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Class -G audio power amplifier
Complete design - with PCBs

VHF direction

finder
EMI tips

and tricks
Universal
tone decoder

Programming

in real time
The month's hottest
news stories - turn

to page five now

Toroidal core analyser *Measuring Oas coticen
10i1S
Rotation direction sensing Latching touch switches
Engine overheat warning *Optimise valve o/p transformers

7191

833080

Quality second -user
test & measurement
equipment

Telnet
Hewlett Packard 8642A - high performance R/F synthesiser
£2500
(0.1-1050MHz)
£1995
3335A - synthesiser (200Hz-81MHz)
Hewlett Packard 436A power meter and sensor (various)
from £750
Marconi 6310 - programmable sweep generator
£2500
(2 to 20GHz) - new
£2995
Marconi 6311 Prog'ble sig. gen. (10MHz to 20GHz)
£4750
Marconi 6313 Prog'ble sig. gen. (10MHz to 26.5GHz)
Hewlett Packard 5370B - universal time interval counter £1500
Hewlett Packard 8662A synth. sig. gen. (10kHz to 1280MHz)
£6995

Hewlett Packard 3324A synth. function/sweep gen. (21MHz)
£2250
£1250
Hewlett Packard 3314A Function Generator 20MHz
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4)

Radio Communications Test Sets

Wavetek 4106 (GSM 900, 1800, 1900) Mobile phone tester

£1950

C11110113121 to

.naaamrt
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£2950
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2)
Hewlett Packard 4278A lkHz/1MHz Capacitance Meter £3750
Hewlett Packard 53310A Modulation Domain Analyser
£6750
(opts 1&3)
Hewlett Packard 4191A R/F Impedance
£4995
Analyser (1-1000MHz)
Hewlett Packard ESG-D3000A (E4432A) 250 kHz -3 GHz)
£6995
Signal Gen.

OSCILLOSCOPES

Gould 400 20MHz - DSO - 2 channel
Gould 1421 20MHz - DSO - 2 channel
Gould 4068 150MHz 4 channel DSO
Gould 4074 100MHz - 400 Ms/s - 4 channel
Hewlett Packard 54201A - 300MHz Digitizing
Hewlett Packard 54600A - 100MHz -2 channel
Hewlett Packard 54502A - 400MHz-400 MS/s 2 channel
Hewlett Packard 54810A 'Infinium' 500MHz 2ch
Hewlett Packard 54520A 500MHz 2ch
Hameg 205-2 20MHz DSO

Hitachi V152N212N222N302B/V302FN353FN550BN650F
Hitachi VI 100A - 100MHZ - 4 channel
lntron 2020 - 20MHz. Dual channel D.S.O. (new)
lwatstu SS 5710/SS 5702 Kikusui COS 5100 - 100MHz - Dual channel
Lecroy 9314L 300MHz - 4 channels
Meguro MSO 1270A - 20MHz - D.S.O. (new)
Philips PM3094 - 200MHz - 4 channel
Philips 3295A - 400MHz - Dual channel
Philips PM3392 - 200MHz - 200Ms/s - 4 channel

Philips PM3070 100MHz - 2 channel - cursor readout
Tektronix 465 - 100MHZ - Dual channel
Tektronix 464/466 - 100MHZ - (with AN. storage)
Tektronix 475/475A - 200MHz/250MHz Tektronix 468 - 100MHZ - D.S.O.
Tektronix 2213/2215 - 60MHz - Dual channel
Tektronix 2220 - 60MHZ - Dual channel D.S.0
Tektronix 2235 - 100MHZ - Dual channel
Tektronix 2221 - 60MHz - Dual channel D.S.0
Tektronix 2245A - 100MHZ - 4 channel
Tektronix 2440 - 300MHz/500 MS/s D.S.O.
Tektronix 2445A/2445B - 150MHz - 4 channel
Tektronix 2445 - 150MHZ - 4 channel + OMM
Tektronix TAS 475 - 100MHZ - 4 channel
Tektronix 7000 Series (100MHZ to 500MHZ)
Tektronix 7104 - 1GHz Real Time - with 7A29 x2, 7810 and 71315
Tektronix 2465/2465A/24658 - 300MHz/350MHz 4 channel
Tektronix 2430/2430A - Digital storage - 150MHz
Tektronix TDS 310 50MHz DSO - 2 channel
Tektronix TDS 320 100MHz 2 channel

£695
£425
£1250
£1100
£750
£675
£1600
£3500
£2750
£495
from £100
£750
£450
from £125
£350
£2750
£450
£1500
£1400
£1750
£650
£295
£295
from £400
£500
£300
£850
£500
£850
£700
£2100
£800
£850
£850
from £200
from £1950
from £1250
from £1250
£750
£850

SPECTRUM ANALYSERS

Advantest R3361A (9kHz - 2.6GHz)
Advantest 4131 (10kHz-3.5GHz)
Ando AC 8211 - 1.7GHz
Avcom PSA-65A - 2 to 1000MHz
Anritsu MS 61013 10KHz 2GHz - as new
Anritsu MS3606B (10KHz-1GHz) network Analyser
Anritsu MS 710F (100 kHz-23Ghz)
Advantest/TAKEDA RIKEN - 4132 - 100KHz - 1000MHz
Hewlett Packard 8756A/8757A Scaler Network Analyser
Hewlett Packard 853A Mainframe + 8559A Spec. An. (0.01 to 21GHz)
Hewlett Packard 182T Mainframe + 8559A Spec. An. (0.01 to 21GHz)
Hewlett Packard 8568A (100Hz - 1500MHz) Spectrum Analyser
Hewlett Packard 8567A - 100Hz - 1500MHz
Hewlett Packard 8752A - Network Analyser (1.3GHz)
Hewlett Packard 8754A - Network Analyser 4MHz-1300MHz
Hewlett Packard 3561A Dynamic signal analyser
Hewlett Packard 35660A Dynamic signal analyser
Hewlett Packard 8753A (3000KHz-3GHz) Network An.

£4750
£3750

f1500
£750
£2995
£3000
£4250
£1350
front £1000
£2500
£2000
£3000
£3400
£5000

f1500
£2950
£2500
£3250

£1250
£3500
£1750
£1995
£950
£2000
£6750
£2750
£1300
£1250
£1750
£6250
£4500
£7500
£3995
£7995
£1500

Marconi 2955
Marconi 2955B/606
Marconi 2955A
Marconi 2955R
Antritsu MS555A2
Hewlett Packard 89228 (GSM)
Hewlett Packard 8920B (opts 1,4,7,11,12)
Schlumberger Stabilock 4031
Schlumberger Stabilock 4040
Racal 6111 (GSM)
Racal 6115 (GSM)
Racal 6103 (GSM) Digital Radio Test Se
Rhode & Schwarz CMTA 94 (GSM)
Rhode & Schwarz CMT 55 (2GHz)
Rhode & Schwarz CMT 90 (2GHz) DECT
Rhode & Schwarz CMD 57 GSM test set (opts 01/34/6/7/19/42/43/61
Wavetek 4103 (GSM 900) Mobile phone tester

aim

MEM
£1500
Hewlett Packard 3582A (0.02Hz-25.5kHz) dual channel
Hewlett Packard 3585A (20Hz-40MHz)
£3250
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz-1.5MHz
£2500
Hewlett Packard 8560A (50Hz - