleshooting info - not just cribs
from manufacturers' data sheets. Ease of
reference - this book is an essential
repair tool, not just another volume for
the shelf, Television magazine's TV Foult
Finding column is a unique forum for
practical servicing tips, with the UK's
leading service engineers and servicing
writers confributing their observations
and recommendations month by month.
But try finding those faults reports for the
Amstrad CTV2200 that's on your bench.
Even with on index you will be chasing
through o pile of magazines... until now.
Peter Marlow's TV Fault Finding Guide is
a distillation of the most used fault
reports from 11 years of Television
magazine. Arranged by make and
model the information is extremely easy
to access, and the book is a convenient
size for the bench or to carry with you.
This will undoubtedly become one of the
service engineer's most useful tools.
Unlike other fault guides, this one is
based on top quality information from
leading authorities, and genuine repair
case studies. This is real-life servicing
information, not just a compilation of
manufacturers' manuals.

Over 2,000 reports covering over 300
models. Instont on-the-spot diagnosis ond
repoir odvice. Television mogozine's
leading writers' wit ond wisdom
available for the first time in book form.

To Jackie Lowe, Room L514,
Quadrant House, The
Quadrant, Sutton, Surrey,
SM2 5AS
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5-in-1 digital multi-tester
Reader offer price £49.99 - tully inclusive

Complete with batteries, holster, test leads and temperature probe

Now you can record measurements together with
readings of environmental conditions —
temperature, humidity, light level and even sound
pressure — using just one meter, the DT21. This
3.5-digit multi-tester even checks transistors.

Sound level readings in decibels are taken via the
meter’s inbuilt microphone. The light function relies on
a very stable long-life diode ~ also built in - and is fully
cosine corrected%or the angular incidence of light.
Relative humidity sensing — with direct reading in
percentage - is taken using an inbuilt sensor, as is

ambient temperature in °C. A probe is also supplied for
making localised temperature readings. Alternatively,
you can use any K-type thermocouple.

The digital multimeter performs AC/DC voltage, DC

current, resistance measurement and audible continuity,

d

F

iode, transistor hgg test.

eatures
11 functions: measures sound level, light, humidity,
temperature, DC voltage, AC voltage, DC current,
resistance, transistor, diode and continuity test.
31, large LCD with indications for lux, °C, %RH and
dB.
Sound level: from 35dB to 100dB with C weighting,
0.1dB resolution.
Light: levels ranging from 0.1lux to 20000lux.
Humidity: from 25%RH to 95%RH with 0.1%RH
resolution and fast time response.
Temperature: —20 to 200°C and -20 to 1200°C
ranges

For a PDF file of the meter’s manual, e-mail
eworld.orders@rbi.co.uk with the suBiect heading

‘Meter manual’.

| Use this coupon to order your DT21 multimeter
|

Please send me ....... DT21(s) at the special offer price of £49.99

each. Note that the price includes VAT and recorded UK delivery.

Please add £5 for overseas orders.

o Transistor hFE, 0-1000 with 10pA base current ‘
¢ Diode test current 1.4mA | Name
 Separate jack for 10A current measurement
e 1MQ input impedance | Company (if any)
¢ 220V DC or RMS AC maximum overload for 200mV

DC range, 600V RMS AC on other DC ranges Address

Voltage and current and resistance
DC volts

ggg%?nv gzsr:\',u"on i Phone number/fax

20.00V 10mV +0.5% of rdg, +2dig.

600V v +1% of rdg, +2dig. Total amount B

AC volts .

200.0v 100mv +1.2% of rdg, £1 Od!g. I Make cheques payable to Reed Business Information Group.

600V L +1.2% of rdg, +10dig. | Or, please debit my credit card.

DC current '

200.0pA 0.1pA £1% of rdg, +2dig. | Card type (Switch/Master/Visa etc.)

200.0mA  100pA £1.2% of rdg, £2dig. e 144

10A 10mA +2% of rdg, £5dig. Expiry date

Resistance Issue no

200.0Q 0.1Q +0.8% of rdg, £4dig. |

2.000kQ 1Q Please mail this coupon to Electronics World, together with payment. Altematively fax credit card
200.0kQ 100Q +0.8% of rdg' z2dig. details with order on 020 8652 8111. You can also telephone your order on 020 8652 3614
2.000MQ 1kQ +1% of rd g +2di g. Address orders and all correspondence relating to this order to DT210fter, Electronics World,

Quadrant House, The Quadrant, Sutton, Sufrey SM2 5AS.
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Devise a useful
and/or ingenious
application for the
ZXF36L01 versatile
high-Q bandpass
filter with integral
mixer and you
could win a £500
voucher to spend
with Farnell.
There’s two runner
up prizes of £100
vouchers too.

Rules
® Electronics World reserves the right
to publish submitted entries. All
designs published will be attributed
to their designers. A minimum
payment of £50 will be made for
each design published.

Submission of an entry does not
remove your right to exploit your
design, but it does give Zetex the
right to use the entry as an
application note, or as the basis
thereof, effectively making the
design public domain.

Winners will be chosen jointly by
technical experts from Zetex, Farnell
and the editor of Electronics World.
The judges’ choice will be final and
no correspondence will be entered
into regarding the choice of winner.
No employee of Reed Business
Information, Zetex and Farnell, or
any of their associated companies,
may enter this competition, nor may
members of their families.

No entry will win more than one
prize, but multiple entries may be
submitted.

Prizes are as stated here and not
negotiable.

Entries arriving after the closing date
will be void.

No purchase in necessary to enter
this competition.

Winners will be notified by post,
and the results may be publicised.
For a list of winning entries, send an
SAE to the editorial offices.
Submitting an entry for the
competition implies acceptance of
these rules.

Launched this year, the ZXF36LO1 is a versatile high-Q
bandpass filter requiring a minimum of external components.
In addition to the variable-Q analogue filter there is also a
mixer block, making the device suitable for a wide range of
applications.

All you have to do to enter the competition is send a
design idea incorporating the ZXF36L01 to the address
below. Entries wilrbe iuc?ged on ingenuity, originoliZ and
usefulness. All entries are subject to the rules set out below .

A designer’s kit is available from Farnell and you can find
full data on the device on Zetex's web site

Win a £300
voucher
redeemabie
at Farnell.

hitp://www.zetex.com/pdf/ics/zxf36101 .pdf.

It is not necessary for you to prove your design, and
buying the kit is not a condition of entry into the competition.
The design you submit has to work in practice but you will
not be penalised for not having built a prototype.

If you do submit a design that meets the competition
criteria and you have bought the kit, then you will receive a
Farnell vouczer for £15, courtesy of Zetex.

Send your entry to Filter Design, Electronics World,
Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.
Note that it is not necessary to send your prototype! Simply
send the circuit diagram and a clear, concise description of
the circuit. It will he?p if you describe why you think that your
circuit should be among the winners. You can also e-mail
your entry to jackie.lowe@rbi.co.uk, but unless the e-mail has
a subject heading that reads “Filter Design” it will not be
eligible. Please attach diagrams and text separately and
inc?ude a daytime phone number with your entry if possible.

The closing date for the competition is 30 April.

For more
information...
Visit
hitp:/www.
farnell.co

for details of the
ZXF36L01
development kit
or http:/www.
zetex.com/pdf/ic
s/zxf36101.pdf
for more data on
the filter chip.

Mixer  Filter
output input W4 |_
} |
MXO FI1 BG,BI
/Fi2 (bias)
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You don’t need
to buy this this
new
development
board for the
ZXF36L01 in
order to enter
the
competition,
but if you do,
and your entry
meets the
competition
requirements,
you will
receive a
Farnell voucher
for £15 to help
cover its cost.

This Electronics
World competition
is sponsored by
UK semiconductor
manufacturer
Zetex and
distributor Farnell
Electronics
Components.




Passive
Components

L -

PASSIVE COMPONENTS
FOR CIRCUIT DESIGN
Passive Components for
Circuit Design is a unique
infroduction to this key area
of analog electronics
designed for technician
engineers and anyone
involved in circuit design
The coverage encompasses
all component types capable
of power amplification:
resistors, capacitors,
transformers, solenoids,
motors and transducers. The
behaviour of the components
is explored along with the
different types available and
the principles of circuit
design. Tolerances, stability,
variation with temperature,
reliability and manufacturing
standards are all covered.
Reading this book will
improve your skills in
component selection and
analog circuit design. These
are essential skills not only
for the analog designer, but
for all circuit designers,
professional or amateur.
Contents: Preface;
Fundamentals; Fixed
resistors; Variable resistors
potentiometers and diodes;
Capacitors; Inductors and
inductive components;
Inductive devices;
Transducing components;
SMT; Hardware; Index
Readership: Technician
engineers, circuit designers,
advanced hobbyists
Pages: 304pp
Price: UK £22.00
Europe £24.00
ROW £26.00

Electronic Projects
from {h
\end Dimension

ELECTRONIC PROJECTS
FROM THE NEXT
DIMENSION
For years paranormal
scientists have explored the
detection and documentation
of spirits, auras, ESP,
hypnosis, and many more
phenomena through
electronics. Electronic
Projects from the Next
Dimension provides useful
information on building
practical circuits and
projects, and applying the
knowledge to unique
experiments in the
paranormal field. The author
writes about dozens of
inexpensive projects to help
electronics hobbyists search
for and document their own
answers about instrumental
transcommunication (ITC),
the electronic voice
phenomenon (EVP), and
paranormal experiments
involving ESP, auras, and
Kirlian photography.
Although paranormal
studies are considered
esoteric, Electronic Projects
from the Next Dimension
teaches the technical skills
needed to make devices that
can be used in many
different kinds of
experiments. Each section
indicates how the circuit can
be used in paranormal
experiments with suggestions
about procedures and how
to analyze the results.
Contents: White noise
generators for use in
instrumental
transcommunication (ITC)
and electronic voice
phenomenon (EVP)
experiments; Practical
circuits for image
experimentation, such as a

Basic AC
Circuits

wireless sparkling image
generator, horizontal bar
generator, brontophic sound,
magnetic field generator,
high-voltage generators
(Kirlian Machine's | & Il);
Paranormal skills
experiments with
temperature change,
polygraph, electro-shock,
random number generation,
UFO detection, and ghost:
finding.

Readership: Hobbyists,
Electronics Enthusiasts
Pages: 256pp

Price: UK £22.00

Europe £24.00

ROW £26.00

BASIC AC CIRCUITS

This is the step-by-step

approach for beginners. This

self-paced individualized

learning tool covers

concepts, terms, and the

mathematics required to

understand AC circuit

problems. It has been

designed to improve analysis

techniques for prediction and

control development.
Readership: Beginners

meeting AC circuits for the

first time: students;

technicians

Pages: 921pp

Price: UK £27.00

Europe £29.00

ROW £31.00

Post your completed order form to:-
Jackie Lowe, Room L514, Quadrant House,
The Quadrant, Sutton, Surrey, SM2 5AS

Fax your order form to 020 8652 8111

How to order
Book Title

Credit Card No:

QA l enclose a cheque/bank draft for €

(payable to Reed Business Information)

Please charge my credit/charge card
J Mastercard ' American Express . Visa '3 Diners Club

Expiry Date:

Signature of Cardholder

Name

Cardholder’s statement address: (please use capitals}
p P

Address

Post Code




PC

Connecting external
devices to your PC via a
local-area network card
is not as difficult as it
may seem.

Eddy Insam explains how
it all works and what you
need to know. In a
second article, Eddy will
describe a development
device that can get you
going in no time at all.

Interactive publishing!

Interfacing via Ethernet is a complex topic
involving new concepts for those of you used
to R5232 and the like. If you have any queries
regarding interfacing with Ethernet, e-mail
martin.eccles@rbi.co.uk using the subject
heading ‘Ethernet interfacing’.

Any queries that are of general interest will
be published in next month’s article, together
with their replies. We’ll do our best to answer
all your questions, but as the time available to
prepare answers is finite, we cannot guarantee
you a reply. Ed.

interfacing

VI CI Ethernet

ou are browsing the Internet
Y looking at you car’s own web

page. The screen is full of
messages and indicators telling you
all about your car, but an orange flag
tells you there is something that
requires your attention.

You look at the various gauges:
clutch, brake fluid, they seem OK.
Oil looks a bit low though, so you
place a tick under one of the oil
brands in the ‘garage reminder’
memo pad.

You wonder how people did this in
the past; did people actually open the
bonnets and look inside their own
cars? Then the door bell rings, the
washing machine repairman is at
your doorstep... “Your dishwasher
just e-mailed us to say its drive belt
is just about to go.”

Whether you think the concept of
networking your possessions is a
good thing or not, it may be of some
use knowing how it all works. In any
case, this article is for you because it
will at least put you on the first step
of the “I am not afraid of the
technology,” ladder.

On the other hand, you may have
already thought of network-enabling
your own product or application, but
been put off by the apparent
complexities involved. This article
will give you an insight into the
expertise and effort involved.
What's more, a readily available
preprogrammed chip to be described
in the next article will give you a
head start on the prototyping stage.

Why use Ethernet?
As a consultant, | am sometimes
asked about the Internet and its

potential extended uses. Boring as
the subject may be, the conversation
sometimes ends in opinionated
discussions about the need for
Internet fridges and microwaves that
e-mail you when the noodles are
ready.

Nevertheless, there are some
interesting possibilities for
considering the use of a local-area
network as a serious interface
between a personal computer and
external input/output devices. For
one, it means the two can be as
remote from each other as need be -
anywhere in the world in theory.

You can also share a device among
several users, say a rooftop web
camera Or weather monitoring
station accessed by all users in a
building or school — or even from
home.

There are benefits at the practical
level too. Remote data logging and
controlling equipment becomes
much easier when it can all be
interfaced using standard and well-
tested networking components,
cabling and connectors.

New network models such as ‘Real
Time Publish Subscribe’, or RTPS
for short, are also making Ethernet
more suitable for real time systems,
data logging and control. Interesting
possibilities arise too when
interfacing to other proprietary
networks such as Home Automation,
X10, CEBus or LON.

But then, it can all sound very
complicated: the protocols, the
stacks, and so little information
published. But is it? The answer is
not really, and it is certainly not out
of reach.
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Embedding is the word
Internet-enabled hardware products
are slowly becoming commonplace.
From vending machines dialling up
to report their stock, to pinball
machines publishing their high
scores on the Internet for all to see.

Internet appliances — the term used
for browsers that do not use a
computer — are predicted to overtake
PCs for Internet use within the next
four years. A new addressing
scheme for the Internet (version 6)
allows for a staggering 2% times the
number of addresses currently
available. The address field used is
128 bits. Each nut and bolt in your
washing machine will be able to
have its own unique Internet
address.

Many modern products are driven
by internal microprocessors. These
small devices are quite powerful,
but one generally omitted fact is that
in order to implement the
functionality required for Internet
and network access, a lot of
program code space is required.

Gone are the days of simple
ASCII dial-up interfaces, simple
ZMODEM or Kermit protocols.
Nowadays your processor has to
deal with PPP, ARP, IP, ICMP, TCP
and a host of others. More on this
later.

Of PCs and interfaces

PCs are well known for their lack of
suitable interfaces into the real
world. They were not originally
designed with many facilities for
driving external equipment, or to act
as data gathering stations.

Many alternatives using the
parallel and serial port have been on
offer, but this approach is becoming
less practical nowadays — especially
with NT and Windows 2000 where
special low-level software system
drivers are required.

Worse still, parallel and serial
ports are now called ‘legacy’
devices, which is computer jargon
for obsolete. The newest machines
from the shops just do not have
these ports any more. These are all
being replaced by USB.

Eventually, USB devices may be
accepted as the standard method for
general-purpose direct, local
interfacing to a PC.

The advantage of using a network,
as opposed to a direct connection, is
distance. Most PCs will have a local
network connection. Low cost
Ethernet cards are readily available
and easy to install — even in older

and non-PC machines.

From this point of view, using
Ethernet for I/O external access is
an attractive, cheap alternative.
Furthermore, different brand, newer
and older machines with different
operating systems can access the
devices. Macs, Linux, Unix and
portable hand-held devices can all
be used, Figs. 1&2.

Software at the PC end
If you develop a piece of network
hardware, you will need to think
about how to drive it from the PC.
You may not need to write any
software at the PC end at all. Your
device could for example emulate a
web page. and be accessed as if it

Fig. 2. It is possible to buy
Network cards for well under
£10 now so interfacing via
Ethernet is convenient, fast
and reasonably cheap.
10base2 Ethernet cards
interconnect via coaxial
cables. Many cards can be
daisy-chained, each end of
the chain being terminated
with a 502 terminator.

User Interface, including sensors
and data gathering hardware

PC INTERFACING

Fig. 1. A cheap PC
network card plus
micro controller
forms the basis for
a simple unit that
allows a PC access
to external 1/0
devices via a local
area network.

Remote PC
Enabled for TCP/IP
communications
. 13
LAN
@ | B
- L

Ethernet PC ISA card

J))))

<<=

-

LAN cable

PIC Ethernet
microcontroller
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PC INTERFACING

read
User serial I/O dedicated 4\
microprocessor micro
____| controller
spare ——
digital &
analogue /O

Fig. 3. The Ethernet chip buffers incoming serial stream and
presents the data in parallel form to the micro controller via a
circular first-in first-out data buffer. The micro performs all
necessary high level addressing and decoding. Clean data is
then transferred to the user application, which can be
embedded in another microprocessor.

were a normal Internet page.

If you need more dedicated
control, standard API libraries are
available for network
communications. The one in
Windows is called Winsock, which
is a family of API calls contained in
a DLL file.

There is also higher level support
in the form of ready made OCX
components, add-ons for Visual
Basic and C. List 1 shows a simple
‘C* demonstration program showing
how Winsock calls can be used to
send and receive data from a remote
on the network.

How do they do that?

Figure 3 shows a block diagram of
the business end of a simple
Ethernet embedded device. It
consists of a small dedicated
microprocessor connected to a

circular buffer
RAM 16k bytes

Ethernet
interface chip

LAN wire

custom Ethernet interface chip,
which is in turn connected to the
local area network via suitable
electrical isolation transformers.

The Ethernet interface chip acts
like a sophisticated serial-to-parallel
converter. Its job is to read serial
packets of data from the wire, check
their header bytes with an internal
address, perform checksum
calculations, and push the block into
a user accessible first-in, first-out
data buffer. This ‘FIFO’ queues the
data blocks for processing by the
application.

The job of the microprocessor is
to retrieve the blocks, and according
to the information within, perform a
few more data calculations and
checksums, then pass the ‘clean’
data on to another device or system.
The micro must be quick enough to
retrieve frames from the FIFO
buffer before it overruns. If it isn’t,
packets may be lost.

During transmission, the opposite
takes effect. The microprocessor
places data blocks in a buffer, the
Ethernet chip then adds any required
headers and checksums, perform the
parallel-to-serial conversion and
then push the serial stream into the
wire. At the same time, it checks for
possible collisions. More or less,
that is all there is to it. The rest is all
done in the software.

What does the micro do?

The microprocessor’s job looks
simple. Take data from a buffer, do
some conversions and then do
whatever with it. Easy? Well, not
quite.

A fair bit of housekeeping needs
to be done along the way.
Functionality needs to be included
to communicate packets in the
background with other users to let
them know who and where we are
for example. There are various
established ‘protocols’ that describe
exactly when and how this should

be done.

Protocols, as camels designed by
committees, are by definition
complex. The following values give
a rough idea of the amount of
program code required to implement
an average Ethernet enabled
application. Values are for a PIC
16F877 using assembler: ARP,
1.5Kb, IP and ICMP, another
1.5Kb, TCP another 2.5Kb, PPP (for
modem access) 3.5Kb.

So if you want to Ethernet enable
your project, you may need to
dedicate quite a bit of program
space to handling the protocols.

But do you need to use these
complex established protocols? Isn’t
it possible to just talk directly to
other workstations using your own
simple private encoding system?

The answer is yes. Each Ethernet
packet carries a frame identifier that
describes the protocol format used
by its payload. Pick a number of
your choosing and send any data
format you like.

The rest of the network will just
ignore your privately encoded
packets — but first check with
www. isi.edu/in-
notes/iana/assignments/ethernet-
numbers/ to ensure the number you
have chosen has not been already
allocated!

Of course, you will need to
program your PC to talk directly to
the Ethernet card, and your packets
will not be able to get past a router
onto another network or the
Internet. There may be real
advantages in using alternative
network models, for exampie to
maintain speed and response times.
There isn’t that much software
available at present out there.
Expect little support from software
vendors.

For real flexibility, you will need
to use Internet protocols, and until
dedicated TCP/IP interfaces are
built in to the micros in hardware,
you will need to live with the
complexities of handling the
protocol in software.

There’s already a number of
products in the market offering
different levels of functionality. The
best way to find out about these is to
look at the web sites mentioned in
the separate panel. What follows is
just a simple summary.

The most common offerings come
in the form of complete PCB cards
with built-in micro, RAM, PROM
and usually a built-in Ethernet
interface driver chip. Units range in
size from the smaller 8051 core-
based, to larger, 386 embedded
Linux-based cards.

Networking glossary

API Application program interface

ARP Addressing resolution protocol

DLL Dynamic link library

FIFO First in, first out

FTP File-transfer protocol

HTTP Hypertext transfer protocol

ICMP internet control message protocol

MAC Media access control

PPP Point-to-point protocol

RTPS Real-time publish subscribe

SMTP Simple mail transfer protocol

TCP/IP  Transmission-control protocol/internet
protocol

Telnet  Protocol within TCP that allows a remote ter-
minal on the network to appear as a local
one.

10baseT Twisted-pair 10Mbit/s Ethernet

10base2 Coaxial-connected 10Mbit/s Ethernet

upP User datagram protocol

usB Universal serial bus
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TEST EQUIPMENT 2o ==
equipment bought and sold

Ol U I IO N S All purchases backed with
full one-year warranty and

technical support

GBP GBP GBP
AMPLIFIERS HP 8753 3GHz Yector Network Anatyser 13950 HP 85624 9KHz-22GHz Spectrum Analyser 13950
Amphfier Research IW1000 GHz IW Amplifier 1850 HP 85046A 3GHz § Parameter Test Set 3950 HP 8590A §.SGHz Spectrum Analyser 2750
HP 8449A 22GHz Pre-amplifier 4950 HP 85047A 6GHz § Parameter Test Set (50 Ohm) 6500 HP 8591A 7 021 1.8GHz Spectrum Analyser §500
Katmus AS0204- 17K 2-4GHz |7 Wart Amplifier 4950 HP 87578 20GHz Scalar Network Anafyzer §500 HP8S94E/041/101/105 2.9GHz Spectrum Analyser 9950
Katmus AS0822-30R 0.8-2.2GHz 30 Watt Amplifier 6950 HP8S96E 12.8GHz Spectrum Analyser 16950
OPTICAL FIBRE TEST HP 8901A 1.3GH2 Modulation Analyser 1250
CALIBRATORS HP E6000A/E6003A 1310/1550 Single Mode Mini OTOR $500 Tek WHTB0Y 50-75GHz Mixer Set 900
Fluke $220A Transconductance Ampkfier 2400
Fluke S200A DMM Cahbrator 1950 OSCILLOSCOPES SIGNAL GENERATORS
HP S41110 2 Channel S00MHz Digitising Scope 2950 Advantest R4262/ 023 4.5GHz Signal Generator 12500
COMPONENT ANALYSERS HP $4£207 4 Channel 20GHz Digitising Scope 9700 HP 8642A/01 1GHz High Performance Signal Generator 2500
HP 40848 Switching Matrix Controller 4500 HP SA121T 4 Channe! 20GHz Digitising Scope 13500 HP 86568 /001 1GHz Synthesised Signal Generator 1150
HP 4085A Switching Matrix 4500 HP $41227 4 Channel 12.4GHz Digitising Scope 11500 HP 86578 2GHz Signal Generator $500
HP 4085M Switching Matrix §500 HP S4602A 4 Channel I1SOMHz 20MS/S DSO 1250 HP 86725 0.1-18GHz Synthesised Signal Generator 9950
HP 4275A 10MHz impedance Analyser 2950 HP S46038 2 Channel 60MHz Digitising Scope 1150 HP 86738 2-26GHz Synthesised Signal Generator 11950
Philips PM3295A/40 2 Channel 400MHz Scope 1500 P 86830 2.3-13GHz Signal Generator 6950
Philips PM33948 4 Channel 200MHz Combiscope 4250 Marcom 2017 1GHz Low Noise Signal Generator 1000
Tek 2445A 200MHz 4 Channel Analogue Scope 1500 Marconi 2019A 1GHz Signal Generator 1000
Tek 24658 400MHz 4 Channel Analogue Scope 2500 Marconi 2022 1GHz Signal Generator 650
Tek AMS03/A6302/THS01 Current Probe System 1850 Marconi 2031 2.7GHz Signal Generator 1250
Tek TAS465 2 Channel }00MHz Analogue Scope 695 R & § SMH 2GHz Signal Generator 6950
Tek TDS350 200MHz 2 Channel Digitising Scope 1850 R & § SMHU 4.3GHz Signal Generator 13500
Tek TDS380 400MHz 2 Channel Digitising Scope 2500 R & § SHHUS8/B2 Signal generator with GMSK Coder 15500
Tek TD$380P 400MHz 2 Ch Digitising Scope inc Printer 1950 R & § SMIQD3/B10/B11 3.3GHz Signal Generator 16500
DATACOMMS Tek TDS540 4 Channel 500MHz Digitising Scope 4950 R & § SMY02 9KHz-2GHz Signal Generator 4950
Fluke DSP-100 Cat § Cable Tester 1450 Tek TDS544A 4 Channel SO00MHz Digitising Scope 5750
Fluke DSP-FOM Fibre Optic Meter For Fluke DSP Series 150 — 4 SWITCHES & MULTIPLEXERS
Microtest MT340 Cat § Tester 950 HP 3488A Switch / Control Unit 295
Microtest PentaScanner+ (at § Cable Tester 1450 Yaricus HP 444xx Switch Cards (From) 150
ELECTRICAL NOISE
HP 89708 1.6GHz Noise Meter 8500
HP 3468 18GHz AP(-3.5 Noise Source 1250
EMC POWER METERS
R &S €6 100 Miniport Receiver 20-1000MHz 3750 Gigatronics 80401A Power Sensor 195
R & S EPZ 100 Mini Panoramic Display 1250 Gigatronics 8542C Dual Channel RF Power Meter 2500
HP 436A/022 RF Power Meter With GPIB 150
*REQUENCY COUNTERS HP 438A/002 Dual Channel RF Power Meter 1950 TELECOMS
HP $342A (8GHz Frequency Counter 1750 Yarious HP 848x Power Sensors (From) 300 Annitsu MD6420A Data Transmission Analyser 2500
HP $343A 26.5GHz Frequency Counter 2950 HP EPHA41A/003 (E4418A) RF Power Meter 2150 Anritsu MD0623C 2MBPS CEPT Interface 1500
P $3724 500 MHz Frequency / Time Interval Analyser 7950 HP E4419A Dual Channel Power Meter 2850 Annitsu MS3TIA PCH Frame Anafyser 3500
Marconi CPMA6 Counter Power Meter $000 HP ECPEIBA (E4412A) 18GHz Power Sensor 150 GN Nettest LITE 3000 250
Philips PM66S4C/526 1.SGH/2ns Counter Timer 1250 Marconi 6960 / GPIB RF Power Meter 695 HP 37722A/004/006 Digital Telecom Analyser 4950
Philips PM6666 1.3GHz Counter Timer with NTCXO 150 Yarious Marconi 69xx Power Sensors (From) 350 HP 3788A7001 2MBPS Error Performance Analyser 1950
Racal 1992 / §§ 1.3GHz Frequency Counter 1250 Rohde & Schwarz NRYD Dual Channel RF Power Meter 2500 Marconi 2840A 2MBPS BERT Tester 1950
. Marconi Triton Signalling Test set 2500
POWER SUPPLIES Sunnise Telecom SUNSET E10 Communication Anafyser 1900
HP 6623A SO¥ 0.8A Triple Power Supply 2300 Trend Aurora Duet (Basic rate oniy) ISON Tester 250
HP 6632A 20¥ SA Power Supply 1250 Trend Aurora Plus Handheld Basic Rate ISON Tester 150
HP 66524 20¥ 25A PSU 195 Trend Aurora 30 Handheld Primary Rate ISDN Tester 1500
HP E3610A 1S 3A DC PSU 150 TTC Fireberd 6000 Opts 6007/6008 $500
HP E3615A 20¥ 3A DC Power Supply 195 Yarious TTC Interfaces (From) 400
HP E3631A 25¥ SA DC PSU 650 WA&G PCM-4 Channel Measuring Set {Configs From) 9000
UNCTION GENERATORS Hunting Hivolt Series 250 SOKY, SmA Power Supply 850 WA&G PFA-35 2MBPS Communications Tester 4950
HP 3314A 20MHz Function Generator 1950 W & G DST-1 Handheld E&M Signalling Tester 950
HP 33258/002 21 MHz Function Generator 1750 RF SWEEP GENERATORS W & G PA-20 P(M Performance Analyser 1950
HP 8165A Function Generator 1250 HP 83418 20GHz Sythesized Signal Generator 17500 W & G PCM23 Yoice Frequency PCM Tester 1950
Philips PMS193 SOMHz Function Generator 1450
WIRELESS
OGIC ANALYSERS HP 3708A Noise And Interference Test Set 15000
HP 16500C Logic Analyser Mainframe 4950 HP 832204022 PCS/DCS1800 Test Set 3950
HP 16515A 16 Channe! Logic Analyser Card 1200 HP 8920A 1GHz Radio Comms Test Set {Configs From) 5950
HP 16550A Timing Analysis Module 2950 SIGNAL & SPECTRUM ANALYSERS HP BI22M GSM Test Set 8500
HP 1650A 80 Channel Logic Analyser 1000 Advantest R3361A 2.6GHz Spec Analyser inc T/Gen 1500 Marconi 2945A /001/003/023 Radio Comms Test Set 1500
HP 1661C Logic Analyser 3500 Advantest R4131C 3.5GHz Spectrum Analyser 3950 Marcom 2955 Radio Comms Test Set 1950
Advantest RI31D 3 SGHz Spectrum Anatyser 4500 Marconi 29558 Radio Comms Test Set 3500
ETWORK ANALYSERS Advantest R9211A 100KHz Dual Channet FFT Anabyser 3950 Racal 610370017002 GSM/DCS Test Set 7500
Anritsu 525 1A 2.5GHz 2 Port Scalar Network Analyser 7950 Anritsu MS26018 2.2GHz Spectrum Analyser $500 R &S CMSS2/B1 Radio Comms Test Set 4850
Anritsy $331A 3.3GHz Scalar Network Analyser §750 Anritsu MS2663A 8GHz Spectrum Analyser 8950 R & S CHTS4 B1/B4/B5/B6/BY Radio Comms Test Set 4500
HP BS10C S0GH2 Microwave Network Analyser 25000 HP 3561A 100KHz Dynamic Signal Analyser 3250 R &S CHTS6/BI/4/6/9/11/13/U1/9 Radio Comms Test Set 2250
HP 85148 20GHz § Parameter Test Set 16400 HP 35660A 102.5KHz Dynamic Signal Analyser 2950 R &S (MT84 B1/85/86/89 Radio Comms Test Set 4500
HP8T1IA £.3GHz Network Analyser §500 HP 3585A 40MHz Spectrum Analyser 4500 A & § CHTA84/85/B6/88 Radio Comms Test Set 4950
HP 8714C 300KHz-3GHz Yector Network Analyser 11950 HP 70000 2.9GHz Spectrum Analyser 10000 A & § TS1220/ B1/3/4/6/41/61/62 DECT Protocol Tester 49500
HP87524/003 3GHz Network Anafyser 10950 HP 85024A 3GHz Zero Loss Probe 1350 Schlumberger Stabilock 4039 Radio Comms Test Set 1250
RP 87538 3GHz Yector Network Analyser 8950 HP 8560A 2.9GHz Spectrum Analyser 9950 Stabilock 4015 with Duplex and IEEE Radio Comms Test Set 4500
HP87538/006 6GHz Network Analyser 11500
See our ive online logue at www.TestEquipmentHQ.com Flexibl clal ilable on all prod

Prices shown are in £UK and are exclusive of YAT. Free carmiage to UK

mainland addresses. This is just a selection of the equipment we have 01 7 53 59 Booo
available - if you don't see what you want, please call. All items supplied fully fax: 01753 59 6001
tested and refurbished with one year warranty. All manuals and accessories

required for normal operation induded. Certificate of Conformance supplied as

standard; Certificate of Calibration available at additional cost. Most items www.TestEquipmentHQ@.com
delivered in 1-2 weeks. Test Equipment Solutions Terms Apply. E&OE. email: info@TestEquipmentHQ.com

FREE

Free Palm m100
shipped with every
order over £10K
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Network functionality is usually
supplied in the form of a *C’
software library or module that the
user compiles or links with their
existing code. This is sometimes a
cut down, but workable, version of
the standard sockets library.

If you do not want to use a ready-
made card, there is nothing much
available at the single chip level.
Notable exceptions are the iChip
systems from ConnectOne and
Seiko. Originally offered as a set of
software/firmware licences
implemented in ASIC form, this is
now available in single-chip form
(the Seiko part number is 7600). A
US company, Ipsil, has just
announced another single chip
device. More devices are expected
to appear in the future.

I have found some of the claims
made for these products are in the
‘flexible with the truth’ class. This
is reflected in the unnecessarily long
times taken to get the software to
work properly and reliably. These
difficulties are possibly due to the
newness of the technology, but it is
a hard way for you to learn.

Roll your own or boil in the
bag?

If you want to network your
application, depending on how
complex it is, you will need to
decide whether to go for the ready-
made route, i.e. buy cards, modules
or components in, or roll your own.

If you are starting from scratch,
the initial learning curve is pretty
steep. Using a ready-made solution
may be your only option. It is
pointless to re-invent the wheel.

If you are considering quantities
or reliability, a deeper knowledge of
the product and its performance may
be important. In practice, this means
that you could spend as much time
trying to get an external offering to
work properly and reliably —

especially one that doesn’t perform
as well as advertised — as you would
developing your own from scratch.

Again, depending on your
requirements, you will need to
evaluate how many functions are
necessary for your application. It is
pointless to include the full TCP
stack into a product that would be
happy to communicate using simple
UDP packets. This is a waste of
code space, components and
resources. Is speed of access
important? Is your field of work in
real-time systems? If so, you should
consider alternative network
models.

As I mentioned earlier, the ready-
made controller described in the
next article may help you a little bit
with this decision process. It will
allow you to evaluate and try
possibilities and use it in prototypes.

Because the controller provides
access to the data stream at various
levels, it can also be used as a
teaching tool, and as a component in
a more advanced network tester or
server. It was originally designed as
a tool for evaluating network stress.

I have used two processors for the
controller. One handles the protocol
interactions and another, supplied
and written by the user, handles the
application.

Data transfer between the two
processors is via simple serial
commands. The boring overheads
such as checksums and framing are
completely handled by the main
controller.

Still confused?
If you have managed to get this far,
and still you think you have not
understood networks, don’t despair.
The next few sections will unravel
some of the theory, and explain
what you need to know.

No article on Internet basics can
do without a guided tour of the

L preamble ldest address | source addressl type l

payload (46-1500 bytes)

[=]

l

l

LOXBOO I ARP requestireply (28 bytes)

pad >18bytes ]

[oos |

IP datagram (46-1500 bytes) I

Fig. 4. Ethernet frames comprise a 6-byte destination and source addresses, plus a field word indicating
the type of payload carried. The two most common payloads relevant to the TCP/IP world are shown in
the figure. The preamble is a string of 62 bits used to synchronise the internal clock generator. A 4-byte
CRC word terminates the packet. The Ethernet interface chip strips the headers, performs address
comparison and checks for CRC validity before placing the data block in the RAM buffer.

technology, from the bit-shifting
protocols to the higher level scripts.
I am not going to cover this in any
detail, as there is plenty of
information around in books and
magazines. What I have done is a
quick tour of the basic concepts
involved, with special relevance to a
microcontroller-based
implementation.

References mentioned later in this
article contain all the extra detail
you may ever need. The main
sources for detailed specifications
are ‘RFCs’ or ‘requests for
comments’. The text contains the
reference number that relates to the
topic. You can find RFCs on the
Internet by searching under ‘RFC’.

Ethernet

You may already have a network
connector on the back of your
computer. Look for a BNC socket
with a coaxial cable (remember RG-
58U7), or a flat cable ending in
something looking like a plastic
telephone connector.

In most offices, these wires just
disappear down the back of the desk
only to reappear at some obscure
room at the end of the corridor.

Ethernet is one of the main
survivors among a number of
similar technologies developed in
the 1970s and 80s, possibly because
of its ‘low tech’ simple and reliable
approach. The coaxial cable ‘thin-
wire’ version — also known as
10Base2 — is widely used in low-end
applications.

Thin-wire Ethernet is simplicity
itself; all workstations are connected
together in daisy-chain fashion with
a 50Q2 terminator at each end of the
chain. Data packets are just bursts of
current fed into the impedance of
the wire, and are read as voltages by
the receivers.

Transmitters fire bursts more or
less without the knowledge of any
other transmitters. Collisions — i.e.
when two generators feed the wire
at the same time — are detected by
an abnormal rise in the voltage on
the wire as two or more currents
superimpose. Each transmitter then
waits for a certain random time
before attempting to transmit again.

The flat, or twisted, cable
variation — known as 10BaseT -
uses separate wires for transmit and
receive; this gives better error
immunity and simpler driver
circuitry at each end. However,
workstations cannot just be
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connected to each other. Rather,
they need to be connected to a
central ‘hub’, which acts more or
less like a repeater or distributor.
Other methods are available,
working on similar electrical
principles.

In terms of speed, two main
flavours are available, IOMHz and
100MHz. In many small office and
home environments, 10MHz is the
most popular. It is easy to install,
and the cables are easily cut and
crimped. I will only be considering
the 10MHz version from now on.

How fast will it go?

A speed of 10MHz sounds
appealing when considering using a
LAN for interfacing to external 1/0
devices. Reality is different though;
you have to consider the
inefficiencies of any start-stop burst
protocol, plus gridlock effect caused
by collisions and other users sharing
the network.

There are many good and bad
statistics around showing
relationships between usage and
throughput. Just as on today’s
motorways, you can experience
hold-ups at the most obscure times
and for no apparent reason.
Anybody designing equipment using
a network for data transfer must be
well aware of this.

As a conservative estimate, just
one PC with one interface and no
other users should be able to
exchange data at between 70% and
90% of the full advertised speed.

Throughput decays drastically
when more users are on the network
at the same time. The ‘sensormag’
article in the reference includes
some charts and calculations plus a
pointer to an Excel program for
estimating these delays.

In terms of hardware support,
there are dedicated Ethernet
interface chips available from
various manufacturers. Most are
compatible with a standard generic
architecture, known as NE2000.
They have a standard 8 or 16-bit
data bus interface, compatible with
most CPU addressing schemes.

Access to the chip is done via a
number of internally paged
registers, usually arranged as sixteen
I/O or memory locations. Most
chips can be directly connected to a
CPU memory bus, or even directly
to a PC-bus edge connector. The
blocks of data being transferred are
stored in FIFO memory, as a buffer

N
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TCP TCP/UDP header ....TCP/UDP payload . . . .
A
P IP header ....IPpayload .....
A
ethernet ethemet header .... ethermnet payload . . . .. checksum

Fig. 5. Russian dolls: each protocol packet contains inside another packet of a higher level protocol.
Each layer contributes something to the end result: addressing, routeing fragmentation, transport, error
control and error correction. The end result, in the case of TCP, is a continuous, reliable data byte

stream.

area for the different speeds
between the LAN and the rest of the
system.

Using the chip involves first
initialising a number of registers to
set the various operating modes to
determine, for example, whether
transfers are 8 or 16-bit. Then, using
a loop or interrupt routine, the chip
waits for a data register ready flag,
denoting that so many bytes of
received data are present on the
FIFO buffer.

On transmission the system places
its data in another part of the RAM
buffer, and sets a flag, which is usually
reset at the end of transmission.

More detailed information on the
workings of Ethernet interface chips
can be found in manufacturers’ data
sheets. Unfortunately, there doesn’t
seem to be much information
available on the Internet apart from
some National Semiconductor data
sheets, as mentioned in the panel.

Protocols, addressing and
payloads

Ethernet data packets — better
known as frames — cannot be of just
any size. If you were to do some
simple calculations involving the
maximum distance between
workstations, the speed of light in
coaxial cable and various other
timing considerations about
collision detection, you would work
out that frames cannot contain fewer
than 46, or more than 1500 payload
bytes each, Fig. 4.

Every Ethernet frame has a header
consisting of a 6-byte source
address, a 6-byte destination
address, and a 2-byte protocol
identifier. This is then followed by
the payload, which as mentioned
before, can only have between 46
and 1500 bytes.

On receipt of a frame without
errors, this payload is ‘peeled off’
and passed on to the rest of the
system. The protocol identifier field
specifies which type of protocol the
payload is carrying. For example,
0x806 denotes an Internet protocol,
or ‘IP’ message.

The payload will have its own
header and payload part, which are
dealt with by the next layer in the
chain. This is the concept of
protocol ‘layers’, Fig. 5.

‘It is important to know that
Ethernet data bursts or frames are
completely independent of each
other. Frames are fired like bullets
out of a gun, and, apart from a
collision detection mechanism
during transmission, what happens
to them afterwards is of no further
concern to the transmitter. In other
words, the Ethernet network layer
does not provide for any global form
of flow control or error protection.

At the other end, received frames
are checked for consistency by
calculating their CRC. Frames
arriving with errors are simply
dropped or ignored. It is up to the
higher layers to provide for any
form of flow control and error
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Fig.

6. Commands

are available from
the DOS prompt
that allow you to
check your network
interfaces. A PC

workstation

maintains a local
cache of other

workstation

addresses, which is

dynamically

updated every two

minutes or so.

Network stations
regularly transmit
ARP packets to each
other to maintain
their caches up to
date. The DOS
command arp is
used to display
and/or update your

local cache.

Fig. 7. Ping sends a probe packet to a remote IP destination, which just echoes
the packet back. The sender can use the information collected on the way to
deduce aspects of the path, delays, users, route taken, etc. The name ping is
derived from submarine echo sounders. Ping is a very useful facility for advanced
network support. The controller described in this article can be used to generate
custom ping type packets.

protection.

It is also relevant to note that the
source and destination addresses are
‘hardware’ addresses. Known as
media access control, or ‘MAC’,
numbers, they refer to 6-byte
patterns uniquely associated with
each Ethernet card and usually
assigned at manufacture.

In practice, the address is stored in
a separate serial EEPROM on the
PC card. Blocks of addresses are
assigned by the IEEE to each
manufacturer, so when you buy your
PC card, it will have its own unique
number stored in it.

You can change this number if
you want to. Apart from some
simple restrictions, such as that the
first byte in the sequence must have
a‘l’ and a ‘0’ as its least-significant
bits, any number can be used as long
as there are no clashes with other
cards in your network.

It is not practicable to rely on
fixed hardware addresses when
managing a real computer network.
Therefore, a more flexible form of
addressing is used. This addressing
scheme consists of four byte
sequences, known as ‘IP’ addresses.
They are displayed for human
consumption as four decimal

numbers, e.g. ‘192.168.0.1°.

In a computer network, each
workstation is allocated its own IP
address, maybe once only by the
network manager, or dynamically at
various times by a program in the
network server. Each workstation
with an Ethernet card will also have
its own hardware MAC address.

The four-byte IP address means
nothing to the Ethernet card.
Ethernet frames contain only MAC
addresses as destinations. Sending a
packet of data to a remote location
requires knowing its MAC address.

If you connect a black box into a
network containing a controller and
data logger for example, you must
allocate it an IP address, and notify
everybody else of it. But how does
the rest of the network know what
our hardware MAC address is. and
how to access the controller? You
need to know about ARP to answer
this one. For more on Ethernet and
IP, see RFC894.

ARP

As I mentioned earlier, the payload
in an Ethernet frame can carry
formats other than IP. One such
format is ARP, which is a simple
query-response packet protocol used

to match workstations hardware
addresses and IP addresses. ARP
stands for address-resolution
protocol.

In a typical network, computers
spend a small part of their time
sniffing each other, that is, sending
short probe packets too see who else
is around. This is usually done on a
regular, or on a ‘need to know’
basis. The ARP protocol is used for
just that. It makes use of a special
MAC ‘broadcast’ destination
address (OxFFFFFF).

All Ethernet stations on the
network accept broadcast messages.
The broadcast message basically
says, “Hey out there, anybody with
IP address 190.168.0.15?” The one
and only station having this IP
address allocated will then reply
with a packet stating its hardware
MAC address.

In a Windows network each
workstation builds up and maintains
alocal table of IP versus MAC
address pairs. Before sending a
message to another station, the table
is consulted. If there is no entry, an
ARP query message is sent out. The
table is dynamically maintained,
flushed and refreshed every few
minutes.

Windows provides a number of
tools and facilities, mainly supplied
as DOS console programs, which
you can use to see this in action.
Open an MS-DOS command box in
your computer and enter “‘c:>ARP(f
the program is not available in your
machine, try installing these
components from the New
programs/communications tools
Wizard). The program arp will
display the current IP/MAC address
pairs for all the local machines in
your network. You may see nothing,
especially if there was no recent
network activity. Remember that the
tables are dynamic and flushed
every few minutes.

Next, enter “C:>ping
192.168.0.15” — or the address of
any other station on your network —
and wait to see any replies, then try
“C:>arp -a” again. Assuming that
your prototype controller is
connected to the network, the screen
will show ‘192.168.0.15 4E-54-54-
50-49-43,’ Figs 6, 7.

Any embedded Ethernet controller
must include some form of ARP
reply processing in order to respond
to ‘who are you?'-type requests
made by other stations on the
network. The controller also needs
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CIRCLE NO.113 ON REPLY CARD

MARCONI 2019A

AM/FM synthesised signal
generator 80KHz-1040KHz

NOW ONLY

H.P. 3312A Fun Gen 0.1Hz-13MHz .£300
AM/FM Sweep/Tri/Gate/Burst etc. H.P. 3310A Fun
Gen 0.005H2-5MHz. .£125
Sine/Sq/Tri/Ramp/Pulse FARNELL LFM4 Sine/Sq
Oscillator 10Hz-1MHz .£12
Low distortion. TTLOutput. Amplitude Meter H.P.

545A Logic Probe with 546A Logic Pulser.....£90
and 547A Current Tracer

FLUKE 77 Muttimeter 3/ digit Handheld £60
FLUKE 77 Series 11 £70

HEME 1000 LCD Clamp Meter 0-~1000A In

Carrying Case
RACAL 900B
onLy (@D

AUTOMATIC

MODULATION
H.P. 8494A Attenuator DC—4GHz 0-11dB
N/SMA £250

METER AM/FM
1.5MHz-2GHz
H.P. 8492A Attenuator DC-18GHz 0-6dB
APC7 £95
MANY OTHER ATTENUATORS, LOADS,
COUPLERS etc AVAILABLE
DATRON 1061 HIGH QUALITY 5%
DIGIT BENCH MULTIMETER
True RMS/4 wire Res/Curren
Convertor/IEEE

MARCONI TF2015 AM/FM sig gen, 10-520MHz

£175

RACAL 9808 Auto Mod Mater. 1 5SMH2-2GHz £200
LEVELL TG2000MP RC Oscomtos 1Hz2-1MH2 £50
Sme!Sq Metcr battery operated (batts net suppled

FARNELL LF? Sine Sq Oncmator, 10Hz- IMHZ £75
RACALAIM 9343M LCR Databridge. Digitel Auto _ £200

STILL AVAILABLE * PREVIOUSLY
ADVERTISED WITH PHOTOS
MARCONI 893C AF Power Meter Smad Measurement

Unused £100
Used £60
MARCONI 8938 - No Sined £30

MARCONI 2610 True RMS Voftmeter Autorangin 5Hz-

25MH2z £195
GOULD J3B Sine/Sq Osc. 10Hz2-100KHz. Low distortion
£75-£125

AVO 8MNE i Evar Ready Case, with leads etc
Others. Aves from £50

GOODWILL GFC8010G Freq Counter 1Hz-120MH2
Unussd £75
GOODWILL GVT427 Oual Ch AC Mesaohimeter £100-£125
10mV-300V in 12 Ranges Freq 10Hz-1MHz

£80

SOLARTRON 7150 OMM 6. digit True RMS - IEEE
£95-£150
SOLARTRON 7150 Pus £200
RACAL TRUE RMS VOLTMETERS
9300 5H2-20MHz usabig to 60MHz 10V-316V £95
93008 Version £150
9301/9302 RF Versign to 1,5GH2 from £200-£300
HIGH QUALITY RACAL COUNTERS
9904 Universal Temae Crumtne S0MHZ 50
9916 Counter, 10Hz-520MHz £75
9918 Counter, 10Hz-560MHz. 9-digit £50

FARNELL AMM255 Automatic Mod Mater 1 SMHz-2GH2
£4

[ —
COMPLETE WITH BATTERIES

L
AND LEADS @

SOLARTRON 7045 BENCH
MULTIMETER

4% digit BRIGHT

LED WITH LEADS

eovmiices (R

IT'S SO CHEAP YOU SHOULD HAVE IT AS A SPARE
HUNTRON TRACKER Model 1000 £125

CLASSIC AVOMETER DA 116
DIGITAL 3.5 DIGIT

H P. 5315A Urwersal Counter, 1GHZ. 2-ch. £80
FLUKE BO50A DMM 4 digit 2A True RMS £75
FLUKE B010A OMM 37 digt 10A £50

TIME 1051 Low Ohm Res Box
0.010hm to 1M Ohm In @)

EN

Telephone: (0118) 9268041

Callers welcome 9am-5.30pm Monday 1o Friday (other imes by arrangement)

STEWART of READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL

SCOPE FOR IMPROVEMENT
GOULD 0S 300 OSCILLOSCOPE

OUAL TRACE 20MHz
e v |

TESTEQ WITH MANUAL

FOR THE FIRST TIME EVER ONLY
IT°S SO CHEAP YOU SHOULO

REPLACE THAT OLO SCOPE

MARCON 2022E Syrsvwsssed AMFHM S Gen £525-£750
10KH2-1 01GHz LCD Digpiny etc

H P 8657A Symtvesised 2-18GHz Sy Gen £4800
H P B657A Siiheaised 100dH:- 10400z Sig Gen £2000
H P 55568 Sywamn 1006Hz- 28Nz Sg Ge £1350
H P BE56A Syrihesssn 100w-4e-98IkIMz Sg Gen £995
H P 8640A AM.FM S08uHz- 1004W Sig Gen wo

HP B540A AMFM 500uHz-512MHz Sg Gen
PHILIPS PM5328 100kHz-180MHz r-lil 200044z Sg Gan Freq

Counme EEE £550
RACAL 9081 Sy=th AMFM Sig Gen 5-508Hz £250
HP 33254 Synth Function Gen 21NHz £600
MARCONI 6500 Ampiuds Anplyzer £1500
HP 42754 LCR Meter 10kHz- 1004z £2750
H P 8303A Distorson Anabvssr £1000
WAYNE KERR 3245 Inductance Anaksser
HP. 81124 Pulse Genzraor S0z 1250
DATRON AutoCal Mutimsser 517 digt. 1085710614 1071

from £390-£680
MARCONI 2900 m‘e—qmmm £1080
H P, 53508 Freguzncy Countter 20GHz £2080
HP 5342 10H2-18GHz Frequency Counter £980
BAK Accaiersmeter type 4386 K
HP 116320 Dual Dsctonal Counier 2wHz-18GH2 £1600
HP 116910 Dual Orectionai Coupler 2Hz- 18GHz £1250
TEKTROMIX P61038 Probe 100MHz Readout Unused £60
TEXTRONIX P6106A Probe 2508Hz Resdout Unused £85

FARMELL AMM2000 Auto Mo Meter 1042-2 4GHz Umused £950

WL ACN 2505 Mod mator. 500kHz-2GH2 Yom £750
ROHDE & SCHWARZ APN 62
SYNTHESISED 1Hz-260kHz
SIGNAL GENERATOR. BALANCED/
UN-BALANCED OUTPUT. LCD DISPLAY
H.P. 60128 DC PSU 0-60V 0-50A 1000W... . £1000
FARNELL APS0'S0 1kW Autoranging £1000
FARNELL H60/50 0-60V; 0-50A £750

FARNELL H60/25 0-60V, 0-25A .. £400

Power Supply HPS3010 0-30V; 0-10A. £140
FARNELL L30-2 0-30V; 0-2A £80
FARNELL L30-1 0-30V. 0-1A £60
Many other Power Suppses availabie

tsolating Transtormer 240V In‘Out 500VA £40

[ PORTABLE APPLIANCE TESTER |
[MEGGER PAT2 Only®

SPECTRUM ANALYSERS

ADVANTEST R3261A 9kHz-2 6GHz Symﬂes:sed

EATON/AILTECH 757 0.001-22GHz. .czsoo
TEKTRONIX 492 SOKHz-18GHz. £3500
H.P. 85588 with Man frame 100kHz-1500MMz.€1250
H.P. 853A (Dig Frame) with 85594 100kHz-21GHz...

. .£2750
HP. 3580A Audio Analyser 5Hz-50kHz. As new
.£1000

MARCON 2382 100Hz-400MHz Hgh Resgution 22000
B & K 2033R Signal Analyser.
H.P. 182 with 8557 10kHz-350MHz.

MARCONI 2370 30Hz-110MHz.........

HP141 Systems 8553 tkHz- 110MHz from.,

8554 500kHz-1250MHz from £750; 8555 10MHz-
18GHz....... from £1000

UNUSED OSCILLOSCOPES

TEKTRONIX TDS640A 4 Ch 500MK2 2GS . £4000
TEKTRONIX TDS350 Dual Trace 400!4Hz 2G/S. . £2080

TEKTRONIX TDS350 Dual Trace 200MHz 1G/S......£1250

TEKTRONIX TAS485 4 Ch 200MHz et £900

H.P. 545008 Dual Trace 100MHz 2008 £900
OSCILLOSCOPES

PHILIPS PM3092 242 Ch 200MHz.. Delay etc

£800. As new £950

PHILIPS PM3082 2+2 Ch 100MHz. Delay etc
£

€700, AS NEW.......ooooeiiiiiiciicens 800
TEK TAS465 Dual Trace 100MHz. Delay .£800
TEK 2465B 4 Ch 400MHz. Delay Curs.......£1250

TEK 2465 4 Ch 300MHz, Delay Curs........... £900
TEK 2445/A/8 4Ch 150MHz. Delay etc£500-£900
TEK 468 Dig Storage. Dual 100MHz Delay..£450
TEK 466 Analogue Storage. Dual 100MHz .. €250

TEK 485 Dual Trace 350MHz. Delay .£600
TEK 475 Dual Trace 200 MHz. Delay. .£400
TEK 465B Dual Trace 100MHz. Delay..........£325

PHILIPS PM3217 Dual Trace 50MHz.Delay

£250-£300

GOULD 0851100 Dual Trace 30MHz. Delay..€200
JUST IN

HAMEG HM303.4 Dual Trace 30MHz
Component Tester............. £325
HAMEG HM303 Dual Trace 30MHz Component
Tester. £300
HAMEG HM203.7 Dual Trace 20MHz
Component Tester. £250
FARNELL DTV20 Dual Trace 20MHz Component
Tester. £180

MANY OTHER OSCILLOSCOPES AVAILABLE

0.01o0hm steps. Unused

Fax: (0118) 9351696

USED EQUIPMENT — GUARANTEED. Manuals supplied
This1s VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before
ordering. CARRIAGE all units £16. VAT o be added to total of goods and carriage.
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to include methods for querying
other workstations in the network
for their MAC addresses using ARP
requests. This is one of a number of
necessary overheads that push up
the amount of code required in the
controller, but they are essential for
the proper operation in a shared
network.

More on ARP can be found in
RFC 826. The next topic of interest
is IP, the ‘other’ relevant format
carried by Ethernet frames, Fig. 4.

segment 5

segment 7

segment 8

Fig. 8. Simplified diagram of a TCP conversation. Three stages
are essential: setting up the channel, the actual data transfer
process, and closing down the conversation. State transition
tables are generally used in the software to implement the
overall process. One set of tables and data memory buffers
will be required for every open channel. This is not practical
for small microcontroller memory limited applications.

Internet Protocol

Internet protocol, IP for short,
forms the backbone of all TCP and
UDP messaging. Like the rest, each
IP packet — better known as
datagrams — has itself a header and
a payload component. RFC 791 is
the basic document describing IP.

Within the IP header, the most
important items of information are
the source and destination IP
addresses. For local
communications between two
stations in a local loop, the IP
address in the IP header and the
MAC address in the Ethernet frame
header just preceding it will
correspond to the same workstation
computer. This may sound like
unnecessary repetition, but this
pairing is required for routers,
where the fields may be different.

There are other various fields
including a checksum, a
fragmentation pointer, a protocol
code for the payload, and the
payload itself.

Like Ethernet frames, IP
datagrams are independent of each
other and contain no in-built error
protection or recovery. So why is
IP necessary? Well, IP is the
common layer above all hardware-
dependent transport mechanisms.
Irrespective of how the devices are
electrically connected together — be
it via fibre, radio or phone lines -
all data blocks end up as
compatible IP datagrams.

The job of IP is to get the data
block to its destination. Its main
contributions are addressing,
routing and fragmentation.
Remember how Ethernet frames
had a limited byte size range?
Similar limitations also apply to
other transport mechanisms: optical
fibre, satellite links, etc. Internet
protocol allows datagrams to be
chopped (fragmented) into shorter
sections of the right size for
transmission and vice versa: short
sections packed into single, longer
datagrams.

The method employed for
fragmentation is relevant for
embedded systems. Fragmented
datagrams include a ‘pointer’
indexing the position of the first
byte of their data payload in an
imaginary 64kb data buffer.
Therefore, each IP datagram
contains exact information about
the position and size of their
payload within this imaginary
buffer. This allows for fragmented
datagrams to be received out of

sequence. A receiver accumulates
datagrams until they all neatly fit
into a contiguous block.

It follows that fragmented IP
datagrams are not really
independent of each other. This
will introduce a time element in
any system. A receiver for
example, has to consider when to
give up waiting for missing out of
order packets, and dump any
previously stored.

Fragmented datagrams cause
problems with small embedded
systems. In theory, a receiver needs
to allocate a 64kb buffer for every
first out of sequence datagram
received. This means one buffer for
every different open socket (or
channel) being serviced. This is
impractical for small RAM limited
systems.

One practical solution is to
disallow or ignore fragmented IP
datagrams. This may not be much
of a problem if the transactions
involved are small, e.g. for a small
data logger. However, there may be
problems for systems dealing with
long streams of block-encoded data
such as voice or video.
Fragmentation is not much of a
problem with TCP (see later on) as
TCP can be engineered to use small
segments to start with.

In a typical situation, an
embedded system may need to deal
with many sources or originators.
Datagrams may be arriving from
more than one source at the same
time. The microcontroller will need
to keep track of all, keeping state
variables for each contact, to
ensure the right replies are sent
back to the right originators. In a
PC this is easily handled using
concurrent threads. But small
microcontrollers do not have such
niceties.

Three types of IP payloads are of
interest here: ICMP, UDP and TCP.

ICMP

ICMP stands for ‘Internet control-
message protocol’. This is not a
protocol used to transfer messages,
but rather to provide a kind of
internal maintenance messaging
service.

One of the most common uses for
ICMP is a service known as
‘pinging’. This is a method where a
workstation can query another by
transmitting a special short ‘ping’
message and wait for an echo
response, Fig. 7.

Any embedded implementation
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should incorporate facilities for
echoing any ‘ping’ commands
received. There's more on this later.
Replies in ICMP are also
commonly sent in response to failed
UDP datagrams. An embedded
application should also incorporate
simple facilities for dealing with
ICMP ‘unobtainable’ messages.
ICMP is documented in RFC 792,
950, 1812, 1122, 1191 and 1256.

Datagrams and UDP
User-datagram protocol, or UDP for
short, is a simple transport-layer
protocol. It is a connectionless,
unreliable protocol with no error or
flow control mechanisms.

In effect, UDP is nothing more
sophisticated than an IP datagram
with an extra addressing field: a port
number. A port number is an
interesting concept. If a workstation
has an IP number allocated to it, how
can different processes or programs
in the workstation communicate at
the same time? The answer is using
ports.

Workstation “192.168.0.31” can
use port 21 to talk to another
workstation, use port 80 for web
access and use port 27 for file
transfers. Think of telephone
extensions working off a main
private exchange number.

Document RFC 768 fully describes
UDP. Sending a UDP message is
somewhat like sending a postcard to
a friend, a simple ‘shoot and forget’-
type protocol. It can be very reliable
in networks that are reliable to start
with such as LANs.

This method is normally used for
simple file transfers and remote
booting of PCs. It is also used
anywhere where a failure to receive
is not a disastrous issue, or one that
can be simply compensated by a
repeat transmission later on.

Because of this simplicity, UDP is
a simple protocol to implement in an
embedded application. Simple error
recovery can be implemented at the
user level. This can take the form of
mindless repetition to a simple
*ACK’-based datagram response.
Writing the software at the PC end is
also easy, as the program in List ]
shows.

The controller described here uses
UDP to demonstrate simple read and
write to a parallel and the analogue
port. It also uses UDP for simple
data connection to and from the user
serial port. UDP is an effective
protocol for developing special user
applications.

PC INTERFACING

House
mains
wiring
X-10
home PIC y Ethernet l
control 16F84 - 877 controller interface
iplerface Serial to
controller

Fig. 9. X10 Home Control Interface: a separate PIC forms the basis of a simple
interface between X10 home automation and the local area network. No interface
standards exist at present for this kind of interactivity.

Transmission control
protocol, TCP

Transmission control protocol, or
TCP, is very different from UDP or
to any of the protocols described
previously. It is a point-to-point
oriented, reliable, byte-stream
service.

All error protection and flow
control is carried out in TCP. The
main document for this protocol is
RFC 793. You will find additional
information in RFC 896, 1122, 1323
and 2018.

Traditionally, error and flow
control in telecommmunications were
handled at the lower layers. It was
recently discovered that low-layer
error handling is not as effective as
higher layer handling. This is one of
the reasons why the layers below
TCP do no need to provide any form
of error or flow management.

In UDP, stations just shoot
packets at each other. TCP requires
the two stations to establish a
‘connection’ first. Once the
connection is established, data can
flow from one station to the other.

Opening a connection is done by
sending specially flagged segments —
in TCP, a packet or unit of
information is called a segment —
that are used to synchronise counters
and timers at either end, Fig. 8.

Transmission control protocol
requires all data to be acknowledged.
Rather than acknowledging each
segment individually, TCP uses a
pointer scheme where the receiver
acknowledges the position of the
index or pointer of the last reliable
block of data received. Each
segment thus carries a block of data
plus an index pointer into an
imaginary array of bytes, that is,

where the data block belongs in the
array.

This scheme is very convenient as
it allows segments to arrive out of
order. There is no need to
acknowledge every segment
received, a single ack can be sent
for more than one transmission
segment received.

Both transmitter and receiver also
operate a ‘data window’ scheme
telling a transmitter how many more
bytes the receiver is willing to
accept. This provides a form of data
flow control.

By constant adjustment of the
windows and delays, TCP can be
honed to provide an efficient flow
mechanism tuned to a particular
channel’s characteristics. In such a
channel, the transmission line is
nearly constantly active all the time,
with very few ACKs sent back.

You could see efficient and
inefficient TCP in action by
observing the TX and RX lights on
a modem. Inefficient TCP is when
both TX and RX flash or flicker in
opposition, with periods of no
activity in between. Efficient TCP is
when the RX light is nearly
constantly on, denoting a nearly
constant flow, with the occasional
flicker of the TX *‘ACK’ light.

Implementing TCP requires the
use of a state transition table,
linking ‘actions’ with ‘states’ and
‘events’, plus a data control block to
store all variables for each particular
connection — also known as a
socket.

In normal practice a server, or
listener, opens a new thread for
every open connection request
received from a client. This thread is
maintained until the connection is
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closed. The state table is described
in detail in RFC 793.

Implementing the full set of TCP
requirements in an embedded system
is not trivial. Including each and
every combination of events, states
and actions will readily inflate a
micro’s valuable program and data
memory space. In addition, threads
are not easily implemented in the
smaller devices.

Fortunately, some simplifications
can be made if the connection has
been coherent for a long time, and it
is resilient to repeated and/or
missing data. Depending on the use
it is put to, it is possible to

Useful web sites

National Semiconductors Ethernet Chip data sheet
www.national.com/ds;DP/dp83905.pdf

General X-10 Home Control Information:
www.x10.com

More information on embedded Ethernet controllers:

www.embedded.com, www.chipcenter.com,
www.connectone.com, www.ipsil.com

RFC papers are available from various websites in
different formats. Try one of the search engines
such as www.google.com and enter the search
word “RFC".

Useful article on Ethernet throughput and RTPS

www.sensormag.convarticles/1100/22/main.shtml|

Further reading

TCP/IP Illustrated, Vol. 1, W.Richard Stevens, Addison
Wesley, 2000. A very comprehensive guide for all
aspects of TCP/IP. This is one of the best known
books in the subject.

Windows 2000 TCP/IP Protocols and Services,
Technical Reference, T. Lee and J. Davies,
Microsoft Press, 2000. This book contains a CD
with all published RFCs to date.

Network Programming for Windows, A. Jones and J.
Ohlund, Microsoft Press, 1999. A must for
anybody involved in network and Winsock
programming. Many examples are included.

Interfacing Tini, Les Hughes, Electronics World, July
2000. A description of the Dallas Java-based web
controller.

The author

Dr Eddy Insam is a consultant in innovative
applications of telecommunications and specialises in
graphics and signal processing. He can be reached on
edinsam@eix.co.uk.

If you are considering a serous application for this
device, Eddy will endeavour to answer your queries
via e-mail.

implement a perfectly workable
‘lite’ version of TCP in an
embedded processor.

Telnet, HTTP, FTP SMTP...
Telnet, HTTP, FTP and SMPT are
higher level application protocols.
They were designed for specific end-
to-end purposes — FTP for file
transfer, SMTP for mail, HTTP for
web access.

These protocols have one thing in
common. They work by sending and
receiving streams of bytes, usually
ASCII characters, down an already
opened TCP connection.

In terms of implementation, these
are relatively simple. One just needs
to generate the right sequence of
characters. As long as there is an
existing TCP open channel to convey
the characters, you could even use a
BASIC-like program.

Implementing a simple web server
involves nothing more than writing a
program that receives an ASCII serial
stream, senses for special character
sequences, and sends back another
sequence of characters.

RTPS - real-time networking

A number of alternative network
models exists. Most are designed for
particular applications such as stream
voice, video, and real time control.

An abbreviation for ‘real-time
publish subscribe’, RTPS is a good
example of a recent innovation in
networking models. Nodes ‘publish’
data onto a network or ‘subscribe’ to
any data they need from the network.
Subscriptions eliminate the need for
request traffic.

The model is aimed at real-time
control systems using the Ethernet,
where speed of response and reaction
has to be tightly controlled. A number
of companies, among them General
Motors, have evaluated the use of
Ethemet in such schemes, and have
found it a very reliable real-time
transport medium.

RTPS technology is very recent, and
typical of a number of similar
developments to move away from the
limitations of TCP. Companies such as
RTI (www.rti.com) are offering
components and toolkits under a $10k
licence.

For some small real-time
applications, a subset of the
technology is all that may be
necessary. I have been looking at
some implementation possibilities, and
can see that this is an area that will see
a lot more development in the future.

On telephones and modems...
I have limited the description to
operation over a local area network.
This may or may not be connected to
the Internet via a router or server.

Most of you will be using a dial-up
Internet service provider. The link
between you and the ISP is via a
modem. Generally, the protocol used
on this link is called PPP (or the older
variant SLIP).

The main purpose of PPP is to
encapsulate IP datagrams into a form
more suitable for modem
communications; this is done by
using special escape sequences to
avoid transmitting characters such as
ETX, which can produce odd effects
on some modem links.

Extra PPP messaging sequences are
used at the beginning of the
transaction to negotiate details on the
transmission methods used, types of
compression, to exchange passwords
and to allocate a dynamic IP address.
Point-to-point protocol is not
implemented in the present version of
the controller. Even a simple version
of PPP would take at least 2k of
program space.

Implementing PPP is not trivial,
‘Lite’ versions of the protocol may
not be very reliable, and can be very
ISP dependent. PPP is a negotiated
protocol; a negotiation can
sporadically fail, say by a client
requesting facilities that a server may
refuse to provide at that time.

And home networks

The idea of intelligent buildings and
home automation has been with us
for a long time. Many proprietary
standards and protocols for
interfacing and control now exist;
many are under development. These
systems have found a slow uptake
and difficult marketing, maybe
because of the high cost of the
interfaces and sensors.

The introduction of low-cost IP
technology may influence future
decisions on this subject. Figure 9
shows a way a PC LAN could be
linked to an X10 home-automation
network. There are not many
common or emerging protocols for
such interfaces at present. [ ]

In the next article, Eddy discusses
ways of implementing a simple
controller based on a PIC 16F877 and
a standard LAN PC card. This
controlier can be used for
demonstrations or as the basis for an
embedded prototype interface project.
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List 1. Simple C code for the PC showing how to use the Winsock API to
communicate with an external I/0 device. Refer to the literature for
more examples. This demonstration program shows how Winsock can
be used for communicating between a PC and an embedded ethernet
device. This is a Windows console application. To run, open a MSDOS
box, and enter the name of the program followed by optional
arguments.

Programming notes: If using Microsoft Visual C, open as a Windows
console application, and copy this file to the directory.

Program must be linked with the Winsock 2 library “WS2_32.1ib”.

The Winsock DLL file “WS2_32.DLL” must be present in your system,
usually already present in W95(5P2), W98, NT and W2K.

In order to reduce listing clutter and improve readability the code is
kept as simple as possible with many parameters hard-coded in. For the
same reason, error handling is implemented with simple “goto” type
statements.

A useful reference (with samples) for winsock programming is A. Jones
& J. Ohlund, 1999. “Network Programming for Windows”, Microsoft
Press.
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// Copyright (c) 2001, EIX ltd
//'QQ'QQQ"QQQQQQQ"QQ"t't't"t"""""t'Q"QQ"QQ'Q"
//Command Line options:

//c:> exename [ipaddress])

//where ipaddress is destination address, e.g. 192.168.0.15

//'QQ""Q"'Q"QQ't'Q"Q""""Q"tt't"""tt't"'tttt

#include <winsock2.h>

ftinclude "stdio.h”

finclude “stdlib.h”

//** main entry point to the program

int main(int argc, char* argv(])

(

//** First, initialise any global variables to their default
char zIPadd(32];
strcepy(zIPadd, #192.168.0.15°);

destination IP address

//** Next, deal with any user input provided in Command Line
for (int i=1; i<argc; i++)

( if (argv{i) [0)>='0’) strcpy(zIPadd,&argv(i)(0));
)

//** Initialise Winsock 2...

//Loads or increments DLL usage count.

//Must call WSCleanup() on exit!

WSADATA wsadata;
if (WSAStartup(0x202, &wsadata) '« 0)
( printf (*Winsock 2 cannot be loaded, error %d*,

GetLastError());

return -1;
)

//** Create our socket...

// Socket is initialised for UDP datagram transactions
SOCKET hSocket=socket (AF_INET, SOCK_DGRAM, 0);
if (hSocket =« INVALID_SOCKET)

( printf (~“Socket creation failed, error %d4-,

GetLastError());

goto Exit;

/ default

//simple abort avoids listing clutter

//** Define destination as a socket structure...

//Note the use of the standard Winsock functions htons and
inet_addr

// htons() reverses byte endian order, needed for IP packets
// inet_addr() converts IP strings such as #190.0.0.1* into
IP DWORD

SOCKADDR_IN Sdest;
Sdest.sin_familyw AF_INET;
Sdest.sin_ports htons (0x5001) ; //hard-coded

dest port

Sdest.sin_addr.s_addr- inet_addr(zIPadd); //dest IP
address
//** Now transmit the data...
//Winsock will send the UDP datagram to the socket specified
//in Sdest. The function also generates a local receive”
//port number for replies.

(
//Create some useful data to transmit. We shall be

PC INTERFACING

//hardcoding the message for this demonstration.
char pTx({8);
pTx[0)+0x01; pTx([l)=rand()};
random pattern
pTx{2])=0x03; pTx([3]=0;
int nTx-4;
packet

//set the LEDs to some

//read data port in A
// tot of 4 bytes in tx

// The actual TX call
SOCKET stx=sendto (hSocket, pTx, nTx, O,
{SOCKADDR*) &Sdest, sizeof (Sdest)):
if (stxs= SOCKET_ERROR)
( printf(“Sendto() failed, error %d”*,GetlLastError(}));
goto Exit;
}
)
//Having sent the data packet, we now need to wait for a
//response. Before calling the receive function, we
/7could install a receiver timeout, this can be useful for
//avoiding call from blocking forever if no data received
( int to=3000; // hardcode a 3 second timeout
int
nresetsockopt (hSocket, SOL_SOCKET, SO_RCVTIMEO, (char*)&to, size
of (to));
if (nr == SOCKET_ERROR}
( printf(“setsockopt (SO_RCVTIMEO) failed, error: %d*,
GetLastError());
goto Exit;
}
}
//** Waste one second...
//No need to include this in your program. This is only
//here to let the reply packet enough time to arrive before
//next function is called.
Sleep(1000):

//** Check nr of bytes in rx buffer...

// Again, no need to include this function in your

program.

// This is only here to show a possible way of sensing

if there are

// any bytes left in the receive buffer before calling

recvfrom() .

( DWORD nb;
int e=ioctlsocket (hSocket, FIONREAD, &nb) ;
if (e==SOCKET_ERROR) ( printf(“Ioctl

error:%d”,GetLastError());
goto Exit;
)
printf(“Rx buffer has %d characters\r\n”®,nb);
)
//** Call the receive function...
//This function may block until whole datagram is received
//(or until a defined timeout occurrs, if set as above).

( SOCKADDR Sremot;
Sremot.sa_familys AF_INET;
int nremot=sizeof (SOCKADDR) ;
char pRx[256]); int nRx«256;
SOCKET srx=recvfrom

(hSocket, pRx, nRx, 0, (SOCKADDR* }&«Sremot, &nremot}) ;
if (srxs= SOCKET_ERROR)
( // handle the specific “error” case of a timeout
int ee«GetLastError():;
if (ee«=10060) printf(“Receiver timed out, no data
received”);
else
%d”,ee);
goto Exit;
}
// 1f we get this far, data was received OK, so do something
with it!
printf (“Received OK, first 4 bytes of data: *);
for (int i«0; i<4; i++) printf("%02X ", (BYTE)pRx[i]):
printf(*\r\n®);

// rx data goes here

printf(“recvfrom() failed, error

}
//** Lastly, close socket, unload Winsock. and exit...
Exit:

closesocket (hSocket) ;

WSACleanup () ;

return 0;
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Up to 2 mile
coverage radius
Scans main and
subchannels

Eight channels, each
with 38 sub channels
Backlit display for
night time use
Unique call function
Headphone and mic
sockets allow
discrete use

Battery status
indicator

Auto battery save
feature

Keypad lock-out

Personal voice communications without a licence over a
two mile radius for £75, exclusive.

Reader offer
A pair of two-way PMR
radios for just £75*

RS 446 personal mobile radio...

To celebrate its launch, new test and instrumentation company Tecstar is
oftering Electronics World readers two RS446 personal mobile radios for just
£75 excluding VAT and carriage.

Capable of transmitting and receiving voice over a distance of up to two miles,
depending on terrain, the PMR 446 needs no licence. It offers eight channels,
scanning — and with CTCSS up to 304 channel combinations.

A backlit liquid-crystal display shows volume level, channel number, sub-
channel number, battery level and transmit/receive or channel! busy. A unique
call feature enables the user to alert the person they wish to contact.

Transmission distance is up to 2 miles. The radio has an accessory socket for
an external headphone, earpiece or vox-microphone/headphone combination. A
keypad lock and battery save feature are also standard.

The unit measures only 120 by 50 by 20mm and weighs less than 150 grams —
including batteries. It is supplied complete with instructions and belt/mounting
clip.

Compact, lightweight and low cost, the RS446 wireless personal-
communications hand set has a wide range of applications. These include fetes,
events and rallies. Builders on building sites could benefit from these radios, as
could exhibitors at exhibitions and staff at warehouses, winter activities, sports
events, maintenance departments, schools and care homes. Of course you can
also use the RS446 just to keep contact with someone locally. The uses are
almost limitless.

Send a cheques or postal orders to Tecstar Electronics Limited, 1 Nuffield
Road, St Ives, Huntingdon Cambridgeshire PE27 3LX.

Tel 01480 399499, fax 01480 399503, e mail sales @tecstar.co.uk

What is CTCSS

CTCSS —-or
‘continuous-tone
controlled squeich
system’ — allows sub
channels of the main
channels to be used.
There are 38 sub
channels to each mair
channel. Using
subchannels
decreases the
likelihood that
someone else will be
using the same
frequency.
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Please send me RS446 personal mobile radios, for which | enclose:

For ___ pairs of RS446 radios at £75 per pair
Plus VAT at 17.5%, or £13.13 per pair
Plus £6 UK postage per order, or £14 overseas

Total

Fill in your name and address and post this coupon together with a cheque
for the total amount above payable to Tecstar to the address below.
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Address

Post code

Signature

Send cheques, postal orders etc to Tecstar Electronics Limited, 1
Nuffield Road, St lves, Huntingdon Cambridgeshire PE27 3LX.
Tel 01480 399499, fax 01480 399503, e mail sales @tecstar.co.uk
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The quest for performance in today’s mobile world means that high
power consumption is the curse of chip designers, but plenty of solu-
tions exist. Richard Ball explains the traditional approach and looks
at the latest attempts to keep pace with clock speeds

f today’s trends continue. by 2015 we’'ll all be carrying

small nuclear power sources 1o keep our laptops going.

Why? Because microprocessors will be consuming

more juice than a V8 dragster and spewing out more
heat than a rocket nozzle. So claims Pat Gelsinger, CTO
of Intel’s architecture group.

Mind you, such comments are a bit rich coming from
the company that's done more than most in the race to
push up clock speeds.

So why are we heading towards nuclear-powered
laptops. and what are chip designers doing about it?

The quest for performance has often been at the
expense of power consumption — witness Compagq's latest
Alpha processor which runs at 1200MHz (1.2GHz),
producing 125W. Mind you, it does have 130 million
transistors.

One of the traditional routes to higher performance is
increasing the number of pipeline stages in the processor.
As each stage has less to do, the clock speed can increase.

Increasing the pipeline depth might increase the clock
speed. but it’s a dubious method of improving overall
performance and is definitely bad for power consumption.
Pentium 4 and its 20-stage pipeline, for example.
processes fewer instructions per clock than Pentium 111 on
conditional code, and hence its power/performance ratio
is worse.

An 1BM paper at this year's ISSCC conference nicely
sums up pipelining: “A deeper pipeline could have
yielded even higher frequencies, but at the expense of
reduced instructions per clock (IPC). Processor
performance is not proportional to frequency but rather
the product of frequency and IPC.”

Another well trodden route to performance is

Intel XScale

1,000

8 ;

@ E

K c

= 800 -2

© a

c

3 5

] 2

t 400 P

o

& o

&

-200 3

(]

&

o 0
Ir — —

Frequenc:

(MHz

Dhrystone .
Mips ‘
Powsr ' |
(mw) |

Core
Voltage

0.75v 1.00v 1.30v 1.65v

Intel’s XScale processor can dynamical[y adjust voltage,
frequency and hence power.

parallelism in the processor — placing two, four or more
arithmetic units in parallel to do more work in a single
clock cycle.

The problem with these superscalar designs is that if the
program code can’t be written or reordered to take full
account of the processing resources. then performance is
wasted. And this happens a lot in systems with parallel

Power consumption runs wild

megahertz.

ccording to Patrick Gelsinger,

chief technology officer of the

Intel architecture group,
increasing the absolute performance from
the x86 processor series has resulted in

less and less performance per gate per

The law of diminishing returns has
taken over and increasing power tasks.
consumption is the result. Despite
reduced supply rails, according to

sun, 10000W/cm?, in 2015.

Gelsinger, if current Intel trends continue
chip power density will reach that of a
nuclear reactor in 2007 and dissipation
will be the same as the surface of the

His solution is less brute force — so
smarter branch prediction and pipelines
- and processors designed for specific

Perhaps Intel is waking up and
breaking out of the Windows-PC mould.
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architectures. The end result is more heat for less useful
work.

Plenty of solutions exist to the problem of high power
consumption in processors and hence, 10 a certain extent,
any system-on-chip. However, different solutions fit
different markets and applications.

Dynamic clock and voltage management
Power consumption in a circuit is proportional to
frequency, but it is also proportional to the square of the
voltage. Therefore, the easiest way to cut power is to
reduce the voltage.

This does mean a reduction in frequency, but if the loss
in performance can be absorbed, then the reduction in
current and power is well worth the effort.

Intel has certainly taken this approach with XScale. its
second generation successor to StrongARM. At one end
the chip can run from 1.65V, hitting 800MHz and
consuming 900mW. Throttling back the voltage to 1.0V,
however, sees the clock halved to 400MHz while power
plummets to 180mW. At the extreme end power reaches
just 10mW at 0.75V and SOMHz.

Intel has still gone down the *let’s get maximum
performance” route, but in this case that performance
might not always be used. Sometimes it’s sacrificed for
much lower power.

A similar scheme is being applied by Transmeta to its
Crusoe processors. Its LongRun technology uses
subroutines in the software to determine the processor’s
loading and adjust the voltage and frequency settings.
However, LongRun is not accessible to the programmer -
XScale’s power tricks are, and XScale has a wider voltage
scaling range.

Obviously this technique applies well to the handheld
consumer device market.

Semiconductor process

Improving the semiconductor process is the simplest trick
in the book for reducing power consumption. As the
geometry size reduces, voltage is forced down — most of
the time — and so power drops quickly.

Today the work-horse process is 0.18um. but in R&D
labs, firms are building circuits on 0.13pm or smaller. At
this level some significant problems are beginning to
surface.

As gate lengths decrease. then the gate oxide thickness
must also reduce, and this defines the maximum voltage
of the transistors. But for high performance devices. a
thin gate oxide will result in high leakage current. For
low power. a thicker gate oxide will impact performance.

Therefore many firms, such as Toshiba, IBM and
Motorola, are using different tlavours of transistors in a
single device.

Motorola’s 0.13um (130nm) process detailed at last
year's IEDM conference has gate lengths from 80 to
110nm, and gate oxide thicknesses of 1.8nm, 2.5nm for
low power, Snm for 2.5V I/O and 7nm for 3.3V I/O.

Another way to reduce leakage current and parasitics
in to use silicon-on-insulator. Driven by IBM. this
technology may well be used by AMD in its mobile PC
processors.

Simultaneous multi-threading

SMT is not a new idea — it was first used by Cray in one
of its chips over 30 years ago. However, the idea is only
just appearing in mainstream devices, and it promises
much, especially in the server or telecoms markets.

In a superscalar processor — even with the greatest
compiler in the world - a single thread is hard pushed to
keep all the execution units active. In deeply pipelined
devices, a cache miss or mis-predicted branch causes

Power restrictions in ‘system-on-a-chip’ devices

itachi has taken a fresh look at

power restrictions in system-on-

chip-based appliances and come
up with a hardware-based on-chip power
management system called ChipOS,
writes Steve Bush.

Processors tend to draw power in
bursts. Inconveniently, power supplies
have to be sized to match the power
peaks, or include chunky capacitors to
meet peak demands.

This problem is particularly bad in
battery-powered devices where a high
peak draw can bring a pair of AA cells to
their knees and cause a system reset.

ChipOS tackles this by allowing the
system designer to specify a maximum
power draw from a system-on-chip.

The same chip, running the same
software, can be allowed to run free in a
mains-powered application, and peak-
limited when battery powered.

And this peak limit is accurate, rather
than just the average reduction which
comes from processor clock speed
switching.

Hitachi claims that a die with ChipOS$S
could be used in a low cost 1W system
or a 10W high-performance system.

When multi-tasking, one task can be
given priority and allowed to have all the
processor’s capacity up to the imposed
power limit during an activity burst. The
other tasks will be slowed or stalled until
power becomes available again.

Power limiting clamps the overall

performance of the system, but Hitachi’s
figures (for an undisclosed single-processor
application) show a 48 per cent reduction
in peak power only results in 10 per cent
slower system speed.

With four processors under the same
ChipOS controller, an 81 per cent
reduction in peak power was available
with 10 per cent slowing.

The penalty with ChipOS is additional
hardware. Logic blocks have their clocks
gated and their power rails switched.

Associated with each block is a block-
specific power driver, which controls
clock gating, and rail switching. Running
above this is a power scheduler that uses
knowledge of block power requirements
to allocate blocks to tasks.
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large chunks of data to be flushed — wasting a
considerable amount of power.

Multi-threaded processors can fill slots in the
instruction issue with waiting threads. So the whole thing
runs faster, or to look at it another way, the same amount
of work is done with less wasted power.

However. SMT doesn’t come for free — it adds around
ten per cent extra hardware.

SMT may be about to become mainstream. especialiy
if, as is rumoured. Intel puts it in Foster, the next spin of
Pentium 4. It’s already in the latest Alpha. described
earlier.

Clock distribution
Better clock distribution design is also an avenue to
reducing power dissipation. as a processor’s clock tree
can have a massive overall impact.

For example. another IBM paper from ISSCC
Alchemy is a name to be reckoned with in the chip design world, having its ancestry  describes its POWERA4 chip. This dual microprocessor
in the original StrongARM team. Its first chip, the Au1000 (above), is back from the  device contains a staggering |70 million transistors. At

fab and undergoing testing. Like Xscale, clock frequency and hence power can be 1.1GHz it consumes around 1 15W.
dynamically scaled. Initial figures indicate that running at 1.25V and 200MHz, the “Approximately 70 per cent of the power is burned in
chip dissipates 200mW, while at 1.5V and 400MHz power is up to 500mW. the clock distribution and latches,” the firm says. ]

Electromagnetic gun fires a pellet 20km in a second

Sandia Labs’ Z machine atmospheres pressure” on the pellet, has been to keep this temperature
electromagnetic pellet accelerator according to Sandia. When fired up down as the pellet can no longer be
has boosted a projectile to 20km/s to 13kmv/s, the aluminium pellets are accelerated once it vapourises. The
i.e. 45000mile/h. Inside Z machine, neither distorted or melted, but with picture shows researcher Mark

20 million amps produces a magnetic  the wick turned up to achieve 20km/s  Knudson holding two pellets in his
field that expands in around 200ns the aluminium reaches 2500K and right hand and the chambers of Z
and generates “several million liquifies. Research over the last year machine on his left.
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10MHz single-trace oscilloscope for under £200

The Tecstar CS1010 oscilloscope is easy to
operate and highly reliable. It is an ideal
instrument for research, production,
education and development work. This is a
compact and portable oscilloscope with a
frequency bandwidth of 10MHz and
sensitivity of 5mV/div to 5V/div. It is equipped
as standard with a switchable x10:1 probe,
extending the sensitivity up to 50V/div. The
horizontal timebase is 0.1s/div to 0.1ps/div.

e Simple operation
e Portable, small and lightweight
@ Excellent Triggering

Features

10MHz bandwidth
High brightness
Calibration output
Variable-Y attenuation
AC DC and Ground

Variable trigger level

® % & % " 2 5 " e

Low cost

Auto, Normal and TV triggering

+ve or -ve Ext trigger modes
Internal, External or Line trigger
Complete with x1/x10 probes

Vertical system
Sensitivity
Trimming ratio
Rise time
Bandwidth (-38)

Trigger system
Int trigger sensitivity
Ext trigger sensitivity
Ext. trig. input impedance
Ext. trig. max. input
Trigger sources
Trigger mode

Horizontal system
Sweep time
Trimming ratio

X-Y mode
Sensitivity
Bandwidth (~3dB)

Calibration signal
Waveform
Amplitude
Frequency
CRT
Display area
Accelerating voltage
Display colour
Power source
Vollage range
Frequency
Power consumption
Physical features
Weight
Dimensions (H x W x D)
Working environment
Working temperature
Storage environment
Working altitude

SmV/div-5V/div3%
2.5:1

35ns

DC:0-10MHz AC:10Hz

1 div

0.3V

1MQ, 30pF
400V pk

Int, Line, Ext
Norm, AUTO, TV

0.1s/div-0.1ms/div, £3%
22.5:1

0.2V/div-0.5V/div
DC: 0-1MHz
AC:10Hz-1MHz

Symmetric square wave
0.5V+2%
1kHz£2%

8 x 10div (1div=bmm)
1200V
Green

220V £10%
50Hz £2Hz
25W

3kg
190 x 130 x 270mm

5°C 1o 40°C
-30°C to 60°C, 10-80%RH
2000m

Use this coupon to order your 10MHz CS1010
oscilloscope

Please send me ....... 10MHz oscilloscopes at the special offer
price of £193.88 each - including VAT and UK carriage*.

Name

Company (if any)
Address

Phone number/fax

Total amount £ -

Make cheques payable to Tecstar Electranics Ltd

Or, please debit my Master/Visa card.

Card type {Master/Visa)
Card Na

Expiry date

*£159.00 ex. VAT, £6 UK carriage, £14 overseas.

Please mail this coupon to EW offer, TECSTAR Electronics Ltd, Unit 1
Nuffield Road, St Ives, Huntingdon, Cambs. PE27 31X,

Tel 01480 399 499, Fax 01480 399 503. email: sales@tecstar.co.uk
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raditionally. the moving coil
T loudspeaker drive unit has been
connected to a voltage
amplifier. Figure 1a) shows that an
ideal voltage amplifier has zero
output impedance such that the
voltage at the output terminals is
independent of the load impedance.

In reputable amplifiers this
requirement is typically met with
negative feedback, which simply
compares the output voltage
waveform with the input signal
waveform.

Figure 1a) also shows that an ideal
drive unit would have zero resistance
and zero inductance. The only factor
controlling the coil current is the back
EMF. Any difference between the
amplifier output voltage and the back
EMF would result in an infinite
current, so the coil velocity would

A= 9
frive:
Moving-coil loudspeakers are invariably

driven by a voltage amplifier. Here, John
Watkinson explores the alternative -

current drive.

have to be proportional to the
amplifier voltage.

This is a desirable condition, in
which the cone velocity follows the
audio waveform.

If only...
In the real world though. this doesn"t
happen. Figure 1b) shows that the
tight connection between input
waveform and cone velocity is lost
because the drive unit has finite
resistance as well as inductance.
The result is that the cone velocity
no longer follows the input
waveform. In any other contro)
discipline. this would be regarded as
a major shortcoming and something
would be done about it. Imagine an
aircraft in which the control surfaces
didn’t follow the stick. but were
blown about by the slipstream.

Zow=0 Coil resistance = 0

@) = (b)

Vout = back EMF
.cone velocityeV;,

Zoyw =0
Coil
inductance

Coil
resistance

Vou # back EMF

Fig. 1. Most loudspeakers don’t execute the input waveform. In 1a) is an ideal system with a
Zero output impedance amplifier and zero coil resistance speaker. Fig. 1b) depicts a real system.
Even though Z 1 is close to zero in a real amplifier, coil resistance and inductance mean that
back EMF is not equal to V5. Cone is not under control of input waveform.

Generally the audio industry does
nothing about this problem, even
though the cone velocity becomes
anti-phase to the input below
resonance. making the output
waveform a travesty of the input.
Instead, new clothes continue to be
made for the Emperor long after his
death.

With voltage drive, a number of
other factors can affect the cone
velocity and potentially cause
distortion. These include suspension
non-linearity and coil inductance.

If the coil inductance were constant.
the result would just be an HF roll-
off. Unfortunately, coil inductance
changes with the cone position as
different amounts of the pole
structure are within the coil. The
impedance of the drive unit is also a
function of coil temperature, which
itselt is a function of the power
dissipated.

Figure 2a) shows an ideal current
source driving a loudspeaker. An
ideal current source has an infinite
output impedance. The output current
is proportional to the input voltage
and is independent of load
impedance.

Implementing current drive
Effectively, the power amplifier has
become a transconductance amplifier.
Figure 2b) shows that current drive
can be achieved by providing a sense
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resistor in the coil current path.
Amplifier negative feedback is then
used to compare the voltage across
the sense resistor with the input.
When the two are identical the
current in the coil must be
proportional to the input voltage.

The current drive amplifier can be
implemented with almost any
amplification technology used for
voltage drive — including switched-
mode, error-correcting. Class-A or
vacuum-tubes.

The operating principle is now
different from that of voltage drive.
The force produced by the coil is
proportional to the current. so the coil
operates in constant-force mode. As
the cone mass is also constant, the
drive unit operates in mass-control
mode. In this mode the amplitude
falls at 6dB/octave as required for
constant velocity and flat frequency
response.

A desirable result of current drive is
that the effects of coil inductance and
inductance modulation are
eliminated. along with changes in
sensitivity due to coil heating. This
will reduce HF distortion and extend
the frequency response while
eliminating thermal compression
effects. Both of these benefits are
well worth having.

Infinite output impedance
However. the down side of current
drive is that the infinite output

impedance of the amplifier means
that there is no electrical damping of
the drive unit’s fundamental
resonance at all. The only damping is
due to the drive unit’s own structure.
with a tiny amount due to sound
radiation.

The strong resonance is audible and
the drive unit can easily over-travel.
Consequently the designer is forced
into making some active
compensation for the driver
fundamental resonance in the shape
of an analogue computer/op-amp
circuit or DSP. In fact this is no great
drawback, because this has to be done
with voltage drive if any degree of
precision is required. The difference
is that with voltage drive it is possible
10 dispense with resonance
compensation if a lower quality is
acceptable.

At low frequencies the drive unit
becomes compliance controlled. Non-
linearities in the suspension. and
modulation of the B/ product with
coil position, will cause distortion
whether voltage or current drive is
used. In fact given good engineering
and a correctly designed resonance-
compensation mechanism. voltage
and current drive would give exactly
the same effect at low frequencies,
the sound quality would be limited by
the drive unit.

Inductance modulation is negligible
at LF. The distortion there is
dominated by magnet and suspension

AUDIO DESIGN

Current

feedback

b resistor

design, which amplifier topologies
can’t affect.

The main advantage of current
drive would appear to be in tweeters,
where the elimination of the effects
of coil inductance can give a useful
improvement in frequency response
and linearity. Tweeters tend to be
used well above their fundamental
resonance, so the lack of damping
there may not be an issue.

At low frequencies, the use of
current drive is less compelling
because the problem comes down to
one of precision drive unit design. If
the suspension is non-linear, or if the
Bi product changes as the coil moves
because of an asymmetrical flux
pattern. the choice of drive topology
is irrelevant.

As has been stated countless times,
to make a fine loudspeaker it is
necessary to have fine drive units. ®

Fig. 2. Current drive
principles. In a),
with infinite output
impedance, current
is independent of
coil resistance and
inductance (and
back EMF). Figure
2b) shows how
current drive can be
achieved using a
load-current sense
resistor.

Pages: 464pp Price: £22.50

VCR Fault Finding Guide
This book is an essential repair tool,
not just another volume for the shelf

Television magazine's VCR Clinic column is a
unique forum for practical servicing tips, with the
UK's leading service engineers and servicing
writers contributing their observations and
recommendations month by month. But try finding
those faults reports for the Amstrad XYZ123 that's
on your bench. Even with an index you will be L

chasing through a pile of magazines... until now. Peter Marlow's VCR Foult
Finding Guide is a distillation of the most used fault reports from 11 years of
Television magazine. Arranged by make and model the information is
extremely easy to access, and the book is a convenient size for the bench or to
carry with you. This will undoubtedly become one of the service engineer's
most useful tools. Unlike other fault guides, this one is based on top quality
information from leading authorities, and genuine repair case studies. This is
reallife servicing information, not just a compilation of manutacturers’ manuals.
Approximately 2000 reports on 193 models from 35 different manufacturers
Instant onthe-spot diagnosis and repair advice. Television magozine's leading
writers’ wit and wisdom available for the first fime in book form

Post to Jackie Lowe, Room L514, Quadrant House, The
Quadrant, Sutton, Surrey, SM2 5AS

How to pay
(VCR Fault Finding Guide) paperback
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Power supply problems and
solutions are the subjects of this
second article describing
Norman Thagard’s high-
performance, pick-up preamp,
which exhibits 0.006% THD up to
several kilohertz.

Reprinted with permission from Audio Xpress.

Fig. 1.
Power-supply
schematic. The
circuit in the
tinted area needs
to be replicated
for each channel.
Switching, fusing,
the transformer
primary and the
capacitor ratings
will need to be
chosen according
to your country’s
mains supply and
mains
regulations.

that paying close attention to good power-supply design

and construction techniques offers its own rewards.

I have favoured on-board regulation since my digital
design days. However, my amplifier designs have had
discrete regulators located on their own separate circuit
boards. This was partly because I used voltage-doubling
techniques that added enough bulk to the doubler/regulator
that it was not practicable to place this circuitry on the
preamplifier’s PC board.

Here. I returned to my roots with small IC regulators
located on the preamp circuit board.

I n the second part of this preamp project, you'll discover

Choosing a transformer
The current requirement for each preamp channel is only
20mA per rail. with another few milliamps required for the
monolithic voltage regulator. Almost any transformer with
sufficient secondary voltage should work.

I'had 4 48V. centre-tapped 150mA transformer in my
parts bin. I also obtained a small 44V centre-tapped
toroidal transformer at 73mA in case I decided to mount

Rior  Dior W,

+21V

GND o

T e
s is Ao j" ;m?h: N

R 102
-21vo—I—~'w33—I—;H
D

[ SUE—
102 *Mains rated!

the power supply in the same enclosure as the preamp.

In the end. I decided to take the conservative step of
placing the power supply, Fig. 1, in its own enclosure with
the unregulated DC output supplied to the preamp through
a connecting cable. So. I used the old parts-bin transformer.

If you want two true monaural channels. I would
recommend using two of the aforementioned toroids and
duplicating everything. I opted for the dual mono
configuration, where the transformer secondary is the last
common component with everything downstream
electrically and electronically separate.

A given power transformer can radiate at a level
sufficient 10 induce hum in the preamp.! In theory, a
toroidal transformer would restrict its field to the torus.
Even so. it is probably better to locate the AC power
portions of the system away from the signal portions. If that
i$ undesirable or impractical. I recommend a small toroidal
power transformer located as far from the preamp boards as
possible.

This is more than a theoretical consideration. since the
hum induced in this preamp when it was located
immediately above the power amplifier's power
transformer was intolerably loud. This occurred even
though the prototype phono preamplifier is in a steel
enclosure. and the power amplifier used two toroidal power
transformers.

Electrosiatic shielding with aluminium will clearly not
prevent such hum induction. Simply locating the preamp
away from intense alternating magnetic fields is the most
cost-effective solution. Moving the preamp just 6 inches
away from the amplifier reduced the hum below the
audible level.
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Fig. 2. Power-
supply board
parts placement
(left) and PCB
pattern (right).

Filter design

With such a small current requirement, it makes sense (0
try for additional ripple reduction by using two stages of
filtering. This takes advantage of very large, but still very
compact. electrolytic capacitors. where the usual capacitor-
input power-supply filter is followed by an RC low-pass
filter.

My criterion for the capacitor values was the size of those
most readily available to me — four at 2200uF. 50V and
four at 4700uF, 35V. The smaller capacitors are positioned
as conventional capacitor-input filters. with one each in the
positive and negative power supplies for each channel.

Four 220Q resistors connect the four 2200pF capacitors
1o the four 4 700pF capacitors. In this way. each positive
and negative power supply of each channel follows the raw
DC output across the 2200uF capacitors with an RC filter
of 1.034s time constant. This corresponds to a filter cut-off
frequency of (2nRC)~'=0.154MHz. Capacitors of 470uF
would be perfectly acceptable.

The total amount of ripple attenuation provided by the
filter circuitry depends on whether you use half- or full-
wave rectification. | know that this is almost always full-
wave in high-end equipment. However. the amount of
ripple attenuation is so high that either type is acceptable in
this application. It may be that the 60Hz hum from residual
ripple in a half-wave supply is less objectionable than any
120Hz hum from full-wave rectification.?

The idea is. of course, that no audible hum be present no
matter which rectification scheme you use. There is no
audible hum produced by residual ripple in this preamp
with the power supply described here — a supply that uses
half-wave rectifiers.

Since ripple is attenuated by a factor of ten (20dB) for
each decade that the ripple frequency lies above the filter
cut-off frequency. the second stage of filtering here
provides. 20dB/decadex2.6 decades=52dB of additional
reduction where,

60H:z

0.154H:
number of decades is x, where 10°=390:
log 10*=x=10g390=2.6
For this application. I chose 22022 for the filter resistors. |

assumed that the unregulated, but heavily filtered. output
voltage delivered to the preamplifier circuit board would be
no less than about 18V under worst-case conditions.

The above relationships show that if you select the
full-wave rectifier. you will obtain 6dB more ripple
attenuation from the RC filter.

Ripple blips

At 2mV/division, the ripple on an oscilloscope is barely
visible. appearing almost as a pulse train of small "blips.’
The blips are probably due to the heavy current flow during
the short period during which charging current flows
through the rectifier diodes to the 2200uF capacitors of the
capacitor-input filter.

A small resistor between the diodes and the capacitors
would reduce the amplitude of the blips, but there is
already heavy overkill here.

As a matter of interest, if ripple were to be reduced to
10mV with a capacitor input filier alone, the charging
current through the rectifier diode would be about 5A
even though load current is a mere 25mA. Charge is the
product of current and time. The charge removed from the
filter capacitor during the 16.7ms cycle time T (T=8.3ms in
a full-wave rectified supply) must be restored to the
capacitor during the short (in a well-designed supply)
recharge period, Ar.

If recharge (diode) current is considered constant (it is
not. but the approximate answer so obtained is sufficient).
then,

Lioap X T = Lrgcuarae X A1

Solving this expression for charging current yields.
T

L rscrarce = Y XA oan
This formula already suggests that charging current will be
much greater than load current? because the small charging
interval A is so short in comparison to the relatively long
cycle period T.

Although diode conduction actually continues past the
peak capacitor voltage V... if you assume that conduction
begins at time Ar before it ceases at V., then voltage
magnitude at the onset of conduction is V. COSWAL.

The quantity wA is the diode conduction angle, and for a
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Fig. 3. Preamp-
enclosure
construction
pictorial.

half-wave rectifier the ripple frequency is w=377s"!. The
peak-to-peak ripple voltage is therefore,

Vrippl( = Vp(uk_ foukCOS(DAf.
Remember that wAr is intentionally made small to reduce
ripple so that the trigonometric approximation,

CoswAr = | - %(mm)

is valid. If the output voltage of the supply is to be about
21V. then you can solve for,
172
Al = [zvnmlr / Vp‘d]
- o
12

_[2(0.01)721]
o

=82us

input

Input

L:—J&— +18 to +28V

e GND

;‘— -18 to =28V

o Star GND
Turntable GND

—————— +18to+28V

From this, it follows immediately that,

_ 0.0167

! RECHARGE = om
A prelty impressive number.

Current I; o, is constant at about 25mA and the
capacitor discharges for almost the entire 16.7ms period T.
The formula for the discharge of a capacitor at a constant
current leads to V,;,,,=I104pT/C. For the 2200uF filter
capacitors then,

_0.025x00167 _ o0,

0.0022

Surge current through the diode in the preamp power
supply is of the order of 1.2A. This is still a pretty startling
number, but the surge ratings on even small rectifier
diodes are well in excess of this.

For example, a 1N4002 diode has a 30A surge rating, but
is sold as a 1A rectifier. It should be clear why surge
ratings need to be so much higher than the average DC
load-current rating.

A capacitor of almost 42000puF would be required to
reduce the ripple to 10mV. Using the additional RC filter
reduces the aimost 200mV ripple to less than 0.5mV with
far smaller capacitors.

It is enlightening — even eye opening - to look at things
like this. Many designers treat power supply design very
casually. I used to, too, until it bit me.

x0.0254 =5.094

ripple =

Voltage regulators

Unregulated output voltage from the rectifier/filter will
vary. depending on the power transformer secondary
voltage under load. Measured voltage was 24V at a current
draw of 25mA with the transformer that I used.

Once you've selected the actual transformer, you could
simply increase the resistor value in the RC
filter. Better still, you could add yet another
stage of RC filter so that approximately 15V
would be presented to the preamplifier under
load. In either case, it would require no voltage
regulator.

While you are certainly free to use other
schemes, the one chosen here was to use
78L15 and 79L15 IC voltage regulators on the
preamplifier circuit boards to supply the

i o needed +15V power rails. The regulators are
f iy part of the main preamplifier circuit shown in
[ last month’s issue. Voltages from the
regulators were limited to a 15V magnitude

because of the 30V drain-to-source voltage limitation of
the 2SJ109 JFETs.

Some features of on-card regulation are discussed in
National Semiconductor’s Voltage Regulator Handbook.*
This publication is a good general reference for power-
supply design.

As always, there are constraints you must consider. If the
unregulated voltage is too high. the voliage and/or power-
dissipation limits of the regulators will be exceeded. If this
voltage is too low, then the regulator will *drop out.” This
means that it will cease to regulate because some active
device within it is no longer in its active operating region.

Although these limitations are slightly different for the
78L15 and T9L15 regulators, the worst-case limits require
an unregulated voltage magnitude in the range
17.5VEV, unrey S28V. These regulators are widely
available from several manufacturers, including the
replacement series manufacturers such as ECG. NTE, and
RCA.

Since parts numbers will vary, be careful to select
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regulators whose output-voltage tolerances are guaranteed
to be within £5%. There are even tighter-tolerance devices
available if you wish to go to the trouble and expense of
finding them, but it really isn’t necessary to do so.

In the interests of stability, each regulator will require
the input capacitor shown. unless you place the regulator
immediately at the output of the unregulated supply.

With the recommended value for the 79L15's input
capacitor, there was an intermittent, low-amplitude, high-
frequency oscillation. This | tamed by increasing the
capacitor value to 1pF. For consistency, I also used IuF
input capacitors tor the 78L15 regulators.

A case could be made for deriving first-stage supplies
from the output of the 78L15/79L15 regulators by using
yet another RC filter, or perhaps a zener. This would mean
that the first stage would operate at some lower voltage.
This should be no problem, however, given that the output
swing demanded from the first stage is significantly less
than that required from the second.

Putting it together

Layout and construction details are reasonably well
described in Figs 2-4. Nonetheless, | should elaborate on a
few of the details.

As a designer. I always think about the possibility of
modification or repair of the device, especially for the
prototype version. For that reason. [ liberally employ
quick-disconnects (QDs) as well as transistor and IC
sockets. The JFETs are not socketed here though because
of their unusual pin-out.

The power cable between power supply and preamplifier
enclosure has QDs at both ends. I you use QDs on this
cable, be sure that it has male connectors at the power-
supply end and female connectors at the preamp end. In
this way, even if you use Molex header-type connectors,
the ‘hot’ connector pins are not exposed.

I have serious reservations about claims of sonic effects
of QD metals. Even so, I favour gold connectors because
of past experience with other types’ reliability problems
due 1o corrosion.

I mounted chassis-mount RCA jacks to the edge of the
PC board. and used uninsulated wire to both strap and
ground the sleeve (outer portion) of each jack to the board.

Parts for the power supply
Resistors
Ri01.102 220Q, 2W, 2% metal

Capacitors
Cio1.102 2200pF, 50V aluminum electrolytic
Ci03,104 4700pF, 35V aluminum electrolytic

Transformer
T, 48V ct at 150mA (see text)

The mating portion of the jacks extend out beyond the
board’s edge. This arrangement allows unimpeded
connection to the jack of the RCA plug from the tonearm.

I soldered a 0.01uF ceramic-disc capacitor to the ground
trace immediately adjacent to the ground trace connection
of the input jack, and soldered the other end of the
capacitor to a solder lug. In turn, I grounded this lug to the
chassis via the screw attaching the PC board to the nearby
metal stand-off.

A stand-off under each corner of the board provides its
secure mounting to the chassis while ensuring that the
bottom of the board does not contact the chassis. All four
stand-offs should obviously be of the same height. You
can make them either of metal or insulating material,
except that, as described earlier, the one to which the
solder lug is attached must be made of conducting
material.

1 made the connection between the inner-conductor
(centre) connector lug of the input jack and the board trace
to inductor L, with a very short piece of uninsulated wire,
since the jack was mounted immediately adjacent 10 L;.
Similarly, I strapped and grounded the output RCA jack at
the board's edge, but made the connection between its
inner-conductor connector lug and the appropriate board
trace with small-gauge shielded cable because of the
distance involved. The shield of this cable is only
grounded at the phono-jack end.

With this mounting arrangement of the jacks, it was
necessary to drill holes only in the front panel of the
preamp enclosure, allowing the RCA jacks to protrude

Neutral
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almost completely outside the enclosure. To do this. the front
edge of the PC board must contact the inner side of the front
panel of the enclosure.

The front-panel holes for the jacks must be sufficiently
large that neither the jack nor the shield connector portion of
any connected RCA plug contacts the front panel. Also be
sure that no other PC board component or trace contacts the
front panel.

You could achieve the same effect more easily by using
PC-mount RCA jacks. If you use such jacks. you must
modify the board’s trace pattern accordingly.

Avoiding grounding problems

Some attention to the grounding scheme is required. For one
thing, there are differences among various turntables.
tonearms, and even cartridges in the way grounding is
handled. For that reason. the actual interconnections may be
different, depending upon the builder’s specific system and
its components. It will probably be true that most builders
will be very familiar with the schemes that work best in their
systems.

1 emphasise again that the RCA input and output
connectors are insulated from the enclosure. It is important
that the input connectors be grounded to chassis only through
the 10nF capacitors as shown.

While I understand that isolating the input connector
ground from the chassis avoids a ground loop, I have never
seen a reason given for the capacitors. I assume they are for
RF bypass, given the small capacitance value.

These capacitors may be disc-ceramic types. Voltage rating
is probably not critical. but since 10n. 1kV disc-ceramic
capacitors are used as AC-line filters for the power supply, it
is convenient to make all of these capacitors the same and
perhaps save on quantity purchases.

A ground loop can occur anyway if the cartridge or
tonearm cable connects both channe! grounds at the turntable
end. If a continuity check indicates this situation, then break
the potential loop by opening the shield connection at the
turntable end for one channel only.® If that is not possible.
you can try omitting one shield connection to the PC board at
the preamplifier end for one channel only.

1 am not sure whether this, of itself, will give satisfactory
results. because signal ground for that channel then comes
circuitously from the other channel to the power supply and
back to the first channel. I have seen amplifiers oscillate with
such circuitous ground paths.

As an alternative, after breaking one shield connection for
the PC-board RCA input jack, connect the ground trace of
both channels® PC boards together and break the ground
return to the power supply for one channel only.

Some turntable/tonearm combinations offer an optional
ground lead for connection to the preamplifier chassis.
Accommodation of this option is the reason for the binding
post labelled “Turntable GND’ on Fig. 3. The decision
whether or not to connect this optional ground lead is based
empirically on the situation that results in the least hum.

For my system. the SME3009 tonearm cable provides this
optional ground lead. which, at the tonearm end. is connected
to the turntable platform of a Thorens TD125. Connection of
the optional ground to the preamplifier binding post is the
preferred configuration in my case. since this reduces hum
below the audible level.

At the power supply. only one chassis interconnection
point should exist. This is nicely illustrated in Fig. 4. which
also indicates what is meant by such terms as “Star GND.'

Setup and adjustment

No adjustments are required. It is a good idea, as mentioned
in the text. to verify the differential amplifier currents by
measuring the voltage across current source resistors Rs and

R)5. Unless you used severely mismatched BJTs in the
current mirrors. cascode current should be OK.

I always check the power-supply voltages before 1 connect
the rails to the circuit. I also use current-limited bench power
supplies for breadboard work. and a Variac® for initial power
up and check-out of the prototype version of a new design or
after repairs.

The presence of the 220QQ resistors in the power supply
affords short-term protection against short circuits
downstream, but in the long term, their resulting power
dissipation would exceed their rating. The IC voltage
regulators are internally protected against short circuits.

In summary

1 think that this pretty well covers the whys and wherefores
of this design. It is a satisfying approach from the standpoint
of precision in a relatively simple discrete design. The THD
was only about 0.006% up to several kilohertz. rising to
0.026% at 20kHz with a 0.5V RMS output.

Obviously. it is possible to achieve significantly lower
levels of THD with higher open-loop gain and therefore
more feedback. It is difficult to do so. however, with the
precise aclive-passive equalisation scheme realised through
just two one-stage op-amps. as I did here. The proponents of
“less is better’ — and especially those sceptical of the benefits
of negative feedback — will appreciate this trade-off.

As for listening attributes, the sound is open and dynamic.
You hear no stridency. even on massed strings. The bass is
awesome, and | have no explanation for this. I do not know
about the Adcom or Marantz preamps. but otherwise it is
true that there are no coupling capacitors in the signal path -
even at the input of the power amplifier currently in my
system. This was possible because the servo limited DC
offset at around 600pV. Still. there should be no perceptible
difference in bass, even with coupling capacitors, as long as
the low-frequency cut-off is well beiow the lower limit of
hearing.

It is simply amazing how many good recordings there were
in the days of vinyl. The ambience in the few Mercury
Living Presence records that I have is remarkable. I am
sceptical of many ‘golden ear’ claims of magical qualities of
amplifiers and preamplifiers and [ autribute none to this
design. I simply assert that this phono preamp is good
enough to accurately reproduce the information that is in the
recording medium.

I believe you will thoroughly enjoy its use, provided that
other components in the stereo system are equally good. |
continue to be impressed with the sound even after several
weeks. The more usual case is o be very impressed initially,
with the enthusiasm fading after the first few listenings.

I am listening at higher volume levels than before. This
may be a sign of lower apparent distortion, since there is a
tendency to adjust volume to a level just below that at which
distortion begins to be objectionable. ]
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Quality Alphanumeric backlit LCDs in 4x40, 2x40, 4x20, 2x20 and 2x16 formats

Supplied either bare or pre-fitted with one of our Eze-Use, Serial interface boards with options
such as software buzzer control, backlight control, operator interface, start-up message,
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EB10F 2000 { OC3 300 | 8AUG 2,00 | 12AT7 3.00
EABC80 400 | OD3 309 | sAWBA 4.00 | 12AU7 3.50 k ; .
EB91 1 50 | PCF80 200 | 884G 22.00 | 12AX7 5.00 Liesgang diatv” automatic slide viewer with buift in high Quality colour TV camera. It has
EBF80 150 | PCL82 200 | #EA6 1.50 }22/3((;3% g% a composite video output to a phono plug (SCART & BNC adaptors are available). They
EBS8I 150 | PCLB5/805 2£0| @8EC 1501 12846 200 are in very good condition with few signs of use. For further details see www.diatv.co.uk
EBL31 2500 | PCLB6 250 | 6BH6 2.00 d £91.91 t = £108.00
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Egggg g% Ptggmg ‘2 8?\ 52’2(7(37 :7;83 Sgé 8270058 47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small
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ECL82 500 { QQV06-40A 12.00 | 6CHE 3.00 | 833A ] than with the smailer lenses................ £32.00 + vat = £37.60
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EF40 400 | uCL83 2.00 | 6FQ7 7.50 ggg:WB 66-33 VSL4022F 4mm F1.22 63x47 degrees viewing angle......... .£17.65 + vat = £20.74
F Y 4 . o
s S| i e e pred o 800 VSLE022F 6mm F1.22 42x32 degrees viewing angle.................£19.05 + val = £22.38
EF183/4 2.00 | UL84 3.00 | 64sm 4.00 g}g‘ 1;-% VSLB020F 8mm F1.22 32x24 degrees viewing angle.......... .£19.90 ¢ vat = £23.38
EL33 15.00 | Uvay 4.00 | 647 3.00 -
EL34 500 | Uyss 200 | 6uB6A 2750 | 6072A 6.00 Better quality C Mount lenses
EL34G 500 | VR105/30 3.00 | 6UE6C 27.50 | o 1325 12-% VSL1614F 16mm F1.6 30x24 degrees viewing angle. .£26.43 + vat = £31.06
ES? g % ‘é?gf’o’w 1883 gj(%ggr 21.% 6201 8.50 VWLB13M  8mm F1.3 with iris 56x42 degrees viewing angle........£77.45 + vat = £31.00
EL84 300 ] 2803y 1500 | 6LEG 15.00 | 83364 . 1206 surface mount resistors E12 values 10 ohm to 1M ohm 100 of 1 value £1.00 + vat
EL95 2. 2D21 3.50 | 6L6 17.50 !
EL360 1500 | 3828 12,00 | 6L6WGB 10.00 | 68838 by uees Gl Qi 00 Su |
ELS09/519 750 | 4CX2508 4500 | 6Q7 3.00 ;gg;A 26100 866 battery pack originally intended to be used with an orbitel
Emg‘: a7 zg % 25‘18' 1383 ggé; g'gg 7360 26.00 mobile telephone it contains 10 1.6Ah sub C batternies
N91 759 | su4aGB 10.00 | 65G7 3.00 | 7581A 15.00 (42x22dia the size usually used in cordless screwdrivers etc.)
E280/EZ81 gcg- w&ng 500 | 6SJ7 3.% ;gg ;g% the pack is new and unused and can be broken open quite
Z32 s Y 2.50 | eSsC 3 . =
G6Z33/37 1508 __,JJ 200 | esaT 500| Prices correct when easily - £7.46+vat = £8.77
KT61 1500 | 824G 6.00 | 6SN7GT 7.50 going 10 press Please add 1.66 + vat = £1.95 postage & packing per order
OPEN TO CALLERS MON-FRI 9AM-4PM. CLOSED SATURDAY JPG ELECTRONICS
This 1s a selection from our stock of over 6,000 types. Please enquire for types not listed. .
Obsolete items are our specnahty Valves are new mainly original British or American brands 276-278 Chatsworth Road, Chesterfield, S40 2BH. .
- Terms CWO/min otrtz:ler £10 for credl;:cards | Tel 01246 211202 Fax 01246 550959 Mastercard/Visa/Switch
S P&P 1-3 vaives £2.00. 4-5 valves £3.00 | . .
[ — Add 17.5% VAT (o total including P&P [ Callers welcome 9:30 a.m .to 5:30 p.m. Monday to Saturday
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This image
shows Energy
Related Devices’
methanol
powered fuel
cell.

Power for the

Sources of energy can have massive implications for all sectors of

life, from the environment to lifestyles, but one alternative energy

source is making waves. Chris Evans-Pughe looks at fuel cells

elve into the subject
of renewable energy
sources and you may
end up in a series of
windmill-strewn,
solar-panelled
alternative websites populated by
noble eco-types who apparently
have the patience to wait half a day
to cook dinner in a box of hay.
Someone should tell them about
pizza delivery... I'm kidding.
Alternative energy ideas are
great, but not suitable for most

everyday mass-market needs. But
surf a little further and you’ll find
fuel cells — probably the most
commercially promising renewable
energy technology, and one of
growing interest to the electronics
industry.

At the heavy-duty end of the
energy market, governments, utility
companies and car firms are
embracing fuel cell technology.
Their zeal is mainly due to pressure
to cut emissions prompted by
concerns about climate change.

The US Department of Energy
projects that if 10 per cent of cars in
the US were powered by fuel cells,
regulated air pollutants would be cut
by one million tons per year and
carbon dioxide by 60 million tons.

The companies developing fuel
cells for portable electronics
applications have different
motivations. They’re interested in
the technical advantages of a
significantly longer operating time
than today’s batteries, cheap fuel
and a re-fuel time of seconds.
According to Motorola Energy
Systems, fuel cells would be able to
power a mobile phone for over 30
days and keep a laptop running for
20 hours. Consequently, fuel cells
may be ideal for handling the
increased power needs of
multifunction mobile applications
such as 3G that will support video
and Internet surfing.

A fuel cell is a cross between an
engine and a battery. Like an
engine, a fuel cell will run as long
as fuel (hydrogen) is supplied. Like
a battery, it produces electricity by
electrochemical reactions.

A fuel cell comprises two
electrodes and an electrolyte.
Hydrogen is fed into the anode and
oxygen — or air — enters through the
cathode. Encouraged by a catalyst,
the hydrogen atom splits into a
proton and an electron, which take
different paths to the cathode. The
proton passes through the
electrolyte. The electrons create a
separate current that can be used
before they return to the cathode, to
be reunited with the hydrogen and
oxygen to form water.

The first fuel cell was built in
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1839 by a Welsh judge called Sir
William Grove, but the technology
wasn't really used until the sixties,
when the US space program chose
fuel cells for the Gemini and Apollo
spacecraft.

Nowadays there are many
varieties of fuel cell around. At the
high end are industrial systems
using phosphoric acid and molten
carbonate. At the very alternative
end are entertaining concepts such
as University of South Florida's
microbial fuel cell. This can be
powered by food, preferably meat
because of its higher energy
density. Within the fuel cell are
bacteria that speed the breakdown
of its food-fuel, releasing electrons
that charge a battery.

The systems of most interest for
electronics are proton exchange
membrane (PEM) - the technology
being used by firms such as Ballard
for cars — and direct methanol fuel
cells (DMFC). Both systems can
operate at relatively low
temperatures — from 40 to 80°C -
have high power densities and can
vary their output quickly to meet
shifts in power demand.

PEM systems include a fuel
reformer so they can use the
hydrogen from any hydrocarbon
fuel. DFMCs are less efficient but
have the advantage that the anode
catalyst draws the hydrogen directly
from methanol, eliminating the need
for a reformer.

Development work going on in
Los Alamos, New Mexico looks to
be the most significant for portable
applications. Companies including
Motorola Labs and recently
Mechanical Technology are working
with Los Alamos National
Laboratory to develop miniature
DMEFC devices to replace batteries
in laptop computers and mobile
phones.

Motorola’s fuel cells are two to
four years away from a market
launch, but the company says its
liquid methanol-powered cell will be
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able to last up to ten times longer
than existing rechargeable batteries.
Fuel cell powered cell phones could
be fuelled by a small methanol
reservoir about the size of an ink-pen
cartridge.

Energy Related Devices — ERD
for short — is another Los Alamos-
based firm working on miniature
DMFC:s for cell phone power
supplies. ERD’s micro fuel cell is
made with multiple layers of thin
films. The alcohol side of the film
contains a catalyst that breaks the
alcohol down into hydrogen ions and
carbon dioxide.

The firm says its fuel cells can be
made inexpensively using a printing
process similar to the manufacture of
ICs. It hopes to have production
prototypes this year.

ERD is funded by New York-
based Manhattan Scientifics that
also owns NovArs — a German
company in Passau developing
PEM fuel cells to provide small
external power supplies for
products such as DVD players and
laptop computers.

NovArs is also looking at
domestic appliance applications
and recently announced a joint
agreement with Electrolux to
develop an evaluation prototype of

a fuel cell powered domestic
vacuum cleaner.

The NovArs approach to fuel cell
design uses composite materials
and sealing technology to minimise
size and weight. According to
founder Dr Arthur Koschany, PEM
systems have an energy density of
nearly 100 times that of DMFCs
making them less bulky for higher
power applications.

Koschany sees two main
challenges to commercialising the
technology for electronics. The first
is price. The second is more
technical. “The price can be low
only if we can make them in high
enough quantities and this will
involve considerable investment,”
he says.

“Technically, we need a source
of hydrogen because compressed
gases are not appropriate for using
with electronics. We are
developing hydrogen generating
chemical hydrides for this purpose
and these then need to be integrated
into the fuel cell.”

NovArs plans to have a pilot
production line running in 2002 to
produce quantities in the order of
thousands. Full commercialisation
is three to four years away reckons
Koschany. ]

A PEM cell
uses a catalyst
to split
hydrogen into
H* ions and
electrons. They
recombine
with oxygen to
form water.
Diagram
courtesy of
Breakthrough
Technologies
Institute/Fuel
Cells 2000.
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The definitive biography of the
century’s godfather of invention-from
the pre-eminent Edison scholar "Israel’s
meticulous research and refusal to shy
away from the dodgier aspects of
Edison’s personality offers a fresh
glimpse into the life of the inventor."-
New Scientist

"Remarkable.”"- Nature

"An authoritative look into Edison’s
working methods, here leavened by
enough personal detail to give the
achievements shape."-Publishers
Weekly

“Israel’s book should go a long way
toward taking Edison out of the
shadows and placing him in the proper
light."-Atlanta Journal-Constitution

"Exhaustively researched, with strong
emphasis on Edison’s methods and
achievements."-Kirkus Reviews

The conventional story of Thomas
Edison reads more like myth than
history: With only three months of
formal education, a hardworking young
man overcomes the odds and becomes
one of the greatest inventors in history.
But the portrait that emerges from
Edison: A Life of Invention reveals a
man of genius and astonishing foresight
whose career was actually a product of
his fastchanging era. In this peerless
biography, Paul Israel exposes for the
first time the man behind the inventions,
expertly situating his subject within a
thoroughly realized portrait of a
burgeoning country on the brink of
massive change. Informed by Israel’s
unprecedented access to workshop
diaries, notebooks, letters, and more
than five million pages of archives, this
definitive biography brings fresh
insights to a singularly influential and
triumphant career in science.

N

Post your completed order form to:-
Jackie Lowe, Room L514, Quadrant House,
The Quadrant, Sutton, Surrey, SM2 5AS

Fax your completed order form to 020 8652 8111
UK Price: £15.00 Europe £17.00 ROW £19.00

Price includes delivery
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

HP8444A Tracking Generator ® 5-1300Mcys - £450.
HP8444A OPT 059 Tracking Gen & 5-1500Mc/s - £650.
HP35601A Spectrum Anz Interface - £300.

HP4953A Protocol Anz - 3400.

HP8970A Noise Figure Meter + 346B Noise Head - £3k.
HP8755A+B+C Scalar Network Anz Pl - £250 + MF 180C
Heads 11664 Extra - £150 each.

HP3709B Constellation ANZ £1,000.

FARNELL TVS70MKII 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.

Marconi TF2374 Zero Loss Probe - £200.

Racal/Dana 1250-1261 Universal Switch Controller +
200Mc/s Pt Cards and other types.

Racal/Dana 9303 True RMS Levelmeter + Head - £450.
TEKA6902A also A6302B Isolator - £300-£400.

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

HP Frequency comb generator type 8406 - £400.

HP Sweep Oscillators type 8630 A+B + plug-ins from
20Mc/s to 18GHz also 18-40GHz.

HP Network Analyser type 8407A + 8412A + 8601A -
100Kcis - 110Me/s - £500 - £1000.

HP 8410-A-B-C Network Anatyser 110Mc/s to 12 GHz or 18

GHz - plus most other units and displays used in thi
- 8411a-8412-8413-8414-8418-8740-8741-8742,

8650. From £1k.

Racal/Dana 9301A-3302 RF millivolt

stock £250-£400.
Racal/Dana Modulation Me:

- £
1.5GHz - £150/£250 - 'Q
Marconi Microw . Wainfram
6650P! - 18-26, | 5¥0GHz2-£7,
£600. MF_on

il

'manual - £150.
r EF3 0.1H2-100Ke/s
ther makes in stock.
9300 RMS voltmeter - £250.
torage normalizer - £400 with lead + S.

Racal/Dana counters-99904-9905-9906-991
9921-50Mc/s-3GHz - £100 - £400 - all fj

standards.

HPS370A Universal time interval counter - £1k.
18GHz - microwave parts new and ex - relays -
HP8405A Vector voltmeter - late colour - £400.
Anritsu MW37A Pulse E St .
1.35M - £500 + one P

HP180TR. HP181T, HP182T mainfr:
HP432A-435A or B-436, met
60GHz - £150 - £17' 9
HP3586A or C selecti m 0.
HP86222A+8B Sweep P + ATT £1000-£1250.
HP86290A+8 Sweep PI-
HP8620C Mainframe - £250. IEEE £350.

HP8165A Programmable signal source - IMHz - 50Mc/s -

£1k.

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

TEKTRONIX 577 Curve tracer + adaptors -

TEKTRONIX 1502/1503 TOR cable te: -

HP8699B Sweep Pl YIG oscillator .0 -

MF-£250. Both £500.

attenuators - switches - waveguides - Yigs - SMA - APC7

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
HP8508A Vector voltmeter - £2500.

LIGHT AND OPTICAL EQUIPMENT

Anritsu ML93A & Optical Lead Power -

Anritsu ML93B & Optical Lead Por -£

Power Sensors for above MA! Al

Pl available - MH914C 1. 3-MH9138 0.85 -
MH925A 1.3 - MH929A 1.5 1.3Gi - MH914C

1.35M - £500 + one PI.

Anritsu MW38A Time Domain Reflector.

Pi available - MH914C 1.3 - MH915B 1.3 - MH913B 0.85 -

Anritsu M2100A E/O Converter.

+ MG912B (LD 1.35) Light Source + MG928B (LD 0.85}
Light Source £350.
Anritsu MZ118A O/E Converter.
+MH922A 0.8 O/E unit + MH323 A1.3 O/E unit £350.

HP3455/3456A Digital voltmeter - £400.

Dummy Loads & Power attup to 2.5 up to
stock, all types to 400 amp - 100Kv.

Battery Pack MZ95A.

MHI25A 1.3 - MH929A 1.55 - MHI25A 1.3GI - MH914C
Anritsu ML96B Power Meter & Charger £450.

K 7000 -
$51-85;
al 4 ]
CK HP agd o
d ich whe 0
SiG8nierator doul ut
10 50-2600M;
SPE! UM A E
P Hz-50k 50.
al 0.2H2-25.5kHz —£1
Hz-

Ring for Latest Reduced Prices on this advert

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 OF150 Fibre Optic TOR - £750.

HP81512A Head 150MC'S 950-1700 £250.

MARCONI 2370 SPECTRUM AN
- DIGITAL STORAGE - 30Hz-110l
received from Gov « i
£100 for basic testi

pick your

five.

S - HIGH QUALITY
rge qty to clear as
complete or add
llers preferred -
- discount on qtys of

horizontal alloy cooling fins -

EY - vertical alloy cooling fins - £300.

K 465-465B 100MC'S + 2 probes - £250-£300.

LY
HP84801A Fibre Power Sensor 600-1200 £250. OD!
HP8158B ATT OPT 002+011 1300-1550 £300. DEL BROWN - as above (few only} - £500.
HP81519A RX DC-400MC'S 550-950 £250.
STC OFR10 Reflectometer ~ £250. SCILLOSCOPES
- £2

STC OFSK15 Machine jointing + eye m

MISCELLANEOUS ITEMS
HP 4261 LCR meter - £650.
HP 4274 FX LCR meter

HP 3488 Switch Coatr

+ cables
02A +

4
al

- £300

ONI 6950-6860B
ou
8 - £250-
COl NICATION RX -
ba@Mighting an

20.
-51-52-S3A-34.55-56-

Hz-1501
A 100H

Hz-21GHz OPT 1-2-3 -
P 50kH2-21GHz OPT 1-2-.

TEK492BP 50kH2-21GHz - £3,000-£4
TEK495 100kH2-1.8GHz - £2,000.
HP 8557A 0.01MC'S-350MC/S - £500 + MF180T or 180C -
£150 - 182T - £500.
HP 85588 0.01-1500MC/S - £750 - MF180T or 180C - £150 -
182T - £500.
HP 8559A 0.01-21GHz - £1,000 - MF180T or 180C - £150 -
182T - £500.
HP 8301A AM FM Modulation ANZ Meter - £800.
HP 8901B AM FM Modulation ANZ Meter - £1,750.
HP 8303A Audio Analyzer - £1,000.
HP 8303B Audio Analyzer - £1,500.

TEK 466 100MC'S storage + 2 probes - £200.
475-475A 200MC/S.250MC’S + 2 probes - £300-£350.

K 2213-2213A-2215-221 24-2225-2235-2236-2245-60-
es - £450.
2 es - £600.
prdbes - £750.

TE * probes - £500.
g robes - £550.

350MC/S - £1,550.
.$°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.
40A - 100MC'S + 2 probes - £250.
A - 100MC'S storage + 2 probes - £200.

igitizing - £1,000.

IAVE COUNTERS - ALL LED READOUT
1D Autohet 20H2-18GHz - £750.
1P 371 Micro Source Locking - 20H2-18GHz -
EIP 451 Micro Pulse Counter - 300MC'S-1

E Microwave Frequency Count:
Microwave Frequency
rowave Sou OC! 2 7 £1.2K.
Microwseg Buls IC'S-26.5GH2 -
£Y4K.

SD 605 Hz - SMA Socket - £800.
SD 60 o 2-18GHz - N Socket - £700.
605 0 er 800MCIS-18GHz - £600.
6246A Counter 20H2-26GHz - £1.2K.
44A MicTo Counter 20Mz-4.5GHz - £400.
3528 Micro Counter OPT 010-005-46GHz - new in box -

HP5340A Migro Co r 10Hz-18GHz - Nixey - £500.
Cou -18-24GHz - £800-£1K - OPTS
le.
rce Synchronizer - £1.5K.
11 Digit LED Readout - £400.

345A + 5355A Plugin with 5356A 18GHz Head - £1K.
5385A 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
HP8640A - AM-FM 0.5-512-1024MC/S - £200-£400.
P8640B - Phase locked - AM-FM-0.5-512-1024MC/S -
500-£1.2K. Opts 1-2-3 available.
HP8654A - B AM-FM 10MC'S-520MC'S - £300.
HP8656A SYN AM-FM 0.1-930MC'S - £900.
HP86568 SYN AM-FM 0.1-990MC'S - £1.5K.
HP8657A SYN AM-FM 0.1-1040MC'S - £2K.
HP8660C SYN AM-FM-PM-0.01-1300MC'S-2600MC/S - £2K.
HP8660D SYN AM-FM-PM-0.01-1300MC/S-2600MC/S - £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.
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-1.5-520MC,S - £400.
Racal/Dana 9084 SYN S/G AM-FM-PH-.001-104MC'S - £300.

SPECIAL OFFERS

MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS -
80KC/S-1040MC'S ~ 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 - 260 kHz c/w book - £250.

MARCONI 2383 S.ANZ 100Hz - 4.2 GHz. £2K
H.P RF AMP 8349A 2-20 GHz microwave. £2K.
H.P. RF AMP 8347A 100 kM2 - 3GHz £1,500.

H.P. 8922 radio communication test sets.

G - H - M. options various. £2,000 - £3,000 each.

H.P. 4193A VECTOR IMPEDANCE METER + probe kit. 400

kHz. To 110 ML/S. £3,500.

H.P. 83220A - E GMS UNITS for above. £1,000 - £1,500.
WAVETECK SCLUMBERGER 4031 RADIO
COMMUNICATION TEST SET. Internal Spectrum ANZ.
£1,800 - £2,000.

ANRITSU MS555A2 RADIO COMM ANZ. To 1000MC’S.
No C.R. tube in this model. £450.

TEK 2445A - 4CH - 150MLS SCOPE + New X1 + X10-
probe. Instruction book. £500 each.

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. (TEMS MARKED TESTED HAVE 30 0AY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS ANO SOCKETS-SYNCROS-TRANSMITTING ANO RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel: (01274) 684007. Fax: 651160

CIRCLE NO. 119 ON REPLY CARD




rUse this coupon to order your copy of-lI

‘I Pandora’s drums I

(I Please send me ....... CD(s) at £11.99 each
including VAT plus £1.50 carriage per order UK,
or £3.00 overseas for which | enclose:

Cheque d
Credit card details [ tick as appropriate
Name

Address

Phone number
Total amount B

Make cheques payable to Reed Business Information Group.
Or, please debit my credit card.

Card type (Master/Visa)
Card No
Expiry date

Please mail this coupon to Electronics World, together with
payment. Altematively fax credit card details with order on 0208
652 8111, Address orders and all correspondence relating to this
order to Pandora’s drums, Room 514, Electronics World,
Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.

-4

Availoble exdusively from
Electronics World

Amazing music

21 tracks — 72 minutes of
recordings made between
1900 and 1929. These
electronically derived
reproductions are no worse
than — and in many cases
better than — reproductions of
early 78rev/min recordings —
some are stunning...

All tracks on this CD were recorded
on DAT from cylinders produced in

P - J
a n d o ra S r u m S the early 1900s. Considering the age
' of the cylinders, and the recording

techniques available at the time, these

Unique and atmospheri¢ music recorded | tracksare of remarkable quality,

having been carefully replayed using
modern electronic technology by

in the early 1900s — the days before 78S. | nhistorian Joe Pengelly.

Track

1 Washington Post March, Band, 1909

2 Goed Old Summertime The American Quartet 1904

3 Mamage Bulls Bells & xylophone duet, Burckhardt & Daab
with orchestra, 1913

4. The Volunteer Organist, Peter Dawson, 1913

5. Dizlogue For Three. Flute, Oboe and Clarinet, 1913

6. The Toymaker s Dream. Foxtrot, vocal, B.A. Rolfe and his
orchestra, 1929

7 As | Sat Upon My Dear OM Nother's Knee, Will Oakland, 1913

8 Lignt As A Feather Bells solo, Charles Daab with orchestra,
1912

9 On Her Pic-Pic-Piccolo, Billy Williams, 1913

10 Polka Des English's. Artist unknown, 1900

11 Semebody s Coming To My House, Walter Van Brunt, 1913

12 Bonny Scotland Medley, Xylophone solo, Charles Daab with
orchestra, 1914
13 Duin’ the Raccoon, Billy Murray, 1929

14 Luce Wia' Francesco Daddi, 1913

15 The Olio Minstrel, 2nd part, 1913

16 Paq O My Heart. Walter Van Brunt, 1913

17 Aul Dam Mississippi. Johann Strauss orchestra, 1913

18 I'm Looking For A Sweetheart And | Think Youll Do. Ada
Jones & Billy Murray, 1913

19 intermezzo. Violin solo, Stroud Haxton, 1910

20 A Junniia. Abrego and Picazo, 1913

21 All Alone, Ada Jones, 1911

Total playing time 72.09

21 tracks - 72 minutes of music.
Published by Electronics World. All recordings reproduced by Joe Pengelly.
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64-tap pots with four
6-bit EZPROM registers

Xicor has introduced the X9421
and X9429 64-1ap. single
supply, non-volatile digital
potentiometer ICs. The devices
are for applications in which a
variable resistance value must
be maintained during the
system manufacturing process.
They have four 6-bit EEPROM
registers per potentiometer for
storage of tap settings and
system parameters. This lets the

system designer automatically
save resistance values during
power down and preset values
to suit system demands. The
X9421 communicates via a
serial port supporting the SPI
interface, while the X9429 uses
atwo-wire interface. Both
operate from a 2.7V single
supply voltage and each has
four non-volatile registers that
can be individually
programmed. Applications
include fibre optic modules. RF
amplifier biasing, LCD
brightness control. power
supply calibration, battery
operated applications and
vending machines. They can
recover their last position after a
power down cycle and suit
manufacturing applications that
use preset analogue system
values. Standby current is
200nA typical and SpA
maximum.

Xicor

Tel: 01993 700544
www.xicor.com

RF channel emulator
with modelling feature

Telecom Analysis Systemns has
added a dynamic channel
modelling feature to its 4500
Flex5 RF channel emulator.
Available from Sematron, the 3G
power-delay-profile emulation
mode can be programmed to
provide time-varying RF channel
profiles that let it meet and
exceed CDMA2000 and W-
CDMA test specifications. It
implements a dynamic, mobile
propagation environment for
time-sensitive algorithms such as
rake finger management and
wide band channel estimation. It
also implements moving-
propagation and birth-death
channel models in accordance
with 3G specifications. These
two classes of channel models
emulate the temporal variations
in the propagation channel by
changing delay spread
characteristics versus time. A
diversity technique lets the

receiver pick up multiple signal
paths over time and select the
strongest rather than the average.
which may be several decibels
less than the strongest. This is for
testing smart antennas that are
proposed for 3G networks where
up to four TAS4500 units can be
combined. It also provides the
ability to go beyond two-path
dynamic models by letting all its
paths be independently varied
over lime.

Sematron

Tel: 01256 81222
www.sematron.com

32-bit micros based on v850E Risc architecture

NEC has introduced 32-bit microcontrollers based on V850E Risc
architecture with programmable CAN gateway engines. The Atomic
and Cargate devices have a hardware-based CAN that lets them serve
as gateways for communication between networks within the vehicle.
This function lets them manage multiple tasks simultaneously from up
to five automotive networks, such as the power train, navigation system
or comfort control system. By implementing the CAN bridge in
hardware. the microcontroller relieves the CPU of routine tasks. such as
data transfer from one message buffer to another. Time triggered
functionality lets signals be delivered based on time slots rather than
arbitrary external events. Time out monitoring lets the microcontrollers
anticipate the receipt of critical messages in a defined time frame. For
example, an air bag system can be programmed to communicate with
the microcontroller regularly. and then the microcontroller will
investigate if no message is received. The Atomic controller supports
three CAN interfaces and includes 256kbit on chip ROM and
peripherals such as LCD controller. 12 channel A/D converter and
various 16 and 32-bit timers. The Cargate has 128kbit ROM and
supports five CAN interfaces. Flash memory versions of both are also
available to support secure self-programming of the memory.

NEC Electronics

Tel: 01908 691133

www.nec.com

May 2001 ELECTRONICS WORLD 367



NEW PRODUCTS
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Solid-state relays for
DC switching

Crydom has introduced its
D06D chassis-mounting solid-
state relays for DC switching
applications. Rated at up to
100A DC at up to 60V DC, the
devices are for DC motor
control, solenoid switching, DC
lamp switching and battery
isolation. They can be operated
by an input of 3.2 to 32V DC.
typically drawing 10mA.
Mosfet output technology
provides on-state resistance of
10mQ or less at full rated
current, and simplifies
parallelling of devices.
Dielectric strength at 60Hz is
2.5kV rms and minimum
insulation resistance at 500V
DC is 1000MQ. Maximum
input-output capacitance is
50pF. They can operate in harsh
environments regardless of
orientation and there are no
moving parts. UL and CSA
approved. they are supplied in a
panel-mount package weighing
87g.

Crydom

Tel: 01202 857300
www.crydom.com

Digital baseband for
Eureka DAB radios

Texas Instruments has unveiled
a reference design and single-
chip digital baseband for
Eureka DAB radios to help
make products such as
integrated digital radios and
Internet audio players for
automotive, portable and home
applications. The
TMS320DRE200 digital
baseband includes
programmable DSP technology
and Radioscape software. The
reference design contains
components necessary to design
a receiver including the
DRE200 baseband. analogue
parts and RF circuitry. The
baseband consumes less than
200mW. The software lets users
add applications on top of the
baseband. such as integrating
MP3 decoding with digital
radio on one chip.

Texas Instruments

Tel: 01604 663000

www.ti.com

Power relay module is
customisable

A power relay module that can
be customised for automotive
requirements has been
introduced by Tyco Electronics.
Applications include power
windows. fuel pumps, power
sunroofs. wiper control, vehicle
lighting and cooling fans. With
a footprint of 26.2 by 26.2mm
and a height of 25.2mm. the
F4/7 can be supplied with
plug-in terminals positioned to
ISO7558 or terminals
preprepared for soldering to an
integrated PCB. Terminals one,
two, six. seven, eight and nine

Two feed signal splitter

The Faraday passive splitter provides two SDI or
AES feeds from one source. For short runs of cable.
it can replace digital distribution amplifiers. From a
good SDI signal source it will support up to about
40m ot Belden 8281 cable. Typical uses are in
small studios. edit suites and multiple displays in
offices. The device is fitted with BNC connectors
and does not require a power supply. It may be
hung on the cable or. where multiple units are
required. fitted into a 1U high 19in rack. which can

be supplied.

Faraday Technology
Tel: 01782 661501
www.faradaytech.co.uk

are optional. while terminals
three, four and five are fixed.
Pin assignment is according to
1SO7880. Limiting continuous
current is up to 70A at 23°C or
50A at 85°C. Nominal voltages
are 12 and 24V, a 24V version
with a contact gap more than
0.8mm can be supplied.
Nominal unsuppressed power
consumption is 1.6W at the
nominal voltage. typical
operating time 7ms and release
time 2ms.

Tyco Electronics

Tel: 08706 080 208

www. tycoelectronics.com

Inlet filters rated at 16
and 20A

Schaffner EMC has introduced
EN9222 IEC inlet filters rated
at 16 and 20A for applications
from industrial machinery to
vending machines. They use the
IEC320C20 connector and are
safety rated for IEC950
applications. Other approvals
include VDE. UL, CSA and
Semko. The 20A version has
dual 0.4mH inductors. with
twin Y capacitors on the load
side and one X capacitor on the
line side.

Schaffner

Tel: 0118 977 0070
www.schaffner.com

Electrolytics come in
laminated cases

The RU electrolytic capacitors
from Nichicon come in
laminated cases and have
operating temperatures of —40
o +85°C at 6.3 to 400V and
—25 to +85°C at 450V. Working
voltage is 6.3 to 450V,
capacitance 6.8 to 6800pF,

tolerance 20 per cent and
allowable ripple 190 to 930mA
depending on capacitance and
working voltage. The radial
lead capacitors measure 12.5 or
25mm diameter by 12.5mm
high and are available with
trimmed or formed leads.
Nichicon

Tel: 01276 685531
www.nichicon-us.com

USB connectors take an
eighth of the space

The Mini-BTM USB
connectors from Molex take up
about an eighth the space of
standard USB-B connectors.
They are for portable
applications such as digital
cameras, cell phones and PDAs
and comply with USB 2.0,
which enables speeds up to
480Mbit/s. The design includes
five circuits, with one reserved
for future use. Features of the
0.8mm pitch unit include metal
shielding and grounding fingers
for EMI protection and a lock
for secure mating. The

connector is rated at 30V and
1.0A. There are through-hole
and surface-mount versions.
both with an above-board
height of 3.95mm. The SMT
version includes four solder
tabs for PCB retention, and is
available with cover tape for
pick-and-place equipment. The
cable plug has a standard length
of 1.0m in Mini-B-t0-USB-A
construction, with other lengths
available. The plug side can be
ordered as a tested cable
assembly or plug component
kit.

Molex

Tel: 01252 720751
www.molex.com
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SM capacitors extend to
100V DC rating

The VS surface mount
aluminium electrolytic
capacitors from Panasonic have
capacitance values from 0.1 to
1500pF. Rated working voitage
options are 4, 6.3, 10, 16, 25, 35.
50. 63 and 100V DC. Case
diameters are 10mm for the
highest capacitance parts, falling
to 3mm for devices with lower
values. All capacitors with case
diameters of 6.3mm or lower
have heights of 5.4mm, while
the maximum board mounting
height is 10.2mm. For operation

between —40 and +85°C., they
have maximum DC leakage
currents between 3 and 6pA and
ripple currents at 120Hz and
85°C are ImA rms for 0.1pF
devices and 700mA rms for the
1500pF parts.

Panasonic Industrial

Tel: 01344 853667
www.piel.co.uk

SBC for Pentium Iil or
Celeron applications

The Robo 678 single board
computer from Portwell
provides Intel Celeron or
Pentium III processing power
up to 600 or 850MHz

Rectifier is efficient to 86 per cent

International Rectifier has introduced
topology-specific Hexfet power Mosfets for
isolated and buck DC-to-DC converters. As
DC-to-DC converter output voltages approach
1V, the Mosfets increase etficiency by up to one
per cent. The 100V IRF7473 in an SO-8
package is for the primary stage of two-stage
isolated converters with 48V input. 1.6V output
at 60A. Peak efficiency ratings up to 90 per
cent can be achieved when it is matched with
the IRF7822 synchronous rectification Mosfet.
The IRF7473 can also be used in a full bridge
configuration. The 40V Mosfets in SO-8
packages work with a 28V bus in notebook

FULL BRIDGE
HALF BRIDGE

555§

SINGLE FORWARD
TWO STAGE ISOLATED
SYNC BUCK, SINGLE PHASE

respectively. It supports up to
512Mbyte of SDram and is
based on the Intel 815E chipset.
Onboard features include dual
10/100baseT Ethernet, FSB up
to 133MHz and an integrated
3D graphic controller with
DVMT and 4Mbyte display
cache. It is PICMG compliant
and has two UDMA dma 33, 66
or 100 IDE ports, one disk-on-
chip socket that supports up to
288Mbyte of flash memory and
a PCI connector for expansion.
An optional Ultra-160 SCSI

daughter board is available.
Built in system monitoring and
a watchdog timer are included.
Portwell

Tel: 01202 813816
www.portwell.co.uk

Micro reset circuit is
radiation-hardened

Intersil has introduced a
radiation-hardened power-up
microprocessor reset circuit. The
Star Power ISTOSRH can
monitor power supply voltage
levels and interface with satellite
control units to ensure proper
device operation during power-
up. It sends a reset pulse to the
microprocessor when the supply
reaches a nominal operating
voltage of 4.65V. This prevents
code execution errors that occur
when signals are present on
microprocessor inputs during
power-up. Features include a
watchdog circuit that verifies
proper reset has occurred and
power-fail circuit for monitoring
other supply voltages. Single

computers. There is a choice between two
control parts, the IRF7468 and IRF7469, and
two synchronous Mosfets. the IRF7470 and
IRF7471. Synchronous buck topologies using
the IRW7468 and IRF7470 reach an efficiency
of 82 per cent in 28V input, 1.3V output
converters running at 300kHz. Four additional
Mosfets (IRF7453. IRF7450. IRF7451 and
IRF5801) have reduced on-resistance and gate
charge and are for 48V input. active and
passive reset. primary-side isolated DC/DC
converters below 30W.

International Rectifier

Tel: 0208 645 8003

event latch-up immunity is to
83MeV/(mg/cm?) and single
event upset capability is
38MeV/(mg/cm?). It is available
in an eight-lead flatpack
package, either as QML class V
or Q.

Intersil

Tel: 01344 350250
www.intersil.com

Simulator software for
high-speed networking

Ansoft has announced version
8.0 of its HFSS structure
simulator software. It is a
full-wave finite element
electromagnetic simulator that
lets engineers design three-
dimensional structures such as
connectors, IC packages and
antennas in cellular telephones,
broadband communications
systems and microwave circuits.
Models can be generated for
physical layer transient
simulations of Gigabit Ethernet
IC packages, boards and
connectors. optoelectronic
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devices for broadband fibre
modulators, receivers and
routers, and electronic devices
for signal conversion in hybrid
fibre-coaxial systems. With the
full-wave Spice add-on module.
users can generate frequency-
dependent Spice models
automatically from full-wave
electromagnetic field
simulation.

Ansoft

Tel: 0208 891 6106
www.ansoft.com

Wafer-scale package
saves on space

The USP-6 plastic moulded
package from Torex is about
two-thirds the size of an SOT-25
package. Doing away with the
conventional lead frame, it
measures 1.8 by 2.0 by 0.65mm
and has a 0.5mm pin pitch.
Torex Semiconductor

Tel: 01509 211992
www.lorex.co.jp

VDSL filters in a
single package

APC’s APC77110 and
APC77112 are integrated
hybrid filters for use with
VDSL and 10baseS
applications. Compatible with
the Infineon PEB22810, 2281 1
and 22812 chipset. the
components combine common
mode choke, hybrid and
transmit and receive filters.
Samples are available to let
users evaluate central office and
user modem designs and for
field trials. A Pots ISDN low
pass filter (APC77101) is
available to support designs
using either product. In system
tests over category five cable,
the components connected at a
symmetric data rate of 12Mbit/s
to a distance of 1.2km,
supporting telephony
applications.

APC

Tel: 01634 290588
WWW.apc-pic.co.uk

Op-amp operates on
supplies down to 2.5V

Linear Technology has
introduced the LT 1807 dual
3.5nV/NHz, rail-to-rail single
supply amplifier. Gain
bandwidth product is 325MHz
and THD -80dBc at SMHz.
Input common mode range
includes both rails. The output
stage swings within 12mV of
each rail for supplies down to
2.5V. Maximum offset voltage
is less than 0.5mV, CMRR is
106dB and signal voltage gain
300V/mV. Applications include
broadband digital
communications, data
acquisition and video. Slew rate
is 140V/ps, supply range 2.5 to
12.6V and output current
85mA. For operation over the
industrial and commercial
temperature ranges, it is
available in eight-pin SOIC and
MSOP packages.

Linear Technology

Tel: 01276 677676
www.ansoft.com

CCD products have
325MHz bandwidth

Marconi is launching products
based on its L3Vision CCD
technology, including scientific
sensors, modules, digital and
analogue cameras and camera
subassemblies. Applications
include night surveillance,
industrial monitoring, dynamic
bio-sciences. machine vision
and astronomy. The sensors use
an output amplifier circuit to
improve vision at low light
levels. Scientific and TV rate
sensor formats, including 512
and 1024 pixels, are being
developed. Drive circuitry
comes in two compatible
formats. The HV clock module
provides all the inputs required

for driving the sensors. A
camera control module consists
of a buffer and bias board with
a video logic board and
interfaces directly with the HV
clock module allowing
complete control of the CCD
sensor. The camera
subassembly is a circuit
assembly where there is no case
or lens mount. The incident
light is converted directly into
signal electrons and read out
through a port at normal video
frame rates allowing customer
control of functional modes.
Marconi

Tel: 01245 493493
www.marconitech.com

Muitiplexer IC with three
DS3 framers

Vitesse Semiconductor has
introduced the Timestream
VSC9675 IC with three
integrated DS3 framers, M13
multiplexers and 84 T1 and Jt

framers. Applications in the
access and switching
infrastructure include access
concentrators, routers, and
switches. It supports a
combination of channelised and
unchannelised DS3 signals.
Supported channelised formats
include M23 and C-bit mode
and supported T and J1
formats include SF and ESF.
Features include performance
monitoring and diagnostics such
as network and local loopback.
It is packaged in a 304-pin
HBGA with power dissipations
of 1.0, 1.5 or 2.0W.

Vitesse

Tel: 001 805 388 3700
www.vitesse.com

Accelerometer cuts
monitoring costs

Endevco has introduced the
Piezopak 56 accelerometer for
commercial and industrial OEM
engineering. The device is

— s

PC/104 board with

Elan-400 CPU

The PC/104 Microspace MSM4865V module from

Digital-Logic is an embedded board based on an AMD 66MHz
Elan-400 486SX CPU. Standard interfaces include a PS/2
keyboard, mouse, printer, floppy disk drive, EIDE hard disc
and four com ports. A clock-controlied 5 10 3.3V DC-to-DC
converter has more than 90% efficiency. Power saving
functions make it possible to control power consumption in the
50 to 710mA range. It operates within a temperature range of
-25 to +70°C and does not require active cooling. A version
for 40 to +85°C is also available. Dram can be extended from
4 to 32Mbyte. Two flash technologies are available — program
memory with capacities of 0.5 to 8Mbyte with a flash file
system or an IDE hard disk-compatible flash drive that can be
directly attached to the module. Features include an eight by
16 key matrix decoder. watchdog and EZ2PROM for saving the
setup settings. Graphics support is provided by a Chips &
Technologies 65548 and 65550 SVGA controller with 1 Mbyte
of video memory.

Digital Logic

Tel: 00 41 32 681 5800

www.digitalogic.com

370

ELECTRONICS WORLD May 2001



i

RANC

| Too good
for words

LA AKX XN 2
y

The New Ranger

XL Series

Ranger 2 for Windows £60
NEW Ranger 2XL £500
NEW Ranger XL from £950
FREE Website Download Demo

_SEETRAX

— — - - -

Advanced Systems & Technology for PCB Manutacturers

Old Buriton Lime Works. Buriton. Petersticld, Hants. UK GU31 58J
Tel: (44) 01730 260062 Fax: (44) 01730 267273

CIRCLE NO.120 ON REPLY CARD

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

General purpose professional reception 4kHz-30MHz.
—10dB gain, field strength in volts/metre to 50 Ohms.

Preselector and attenuators altow full dynamic range to |

be realised on practical receivers and spectrum
analysers.

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

Broadcast Monitor Receiver 150kHz-30MHz. =

Frequency Shifters for Howl Reduction = Stereo Variable
Emphasis Limiter 3 * PPM10 In-vision PPM and chart

recorder » Twin PPM Rack and Box Units. * PPM5 |

hybrid, PPM9 microprocessor and PPM8 IEC/DIN
—50/+6dB drives and meter movements
SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh GU6 7BG
Telephone: 01483 275997 Fax: 01483 276477
! - 1
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FRUSTRATED!

Looking for ICs TRANSISTORS 21}
A phone call to us could get a Gt
result. We offer an extensive
range and with a World-wide
database at our fingertips, we are able
to source even more. We specialise in
devices with the following prefix
(1o name but a few).

2N 2SA 2SB 25C 2SD 2P 2S] 2SK 3N 35K 4N 6N 17 40 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF
BFR BFS BFT BFW BFX BFY BLY BLX BS BR BRX BRY BS
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CD DX CXA DAC DG DM DS
DTA DTC GL GM HA HCF HD HEF ICL ICM IRF ] KA
KIALLA LB LCLD LF LM M M5M MA MAB MAX MB
MC MDA ] MJE MJF MM MN MPS MPSA MPSH MPSU
MRF NJM NE OM OP PA PAL PIC PN RC S SAA SAB
SAD SAJ SAS SDA SG SI SL SN SO STA STK STR STRD
STRM STRS SV1 T TA TAA TAG TBA TC TCA TDA TDB
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN
ZTX + many others

We can also offer equivalents (at customers’ risk).

We also stock a full range of other electronic components.
Mail, phone, Fax, Credit Card orders & callers welcome.

I
S

Cricklewood Electronics Ltd
40-42 Cricklewood Broadway, London NW2 3ET
Tel:020 8452 0161 Fax: 020 8208 1441

CIRCLE NO.121 ON REPLY CARD
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sealed against environmental
contamination. shielded, ground
isolated and configured with
five solder pads for power and
signal connection. It measures
20.3 by 15.2 by 5.3mm and can
be packaged in custom
housings. The model is powered
by 2 to 10mA constant current,
requiring a compliance voltage
of +10to +20V DC.
Sensitivities of 10 and 100mV/g
are available providing full-
scale measurement ranges of
200 and 20g respectively. An
optional temperature sensor
with a linear output of 10mV/°C
is available, requiring a separate
supply from 4.5 to [0V DC.
Endevco

Tel: 01438 739020
www.endevco.com

Packet processing
engine for comms

Blue Wave Systems has
extended its family of
Comstruct communications
processing building blocks with
a packet processing hardware
platform. The CPCL/C5441
provides OEMs with up to 672
channels, each of which can
provide compressed voice or
fax relay over IP or ATM, in a
CompactPCI slot. It provides
telecoms equipment makers
with a plattorm for applications
such as softswitches and IP-
enabled services for wireline
and 3G wireless networks. It
uses the programmable
TMS320VC5441 DSP from
Texas Instruments and Telogy
Software. The ATM interface
makes the device a suitable
building block for developing
and deploying voice over ATM
for DSL applications in the
local loop. The device provides
direct termination of multiple
T1,El. T3 and E3 and can use
the H.110 interface for in-
chassis call distribution and to

Firewire controller with

debug indicators

From BVM is the PMC-FW2 three-port PMC
Firewire controller module. Using the Texas
TSB12LV26 IEEE 1394 OHCI compliant host
controller and the TSB41AB3 three-port
transceiver and arbiter. the module complies with
IEEE 1394a-2000. LED indicators for cable
connected, transmit and receive, and throughput
speed are on the back of the module. The
module supplies cable power from an on-board
converter powered from the host processor’s
+12V line. sufficient to power up the remote
phy ICs on powered-off modules. It enables a
hot swap plug-and-play capability for the
attached peripherals. allowing. for instance. a
faulty hard drive to be swapped out without
powering down the host system. Each front
panel mounted independent port supports
transfer speeds of 100, 200 or 400Mbits/s,
providing an interface from industrial
workstations or servers to mass storage devices,
video equipment. scanners and other equipment.

BVM
Tel: 01489 780144
www.bvmitd.co.uk

support external line
termination. such as OC/3.
Features include HA drivers, an
IPMI interface. SNMP
management interface and hot
swap capability. A redundant
100baseT Ethernet interface
gives the board a multipath
redundant architecture. It will
initially run under the Solaris
2.8 64-bit operating system and
Linux.

Blue Wave

Tel: 01509 654444
www.bluews.com

Ceramic capacitors
have no polarity
Flint’s Mega Cap ceramic
capacitors in the TDK CGK

series have no polarity. so can
be mounted in either direction.

There are two case sizes —

model 57D measures 5.5 by 5.5
by 7.0mm and model 45D 5.5
by 5.5 by 6.0mm. They can
absorb stress from thermal and
mechanical shocks even on
metal substrates such as
aluminium. Applications
include smoothing circuits,
temperature variable systems.
maintenance free power
supplies, vehicles and DC to
DC converters. The YSU and
X7R models are constructed
from slightly different materials
to provide ratings of 16 to 100V
and 16 to 630V respectively.
Flint

Tel: 01530 510333
www.flint.co.uk

High-speed matched
impedance interfaces

Samtec can supply surface
mount, micro pitch interfaces
for matched impedance
applications. Options include
edge-mount designs and
elevated designs with 16. 19
and 22mm board spacings.
These interfaces in the QTE
series terminate on 0.8mm pitch
and have an integral ground
plane. From 40 to 200 I/Os are
available. They are tested for 50
and 70Q2 systems for
impedance, VSWR, attenuation,

crosstalk. propagation delay and
rise time at frequencies from
10MHz to 1GHz.

Samtec

Tel: 01236 739292
www.samtec.com

Enclosure houses Umeb4x
open system architecture

A VMEG64x compatible 19in
subrack is being introduced by
Schroff. The unit has built in
EMC shielding and an
integrated chassis monitoring
module to control system
parameters. Applications
include industrial automation,
measurement and control.
Integrated modules provide
power, thermal management
and system monitoring. The
1kW DC power supply tray
plugs directly into the
backplane from the rear and can
be installed and removed using
IET handles. Two fan trays that
are accessed from the front of
the subrack each give 500m3/hr
airflow. Thermal management
includes speed control and
failure supervision. The 6U
high boards fitted from the front
of the enclosure plug into a 7U
high backplane that uses SMT
technology to provide 21 slots.
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Visit our website
www.distel.co.uk

Converts your colour monitor into a QUALITY COLOUR TVt

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE *

The TELEBOX is an attractive fully cased mains powered unit, containing al
electronics ready to plug nto a host of video monitors of AV equipment whch
are fited with a composite video or SCART input. The compostte video output
wil also piug directly into most video recorders, alowng of TV chan-
nels not normally receivabie on most television receivers* (TELEBOX
MB). Push button controls on the front panel aliow reception of 8 fully tuneable
‘off ar’ UHF colour television channets. TELEBOX MB covers virtually all telev-
sion frequencies VHF and UHF including the HYPERBAND as used by
most cable TV operators. kieal for desktop computer video systems & PIP
(pmnnpuure)setwsFovcomplsteoompaﬂﬂy - @ven for moniors without

sound - an ntegral 4 watt audio ampifier and low level Hi F audio output are
provided as standard. Brand new - fully guaranteed

TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95

For overseas PAL versions state 5.5 or 6 mHz sound specitication.
*For cable / hyperband signal reception Telebox MB should be con-
nected tg a cable type service. Shipping on all Telebox's, cade (B)

State of the art PAL (UK specLUHF TV tuner module
® with composite IVFD video & NICAM hi fi stereo sound
3 P outputs. Micro electronics all on one small PCB only 73 x 160
#x 52 mm enable full tuning control via a simple 3 wire link to an
{BM pc type computer. Supplied complete with simple working pro-
gram and documentation. Requires +12V & + 5V DC to operate.

BRAND NEW - Order as MYO00. Only £49.95 code (B)

See www.distel.co.uk/data_my00.htm for picture + fuli details

FLOPPY DISK DRIVES 212" - 8"

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. distel.co.uk for over 2000 unlisted drives for spares or repair.

£25.95(B
€18.95(B
£€18.95(B

3%" Mitsublshi MF355C-L. 1.4 Meg. Laptops onty
3%* Mitsublshi MF355C-D. 1.4 Meg. Non laptop

5% Teac FD-55GFR 1.2 Meg (for | M pc's) RFE

5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B
5%" BRAND NEW Mitsubishi MF501B 360K £22.95(B
Table top case with integral PSU for HH 5% Floppy / HD £29.95(B
8" Shugart 800/801 8" SS refurbished & tested £210.00(E
8" Shugart 810 8° SS HH Brand New £195.00(E
8" Shugart 851 8" double sided refurbished & tested £260.00(E)
8" Mitsubishi M2894-63 double sided NEW £295.00(E)
8° Mitsubishi M2896-63-02U DS slimline NEW £295. 00:5;
Dual 8" cased drives with integral power supply 2 Mb £499.00(E

HARD DISK DRIVES 212" - 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%" TOSHIBAMK6409MAV 5.1Gb laptop (12.7 mm H} New€190.00
2%" to 3%" conversion kit fcr Pc's, complete with connectors £14.95
3" FUJI FK-309-26 20mb MFM I/F RFE £59.95
3%" CONNER CP3024 29 mb IDE I/F (or equiv.) RFE £59.95
3%* CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00
3%* QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £€49.00
5% MINISCRIBE 3425 20mb MFM {/F (or equiv.} RFE £€49.95
5%" SEAGATE ST-238R 30 mb RLL VF Returb £69.95
5%* CDC 94205-51 40mb HH MFM |/F RFE tested £69.95
5%" HP 97548 850 Mb SCS| RFE tested £99.00
5% HP C3010 2 Gbyte SCS! differential RFE tested £€195.00
8" NEC D2246 85 Mb SMD interface. New £199.00
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 (CT)

ES

MITS. 4 FA3445ETKL 14" Industrial spec SVGA monitors €245
FARNELL 0-60V DC @ 50 Amps, bench Power Suppiies £995
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy £1850
1kW to 400 kW - 400 Hz 3 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
1BM MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
ALLGON 8360.11805-1880 MHz hybrid power combiners £250
Trend DSA 274 Data Analyser with G703(2M) 64 Vo £POA
Marconl 6310 Programmable 2 to 22 GHz sweep generator £6500
Marconi 2022C 10KHz-1GHz RF signal generator £1550

Marconl 2030 opt 03 10KHz-1.3 GHz signal generator,New
HP16508B Logic Analyser €

HP3781A Pattern generator & HP3782A Ermor 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
HPB8130A opt 020 300 MHz pulse generator, GPIB etc £7900
HP A1, A0 8 pen HPGL high speed drum plotters - from £550
HP DRAFTMASTER 18 pen hlgh speed plotter £750
EG+G Brookdeal 95035C Precision 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, 8Mb Ram £945
Slemens K4400 64Kb to 140Mb demux analyser £2950

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

THE AMAZING TELEBOX IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

10,000,000 items EX STOCK

For MAJOR SA VINGS

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

&

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monitor with fine
__ 0.28 dot pch tube and resolution of 1024 x 768. A

, variety of nputs allows connecton to a host of
s ors

modes,
ARCHMEDES and APPLE. Man

facepiate, text swiching and LOW RADIATION MPR
spectfication. Fully guaranteed, n EXCELLENT Iitle

used condition.

Order as
Titt & Swivel Base £4.75 Only £119
VGA cable for IBM PC included. y ©® MITS-SVGA
External cables for other types of computers available - CALL

comput
18M PC's n CGA EGA VGA & SVGA
, COMMOCORE (inchuding Amiga 1200),
features: Etched

Ex demo 17° 0.28 SVGA Mitsubishi Diamond Pro
monitors, Full multisync etc.

Full 90 day guarantee. Only £199.00 (E)

EQUIPMENT & SPECIAL INTEREST ITEMS

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

PHILIPS HCS35 (same szle 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.
Wilt connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High aualny with many features such as
ho:(; concealed'ﬂlap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed

Dimensions: W14" x H12%" \g‘SV:' only 29900 (E)
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
mny tested & guaranteed (possible minor screen bums). In aftrac-
tive square black plastic case measuring W10* x H10" x 13%" D.

240 V AC mains powered. on|y £79.00 )

KME 10” 15M10009 high definition colour monitors with 0.28° dot
pitch. Superb clarity and modern styling.
Operates from ag 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 condttion. Only £125 )
20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Attractive
teak style case. Perlect for Schools, Shops, Disco, Clubs, etc.In
EXCELLENT littie used condition with full 90 day guarantee.

20"...£135 22"...£155 26"....£185(p

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

DC POWER SUPPLIES

Virtually every type of power
supply you can imagine.Over
10,000 Power Supplies Ex Stock
Call or see our web site.

HP6030A 0-200V DC @ 17 Amps bench power supply €£1950
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure contro! 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
Fulitsu M3041R 600 LPM high speed band printer £1950
Fujitsu M3041D 600 LPM printer with network interface £€1250
Perkin Eimer 2998 Infrared spectrophotometer £500
Perkin Eimer 597 Infrared spectrophotometer £3500
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250
LightBand 60 output high spec 2u rack mount Video VDA's €495
Sekonlc SD 150H 18 channel digital Hybnd chart recorder £1995
B&K 2633 Microphone pre amp £300
Taylor Hobson Tallysurt amplifier / recorder €750
ADC $5200 Carbon dioxide gas detector / monitor £€1450
BBC AM20/3 PPM Meter (Emest Tumer) + drive electronics €75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650

ANRITSU MS3001B1 0.6-1.7 uM optical spectrum analyser EPOA
ANRITSU ML93A 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 digtal reaftime + colour display etc  £5100
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950
PHILIPS PW1730/10 60KV XRAY generalov & 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 qualné 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockabie half louvered back door
and louvered removable side panels. Fully
adjustable intemal 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 versatiie we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays.

Overall dimensions are: 77%" H x 32%" 8 x22° W. Order as:

OPT Rack 1 Complele with removable side panels. L‘MS 00 (G)
OPT Rack ess side panels 00/G!

(0]/-14 1000 racks, shelves, accessorles
19" 22" & 24" wide 3to 46 U hlgh
Available from stock !!

32U - High Quality - All steel RakCab

Made by Eurocratt Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable _
side, front and back doors. Front and back doors ave/(/-/k

hlnged for easy access and all are lockable with N
Az

I
reesterreererierice 4

five secure 5 lever barrel iocks. 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. Internally the rack
features tully siotted reinforced vertical fixing §!
members to take the heavlest of 19” rack
equipment. The two movable vertical fixing struts
(enras avallable) are rre punched for standard
‘cage nuts’. A mains distribution panel intemal-
ly mounted to the bottom rear, prowdes 8xIEC3 i}
pin Euro sockets and 1 x 13 amp 3 pin switched < b
utitity socket. Overall ventilation is provided by R v
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 inciude: fited
castors and floor levelers, 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 Il

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

12V BATTERY SCOOP - 60% off I!

A special bulk purchase from a cancelled export order brings you
the most amazing savings on these ultra high spec 12v DC 14 Ah
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15
featuring pure iead plates which offer a far superior sheu & guaran-
teed 15 KJ ar service lite. Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.

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

sachQur Price £35 each (, or 4 for £99

RELAYS - 200,000 FROM STOCK

Save ££££'s by choosini’your next rela g from 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 from
stock. Save ££££'s

COLOUR CCD CAMERAS

Undoubledlga miracle of modern technology &
our special buying power ! A quality product fea-
turing a fully cased COLOUR CCD camera at a €
give away price ! Unit features full auloln?hl sensing for

use in low light & high IIgm
applications. A 10 mm fixed focus
wide angle lens gives excellent focus
and resolution from close up to |on?
range. The composite video output will
¢ connect to any composite monttor or TV
& (via SCART socket) and most video
recorders. Unit runs from 12V DC so
-deal for security & portable appllca-
“ tions where mains power not avatlable.
Overall dmensions 66 mm wide x 117 deep x 43 high. Supplied
BRAND NEW & fully guaranteed with user data, 100's of applica-
tions including Security, Home Video, Web TV, Web Cams etc, etc.

webrel =LK33  ONLY £99.00 or 2 for £180.00 (s

SOFTWARE SPECIALS
NT4 WorkStation, complete with service pack 3
and licence - OEM packaged ONLY £89.00 (s
ENCARTA 95 - COROM, Not the latest - but at this price ! £7.95
DOS 5.0 on 3%" disks with concise books ¢/w QBasic . £14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks  £55.00
Wordperfect 6 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

DIST EL on the web 11 - Over 16,000,000 items from stock - www.distel.co.uk

- ELELTRONICS -
s |0 | i $3 |22

Universties and Local

YEARS

Ol ALL MAIL TO

® oo’ | Dept ww, 29/35 Osborne Rd
8! Thornton Heath

* Surrey CR7 8PD
Open Mon - Fri 9.00 - $:30

(B)=£5.50, (C)=£8.50, (C1)£1250 {D)=£15.00, (E)=£18.00, (F)=€2000 (GE=CALL
of Sale and unless stated guaranteed for 90 days. Al
1o stock. Discounts for volume. Top CASH pnces paid

LONDON SHOP

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

N.Thornton Heath &
Selhurst Park SR Rall Stations

AJIpmes(orU(ManLand UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona
nt order £50.

ies - mnimum account

CIRCLE NO. 122 ON REPLY CARD

P’ DISTELO

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

8as on a retum to base bass. Al rights reserved to
surplus goods. All trademarks, tradenames etc

ALL T ENQUIRIES

0208 653 3333

FAX 0208 653 8888

e account orders accepted from Govemment, Schools,
. Cheques over £100 are subject 1o 10 working days clearance. Camiage charges (A)=£3.00, (A1)=£4.00,
supphkad 1o our Standard Conditions

Allow approx 6 days for shipping - faster CALL. Al

prnes/s:ecﬂmmm?mprunonca&derssmpa
| © Display Electronics 1999. E & OE. 07/99.



EW PRODUCTS
Please quote Electronics World when seeking further information

I/O transition 80mm PCBs can
be fitted from the rear of the
enclosure. The integration of
boards corresponds to
IEEE110t.10 and
IEEE!101.11. Front panel
mounted LEDs indicate status.
The subrack has a height of
10U and a depth of 460mm.
Extensions include adding a tU
disk drive tray for HD, FD and
CD-ROM. This is fitted to the
base of the system by removing
the bottom cover.

Schroff

Tel: 01442 240471
www.schroff.co.uk

0.16um NAND flash
offers up to 1Gbit in
TSOP package

As well as being available as
discrete components. Toshiba’s
single-chip 512Mbit and 1Gbit

NAND flash memory ICs can
provide the storage for 64 and
128Mbyte Smartmedia cards.
Based on a 0.16pm process, the
512Mbit chip was developed
with Sandisk. The {Gbit device
has two 512Mbit ICs stacked on
top of each other. Both can be
supplied in 48-pin TSOPs.
Smartmedia card applications
include PDAs. portable audio
players and digital cameras.

They operate from a 3.3V
(x0.3V) supply and have a
programming time of 200us per
page. Access times are 50ns
serial and erasing time is 2ms
per block. The packages
measure 12.0 by 20.0 by
1.2mm.

Toshiba Electronics

Tel: 00 49 211 52960
www.toshiba-europe.com

Power amplifier handles
300A inrush

The Harmonics 1000 power
amplifier from EMC Partner
complies with EN61000-3-2.
amendment 14 and
EN61000-3-3. It can handle
inrush currents above 300A and
comes with Windows Harcs
software. Simultaneous and real
time input and output voltage

Servicing Audio and Hi-Fi Equipment

Return to Jackie Lowe, Room L514, Quadrant House,

The Quadrant, Sutton, Surrey, SM2 5AS

Please supply the following title:
Servicing Audio and Hi-fi Equipment

Total
Name
Address

Postcode
Telephone

Method of payment (please circle)

Mastercard/Visa/Cheque/PO

Cheques should be made payable to
Reed Business Information

Credit card no

Cord expiry date
Signed
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‘Its readers will benefit from its wealth
of easily assimilated information. and
repairs hitherto thought impossible will
speedily become routine. And the first
may well cover its purchase price.
Congratulations on a comprehensive.
well-written and lucid work™ Electronics
Informer.

“Interesting. entertaining and useful for
both practitioners and teachers. All
round a satisfying book which deserves
to be considered as a tool rather than an
ornament collecting dust on the shelf.’
Skillset Newsletter

Service engineers and technicians
have come to regard this book as
essential to their work. As a bench-side
companion and guide it has no equal.
Its purpose is to ease and speed up the
processes of fault diagnosis. repair and
testing of all classes of home audio
equipment: receivers, amplifiers. recorders and playback machines.
The mechanics and electronics of domestic audio are examined by
Nick Beer in a down-to-earth and practical way. concentrating on
what goes wrong. how to track down probiems, and how to solve
them.

A symptom index and comprehensive manufacturer and supplier
guide allow quick access to specific advice and suggestions.

The third edition is bang up to date with the latest technology -
DVD. CD Recordable. PC audio systems. There is also new material
on PA equipment.

UK Price: £32.00 Ewrope £34.00 ROW £64.50

**Price includes delivery and packing**

* Essential bench
companion for all
service engineers.

* New technology such
as DVD and expanded
material on MiniDisk
will ensure another
successful launch to this
new edition

ELECTRONICS WORLD May 2001



Virtual System Modelling

Build It In Cyberspace

www.labcenter.co. uk

Develop and test complete micro-controller designs without
building a physical prototype. PROTEUS VSM simulates the
CPU and any additional electronics used in your designs. And it
does so in real time. *

CPU models for PIC and 8051 and series
micro-controllers available now. 68HC11
comming soon. More CPU models under
development. See website for latest info.
Interactive device models include LCD
displays, RS232 terminal, universal keypad
plus a range of switches, buttons, pots,
LEDs, 7 segment displays and much more.
Extensive debugging facilities including
register and memory contents, breakpoints
and single step modes.

Source level debugging supported for
selected development tools.

Integrated ‘make’ utility - compile and
simulate with one keystroke.

Over 4000 standard SPICE models included.
Fully compatible with manufacturers’ SPICE models.
DLL interfaces provided for application specific models.
Based on SPICE3F5 mixed mode circuit simulator.
CPU and interactive device models are sold separately -
build up your VSM system in affordable stages.

ARES Lite PCB Layout also available.

8051 CALCULATOR |T o

I (:] b C e m l e (\ *E.g. PROTEUS VSM can simulate an 8051 clocked at 12MHz on a 300MHz Pentium II.
Write, phone or fax for your free demo CD - or email info@labcenter.co.uk.

E I e ¢ct r o ni c s

Tel: 01756 753440. Fax: 01756 752857. 53-55 Main St, Grassington. BD23 5AA.




BOOK T0 BUY

Valve Radio and Audio
Repair Handbhook

* A practical manual for collectors, owners, dealers and
service engineers * Essential information for all radio and
audio enthusiasts * Valve technology is a hot topic

This book is not only an essential read for every professional working with
antique radio and gramophone equipment, but also dealers, collectors and
valve technology enthusiasts the world over. The emphasis is firmly on the
practicalities of repairing and restoring, so technical content is kept to a
minimum, and always explained in a way that can be followed by readers
with no background in electronics. Those who have a good grounding in
electronics, but wish to leam more about the practical aspects, will benefit
from the emphasis given to hands-on repair work, covering mechanical as
well as electrical aspects of servicing. Repair techniques are also
illustrated throughout.

This book is an expanded and updated version of Chas Miller's classic
Practical Handbook of Valve Radio Repair. Full coverage of vaive
amplifiers will add to its appeal to all audio enthusiasts who appreciate the
sound quality of valve equipment.

Contents: INCLUDES: Electricity and magnetism;
Voltage, current, resistance and Ohm's Law; Real life
resistors; Condensers; Tuning; Valves; Principles of
transmission and reception; Practical receiver design;
Mains valves and power supplies; Special features of
superhets; Battery and mains battery portable
receivers; Automobile receivers; Frequency
modulation; Tools for servicing radio receivers, Safety
precautions; Fault finding; Repairing power supply
stages; Finding faults on output stages; Faults on
detector/AVC/AF ampilifier stages; Finding fauits on IF
amplifiers; Faults on frequency-changer circuits;
Repairing American ‘midget’ receivers; Repairing faults
on automobile radios; Repairing battery operated
receivers; Repairing FM and AMiFM receivers; Public
address and high fidelity amplifiers.

UK Price: £22.50 Europe £25.00 ROW £27.00

** Price includes delivery and packing **

Return to Jackie Lowe, Room L333, Quadrant House,

The Quadrant, Sutton, Surrey, SM2 5AS

Please supply the following title:

Valve Radio and Audio Repair Handbook

Name

Total

Address

Postcode

Telephone

Method of payment (please circle)

Mastercard/Visa/Cheque /PO

Cheques should be made payable to
Reed Business Information

Credit card no
Card expiry date
Signed

NEW PRODUCTS

Please quote Electronics World
when seeking further information

and current analysis can be
measured visually via an
external PC letting diagnostics
be interpreted in relation to the
operating conditions. The
integrated amplifier can handle
16A per phase 230 or 115V 50
to 60Hz. It measures 48 by
10cm and weighs 24kg.

EMC Partner

Tel: 01494 444255
www.emcpartner.co.uk

Protocol analyser for
Tetra radio tests

IFR Systems has added the
Tetralog protocol analyser to its
2968 Tetra radio test set. The
PC-based application enables
capture and detailed analysis of
mobile protocol transactions.
As well as Tetra radios, it can
also be used as a verification
and evaluation tool for Tetra
mobile developers who are not
developing software in-house,
but purchase protocol stacks
from third parties. The
application acquires data.
analysing and displaying it
graphically in the form of
message sequence charts. The
acquired messages are decoded
to produce text files of the
inforimation elements contained
in the messages for display.
storage or printing. It can help
evaluate and verify operation of
a given radio type to be used on
a system. Data capture is
performed by connecting the
mobile to the test set via its RF
connection.

IFR Systems

Tel: 01438 772087
www.ifrsys.com

Serial cards download
software to mobiles
QM Systems has announced
multi-port PCI and PXI serial

cards for downloading software
to mobile phones. Using the

card. a PC can program and
control over |6 phones at once
at up to 12.5Mbaud per phone.
Programmable output levels and
optional TTL or open drain
outputs provide the flexibility to
control and program different
phone types. Available in four,
eight, 12 and 16 port versions,
each port provides output levels
programmable between 0.5 and
10V. The unit incorporates
RS232, RS485 and RS422 and
the option of adding digital /O
for interfacing to input signal
liies and output indicators and
actuators.

QM Systems

Tel: 01252 336612
www.gqmsystems.com

Smartcard reader
software goes public

Applied Card Technologies has
developed software for an
intelligent dual-sided smartcard
reader with Taiko Electronics
and Oki. The technology will
work with most public access
devices such as vending
machines. printers, PCs,
photocopiers and set-top boxes.
It wilf let large organisations,
libraries and universities offer a
cashless service. The reader is
also suitable for secure entry
systems and employee
verification across multiple
locations. The software lets the
chipset interact with mainstream
smartcards. The reader hardware
includes a dual-sided smartcard
connector. which lets a card be
read either way up. A separate
satellite reader connects to the
main PCB containing the ACT
coded Oki chip and extra
peripheral ports, so operators
can replace just the satellite
reader unit in the event of
vandalism or breakage. [ ]
Applied Card Technologies

Tel: 01249 751037

www.card.co.uk
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ELECTRONICS 1
WORLD

The cream of 20 years of Electronics World
articles (focusing on recent material)

A unique collection of design insights and
projects - essential for all audio designers,
amateur and professional alike.

Scientific electronics based on empirical data

Douglas Self has been writing for Electronics
World and Wireless World over the past 20
years, offering cutting-edge insights into
scientific methods of electronics design.

This book is a collection of the essential
Electronics World articles, covering twenty years
of amplifier technology but with a very strong
bias towards more recent material. The articles
include self-build projects as well as design
ideas and guidance for the professional audio
designer. The result is a unique collection of
design insights and projects - essential for all
audio designers, whether amateur or
professional.

Contents: Introduction; PRE-AMPLIFIERS: An
advanced preamplifier MRPI,

High-performance preamp MRP4; Precision
preamp MRP10; Moving-coil head amp;
Preamp '96 |; Preamp '96 II; "Overload Matters"
(RIAA overload), Balanced

line inputs and outputs, part 1; Balanced line
inputs and outputs, part 2;

POWER AMPLIFIERS: FETSs less linear than
BJTs; Distortion in power amplifiers

1-8; Distortion residuals; Trimodal part 1, 2;
Load-invariant power amp

INVAR.DOC; Common-emitter amps; Two-stage
amplifiers; SPEAKERS: Excess

speaker currents; Class distinction (amp
classification); Relay control;

Power partition diagrams; Audio power analysis.

May 2001 ELECTRONICS WORLD

ey |

'Y

Self |

on

Audio

DOUGLAS SELF |

Douglas Self has dedicated himself to
demystitying amplifier design and establishing
empirical design techniques based on electronic
design principles and experimental data. His
rigorous and thoroughly practical approach has
established him as a leading authority on
amplifier design.

Readership: Audio electronics enthusiasts;
Professional amplifier designers;

Power amp users

Paperback

Pages: 416pp

UK Price: £26.50 Eurepe £27.50 ROW £28.50

Return to Jackie Lowe, Room L514, Quadrant House,

The Quadrant, Sutton, Surrey, SM2 5AS

Please supply the following title:

SELF AUDIO

Total
Name
Address

Postcode
Telephone

Method of payment (please circle)

Mastercard/Visa/Cheque/PO

Cheques should be made payable to
Reed Business Information

Credit card no

Card expiry date
Signed
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ANALOGUE DESIGN

urrent-conveyors lli

In this third and final article on low-voltage current conveyors and
their applications, Giuseppe Ferri et al describe how easy it is to
implement capacitance multipliers using conveyors, and how such

multipliers can benefit filter designs.

multiplied using current conveyors.!"’ Figure 1
outlines such a multiplier. It comprises a current
conveyor followed by a current amplifier A;.
Ideal input equivalent capacitance is.

Cpo = ACs )

I n the following, we describe how capacitance can be

This shows that an equivalent capacitance is obtained that
is A; times greater than C,. Deviations from this ideal
behaviour are mainly due to:

® Voltage and current-transfer inaccuracies in the
conveyor and the conveyor's finite output resistance at
terminal X.

® Bandwidth limitation of the current amplifier and its
finite output resistance.

Equivalent input impedance is.
v [

1
2 gl =l a3 Higy 2
e G|

{

Here, ry is resistance at X and r, is resistance at the
amplifier output. Voltage and current transfer errors of the

Giuseppe Ferri, Universita di L’Aquila, L'Aquila, ltaly.
Pierpaolo De Laurentiis, Universita di L'Aquila, L'Aquila, Italy
Giovanni Stochino, Ericsson Lab ltaly SpA, Rome, ltaly

CCII- are,
V,
L=
Y
and,
ll
i B

respectively. Figure 2 is the equivalent circuit.

Equation 2 shows that the impedance Zgg is the parallel
of two terms. The first term is due to capacitance C,. This
is multiplied by a factor equal to affA; and a series
resistance equal to,

1
oA,

times the output resistance at X terminal. Therefore. this
contribution decreases for high values of the current gain
Al

The second term is due to the output resistance of the
current amplifier. This contribution can be dominant at
low frequencies.

It turns out that, in order to have an ideal capacitance, as
multiplied by A;, ry must be low and r, high. This last
condition is more important because ry is divided by the
gain A, 810

Now we will describe some configurations
implementing both the CCII and the current amplifier.

Y
Zeq cCcII-— 3

X

T

I i
i

v

s

Fig. 1. Capacitance multiplication using
a current conveyor.

2,
T =

afSCgA,

Fig. 2. Equivalent Ty

circuit of the  afA,
capacitance

multiplier in Fig. 1. |
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Conveyor and current-amp solution
Figure 3 shows a capacitance multiplier made up using a a
second-generation 'inverting' current conveyor, commonly
called a CCII-. and a current-based operational amplifier,
or COA. Figure 4 is a simplified schematic of the COA
used in simulations, while Table 1 outlines its
performance.

Capacitance C; is the grounded capacitance that has to
be multiplied. Resistances R, and R+ accurately set the
closed-loop current gain of the amplifier as given by,

_l.£ l+i

[ R
With this solution. high capacitance gain factors can be
readily achieved by simply setting the resistance ratio
R:ZRI.

In addition, the gain factor can be further increased by
exploiting the current-gain capabilities of the CCII. For
example, if you choose a COA current gain, A, of 10% and
set the current gain of the CCII. 8, to 10, an overalt
multiplication factor of 10° is achieved with a limited
increase in power dissipation.

Usually, the current gain of a CCII is determined either
by controlling the aspect ratio of the output current mirror,
or by using techniques that allow electronic control of the
current gain. With these solutions. the quiescent current is
proportional to the multiplication factor. This
means that there’s a trade-off between power

A=-t= 3)

ANALOGUE DESIGN

In this case, taking into account the finite output
resistance at X and Z terminals, ry and r,, and the voltage
transfer gain, Vy/Vy=a, you can evaluate the equivalent
input impedance as follows:

|2 l 77 | ]
=—=|—=4+ 11rZ 0
" \ap " sapc, ) ’
where the parasitic capacitances at terminals ¥ and Z of the
CCII have been neglected.

Equation 7 shows that impedance Zg,, is the parallel of
two terms. The first term is due to the capacitance C,.

dissipation and gain.

Standby current at the conveyor's Z terminal
limits the amount of capacitance gain that can be
obtained. This current. associated with Ry,
produces an offset voltage that can saturate the
op-amp's output. For this reason, the CCII needs
an accurate offset control.'!-18

2B

C multiplier using two conveyors
In order to obtain high and controlled capacitance
gain factors, the second topology shown in Fig. 5
has been developed. It is made up of two CClls
and two resistors. These resistors determine the
multiplication factor.

For ideal CCllIs. the following expression gives
the input equivalent capacitance:

Ceo = % G “)
This equation shows that an equivalent capacitance Ry+R)
times greater than Cs can be obtained.

For real CClIs. the following expression for the input
equivalent voltage can be deduced:

VY
1
- /1r,
sC, ]} T2

Zyy ;
Here. yis o B 02, and o; and f3; are the voltage and
current gains for the ith CCII, respectively. All gains are
nominally equally to I.

This solution allows high gain factors. However, some
limits on the values of R; and R, have to be considered.

The lower limit of R, is related to the output resistance at
X, terminal. while the upper limit for R; is related to the
output resistance at Z, terminal.

H

LR+n &)

ATH [P
y R Ir, |

Multiplier using a single conveyor

This final multiplier is simple because it does not make
use of a current amplifier. It uses only a current conveyor
with a 8 current gain of greater than 1, as in Fig. 6.

which is multiplied by a factor equal to af. with a series
Table 1. Main features of the
In current op-amp, or COA, of
Vino—p——Y Fig. 3.
Ix : CCII=piy t e otl«1," | Parameter Value
M o1~ | Loop gain 62dB
GBW 100MHz
Cs R, PM 64°
NAN—0
Ry Fig. 3. Capacitance
multiplier using a current
conveyor followed by a
current-based op-amp.
<I> 1B 2B 28(y
b
Vi M, Vo Ms ':-) M;
My M,
2 M, Mg o* r——-oo"
21B 1B 2B 1B 1B %)
Vss

Fig. 4. Simplified schematic of the low-voltage COA used to simulate the
performance of the circuit in Fig. 3.

\ 28

Y2

CCII+
X2 Z2

Y1
CCII-
X1 Z1

I 3

|—>—
§R2 lcS

v

Fig. 5. Enhanced capacitance
multiplier using two conveyors.
Two passive resistances determine
the capacitance gain.

CCII-
; z Fig. 6. The third

multiplier
topology uses a
single current
conveyor.

oV

out
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ANALOGUE DESIGN

resistance equal to 1/af times the output resistance at X
terminal. This term is predominant at high frequencies and
decreases for high values of the current gain .

The second term is due to the resistance at the Z
terminal. This term is important at low frequencies. Its
contribution can be made negligible by choosing CCII
implementations with high values of rz.

Non ideal situations due to X and Z node resistances
limit the circuit’s capacitance multiplication range, as
shown in Fig. 7.

Using CClls for low cut-off filters
Here we present a low-pass filter design based on a
capacitance multiplier using current conveyors. This is a
first-order low-pass filter with a low cut-off frequency, of
below 10Hz, Fig. 8.!9-22

This filter uses a CCII- with current gain,

L.Z— =p>1

Iy

In Fig. 8. C; is the capacitance to be multiplied.
Resistance R was set to 160k£2 in order to achieve a cut-

off frequency of 1Hz. Figure 9 shows the magnitude
response of the filter. The cut-off frequency is 0.96Hz,

dB —4

which is in good agreement with what you would expect.

The DC gain of the active filter is —1.1dB instead of
OdB. This is due to the partition effect caused by the finite
value of 7.

In summary
Current conveyors are versatile building blocks suitable
for many applications.

Many complex analogue functions are easily
implemented using current-conveyors. The current
conveyor can give better performance than traditional
operational amplifiers. This is particularly so in terms of
speed and bandwidth, due to the local feedback of the
follower-based structure of the device.

Commercial current conveyors are easily realised in
CMOS technology, and at low cost. In the first two articles
of this review, we proposed some novel low supply
voltage current conveyors for use in portable
instrumentation application. In this final article, we have
also shown how capacitance multipliers are easy to
implement using current conveyors. Such multipliers make
it possible to produce fully integrated filters that can work
at very low frequencies. [ ]

R ln

Vino—AW »>

—120

ccrii-p |1
z

AN

oV

out

zeof*f‘_x

=
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technology.
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IDEAS

Fact: most circuit ideas sent to Electronics World get published

The best circuit ideas are ones that save time or money, or stimulate the thought process. This includes the
-odd solution looking for a problem — provided it has a degree of ingenuity.

Your submissions are judged mainly on their originality and usefulness. Interesting moditications to
existing circuits are strong contenders too - provided that you clearly acknowledge the circuit you have
modified. Never send us anything that you believe has been published before though.

Don't forget to say why you think your idea is worthy.

Clear hand-written notes on paper are a minimum requirement: disks with separate drawing and text
files in a popular form are best - but please label the disk clearly.

Send your ideas to: Jackie lowe, Room 514, Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

Battery pack short-circuit protector

his circuit provides short circuit

protection to a removable battery
pack of up to 1 1V. It could be fitted in
the battery pack as stand-alone
protection. Or it could be included as
part of the electronics if gas gauging or
SMbus charging control circuit is
embedded.

The circuit can be used with a
working battery terminal voltage range
between 2.5V and 11V. It is suitable for
NiCd or NiMh batteries from 3 cells
(where the lowest working limit of
0.9V per cell gives 2.7V) to 6 or 7 cells,
depending on the worst case fast charge
terminal voltage. It is also suitable for
one or two Lithium lon cells.

As drawn. the circuit trips at 2.7A
current, but this limit can be easily

changed by adjusting the value of
R.,,.s.- Quiescent current consumption
on a 3.6V battery is SpA maximum for
the MAX835EUK. plus 0.4pA to
2.8uA — roughly proportional to current
load — for current sensor Q.

The core element is the tiny 5-pin
SOT-23 MAX835EUK latching
voltage monitor. It has a rail-to-rail
output at pin 5. which is normally high.
turning on the N-channel MOSFET Q»
and so allowing load current to pass
from the battery to the external load.

Transistor Q5 is a Temic TSSOP
packaged transistor, chosen because it
has a maximum 7, of 40m{2 with a
Vs of 2.7V. When the input signal to
pin 4 drops below the internal reference
voltage of 1.2V, an internal latch is set

which takes the output low. This turns
off Q,, thereby disconnecting the
battery from its load. The latch can only
be cleared by a pulse taking the CLR
input (pin 1) above 2V for at least lps.

The reset pulse is provided by a push
switch — typically, membrane type -
which is AC coupled into the CLR
input. The AC coupling prevents the
user from disabling the protection by
keeping the switch permanently
pressed!

The value of R, (10kS2) is
deliberately quite low to give high
noise immunity to the switch input.
Resistor R3 (1MS2) can be high
resistance because its purpose is just to
discharge C; after the switch is
released, and noise pickup at this point

a S D Cellpack
I VCC
IC1
L Pushto r 2 -
d? clear fault ( [ r—__{:>Cellpack
round
I —*——*—14 CLR | Q, 9
c2 10n| o ! Vi ouT 8
= 3 TSSOP
1M 2R, 10k§F¥4 w CH -
36V |
i | e I T10n * * Latch
el W D W P :
2 IN
[ = MAX835EUK
1M3SR,
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cannot reset the latch.

The intrinsic body diode of Q5
(cathode to drain. anode to source) is
used to advantage. If the battery is
totally flat, then Q) cannot be turned
on. However the pack can stili be
charged because the body diode
allows reverse (charging) current to
flow.

When the pack is charged
sufficiently, the protection latch can be
cleared and the battery pack used in
the normal way,

Dual transistor ), a Siemens
BCV61, amplifies the very small
current sense voltage of 60mV up to
IC’s trip threshold of 1.2V. A
transistor pair was selected because it
is low cost and small, in a SOT-143
package. The transistors are
monolithic, so thermal coupling and
Vi matching is intrinsically good.

To understand the current sense
amplifier’s operation. first consider the
case where no current is flowing
through R,,,.,. The V,,. voitages of the
two transistors are the same in this

condition. Now Q5 (diode connected)
has IOMQ R, in its collector, whereas
Q14 has a IMQ R, load.

Transistor Q)g's emitter current is
lower than that of Q4 by virtue of this
collector load disparity, and so its
working Vj, is lower than the working
Vie of Q14. Hence Qy is essentially
turned off when no battery load
current is flowing.

Now consider an increasing load
current through R,,,,,. This resistor
will incur an increasing voltage drop,
which has the effect of taking Qi4's
emitter negative with respect to Qip's
emitter. This in turn increases the V,,
of Q4. and at some point of increasing
load current through Ryenee, Qua’s Vi,
will be large enough for the collector
voltages of Q4 and Q)4 to equate.

Voltage across R;,,,. at which this
occurs is 0.026xlog(R>+R)=60mV at
room temperature. The IC will
actually switch when the collector of
Qs drops to 1.2V, so there is a small
inaccuracy in the switch point
calculation - the circuit will actually

CIRCUIT IDEAS

switch at a slightly lower current than
calculated.

The higher the supply voltage, the
smaller the error is because the
difference between a V., and 1.2V as a
fraction of the supply voltage reduces.
The table shows the latching currents
for several supply voltages:

Supply voltage Switching current
5.0V 2.88A
3.6V 2.75A
3.3v 2.69A
2.7V 2.56A

Also, the switch point varies with
temperature because absolute
temperature, 7. is in the equation. This
isn’t as bad as it first appears. The
working temperature range of a pack
may be from as low as -20°C up to
+40°C. which is a variation of +30K
around a mean of +10°C or 283K. So
the variation in trip point is about
+10% with temperature.

Tim Herklots and Dave Watson
MAXIM Integrated Products UK Ltd
D82
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A microcontroller-based signal generator wit|

he circuit of Fig. 1 uses a

Microchip 8-pin PIC12C671 as
a voltage-controlled audio-
frequency oscillator. Since the
12C671 has an internal 4MHz
oscillator, 4-channel 8-bit a-to-d

LIST P-12C671
TMRO equ 0X01
STATUS equ 0x03
GPIO equ 0X05
INTCON equ 0x0b
PIR1 equ 0x0c
ADRES equ Oxle
ADCONO equ Ox1f
ADCONI equ O0x9f
OPT equ 0x81
port-dir equ 0x85
period equ 0x21
cnt-I equ 0x22
cnt - 2 equ 0x23
temp equ 0x24
w equ 0
F equ 1
c equ 0
z equ 2
org 0xo
goto . main
org 0x4
decfsz cnt_1, F
goto send-out
get_range
movlw 0x20
movwf cnt_1
mov f GPIO, W
movwf temp
rrf temp, F
rrf temp, F
rrf temp, F
mov f temp, W 5
andlw 0x07 g
addlw g

get-duty-cycle ;

converters and a built-in power-
reset circuitry. no extra components
are required to form the signal
generator.

The PIC12C671 reads two
analogue inputs through ANO and

movlw 0x49

ANI. The conversion reference
voltage is the controller’s power
supply V4. Voltage V; controls the
output frequency while V,
determines the duty cycle of the
output signal. Frequency and duty

;A/D input from AN1

movwf 0x80 5
option ADCONO 5

call
acquisition
bsf
conversion
loop_1
=goto
movE
movwE
rrf
rrf
rrf
movlw
andwf
incfsz
bcf
get_frequency
movlw

loop_1
ADRES, 0
period
period,
period,
period,
Ox1f
period,
period,
GPIO, 2

0x41

delay

ADCONO, 2

;data

;start A/D

btfsc ADCONO, 2 5

’
’

’

;output low

;A/D input from ANO

movwf ADCONO ;

call
bsf ADCONO,
conversion
loop_2 btfsc
goto
movi
movwf
bcf
rrf
movliw
addwf
movf
movwf TMRO
Bcf INTCON,
interrupt flag
retfie

ADCONO,
loop_2
ADRES, 0
cnt_2
STATUS,
cnt _2,
0x7c
cnt _2,

cnt _2,

send_out

mov £ cnt

delay

;data acquisition
2 ;start A/D

2 3

2, W 5
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voltage-controlled frequency and duty cycle

cycle are independent: changing the  controller’s clock and timer 0. When Yongping Xia

frequency will not affect the duty A=B=C='0’, the measured frequency  Torrance

cycle and vice versa. is from 114Hz to 1.41kHz. When California
Output frequency can be further A=B=C="1". output frequency range USA

controlled by 3-bit input A-C. These is between 0.9Hz and | |Hz. See E72

3 bits set a pre-scaler between the Tables 1 and 2 below.

Fig. 1.
movwf TMRO§ ; ek <
movf cnt_1l, W ;
subwf period, W ; 1 ) 8
btfsc STATUS, C  ; e =t
bsf GPIO, 2 ;output high C——GP5 ANO |——— Vf
bcf INTCON, 2 ;clear TMRO interrupt a GP4 AN1 -

flag
retfie 3 A__4lGP3 GP2 |5 o
— ~———— Output
delay ; pu

movlw 0x03 ;
movwf temp 3
dly_1lp decfsz temp, 1 ;

goto dly_lp ; Table 1 (A=B=C=0)
return e
. vE vd

BT : ov v 2v v av sv
clrf GPIO ; 114Hz 114Hz 114Hz 114Hz 114Hz 114Hz
movlw 0X01 ; ov 3.7% 22% 41% 62% 92% 96%
movwf cnt 1 139Hz 139Hz 139Hz 139Hz 139H2z 139Hz
clrf cnt_2 ; v 3.8% 22% 45% 63% 81% 96%
decf cnt_2, F ; 179Hz 179Hz 179Hz 179Hz 179Hz 179Hz
movlw 0X80 ; 2V 4% 23% 41% 62% 79% 96%
movwf period ; 257Hz 257Hz 257Hz 256Hz 2S6Hz 256Hz
bsf STATUS, 5 ;bank I v 4% 23% 41% 62% 80% 96%
movlw 0x80 ; 413Hz 413Hz 413Hz 413Hz 412Hz 412Hz
option ; 4v 5.1% 23% 44% 63% 81% 95%
movlw Oxlb ; 1.41kHz 1.41kHz 1.41kHz 1.41kHZ 1.41kHZ 1.41kHZ

S5V 10% 26% 42% 61% 77% 90%

movwf port_dir 5
movlw 0x04 5

movwf ADCON1 ;
becf STATUS, 5;bank 0 Table 2
movlw 0Oxal L G B A Output frequency
movwf INTCON ; 0 0 0 £/1
loop ;endless loop 0 0 1 £/2
goto loop ; 0 1 0 £/4
; 0 1 1 £/8
end 1 0 0 £/16
1 0 1 £/32
1 1 0 £/64
1 1 1 £/128
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Antennas and propagation for wireless

communication systems

This will be a vital source of information on
the basic concepts and specific applications of
antennas and propagation to wireless
systems, covering terrestrial and satellite
radio systems in both mobile and fixed
contexts. Antennas and propagation are the
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channel and this book includes:
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application to specific wireless systems

® Propagation measurement, modelling and
prediction for fixed links, macrocells,
microcells, picocells and megacells

® Narrowband and wideband channel
modelling and the effect of the channel on
communication system performance

@ Methods that overcome and transform
channel impairments to enhance performance
using diversity, adaptive antennas and
equalisers

It will be essential reading for wireless
communication engineers as well as for
students at postgraduate or senior
undergraduate levels.

Distinctive features of this book are:

® Examples of real world practical system
problems of communication system design
and operation

® Extensive worked examples

® End of chapter questions

® Topical and relevant information for and
about the wireless communication industry

Post your completed order form to:-

Jackie Lowe, Room L514, Quadrant House,
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Fax your completed order form to
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UK Price: £42.50 Europe £45.00 ROW £47.50
Price includes delivery
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12V battery voltage level detector

his circuit was designed for a

Peltier-effect cold box on a sailing
boat but could have other
applications, for example, in a
caravan. Load current of the cold box
is about 4A and this is a large burden
when sailing. but it can easily be met
from the engine’s alternator when
under power.

The circuit detects the rise in the
12V supply when the battery is being
charged. When this is about 14.2V
(set by VR)) RL, closes and connects
the load. When the supply falls (to
about 12.7V) on stopping the engine,
RL, opens and the load is removed.
The threshold between the two
voltages prevents "hunting” and can
be changed by adjusting R; (see
graph).

The normally closed contact on RL,

O
Supply +12v

o3A R Y

L1
1N4002 h
O

R4[ 1k8 D2 /
>
1N4148 ‘\
R5| |560 l Supply to cold box.
O

§

Commc.)n | | L

External +12v

RL 2

connects an external 12V supply. O |

This is for use in harbour when a

mains connection is available. The

external 12V supply also opens RL, 2.5
and inhibits the detector. As the
mains supply also feeds a separate
battery charger. without RL, the
detector will operate whenever the
battery charger brings the battery
voltage up to the threshold level and
thus switch away from the external
supply. The need for this relay was
discovered in practice!

The detector should be installed as
near to the battery as possible. to
avoid the voltage drop in the cables to 0
the cold box causing malfunction.

Tony Meacock 100 150 200 250 300 350 400 450 500 550
Norwich R7 (kQ))
Norfolk

RL1 12v spdt 10 amp. RL2 12v spdt

2.0 =

15 x\

1.0 —l,

\
08 — —f ]

Threshold voltage

LDR-stabilised Wien-bridge oscillator

his sine wave oscillator uses feedback via an LDR to stabilise
the output amplitude. The circuit arrangement of /C| should
be familiar: if R)=R»=R and C,=C»=C then f=1+(2XnXRXC).
With values shown. the frequency will be 1.59kHz. )
Op-amp /C, provides current to the LEDs according to output
amplitude thus modifying the resistance of the LDR. Resistor R3
should be just greater than twice the value of R4. Adjust
amplitude by modifying the value of Rs. The circuit will work 1n 100k
from OHz to 10kHz with 358 op-amps and values shown. Using
rail-to-rail output amps and low voltage red LEDS. the circuit will
work from a 5V supply.
The LEDs and LDR should be put in a light proof box such as a
black pill bottle cap. No claims are made for a perfect sine wave
but it is adequate for exciting a transducer etc.
Some LDRs have a very siow response, which helps with
distortion. especially at low frequencies.
Andy Little
Penzance
Cornwall
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+12V =pin7, OV = pind

Sensor 4
av i ..v v Use LED as photo-diode
: 3 E
Ry w% SR lcz 2 pe=—ae L ight emitting diodes are cheap producing about 50mV into IMQ. It
100k~ 3o =, 1z aut and readily available. They can is reasonable to suppose that LEDs
T nR R- 1M also act as photo-diodes. an example would also operate on the current-
Bias LA being in the circuit shown. mode. which provides a wide
10k T Some sixty LEDs, of various dynamic range with response
Ro lC‘ 100n Gs colours, were tested in the photo- linearly related to intensity of
ov 22 T100n ov voltaic mode. and all acted as photo-  illumination.
& diodes. Testing was done using a Colin Pye
Amplifier gain 100, plus 2.4V 0.5A lamp over-run on 3V. Coventry
low-pass filter Yellow/orange LEDs worked best, E67

Precise single-supply baseline clamp and

baseline measurement circuit

he circuit shown, right, accurately

clamps the baseline incoming
waveform to within a couple of millivolts
of zero volts. Subtraction of the clamped
signal from the original measures the low
point of the incoming waveform. Using
two series analogue switches reduces
baseline ripple to almost zero.

Bootstrapping the switches with the

output signal reduces the switches’ off-
state leakage and keeps the DC component
stored on C;, from drooping between
cycles. Capacitor C,, was chosen to allow
processing of signals from 1kHz down to
0.1Hz. For higher minimum frequencies. a
lower capacitance value can be chosen.
Alex Birkett
London
E68

Rg 100k

100y (tant.)
In
Cin
—e U1
V4 o—4
+——o U,
Cy V+
= 100n ET.
VU S
12
7
+
LT1884 6
3 {>
Gnde |  Gnd

he volume control of an amplifier is

generally logarithmic and sets the output
to about 12% in the its position. Apart from
expensive models though, the tracking of
these potentiometers is far from ideal.

There are good linear potentiometers with

1% or better accuracy, but in general they
are not suitable as volume controls.
However the circuit of Fig. 1 will give you
a calibrated output signal with a gain
depending on the value of the resistors
used.

gain of Q, is X
now . 1+(10+1

applications.
of -10t0 0 to +

give a range of

1 but attenuation to Qy, is
.1) or —=20dB. The

potentiometer scale will be almost linear in
decibels, covering —20 through 0 to +20dB.
This is accurate enough for audio

Increasing R3_5 to 4.7kQ2 will give a range

10dB. In fact you can set the

zero dB point anywhere, e.g. at 3 o’clock to

-15t0 0 to +5dB.

The input has a voltage divider R, and Ry;
if R|=R; the 0dB signal of a CD player will
give 1V ac to the + input of Q,,. With
10k€2 potentiometer R4 at mid position and
resistors R3 and Rs of 1.1k, the gain of

Linear pot gives logarithmic gain control

Instead of this op-amp. a current conveyor
like the OPA660 will do an even better job.
Here, V=V, XR3/P), s0 (R3+R3)+Rs for
clockwise and R3+(R4+Rs) for counter
clockwise. hence the circuit of Fig. 2
performs as Fig. 1.

J van Doorn
Amersfoort

The Netherlands
E66

Q418 (5+1.1)=1.1. But there is an equal
signal attenuation to buffer Q,,, hence the
output signal will be 1V ac or 0dBV also.

With Ry4 fully clockwise the gain of Qy, is
(10+1.1)=1.1=x10 or +20dB. This is
connected directly to Q,,; hence the output
signal is +20dB also.

R,

Input

Fig. 2.
Rg
In Qui>—VWW—e——
R Butf
§ J i C, &= Output

e S

However with R, fully counter clockwise,
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Letters to the editor

Letters to “Electronics World” Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

e-mail jackie.lowe@rbi.co.uk using subject heading ‘Letters’.

High-voltage power amp
1 am writing in response to a letter from Ged
Landon in the march issue on high-voltage
amplifiers for electrostatic loudspeakers.

Back in 1985. 1 designed and built a push-pull
transistor amplifier with a SkV HT supply as
my master thesis while I was at Chalmers
University of Technology in Gothenburg. I did
not use CRT deflection transistors, as a typical
beta specification of the devices available at the
time was >2!

I used video transistors instead, with a voltage
rating of 350V and a beta of greater than 40.
Some 18 Darlington connected pairs were used
for each leg.

Arni Ingvarsson
Linkoping
Sweden

On skill and training

I was very interested to read Malcolm Lisle’s
letter in the March issue — ‘An Unskilled
Generation’ — on the lack of training in the
electronics industry.

I'm under the impression that all the
graduates get jobs in the software sector or in
electronics design.

I work in the field of automated functional
test of populated circuit cards and I'm keen to
employ some intelligent, motivated trainees —
not necessarily graduates.

How do [ find them?

I've tried Job Agencies. Job Centres and the
local Tec with no results.

It occurs to me that some of readers of
Electronics World probably fit the bill, having a
good knowledge of electronic circuitry,
experience of software writing — possibly as a
hobby — and who are addicted to electronics.
Alistair Gee
Worthing

More choice on FM

As the audio broadcast FM band is so much
bigger than the AM MW and LW bands, it
seems a pity that it is has so few stations —
especially as Radio | decided to have a narrower
appeal.

Digital radio doesn’t seem much use.
Presumably this is because it takes a lot of
processor power to decode and hence digital
personal radios will not sip batteries like
conventional AM/FM personal radios.

I read that 30kHz AM was considered for the
FM band before 200kHz wideband FM was
chosen: | wondered if narrow-band FM could be
used to squeeze in extra channels — and could it
be backwards compatible? Could narrowband
FM be combined with a digital helper signal?
Even if in mono, extra stations would be good.
Alan Bradley
Via e-mail

EMC and the individual

In the April 2001 issue, Leslie Green
commented on EMC standards and spread
spectrum. While I agree with most of his
comments, his statement that an individual can
make a PC without CE centification is
incorrect.

All electronic equipment built and put ‘into
use’ must comply with the EMC directive, The
maker is responsible, and there’s no distinction
between individuals or companies.

In theory, all equipment should be tested or
have a Technical Construction File — even one
offs that are used in house and not sold.

With Trading Standards enforcing the
regulations, it is difficult to see how anyone
could be caught unless they actually caused
interference and a complaint resulted. The only
exception to this rule is that radio amateurs —
one presumes licenced ones — may construct
equipment as long as it is not sold
commercially.

Every time [ have taken a system for EMC
testing that included a ready built CE-approved
PC. the PC has required work before it would
pass on its own.

Lower cost monitors also tend to fail
emissions tests. Enquires or complaints to the
PC suppliers just get responses such as “well

all the parts are CE marked” and a copy of a
certificate (2 years old) for the monitor from an
untracable Korean test house.

Robert Atkinson, G8RPI

Via e-mail

Mr Green is somewhat wide of the mark with
his response to Mr Melia's undue anxiety over
a ‘dithered” switch-mode power supply.

As far as Britain is concerned, no proposals
have been made to change the CISPR receiver
and the emission requirements, in order to bear
down on dithered devices. The reason that is
that the subject has been investigated by the
Radiocommunications Agency.

A voluminous report concludes that there is
no need for a change. This is because the
results of the existing tests are a fair measure
of the threat posed by such devices to the
reception of radio signals.

Mr Green is quite right in saying that a
modification to the CISPR receiver
specification might well be costly for every
owner. The FCC may have decided on that
ground. but in Britain, the subject has been
investigated in some depth.

John Woodgate
Via e-mail

Valve substitute

I read with interest Dave Allen’s article on his
MOSFET replacement for a 6V6.

His idea was certainly ingenious, but I disagree
that spare valves are difficult to get hold of, or
very expensive. For example, Langrex Supplies
Ltd. which advertise in this magazine, scems
able to supply just about anything at very
reasonable prices. Maplin has a much more
limited range, but this includes the 6V6

More generally, there are some good web sites
to interest the vintage wireless enthusiast. For
instance, try hitp://www.vintage-radio.com.

Incidentally, I seem to remember that solid-
state valve replacements were made
commercially in the early seventies. Does
anyone know anything about them?

Ranulph Poole
Via e-mail

A true dome tweeter

John Watknison's interesting treatise on dome
tweeters was flawed on one minor point. A
pulsating hemispheric tweeter has been
developed and has been available commercially
for several years. | refer to the fascinating Audax
HD-3P - a novel and unique application of piezo
polymers.

Trevor Wilson

Via e-mail

Phono preamp

Norman Thagard is not the first person to use a
two-stage preamplifier design in order to avoid
calculating the full RIAA network. This seems
an extraordinarily negative approach to circuit

design.

He does not draw attention to the massive
loss of headroom caused by his amplify-then-
attenuate structure. This loss starts at 1dB at
1kHz. and rises to 20dB at 20kHz.

The unwanted zero produced by the single-
amp version, because the gain cannot drop
below unity, is easily cancelled out by placing a
passive HF pole after the amplifier, as I have
pointed out many times.

It did indeed come as a surprise to learn that
most of the noise comes from the resistive part
of the cartridge impedance — because it is not
true. RIAA inputs can be made with JFET op-
amps, bipolar op-amps, discrete FETs or
discrete bipolars, but in every case the major
noise contribution is either the amplifier or the
47kQ input resistor.

Mr Thagard overlooks that the modest
resistive component of a typical moving-
magnet cartridge is completely dominated by its
huge inductance. To this he adds a 10mH choke
in series with the input: this seems like a very
high value for EMC purposes.

For a Shure M7SED II, the relevant values are
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6102 and 0.47H. Over most of the audio
spectrum, the total cartridge impedance is much
higher than the resistive part. So the noise
generated by the 47k input resistor is not
shunted away, but goes into the amplifier input.
For the best noise performance it is necessary
to design for a much higher impedance than the
cartridge resistance; 10k to 20k is about
right.
It is a great pity that no information was given
on noise and distortion performance.
Douglas Self
Huntingdon
Cambs

Dr Thagard replies...

1 made no claim for originality of the two-stage
concept. To the contrary. | wrote that | used a
National Semiconductor abstract as the basis of
the design. The only new feature was the single-
stage op amp, but this was also based on a text
book example.

The 10mH choke was per "The Art of
Electronics’ recommendation. | went so far as to
explain the effect of adding the choke. Reduce
the choke 10 2.5 or SmH or eliminate it entirely,
if it offends your sensibilities. | prefer to keep it
because the reception of radio stations through a
phono preamp is less desirable than the
negligible alteration in frequency response.

Anyhow, the oniginal articles for all three of
these references were appropriately cited in the
footnotes.

I ran the article circuit on PSpice along with
circuits such as the inverter that places the 47kQ2
resistor in series with the input rather than in
shunt. | did not overlook the “huge inductance”
(of the cartridge). I went so far as to model
balanced phono preamps, but could never get rid
of the input resistor noise, as the 23.5kQ (172
47kQQ) gate resistors are in series with the inputs.

The Shure VI5xMR 1k dc resistance and
425mH inductance were modelled as well. 1 also
had and used the PSpice models for the input
JFETs, types 25K 389 and 2SJ109. The only
devices in the model that differed from the
prototype devices were the current mirror BJTs.
Even there, | edited their instance models to
more closely conform to the dual ITS transistors
of the prototype.

Unless PSpice is wrong, the cartridge
resistance is the greatest source of noise
throughout the audio band. The preamp, as 1
stated in the article, contributed little additional
noise. | wrote the disclaimer in the article that,
“If the model is correct. the preamp, itself, adds
little to the total noise output.” Obviously, |
acknowledged the basis of my claim for good
noise performance.

I don’t believe that | am even the first author
to cite the cartridge dc resistance as the biggest
source of noise, but admittedly, | cannot recall
the citation.

For an inverting input stage, most of the noise
comes from the 47k resistor. 1 don't pretend to
understand everything about PSpice, but in
general it gives similar results to the breadboard
circuits based on the computer-modelled
circuits.

In any event, since no noise is audible from

the actual preamp operating in my system
(Martin-Logan ReQuest loudspeakers). 1 can’t
imagine why this is worth much discussion on
any but the theoretical plane. Too many
designers spend too much time and money
chasing the ultimate when much less would give
the same subjective, if not objective
performance in audio. In commercial work,
over design is almost as heinous as under
design.

If this argument is insufficient, I quote from
AN-346: “In contrast (to the inverting op amp-
my words). the 47k€Q2 damping resistor in figure
2(a) is in parallel with the source, and is a
significant noise contributor only when the
source impedance is high. This will occur near
resonance, when the source is a moving magnet
cartridge.”

Resonance, according to the author, will occur
between 15 kHz and 20 kHz. | was, therefore,
not unaware of the point that Mr Self makes.
However, | do dispute the significance since the
application-note author goes on to say that the
shunt location of the 47k(Q resistor has a 13-18
dB noise advantage over the series placement.
Now | have to choose whether to believe Mr
Self or Kerry Lacanette, the author of the
application note. PSpice favours the application
note author.

1 don’t have an ac voltmeter sufficiently
sensitive for noise measurements. Noise
measurement results were published for the
application note circuit, which used LM833 op-
amps in lieu of my “single-stage™ op amps.
Unweighted signal/noise referred to a 1 kHz,
SmV input was 82dB while ‘A’-weighted S/N
was 87 dB. These are certainly respectable.

If there is a headroom problem with the
preamp, it is not obvious. It tests ok, and sounds
fine using some pretty high-output cartridges in
the face of any likely output from any cartridge.

| personally use a Shure VI5XxMR, whose data
sheet is where 1 got the inductance and

resistance figures that | used. But | have tried
the preamp with a Stanton 681 EEE, which
audibly has much higher sensitivity.

Again, to address this issue by reference to
the application note: "It should be noted that
most real cartridges are very limited in their
ability to track such large (“superdisc” record-
my words) velocities, and will not generate
preamplifier output levels above 1V rms even
under high groove velocity conditions.”

Again. | see little justification to design to a
non problem. In fact, this is one of the most oft-
repeated concerns about phono preamp design
and yet seems to have almost no practical
significance.

Folks, the cartridge will very likely distort due
to inability to track before its output will exceed
the preamp’s output limitation! The very same
loud passages that were distorted when played
through my Dynaco and Krell preamps still
distort through my circuit. The ones that don't
distort through the Dynaco and Krell don’t
distort through mine, either.

1 recently read an article involving a former
designer of phono preamps. He stated that, in
testing various design variations for listener
impression, accuracy of RIAA tracking
correlated most closely with a favourable rating.
If that is true, then using a design such as mine
with accuracy of +0.1dB would seem to be one
of the best approaches, notwithstanding the
concerns cited by Mr Self.

I don’t try to reinvent the wheel. Mr Self
needs to take up his quarrel with the authors
whose articles | used in reference and as my
design basis. If my article or circuit is in error, it
is because | merely followed the wrongful ways
of some pretty astute designers.

I had a friend with a pretty good set of ears
give the preamp a “thumbs up.” too and | have a
lot more confidence in him than any theoretical
considerations that would seem to have little
practical applicability in the present case. |

health. He left no family.

Obituary — Karl-Heinz Lipschutz

We have learned of the death of Heinz Lipschutz at the age of 80. after many months of poor

Heinz was known in several fields of interest: aviation, electronics (radio and audio). combustion
engine design and building and, perhaps most of all, he was well known for the 44 years he spent
in trying to persuade the MoD to show some interest in his design for a submersible craft, the U-
plane. Other navies have now taken it up.

In electronics. he first came up against officialdom in 1939, when he presented to the Air
Ministry the design of a navigation aid for bombers (EWW, May, 1992). It used radio direction
finding in a novel arrangement and was capable of extension to provide an inertial navigation
system. Again, the development was turned down, even though it had been built and successfully
tested.

He was born in 1920 in Germany to a Jewish family and fortunately went with his family to
Palestine. having matriculated in 1936. He worked at several stop-gap jobs until 1939, when he
was taken on by the British-controlled Dept of Civil Aviation at Lydda (Lod) Airport. in
meteorological work and air traffic control, later working with the RAF.

He became involved with designing and constructing broadcasting equipment for the British
Mediterranean Broadcasting Station and, in 1948. was co-founder of Kol Israel, the Voice of Israel
broadcasting station.

Aviation interests took him to El Al, where he was a Flight Radio Officer, and later to Cambrian
Airways in Cardiff as a Captain (he had taken out a private pilot’s licence in 1939 and had built
several light aircraft).

He will be missed by many friends at Cambrian and in other fields, not least this one.

Philip Darrington
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uring the last half-century, the
D subject of electromagnetic

compatibility, or EMC for
short. has become increasingly
complex and confusing. It now
presents an onerous burden to the
system designer.

EMC is just another functional
requirement on a system, and can be
treated as such. All that is needed is
an understanding of the coupling
mechanisms. Given such an
understanding, a few simple
guidelines can be formulated.

Many books and learned articles
have been published. None of them
adopts the approach outlined here.

Circuit modelling

It is not unreasonable to suggest that
any EMC problem can be analysed
in terms of circuit modelling.

A wealth of analytical tools is
available to anybody who has
completed a course in basic circuit
design. Just as circuit diagrams can
be used to describe how the signals
in a system are processed. so they
can be used to define the
interference coupling mechanisms.
A circuit diagram gives the whole
picture.

There is no point in trying to
understand how a multivibrator
works by focussing attention on the
properties of resistors, or capacitors,
or transistors. Analysing the electric
and magnetic fields at different
locations is just as futile, when
assessing the EMC of a system.

NEW
THO
ON

EMC

lan Darney
presents a new
approach to EMC
with a view to
demystifying the
subject.

The ground plane

A widespread belief exists in the
engineering profession that the
construction of an equipotential
ground plane is an essential feature of
any good EMC design. This is less
likely to be successful than the search
for the Holy Grail. because there is
no such thing as the equipotential
ground plane.

Figure 1 illustrates the concept of
the conducting plane and the image
conductor. The plane lies on the x-z
axis and the conductor is routed
above it, parallel to the z-axis. When
an alternating voltage source is
connected at one end. and a short
circuit placed at the other, a current
flows.

It is true that, along any line on the
surface parallel to the x-axis. the
voltages are all the same. But it is not
true that the entire plane is an
equipotential surface. Along any line

y Fig. 1. Ground-plane and image
‘ conductor.

conductor

conducting plane

Image conductor

Veonductor
‘ S
Lconductor
Vsig‘ P Isig Leonductor=Limage
image <
- »
Vplane

Fig. 2. Circuit model of wire and conducting plane.

parallel to the z-axis, the voltage
varies continuously.

As far as the electromagnetic field
is concerned, replacing the
conducting plane with the image
conductor makes absolutely no
difference. Figure 2 is a circuit
mode! of the upper conductor and its
image. Since the image has identical
physical properties, it must also have
identical electrical properties. The
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ground plane can be represented by
an inductance, and the value of that
inductance is the same as the signal
conductor.

Since the return current is the same
magnitude as the signal current, it

hhreat

signal 1 current
A > B
I structure |
I I
signal 2 current
Cc > D

4
Vsigt

Ze

Fig. 3. Two separate wires along the structure.

Za_signal 1 wire "1 L1
— —
threat Zy
structure 1 L1 <
g
threat Ivictim
. ’ < b
__signal 2 wire :
Rs L3

Fig. 4. Circuit model of coupling between two loops.

ir
wire B

Za

Fig. 5. Effect of lightning strike.

Rstructure

— A

Rwire

structure

£

Lwire

Ivictim =
Lstructure < v

Vinreat Ithreat

+—

) J

Fig. 6. Circuit model of lightning strike conditions.

Sign

generator

al

Injection
transformer

single wire

L

structure l

Za |

<
Viest

Fig. 7. Set-up for conducted susceptibility test.

Rwire  Lwire
il

hest
<-

%

Rstructure  Lstructure

Fig. 8. Circuit model of conducted susceptibility test.

follows that the voltage drop along
the ground plane is also equal to that
in the signal conductor. Most
definitely. the voltage is not zero.

However, this does not mean that
the ground plane has no practical
value. When implemented as one
layer of a multi-layer printed circuit
board. it acts as a dedicated return
conductor for every signal track on
the adjacent surface.

The return current is concentrated
in that region of the plane
immediately adjacent to the relevant
signal track. Crosstalk between
signals is minimised.

Intra-system design

Figure 3 illustrates an intra-system
problem. During normal operation.
signal 1 is carried from A to B, and
signal 2 is carried from C to D. Both
use the structure as the return
conductor.

Coupling between the two signals
can be analysed using the model of
Fig. 4. where it is assumed that signal
1 is the threat, and signal 2 is the
victim. If it is initially assumed that
signal 2 is zero, then any voltages in
the victim loop must be due to
interference.

Component values for the circuit
model can be derived from the
physical construction of the assembly,
or from electrical measurements made
with general-purpose test equipment. '

When values have been assigned to
all components of the model. then
circuit analysis can be used to
determine the level of interference in
the victim loop. Spicycle? makes this
task easy.

The results can be compared with
the characteristics of signal 2, an
assessment made of system
performance, and an informed
decision made on the design ot the
interface circuitry for C and D.

There are other options. Interface A
or interface B could be redesigned to
minimise the interference created by
the threat current, or the layout of the
cables could be altered.

Circuit loops

Circuit diagrams normally show a
section of a system, with the various
inputs and outputs displayed as open-
circuit terminals. The interconnections
between circuit sections are seldom
depicted either. Few people are
interested in drawings of parallel
lines.

When electromagnetic coupling is
being analysed. the focus of attention
is reversed. The function of circuit
sections is largely irrelevant.

The purpose of Fig. 4 is to analyse
the effects of the magnetic field
surrounding the three conductors.
Values must be calculated for the loop
currents /., and {,;.,;,,, before
spurious voltages at the interfaces can
be determined. Such a calculation is
only possible if all components of Fig.
4 are defined. If any detail is omitted,
analysis is impossible.

So. every loop of the circuit under
review must be completely defined.

Inter-system problems

Where the source of interference is
outside the control of the designer, it
is still possible to predict the response
of the circuit-under-review.

Figure 5 illustrates a problem.
Equipment units A and B are mounted
on a framework which is subject to
lightning strikes. A single wire is used
to carry a signal from A to B, with the
structure used as the return path. What
level of protection is needed at the
interface circuitry to ensure that the
system survives a strike?

Figure 6 shows the circuit model.
Component values are determined as
before.!

A waveform is assumed for the
lightning pulse. and a current
generator is created to simulate that
current. Carrying out a circuit analysis
of the model enables currents and
voltages at Z, and Z, to be predicted.

Predicting EMC test results
Figure 7 illustrates the set-up for a
typical conducted susceptibility test.
A toroidal injection transformer is
used to induce a predefined voltage
into the loop formed by cable and
structure. The circuit model is shown
in Fig. 8. Here, V,,, simulates the
voltage applied by the test equipment.

Again, frequency response analysis,
or transient analysis, can be used to
predict how the system will respond
to an externally induced signal.

If the prediction is tavourable, the
system can confidently be submitted
for formal EMC testing. If
unfavourable. modifications can be
carried out. and the cost of failure will
be avoided.

Correlating results

A linear network that contains one or
more voltage or current sources can
be replaced by a single voltage source
and a series impedance. (Thevenin's
theorem). Hence. the set-up of Fig. 7
can be correlated with conditions
during a lightning strike (Fig. 5) or
with interference from another circuit
in the equipment under review (Fig.
3).
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In fact, any number of interference
sources can be treated as a single
voltage source in series with the
structure.

The structure as a shield

The first line of defence of any system
from external electromagnetic fields is
the outer conducting shield. This
could be the metal of an equipment
box, an aircraft fuselage, or the
framework of a building.

External electromagnetic energy is
converted into transient currents in the
shield, rather than in the functional
circuitry. Transient voltages will be
developed along the paths that the
current takes. due to the shield
inductance.

From the point of view of circuitry
inside the shield, the source of
interference is a voltage generator in
series with the inductance and
resistance of the shield.

In this context, the terms ‘shield’,
‘ground’, ‘earth’, "structure’. and
‘framework’ are synonymous

Return conductors

Up to this point, it has been assumed
that all signals use the structure as the
return path. It has been shown that
any such configuration is subjected to
the full threat voltage. (Vy,,eur)

If this ‘single-wire’ configuration is
adopted, then every interface must be
designed to withstand that level of
threat.

A significant degree of protection
can be provided, by routing a return
conductor alongside every signal
conductor, as illustrated in Fig. 9.

The circuit model for this

EMC

configuration is shown in Fig. 10,
where it is assumed that the return signal 4
conductor is grounded at both ends. A \ o) | B
The inductors Ly, ;and L, act as a T \r
potential divider to reduce the voltage . lem
induced in the inner loop. As a result, sm:cture Cf SirBotare l
the differential current, /4, 1s ‘V—';:m
significantly less than the common-
mode current /,,,.. The effegt of Fig. 9. Adding a return conductor.
interference on the system is reduced.
If the wires are close together. L;,
and L,,, are less that L. improving Vsig
common-mode rejection. b S
It in Fig. 10, the voltage source Rsig Lsig .
were in series with Z,. and V..., was Z4 It 12
zero, then /,,, would be less than /4. Rret Lret ~
Emissions from power supply wiring Vitrsior o
would be reduced. : -
Ground loops Roall L4 3
It does not take long to deduce that ez
the inclusion of return conductors Fig. 10. Circuit model of three-conductor configuration.
will create innumerable ground loops

in a normal system. This is no bad
thing. Fear of ground loops is akin to
being scared by bogeymen.

Every ground loop provides a
measure of common-mode rejection.

the common-mode current becomes
zero. There is minimal emission.

So. if the circuit design ensures that
there is current balance in the signal
and return conductors, then maximum
common-mode rejection and
minimum emission can be achieved.

Current balance

If the two conductors of Fig. 10 were
identical, then the resistance and
inductance values would also be
equal. If the common-mode current
were 10 be shared equally. then V;,
would be equal to V,.,,,s, There
would be no interference. Figure 11
illustrates this concept.

In Fig. 12, this circuit is viewed
from the point of view of its normal
function. Current in the signal
conductor is balanced precisely by
current in the return conductor, and

Screened cable

Another way to improve common-
mode rejection is to use a screened
cable, as illustrated in Fig. 13.

The circuit model for this
configuration is shown in Fig. 14.
Here. the transfer impedance between
the common-mode loop and the
differential loop is just the resistance
of the screen. At low frequencies.
common-mode rejection is minimal.

RAret Lret 5mMA + 4 \ljéc- 50 Reet Lt 5MA 50 1 2
Vtransfer 0 V‘ VI 200 100% Vecr 1 V.
10mA omA  Rgng  Lgnd
1 e —n—arn—{()— o G~ _ b o
—
Rgnd  Lgnd 1V T
Fig. 11. Balancing the common-mode current. Fig. 12. Balancing the differential current.
Rsg  Lso Reg Ly
2 74 2 2
Rsig Lsig . 3
‘ . Za' Rscn (9) Bscn 2y
Screened cable Zq lgitt Zb Tsen sig
a ya) Rscn < I v 2
A t B -
lem ) Viransfer lem Rgnd Lgnd ¢ Cgng
I Lo o LW -
ground _\.) ground .. o L - Rgnd Lgnd
Vinreat Vihreat gnd Lgnd Vihreat 2 2
Fig. 13. Circuit configuration - Fig. 14. Circuit model, screened cable, Fig. 15. Circuit model of screened
screened cable. grounded at both ends. cable - including capacitors.
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but as the frequency increases. the
impedance of L.,  increases. /.,
decreases. the voltage across R,

decreases, /5 decreases, and so does

the level of interference at the
interface circuitry.

Capacitive effect

Taking capacitance into account, the
circuit model changes to that shown
on Fig. 15. Carrying out an analysis

of the frequency response reveals

that the common-mode current will
drop to a minimum. then rise again to
a peak. At this peak. common mode

screened cable
o)
A I H 8
Icm

iy 2=
ground o/ ground

<+ —

Vihreat

Fig. 16. Screened cable - floating.

Rsig Lsi R
Rsig  Lsi Rag  Lsg
2 2 3

Za[ LCiq R

Y Yo T # 0®
/>  Bsen
lem : Cond

—AA w7
Rgnd Lgno &~
2 2 Vihreat

Fig. 17. Circuit model of screened cable - floating.

signal
Rag  ((1sg | }Ru.ﬂ
return B |
2'Rem EZ'Rm
lem ‘
N
ground \_/ ground

Vinreat

Fig. 18. Damping voltage reflections at a floating
interface.

Rem
common-mode transformer | __

trifilar wound ~_
»

signal
Rag ( laitt : JI R
1 : return I &

lem

ground ‘k_/

Vinreat

ground

Fig. 19. Damping current reflections at a grounded
interface.

rejection is minimal.

Even so, performance of a screened
cable is better than the single wire or
wire-pair configurations.

Floating configuration.

By removing the link between unit B
and structure, that interface can be
made to float, giving rise to the
configuration of Fig. 16. The circuit
model now becomes as shown in Fig.
17. It is obvious that for the floating
configuration, common-mode
rejection is excellent at low
frequencies. There is virtually no
common-mode current.

However, as the frequency
increases, the impedance of C,,,,
decreases, /., rises and so does
Viransser- Interference level rises at
20dB per decade. Then the situation
worsens. Inductance L,,,, comes into
play, and the slope of the curve
increases. and continues to increase
until the response reaches a resonant
peak. It would be unwise to expect
much more than 10dB of common
mode rejection at that frequency.’

Transmission-line
considerations

When the loop formed by cable
screen and structure is treated as a
transmission line, a better
explanation for the performance of
the floating and grounded
configurations emerges

When the floating configuration is
used, and the frequency of the
interference reaches that
corresponding to the quarter-
wavelength of the line, voltage
reflection occurs at the open-circuit
termination, with current reflection at
the short-circuited termination. The
amplitude of the current at the
grounded termination builds up to a
peak and a high level of interference
is observed in the differential loop.’

When both ends are grounded. and
the frequency of the interference
corresponds to the haif wavelength
of the line. current reflections occur
at both ends of the line. Again. the
level of interference in the inner loop
reaches a peak value.’

The inevitable conclusion is that
neither the grounded configuration
nor the floating configuration can
give a consistently good performance
across the entire spectrum. Even. so,
they offer a vastly improved
performance on the ‘single-wire’
configuration.

If the length of the line is defined,
the frequency of resonance can be
predicted.

Damping resistors

As well as providing an explanation
to the problem of resonance,
transmission line theory offers a
solution. Terminate each line with a
damping resistor, ideally, with the
characteristic impedance.

Fig. 18 shows how voltage
reflections can be avoided at a
floating termination. by adding
damping resistors. Since there are
two loops involved, there are two
transmission lines to be terminated.
Values for R,,, and R ;5 can range
from less than 50Q2 to 377QQ.
depending on the configuration.

Fig. 19 shows one way of
terminating a wire-pair when the
return conductor is grounded at both
ends. A common-mode transformer is
used to insert a resistance in series
with the cable. As far as differential
signals are concerned, the transformer
is transparent: any voltage across the
signal winding is matched precisely
by a voltage across the return
winding.

The performance of this
configuration is better than that of the
common-mode choke, which looks
like an open-circuit at high
frequencies. As with the floating
configuration, an open-circuit causes
resonant peaks.

A common-mode resistance can be
inserted into a screened cable without
compromising the integrity of the
screen. Just wind a few turns of cable
onto a ferrite core and add a resistive
loop.

Conclusion
A method of analysing various types
of interference problems has been
introduced. I have demonstrated that
circuit modelling can be used to
provide a clear understanding of the
coupling mechanisms. A number of
simple guidelines have been
formulated.

Designing circuits to minimise
interference is not particularly
difficult. ]
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The biosensor:
electronics meets

dvances in materials and
A techniques have made sensors

smaller and more sensitive
than ever. Despite that. sensors still
rely on the same principles of physics
and chemistry that were used to make
the measurements of physical
parameters in the early days.

Now though, there is a new class of
device coming into wide-scale use. It
is based on biology and biochemistry

fields of science until now largely
unexploited in instrumentation and
control.

These sensors will determine the
concentration of many of the
substances found in industry. the
environment and living organisms -
including humans — that previously
were not measurable electronically.
Furthermore they will do this with a
selectivity and sensitivity normally
unachievable with standard sensors.
The device is the biosensor, which
the dictionary describes as “a device
that uses a living organism or
biological molecules, especially
enzymes or antibodies, to detect the
presence of chemicals”.

Early days

Perhaps the first sensor ever
manufactured was Galileo's
thermometer Fig. 1. made around
1592 AD. This was followed half a
century later by Torricelli’s
barometer: both were instruments for
measuring physical parameters of
course.

It ook until the nineteenth century
however before the rise of the science
of electrochemistry. The increase in
knowledge in this field was primarily
due to the work of Michael Faraday.
It eventually led to the development
of sensors capable of measuring the
presence and concentrations of atoms
and ions in solution.

Perhaps the best known of these is
the pH electrode, used for measuring
the concentrations of hydrogen ions
in solution, a measure of the

hiology

solution’s acidity. An important class
of this type of electrode is the ion-
selective electrode. which can be
made sensitive to a particular ion
through the use of a membrane that is
only permeable to ions of a certain
size. These membranes are often
made of glass. Fig. 2.

The new generation of sensors now
coming into widespread use takes this
development a stage further. These
sensors combine "traditional’ physical
or chemical principles with those of
biochemistry and biology.
Interestingly this has come about
because of a better understanding of
how biological materials work on a
chemical and physical level. This has
enabled biological molecules to be
linked directly to electrochemical and
physical sensing devices.

To date, the main use of these
devices has been in the health-care
area. where measurements of the
levels of gases, ions and metabolic
products in the blood are often the
best indicators of a patient’s state of
health. Using these devices in
conjunction with some electronic
indication can give a much quicker
and more cost-effective result than a
laboratory analysis.

These instruments are also making
their way into high-street stores.
Perhaps the best examples are the
blood glucose level indicators
available from chemists’ outlets to
aid sufferers of diabetes in the control
of their blood glucose levels.

However. these devices are now of
growing significance in the relatively
new biotechnology industries. There.
they are used as monitoring and
control sensors in the large-scale
production of materials in fields as
diverse as brewing and drug
manufacturing.

They are also finding applications
in industrial-process effluent control.
in monitoring for gases in the mining
industry and in pollution monitoring
in the general environment. This

Biological
materials
combined with
traditional
transducers allow
substances to be
analysed much

more rapidly than
is possible using
conventional

laboratory

techniques. David
Clark looks at a
device set to
flourish in the
twenty-first
century - the

biosensor.

articie takes a look at how biological
materials can be connected into the
electronic world. the interface that
makes all these applications possible.

The biosensor

A biosensor consists of three main
components: a biologically active
agent. a transducer for generating a
non-biological output that can be
connected to some form of
instrumentation and a fixing
material. This fixer keeps the agent

= |

Inverted glass bottle with
/ open-mouthed neck

Air
Fig. 1. Galileo's
thermometer. The
liquid level rises and
falls as the temperature

of the air inside the
bottle changes.

Level change
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the output of the biological agent.
Depending on the agent, this output
can be electrical. physical or optical.
Electrical transducers can be
amperometric. i.e. current measuring,
potentiometric, i.e. voltage
measuring. or even field-effect

in position, provides a medium for
keeping the agent stable. allows the
reactant access to the agent, and
links the agent’s output to the
transducer, Fig. 3.

The next sections look in more
detail at each of these three

The transducer. With perhaps one
notable and fascinating exception —
surface plasmon resonance, described
later — the transducer part of a
biosensor operates on the same
principles as the traditional physical
and electrochemical sensors. The

components. transducer must of course respond to transistor (FET) linked. Here the gate
A of an FET is in intimate contact with
Fig. 2. B the biological material. Changes in
lon-selective ; charge distribution within a
electrode. A HiBLishg T~ ™ biological material occur as a result
potential AT of chemical reactions. These changes
difference, related Electrode — [ J— Reference electrode in charge directly control the FET. It

in value to the
concentration in
solution of the ion
being analysed,
develops between
A and B.

Fixing
material

Fig. 3. Basic biosensor
comprises three main
parts - a biologically
active agent, a
transducer and a fixing
material to hold the two
together.

Buffer solution

Specialised glass - __
wall allows Solution
diffusion of the
ion of interest \‘U . laj::gl(;rsis
Biologically
active
ag/ent Transducer
Processing
— OQutput — and result
display

Adsorbed onto the
surface, i.e. held by
electrostatic interactions

Physically held behind
a membrane material

Held within a
matrix material ie a gel

Fig. 4. Methods of
fixing biological
material.

Chemically bonded

is relatively easy to make the FET
part of the signal-processing
electronics associated with the sensor.

Outputs that can be categorised as
physical include the microscopic
changes of mass, conductivity,
dielectric strength and temperature
that can occur when reactions take
place. These effects can be monitored
directly or converted to electrical
measurements using fairly
straightforward techniques.

Optical outputs might involve
monitoring via fibre optics. Changes
in transparency, i.e. change in light
transmission properties. can be
monitored optically. Many organic
compounds absorb very specific
wavelengths of visible and ultra-
violet light. Bioluminescence — the
direct conversion of chemical energy
to light energy by biochemical means

can also be monitored optically.

Output detection using surface
plasmon resonance can also be
considered an optical technique.

The fixer. One of the main problems
in using biological material as part of
a sensor is in fixing it in position as
part of the sensor. As well as holding
the material in position, the method
chosen must also maintain it in an
environment in which it remains
active. Of course the fixing method
must also ensure that the material is
accessible to the substance which it is
measuring.

There are four ways of achieving
this. The material can be fixed by
being: adsorbed onto a surface, held
behind a membrane. held within a
matrix or chemically bonded. Fig. 4.

The most dramatic advances that
have come about in this sensor
technology however have occurred
due to the recent developments in
knowledge of how biomaterials work
at molecular level.

The biological agent. Currently there
are four main classes of biomaterial
used in biosensors. These are:
enzymes, antibodies. receptor
proteins, and whole cells and tissues.
In the future, it is possible that even
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whole organisms could be used as
biological detectors.

The most useful aspect of
biological materials is that many only
react with specific materials.
Enzymes are perhaps the best-known
example. They are the catalysts of the
biological world; without them life as
we know it would not exist.

Enzymes function by reducing the
energy necessary for a reaction to
begin. the activation energy. and
achieve this at biological molecule
level by having a structural shape that
“fits” — like a lock and key — with the
molecules taking part in the reaction,
Fig. 5.

As a consequence, enzyme action is
very specific, each type catalysing
only one reaction. As a result, it can
be used to detect single substances in
an environment where many may be
present.

A good example of this class is the
glucose oxidase enzyme. which can
be used in biosensors for measuring
glucose levels in blood. Here the
shape of the glucose molecule is such
that it fits into binding sites on the
enzyme molecule.

The interaction affects the energy
levels associated with the bonds
between the atoms, and gluconic acid
and hydrogen peroxide are produced
as the glucose reacts with oxygen.
This means that the concentration of
glucose can be determined by
measuring one of three changes — the
reduction in oxygen concentration,
the increase in acid concentration or
the increase in hydrogen peroxide
concentration.

There is a simple electrochemical
transducer for detecting each of these
three substances — the pH electrode
for example will measure the acid
concentration very simply.

Antibodies. The second class of
biomaterial is the antibody. or
immunoglobulin protein: this is also
the second most frequently
encountered biomaterial used in
biosensors.

The antibody is a fundamental part
of the body's immune system. There
is a different type of antibody for
every type of particle the body
recognises as ‘foreign’. an example
of which is an infective agent like a
bacterium. These foreign particles are
known as antigens. The antibody
binds tightly to the antigen for which
it is specific. just as an enzyme binds
to a reacting molecule. Figure 6
gives an indication of the action of
antibodies.

In the immune system, this triggers
a further process that attacks the
foreign particle: in the biosensor

MEDICAL ELECTRONICS

@ . Reactant specific to the enzyme

\

Enzyme specific for the reactant

Reactant and enzyme uniquely
combine to allow reaction to occur

Fig. 5. Enzyme action.

O D «—— Product substances
@ ~—_ Enzyme ready to catalyse

another reactant substance

however the property change that
occurs as the antigen binds to the
antibody is measured with an
associated transducer.

The activity of antibody-based
sensors means they are primarily
useful in a medical context.

Receptor proteins. The receptor
protein is a very flexible class of
biomaterial for biosensor use. There
are receptor proteins for many
different types of biologically active
materials including hormones and
neurotransmitters, the chemicals that
mediate the activity of the nervous
system.

Drugs also usually act via receptor
proteins. In biological cells the
binding of the appropriate molecule
to the receptor protein triggers the
selective. active transport of another
substance across the cell membrane, a
normal, vital part of cell function.
Figure 7 shows how the receptor
protein works.

For a biosensor this action means
that a receptor protein can be chosen
to give a detector that only responds
to the hormone, drug. etc.. of interest.

The use of whole cells and tissue in
biosensors is more complex.
primarily since living tissue needs a
supply of nutrient and oxygen.
Nevertheless the principle is the
same; in the nose for example,
particular tissues respond to the
particular molecules that *have’ a
particular smell. So a biosensor with
some of this tissue as the detector

-<—— Antigen

<+—— Antibody

Fig. 6. Antibody action.

Specific antibodies bind tightly
to specific matching antigens

could respond to the presence of
those molecules.

Another. non-technical, complexity
in this area is of course an ethical one
concerning the source of this living
material. whether animal or perhaps
‘cloned’.

Surface-plasmon resonance
Changes that occur in biological

molecules are subtle and often the
reactions only involve one or two
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Q =<~ Specific reacting chemical eg drug or hormone

<+—— Cell membrane

Outside cell
o0 CY Y YY)
ALALALALS ./

Receptor protein

Fig. 7. Receptor protein action.
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molecules. This gives biosensors
their sensitivity advantage over
conventional sensors as well as the
advantage of their selectivity. It does
however mean that the associated
transducer also needs to be sensitive
enough to convert the biological
effect to one that can drive processing
and display instruments.

Specialised techniques can be used
to detect the small changes in
voltage, current, temperature etc. that
are used in conventional transducers.
However an exciting new technique
has been developed that enables the
monitoring of the activity of
biological molecules directly, one
that operates at sub-atomic level. This

Fig. 8. Surface plasmon
resonance detector.

Inside cell

4

When the receptor-chemical
complex forms, further changes
are triggered within the cell

technique is called surface plasmon
resonance, Fig. 8.

The atomic and molecular
structures, and hence properties of
materials. are determined primarily
by the electrostatic forces between
the charges on the atoms and
electrons that compose that material.
Quantum theory explains that the
distribution of these charges is not
fixed, as in the classical description
of electron orbitals. Rather, it is
subject to random fluctuations, the
electron orbitals for example being
the 'places’ where the electrons are

most likely to be found at any instant.

A ‘packet’, or quantum, of energy
associated with this charge

Optical

o— Sensor
array

[

To processing
and result
display

/

Chamber containing substance being analysed

fluctuation can be considered to act
like an electron particle, and this type
of *quasi’-particle is known as a
plasmon. Just as atomic particles
fixed in a lattice can vibrate and have
a resonant frequency associated with
them due to the energy of the bonds
holding them, plasmons too can
vibrate and have a resonant frequency
assoctiated with them.

At the surface of a material, for
example a thin film of gold, these
plasmons can be excited by a source
of energy, for example photons of
light. These energy interactions affect
the reflection of that light.

If a thin layer of biological material
is attached to the gold surface, the
energy interactions between the
biological and gold materials will
give a particular resonant frequency
and angle of reflection for light
directed at the surface. If the energy
interactions are then modified, for
example by the biological material
binding to something else on its
‘outer’ surface, the resonant
frequency and the angle of reflection
will change.

So. by simply directing a beam of
polarised light at the gold film-
biological material interface and
measuring the change in the angle of
reflection, a highly sensitive method
of detecting a substance that
specifically binds to the biological
material is obtained.

Prevention better than cure
Medical treatments are tending to
become increasingly based on
prevention through routine clinical
testing, followed by early
intervention when potential problems
are recognised.

Similarly. better environmental
protection is based on preventing
contaminants reaching the
environment in preference to cleaning
pollution up after it has occurred. The
need for increasingly specific and
sensitive detectors for the relevant
substances is therefore becoming
greater.

Scientists are rapidly developing
the ability to ‘engineer’ biological
materials to specific requirements.
Technological advances are enabling
in many cases the agent and fixing
medium to be screen-printed onto an
electrode. This will allow the mass
production of inexpensive biosensors,
and it means that these devices are
likely to be making greater and
greater inroads into everyday life in
the coming years. making a
significant contribution to an
increasingly healthy society and
‘green’ environment. ]
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TiePieScope HS801 IO CIR=R\(ON]

ABRITARY

- 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.

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 515418819

Web: http://www. tiepie.nl
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ACQUIVISION
http://www.acquivision.com

AcquiVision solutions, including XY-
Plotting, Oscilloscopes (with FFT), Data
Logging and Custom Software, have been
getting the most from computers since
1994. Download software. Teiephone
(01903)830502.

AQUILA VISION
hitp://www.aquila-vision.co.uk
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Aquila Vision specialises in supplying and
supponting Embedded Microprocessor
Devetopment products from PICs to
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-hg.com

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

ARCOM
http//www.arcomcontrols.com/ew

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

http://Awww.bot.co.uk

Optoelectronic products UK design
development manufacture standard and
custom, LED bargraphs, circuit board
indicators, stand offs,
transmissive/reflective 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.
Pertorm 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 tow cost development
tools for use with Micro-Controliers and
Smart Cards. Products include Smart
Card development tools, Smart cards,
Micro Development tools and Bespoke
Design Services.

DANIEL MCBREARTY

hitp://www.danmcb.demon.co.u
k/eng.html

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

DESIGNER SYSTEMS CO.
h}(tp://www.designersystems.co.
u

Electronic product design company with
over a decade of experience promoting
it's own product range and designing
and manufacturing innovative products
for client companies/individuals.

ECM SELECTION
hitp:// 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

EDWIN PCB DESIGN
SOFTWARE
http://www.swifteurotech.co.uk

Swift Eurotech supply the best-seliing
EDWin CAD/CAE system for PCB design,
including schematics, simulation and PCB
design. Discounts up to 60% for non-
commercial users.

ELECTRONICS AND
COMPUTING PRINCIPLES

http://www.eptsoft.com

Studying electronics or computing or just
want to keep up-to-date in an easy and
enjoyable way, then this fully interactive
software Is for you.

EQUINOX TECHNOLOGIES
UKLTD

http://www.equinox-tech.com

e M U
Welsme W the home page ol

- pu—y
-

OUINOX  tenim
=

06000001

-
=
—~ L aee—
=
b=

Sans S ‘

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

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

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

Fiash 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,
MCS51, Dallas, Hitachi H8
microcontroller. Download FLASH
NEWS now, Watch out for Special
Offers’. ARE YOU developing code in
a Flash?

GOOT PRODUCTS
http://www.kieagoot.co.uk

TRADING

Kiea Trading Company is the sole agent of
Goot products, We specialise in supplying
the soldering and desoldering product
range manfactured by Goot Japan for the
UK market. Goot uses advanced
production technology to manufacture
high quality soldering iron products for
industrial, professional and general
purpose use.

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.
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To reserve your web site space contact Pat Bunce

Tel: 020 8652 8339 Fax: 020 8652 3981

HTB ELEKTRONIK
http://www.htb-elektronik.com

We are selling second-hand test &
measurement equipment and accessories
for over 10 years,from all leading
manufactures.

LEVY/LATHAM GLOBAL
http://www.levylatham.com

U.S. Military Surplus meters, plug-ins,
test sets, oscilloscopes, power supplies,
signal generators, spectrum analyzers and
radio components from Tekironix, Hewlett
Packard, Sony, Phillips and more!

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

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

MATTHEY MICROFILTERS
http://www.microfilters.net

atthe:
lcmfiltersm

il &

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.

MATRIX MULTIMEDIA LTD
www.matrixmultimedia.co.uk

for those working with electronics and
engineering technology. Visit our site for a
free catalogue and downloads.

NORCALL
http://www.norcall.co.uk

Suppliers and repairers of MOBILE RADIO
equipment

SALES

HIRE

REPAIR

Huge stocks of used radios and spares
Pye Philips Simaco Icom Kenwood
Standard Cleartone Maxon Yaesu Key
Midland.

WE CAN PROGRAM ANYTHING

24hr Service

OMEGA RESEARCH LTD
http:/Avww.omega-research .co.uk

*SMD prototyping adapters. Unique,
flexible, low cost adapters to allow bench
waorking with SM devices. Range suits
most devices down to 0.5mm pitch.*

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
printed polyester flexible

circuits, including Flip Chip on Flex
providing practical, low cost,

reliable solutions for today's small
lightweight products.

QUASAR ELECTRONICS
www.quasarelectronics.com

Matrix Multimedia publishes a number of
highly interactive CD ROMs for learning
electronics including: Complete
electronics course, Analogue filter design,
and PICmicro(R) microcontroller
programming (C and assembly).

NEWNES - BOOKS FOR THE
ELECTRONICS WORLD

http://www.newnespress.com
Over 300 books and information packages

The UK's Ne 1 Rlectroalc Wit STppiier

= % & |

| o -3
BaE=

%\.Newnes

Over 250 electronic kits, projects and
ready built units for hobby,

educational & industrial applications.
TEL: 01279 306504, FAX: 07092 203496
or EMAIL: ewsales@quasarelectronics.com

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
transceiver modules for OEM use.

RADIO-TECH LIMITED
http://www.radio-tech.co.uk

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

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

s r'swww.c‘m

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

http://www.softcopy.co.uk

As a PC data base or hard copy, SoftCopy
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.
http://www.sescom.com

SESCOM, INC. is a 30-year manufacturer
of audio ‘problem solvers® and
transformers. We also offer easily-
fabricated aluminum enclosures for small
production runs and prototypes.

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

Wireless, communication, test
equipment, bought ang sold for very
competitive prices visit our web site or
telephone John on 01889 569928 or
0973 296461.

SUPRA AUDIO CABLES
http://www.jenving.se

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

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

Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Fliter and
Handset/Base Station Duplexers

TEST EQUIPMENT
SOLUTIONS

http/Amww.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.

T TEST EQUIPMENT |
= Esou.urtous, [
i Sper ialists in the supply

of quality refurbished
= Test Equipment.

Frone: +44 (0)1763 896000
Email:

-
-~

Into@@TestEquipmentdQ com
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WEB DIREGTIONS

TELNET
http://www.telnet.uk.com

Top quality second-user Test and
Measurement Equipment
eMail telnetkm@msn.com

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, saies links and price list.

THERMOSPEED
http://www.thermospeed.co.uk

&t Commearce Hite

TharmoSigend
g @ s c——y -

%o o T el w—aLre roasure
e L G
erang meanrwsent ind cowe

Temperature and pressure, control and
instrumentation. Full on-line purchasing.
* Overnight ex-stock delivery

* Create your own hotlist

* Download datasheets

* Full technical support

TOTAL ROBOTS
http://www totalrobots.co.uk

Rabot Kits and Control Technology
products, including O0Pic the first
Dbject-Driented Programmable
Integrated Circuit. Secure on-line
ordering and fast delivery.

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. Download data and subscribe
for our requiarly updated newsleter.

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

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/Aww.technicalscientific.com

Suppliers of pre-1985 equipment and
compaonents.

- Test/Measurement equipment

- Valves and semiconductors

- Transducers and pressure gauges

- Scientific books and catalogues

- Manuals and data sheets

VANN DRAPER
ELECTRONICS LTD

http://www.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, alt upgradeable to
various customised levels.

WO0O0D & DOUGLAS
http:/Amwww.woodanddouglas.co.uk

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

UK ELECTRICAL DIRECT

http:/ /www.uked.com

For a comprehensive on-line directory,
buyers guide and resource locator for
the UK Electrical Industry look at this
site. Many of the companies listed have
links to their own web sites, making

this a one-stop shop for a huge amount
of information.

UK MAILING LIST GROUP

http://www.egroups.com/list/uk
tvrepair

Following on from the newsgroup
discussion fast month there is a UK
Email group for TV technicians where
you can send an Email to everyone in the
group. There's just over 30 people in the
group at present. For more details and
how to register look at the egroup home
page. Just a general comment though -
you do have to be carefu! who you give
your Email address to so that you can
avoid "spamming” - that is getting lots of
unwanted Email about dubious Russian
site (amongst others).

REED CONNECT

http://www.reedconnect.net/

Another free internet access site, this
time from Reed Business Information.
However the site possesses a useful UK
People and Business Finder, with an e-
mail search, There's also business news
and local information, and some good
links to directory sites.

REPAIRWORLD

http: //www.repairworld.com

Repairworld is a sophisticated US based
fault report database which is updated bi-
weekly. It operates on a subscription
basis and describes itsetf as an
“affordable solution for all technicians®.
You can see some samples of the
material for free, monitors, VCR, DVD
and Camcorders being of particutar
relevance to UK users. The site also
provides a "chat room’.

Pat Bunce on
020 8652 8339
or fax on 020 8652 3981.

or e-mail:
pat.bunce@rbi.co.uk

Put your web 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 web 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 above 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:
Pat Bunce on 020 8652 8339

or fax on 020 8652 3981.
or e-moil: pot.bunce@rbi.co.uk

Company name

Web address
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Fully Warranted Bargain Test Equipment.....call 020 8943 4477 NOW!
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_AMPLIFIERS & ATTENUATORS

BIRD

8323 100 Watt 500 MHz Attenuator
8343-200 100 Watt 1GHz RF Attenuator
ICALMUS
225LC 0.01 to 200MHz 25 Watt Power
Amplifier

DATACOMS & TELECOMS
ACACIA
Clarinet-Bogk
ADTECH
SX12-1 100bps to 2 Mbaps Data Channel Simulator
AGILENT TECHNOLOGIES (HP)

31NM7C PDH/SDH Transmission Test Set
CONSULTRONICS

AutoTims Il Automatic Data Line Analyser

FIREBERD
6000FE
IcT
Victoria
SUNRISE
SUNSET E10  2Mbit/s PCM/DATA Channel Analyser
WAVETEIC WAMDEL GOLTERMANN

ANT-20 STM-1/4 1310/1550nm Jitter TX & RX
DLA-9D Data Line Analyser

PA-41 2Mbps Frame and Signalling Analyser
PFA-35 Communications Analyser

ISDN SO/Et Protocol Analyser

Communications Analyser 2522 with option 4

SDH/PDH STM-1 1310 Analyser

_OPTICAL

AGHENT TECHNOLOGIES (HP)
E6000A/05A  850/1300nm Mini OTDR
FUJICURA
FSM-165 Fusion Splicer Single Mode
_POWER METERS

2.7GHz 10 KW Thruline Wattmeter
1GHz S00W Thruline Wattmeter
2.3GHz 10KW Thruline Wattmeter

'SIGNAL SOURCES

AGILENT TECHNOLOGIES {HP)

86568 Signal Generator

8657A Signal Generator

IFR (MARCONI)

2019 Synthesised Signal Generator
2019A Synthesised Signal Generator
2022 Synthesised Signal Generator
2305 Modulation Meter

TV BROADCAST

AGILENT TECHNOLOGIES (HP)

3010R Calan Sweep/ Ingress Analyser
PHILIPS
PM5639/00
TEKTROMIX
DMA 120

Handheld TV Colour Analyser
Demodulator Analyser

_MISCELLANEOUS
AGILENT TECHNOLOGIES (HP)
3586C Selective Level Meter

CALIBRATORS & STANDARDS
DRUC
DPI 601 0 to 2 bar Digital Pressure
Calibrator

Pressure Calibrator (0-20 bar)
Pressure Calibrator (160 Bar)
Pressure Calibrator (400 Bar)

DPI 601 1/S
DPI 6011 /S
DPt 6011 /S
SPEC-CAL

QJA- 17100

2A Off Air Frequency Standard

Process Calibrator

DIGITAL DESIGN & TEST
GILENT TECMNECOGIES (HP

5006A Signature Analyser

GOULD

K50 Logic Analyser

.
PM6652
.

FLUKE
PM199

PM33948/084 4 Channel 200 MHz Combiscope

WATSU
6612
8606C
8608
LECROY
9314AM
TEXTRONIX
DS 3014
TDS3014

£16500
£11000
£3000
£3500

£4950

FREQUENCY COUNTERS

Counter

OSCILLOSCOPES

200 MHz 2.5 G/S Digital Scope £1500

£3250

60 MHz Oscilloscope £350
60 MHz Oscilloscope £250
100 MHz Oscilloscope £300
4 Channel 300MHz Oscilloscope £3000

100MHz GSM 4 Channel DPO with battery
100 MHz GSM 4 Channel DPO (no battery)

£2450
£2250

POWER SUPPLIES

AGILENT TECHNGLOGIES (HP)

£9500 E3632A
PC
£4500
A ‘R,_ "
1000 GXS
£4500 2500 GXS
£5500 GXT 2000
£4000 FARNE
PDD3010A
FLURE
PM2832/014
MERIN GERIN

£22000

1SV/TA, 30V/4A Single Output

Smart UPS600  600W backup PSU

UPS

upPs

2 KVA on line UPS
Power Supply

60V / 2A Dual DC PSU

Prowatt 15001 12V DC to AC Power Inverter

PULSAR

ESV20 2KVA

ups

THURLBY: THANDAR

CPX200
PL3300DP

Powerflex Dual O/P PSU
Dual PSU 0-32V 0-3A

o VOLTMETERS & MULTIMETERS

87

Dash 1V

WRB000- 16
WR8000-8
WR8500
WR9000

DL-708
LR4100/25
LR4100 /35

LR4100/45
OR-341

PP1
5000
2000

D7001

Digital Handheld Multimeter

4 Channel Thermal Array Recorder

16 Channel Thermal Array Recorder
8 Channel Thermal Array Recorder
8 Channel Thermal Recorder

8 Channel Thermal Recorder

8 Channet Recorder
2 Channel Recorder with Disk Drive
3 Channel Recorder with Disk Drive

4 Channel Chart Recorder
4 Channel Handy Recorder

Power Platform PQ plus Mains Analyser
3 Phase Power Demand Analyser
Multimeter

‘Ducter Digital Ohm Meter

ANALYTICAL & ENVIRONMENTAL TEST

AIRFLOW DEVELOPMENTS

AV2

BRUEL & KIAER

2231M

Vane Anenometer

Precision Sound Level Meter

/ Livingston

CIRCLE NO. 125 ON REPLY CARD

ton-europe.com

ivings

www.l
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Manufacture and Test

Emall: nathan@soljobs.com Website: www.soljobs.com

Solution Technical Recruitment, The Tower House,
High Street, Aylesbury. Bucks. HP20 15Q

Tel: 01296 336036 Fax: 01296 336037

MANUFACTURING ENGINEER
North West circa £28k + Bonus

One of the UK’s foremast commuications companies 13 looking to recruit
Manufacturing Engineers working with the most advanced telecommunications
products You will be responsiie for the mntroduttion or new product and the
develapment of the PCBA processes by investgating and introducing new equpment.
matenals and the latest processes. The 1deal candidate will have a good working
knowledge of SMT processes and machines as well as being able to problem solve and
implement process improvements in a igh volume manufacturing environment
ncorporating small and maler step impeovemants Ideally you will have at least an
HNC in 3 manufacturing Oﬁms but experience and a proven track
record within the industry Is cssel

AVIONICS TECHNICIAN

Northern Home Counties circa £24k + O/t + Bonus
This Avionics service certra based near Heathrow has repair, overhaul. modificavon
and transcripaon capability. backed with engineering support and training facilites. They
currendy are looking to recrult three expanienced avionic technicians ideally with a
mimimum five years in the repair (o companent leve! of airborna navigausn,
communication and radar pmducz.'[ﬁe €andidates can expect to earn an
excellent salary as well as Oitime.. nus and Life Assurance.

MAINTENANCE TECHNICIAN

Middlesex up to £24k
Our clent develops and Fcenses novel LCD techsiagies and creates advanced opto-
electronic products and solutions A vacancy has now ansen for a Cleanroom
Maintenance Engineer to support the continued growth of their product and service
sales. The key responsibiity will be to maximise the upume of fabrication faciliues and
equipment. which Is likely to ivolve management of service contractors. first-line
trouble shooung and repair as well as routine testing and maintenance. The role will
involve working with vacuum depositicn, air-conditioning and other electro-mechamical
systems. The successful applicant will ideally have experience of preventative
maintenance and repair I a production ervironment. although field service experience
would aiso be considered This expenence should have been gained over a minimum
of five years Experence of working in a cleanroom environments s highly desirable.

Theze are pst a fow of our current permanent opportunities, for more detals on these and other
posmars call Nathan Davis for an riormal dazussen

SENIOR APPOINTMENT — HEAD OF UMTS DEVELOPMENT

Central London 3 Outstanding + Benefits
A dynamic and fast moving org; with an bl with the digvaal
audio broadcast market. is seeking a high calibre candidate to bocome Head of UMTS
Development.You will lead a team of development staff, and take rasponsibility for the
quality and functicnality of assigned software products from snitial concept to
customer delivery. A strong management background 18 crucial, along with a nunimum
exposure period of six years to project life cycles and project scheduling, A degree in
computer science, enginecring or mathematcs i$ required with a minimum 2:1 pass.
You will have related software devalopment experience in C++, realume, COM, UML,
QOOAJD and have experience of digtal communications. Salary and package will reflect
this senior posiuon

Ref. 4328

DSP SOFTWARE ENGINEERS

Hertfordshire £ Market Leading + Benefits Package
This g orgal d*ﬂ and e$ a range of products that
exploit wireless  GSM («hnm Due to their rapidly growing client base and
respectabiitty, they currendy uﬁ' DSP Software Engineers with ambiuion, self
motvation and the hunger €0 rite to hallenges Experience in develop:

debugging real-ume systems is s with at least one year’s practical use of
DSP assembler language (not just using C commlicr). two plus years practcal use of
C++ 15 also essential, along with famillarity with DOS/Windows/scripung languages (eg
PERL). Basic knowledge of digial hardware, good knowledge of Digrtal Signal
Processing Theary (Nyquist sampling, GMSK Mcdulation, Channel Coding, ctc ) and
DSP algonithm design (preferably in communications systenm) will be required to
succeed Market lcading salaries and packages will be offered to the successful
applicants

Ref: 4424

PROTOCOL CONSULTANT
Cambridgeshire £50-100k + Benefits
An excellent opportunity within 3 dyi and fast moving company with a disunct
wisicn of the future of mobila :ommmw excepuonal engineer s required,
who has been exposcd to the latest techialogees such as GSM, GPRS,WAP, UMTS and
Biuetooth You will have at least 10 years strong C coding expenence in a product
development environment. along with design/implementatien using RTOS for muto-
tasking applicanons, experience of GSM/GPRS/UMTS protocol type approval process,
use of SDL and message seq charts, direct of L2 and L3 mobile
comms protocols This semor position will ba challengimg, as you will have complete
techrucal authority on the regu.rements, e, design and 1imp! of
L2713 GSMIGPRS/UMTS terminal protocols

Ref: SMRU

These are just a handful of our current opportunities for Soles, Marketing and Applications
professianals. For more information and an Informal discussion pleate contact Andrew
Raymond on 01296 336036 or e-mall him at andy@sottech.co.uk

Software

Emalil: mayurr@soljobs.com Website: www.soljobs.com
Solution Technical Recruitment, The Tower House,
High Street, Aylesbury, Bucks. HP20 15Q

Tel: 01296 336036 Fax: 01296 336037
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Hardware

Emall: jamesc@soljobs.com Website: www.soljobs.com

Solution Technical Recrutment, The Tower House,
High Street, Aylesbury, Bucks. HP20 15Q

Tel: 01296 336036 Fax: 01296 336037

ANALOGUE ELECTRONICS ENGINEER
Cambridgeshire £ Excellent + Benefits + Stock
This consultancy spin-out 1s locking for an analogue electronics engineer with a broad
expenence of designing In analogue electronics to work in an exciung new field
Previous exxpenence could include power supply design, DC.DC converter design,
control and servo system design The interfacing of electronic and/or electro.
mechanical systems to microprocessor based control systems 1s a must. Being used to
designing high performance electromics for aggressive cost control will be vital as will
being used to working unsupgrviced on your own as well as being part of a very
committed team. The rewards are superb (relccation avaitable) as 1s the technology
involved

Ref: 49509

SENIOR HARDWARE ENGINEER

Yorkshire up to c£40k + Benefits + Stock
Thus market leading clent requires semior engineers to work on design, test and
approvals of hardware for Advanced Set Top Boxes Expenence of Embedded
Microprocessors and design issues such as Design for Manufacture and EMC
constraints, as well as Board-Level Layout, Schemaucs and Anslogue Design

Educational requirements. B.SSTHND in Electronics or simdar with posigraduate
experience required Essential techmizal requirements: Microprocessor hardware ~
memory etc, High Speed me design (interfacing, loading, tracking,
decoupling), board debugicomn  shooung, some analogue design.
Additional skills. RISC, CPUs e RM. Modemn, xDSL. cable hardware,
Ethernet hardware, Power ,d\cman( capture tools, Design for
Manufacture, EMC, High Volume.V s techmplagy eg DECT. Get invoived with the
best and get well rewarded in salary and bensfts (relocation available) Ref- 2108

SENIOR AND JUNIOR FPGA DESIGN

Hampshire £ Superb + Benefits
This well esablished company currently has a vacancy for electronics design engineers
to design high function Field Programmab'e Gate Arrays (FPGAs) including funcuons
such as data processing, pattern memery age and PCI
implementaton e requered juntor 1B months+ (superb trasnang avadlable).
senior 4 years+ of electronics and ASIC or FPGA development expenence Also high
speed logic design skills using VHDL, ability to communicate well within a small, highly
skilled team, ability to esumate accurately tme required to develop and debug FPGA
designs and to work to aggressive nme scales. Experience useful of nerwork
technologies. including one or more of the following Gigabit Ethernet. Fast Ethernet,
ATM.SONET. Excellent rewards and benefits Ref 2562

OPPORTUNITIES, OPPORTUNITIES, OPPORTUNITIES, OPPORTUNITIES
None of the above appeal’ ¥ you are 2 Hardware Engineer then | have a wide range of oppertusass #
tha UK and Republic of lmaland, one of wich couid be the ose (o7 you and yo.t career. Telphome or
omatl me with detalis of what you want and leve the rest to me Ths is 2 free service 1o yoe.

TECHNICAL AUTHOR
Yorkshire £ Excellent
This leading Telecommunicauons Company are looking for a Technical Author The 1deal
candidate w-ll prepare technical customer documentatien for new products for both
[ d g (user md web distribuuon To mantain and update
exsung d prepare for mternal use in sales,
marketing and service To prepare and mantain graphic and text source database The
candidate should have a degree in a technical field (electnical engineering, electronics,

| physics, P science) or two years equivalent experience
He/she should have ex:*n commuication skills, a workung knowledge of office and
drawing applications in the Windows environment, using tools such as Adobe
FrameMaker and Corel Draw. The candidate must be prepared to travel occasicnadly in
Europe. An excellent salary and career prospects are on offer.

TeST DEVELOPMENT ENGINEER

South Wales : £ Excellent
Our chient deveiops and manufactures leading edge technalogy Power Amplificaon
products for the wireless arena They are locking for a Test
Development Engineer witha years expenence in the Test
Development field, which should Mnchedind crastig test spacificatons and general
test documentation, producing test Systems and dnsagrating them into production
Designing for test Labnew/LabWindows programming with supportng documentauon.
The candidate should have working k Aedge of RF (instr field would be
best) and should be strong willed, setl motivated with an abllity to work unsupervised
An excellent package and salary is on offer

VALIDATION ENGINEER
Berkshire
Our cirent speciafises in tha

£ Excelient

Indastry and 13 currently losking for a
Validation Engineer. The i1de naed at beast five years expenence in a
role with exposure to complex: hardware products, such as microprocessors or
DSP devices, and their associated softwara teols. Knowledge of complex simulation
techniques and tools 13 essental. Hefshe shautd have knowicdge of configuraton

techmiques, gy progranwiing in high and low level
Ianguzges aithough this 1s not essental The canddate should have a degree in either
Electronics or a Computng subject. but If a degrea s atained @ a different subject,
then the degree must be of a higher pass The cand'date must also be prepared to
travel. This will suit a person seeking a role that requires a mix of hardware and
software skills, applied 1n 2 company that is developing the Wtest m croprocessor and
compiler technologies The candidate should be flexsblo #nd pragmatc, with good
attention to detail. An excellent salary and paciage 15 on offer for this challenging and
prosperous role
These ore just o few of our Current permanent opportunities, for more detoils on these and

other postions call fimmy Fletcher for on Informol discussion.

Test and Development

Emall: jimmy@soljobs.com Website: www.soljobs.com
Solution Technical Recruitment, The Tower MHouse,

High Street, Aylesbury. Bucks. HP20 15Q

Tel: 01296 336036 Fax: 01296 336037




APPOINTMENTS

Submerge yourself in a role
with a difference

Analogue Electronics Design Engineer - Competitive package - Hainault

Kelvin Hughes, the marine and naval arm of the Smiths Group pic,
is internationally renowned for pioneering developments in
navigational technology. With naval and commercial marine
customers worldwide, we provide a range of products from
integrated bridge systems, nautical charts and books to navigational
radar and radio communications systems. We are now looking for a
talented and experienced professional to take on the rare role of
Analogue Electronics Design Engineer.

A proven RF all-rounder, with § years’ experience in analogue design,
you will bring with you an in depth grounding in one of the following:

8 60MHz IF log receivers.

| Magnetron modulators.

m CRT-based display monitors.
B Solid-state motor control.

Your reward will be a role with considerable lattude in this field and
genuine opportunity to broaden your horizons. We are talking about
a remit that includes Production and Marine Services support,

KELVIN HUGHES

Ketvin Hughes Limited s the Naval and Manne Dwiscon of Smiths Aerospace

financial and technical project management, analogue advice on
future developments, general technical support to other RF services
and key costing proposals.

On a personal level, you wil bring high levels of initiative, time
management and teamwork. The last of these is particularly important
in light of our new value-streaming work patterns where fluid
multi-divisional groups are set up to learn from each other.

In addition to the opportunity to drive what is a truly unique and
dynamic position, we are offering excellent prospects for progression,
together with a competitive rewards package.

To apply, please write with your CV, to: Margaret Bundy, HR Department,
Keivin Hughes, New North Road, Hainautt, Ifford, Essex 1G6 2UR.

Closing date: 19th April 2001.
For more information please visit our website at www.ketvinhughes.co.uk

We positively welcome applications from suitably qualified individuals
irespective of racial onigin, sex or disability.

Haftiware & Optical

ASIC Consultants

Berks/Bristol

UK base and multi national links. Design of Glos/Avon/Cambs
and  mixed
application engineering. Travel to USA.

digital

Knowledge of

relocation and several company perks.
email: gordon_short@ers.co.uk

High Speed Optical Design
Engineers

Nerthampton/London,/
Oxford/Southampton

You will be r

\

Project/Principal RF

to £60K Engineers

£30-50K
Real engineering - not packaging! Let your
design skills roam over several projects from
miniature transmitters to satellite systems.
Excellent conditions and housing in an
attractive and low cost area.

email: gordon_short@ers.co.uk

Ref: 6$1402

I1I-V Dewice Technology
Specialist

Northampton/E Anglia/0xford

signal ASIC plus

Mentor useful. Bonus,

Ref: GS1300

to £45K+
ible for the organisati

planning and control of the technical
development of applications and test metheds
for Optoelectronic Components and Sub
Systems. Experience of Opto components in
systems, electronics and circuit design plus a
good understanding of modern wideband
Optical layout and simulation tools and
advantage. Superb opportunity at this multi
national.

email: paul_gurney@ers.co.uk

Ref: PG1401

to £40K+

With experience of 111V process technology
you will take the lead role in developing new
processes and will support new and exiting
R&D projects. Great benefits, internal
opportunities, relocation and stock options.
email: paul_gurney@ers.co.uk

Ref: PG1403

Telephone/fax/emall CV's to:

Gordon airect tet 01442 847426 Palll direct te: 01442 847468

@ Communications

website: WWW._ers.co.uk/communications
ERS Communications is 2 member of the Executive Recruitment Services pic group of companies
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at..... ERS Communications

575-599 Marted Road, Hemel Hempstead, Herts P2 TDX
Fax: 01442 215486

Cheltenham Induction Heating Limited
We require a

POWER ELECTRONICS
DEVELOPMENT ENGINEER

who has experience of medium to high power switching applications
(like SMPS, motor drives and induction heating).
Duties will include:-
® New product conception
Turn the concept into reality
Design and test of prototype circuits
Evaluate and debug pre-production design
Development of existing technology
As a key member of the Development Team, the
Development Engineer will be directly responsible to the
Group Technical Director.
Salary:- >£25k depending on experience and ability.
Location:-  Cheltenham (relocation assistance if appropriate).

C.I.H. Ltd manufacture high power, load resonant inverters (induction
heaters). We have a worldwide reputation for supplying quality
products for use in industrial, scientific and medical applications.
We have licensing agreements in several countries, including the
USA, whereby products of our design are manufactured under our
license.
We use FET and IGBT power technology typically working in the 3kHz
to 1MHz range and we produce equipments with continuous output
powers of one kW to hundreds of kWs.
In the first instance, please send a current CV and covering letter to
Andy Davies, Managing Director of:
Cheltenham Induction Heating Ltd
Saxon Way, Battledown Industrial Estate, Cheltenham,
Gloucestershire GL52 6RU
www.clh-group.co.uk

Reporting:-

ELECTRONICS WORLD May 2001




As an advertiser you can be certain that your sales message is
going to be read by decision-making electronics professionals

with the power to purchase your products. Service
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(maximum 4cm). Box number £22 extra. All prices plus 17%4% VAT. All cheques,
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Link

Fax: 0208 652 3981. Tel: 0208 652 8339
PRINTED CIRCUIT BOARDS
A R TI C [E S WA N TE D DESIGNED & MANUFACTURED POWER SUPPLY
® Prototype or production quantities
T OP PR Ic Es PA I D 1 ® Fast turnround available D E S l G N
® PCBs designed from circuit diagrams .
R ack EnCl osures ® Aimost all computer files accepted Switched Mode PSlfl
For all your valves, e - | @ PCB assembly - mechanical assembly Power Factor Correction
: ew an 5 . R
tubes, semi conductors 16010 50U side and rear panels e designed (o your specification
mains distribution 19" Panel mounts TEL 028 9073 8897 .
and |C.:S ) optima eurocraft. Prices from £45 svat !“EE agal’ FAX 028 9073 1802 Te!/Fax. 01243 84?520
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SERVICES

By BT VaRes (T8 As an advertiser you can be certain that

I T your advertisement is going to be read by
Wide range of valves and CRT

From
stocked Concept “uu
Tel: 01403 784961

To _
Minimum Order UK P"’d“cuon

£50+VAT+Freight

DECISION-MAKING ELECTRONIC
PROFESSIONALS
with the
POWERTO PURCHASE your products

Why not let Electronics World help you?

Call Pat Bunce
ROTEK 6000 AC/DC Multy meter calibrator ¢ Technical documentation & transiation

together with 50 amp adaptor and manual. Also Tel/Fax: +44 (0) 1872 223306 Tel: 020 8652 8339

time DC voltage calibrator 26035. Tel: 0116 244

2211 days. 0116 288 4184 evenings Email: sales@designersystems.co.uk Fax° 020 8652 398 I
ihpavanai Rl [\l /Sl E-mail: patbunce@rbi.co.uk

ELECTRONIC UPDATE

— HIOK! | Hioki’s New 8807/8808 D AQ DesignerTM
8807-01,808.01 MEMORY HICORDER Memory Recorder , 2 0 01

]

National Instruments new DAQ
Designer™ 2001 is a FREE CD that
helps engineers and scientists
interactively configure custom
measurement systems. DAQ
Designer™ 2001 includes the

Electronic design and engineenng services
for the new millennium:

el
Sussex RH14 9EZ  Visitors by appontment Embedded control
Telecommunication products.
Datacommunication products
SM PSU and battery management
Wireless Lransmission systems

L]

L]

L]

L

L

* Audio and Video processing

o DVD controt systems

» Internet site and graphics authoring
w

L

PCB design

http://www.designersystems.co.uk

s6% our web site @

These compact, light recorders
have 2 or 4 analogue channels
with isolated inputs, PC card
slot, faxy/modem communication
function versatile  trigger
functions and 3-way power.
They are ideal for a variety of

Ce€ applications  requiring  long capability to recommend real-time
[ ] . o o
A Gl w4 Dt P memory lengths and  high data acquisition and motion control
BS-Sized Handy-Recorgar with Coler Display transient speed capability. hardware and software.
TS ) Phone: 01635 523545
e n Telonic Instruments Ltd Fax: 01635 524395
’ l Tel: 0118 978 6911 E-mail: info.uk@ni.com
BREs=== Fax: 0118 979 2388 Web: www.ni.com/uk
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lectronics:- ( Includes unlimited multi-user site licence.)
omic Structures, DC Current flow, Basic Electronics, Simple DC
ircuits, Types of Switching, Variable Voltages, Ohm's Law, DC Voltage, Measurement and Component Testing:-
Current, Series/Parallel Resistors, AC Measurements, AC Voltage Analogue multi-meter, Measurement, Component Testing.
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STILL THE WORLD'S MOST

( POWERFUL PORTABLE )

PROGRAMMERS ? —
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S SURELY NOT
2 9° -0 SURELY SOMEONE SOMEWHERE HAS
e, 4 s‘ , DEVELOPED A PORTABLE PROGRAMMER
g ‘5 THAT HAS EVEN MORE FEATURES, EVEN
k- > GREATER FLEXIBILITY AND IS EVEN
BETTER VALUE FOR MONEY
ACTUALLY, NO. BuT DON'T TAKE OUR
WORD FOR IT, USE THE FEATURE

DATAMAN-48LV

Plugs straight into parallel port of PC or
laptop
¢ Programs and verifies at 2, 2.7, 3.3 & 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

DATAMAN S4

* Programs 8 and 16 bit EPROMs,
EEPROMs, PEROMs, 5 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 incdludes emulation
leads, AC charger, PC software, spare
library ROM, user-friendly manual

¢ Supplied fully charged and ready to use

SUMMARY BELOW
MANUFACTURERS

S4 GAL MODULE

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

¢ Supports JEDEC files from all popular
compilers

SUPPORT '

* 3year parts and labour guarantee
* Windows/DOS software included
s Free technical support for life

* Next day delivery - always in stock

¢ Dedicated UK supplier, established 1978

Still as unbeatable as ever. Beware of
cheap imitations. Beware of false
promises. Beware of hidden extras.

If you want the best, there's 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.

TO SEE HOW OTHER
PRODUCTS COMPARE,

MONEY-BACK
50 DAY TRIAL

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

VR | B 53 s """ ‘9
Orders recawved by dom will normaily be despatched same day
Order today, get it tomorrow!

DATAMNAN

Dataman Programmers Ltd, Station Rd,
Maiden Newton, Dorchester

Dorset, DT2 0AE, UK

Telephone +44/0 1300 320719

Fax +44/0 1300 321012

BBS +44/0 1300 321095 (24hr)

Modem V.34/V.FC/V.32bis

Home page: http:/Avwwv.dataman.com
FTP: ftp.dataman.com

Email: sales@dataman.com




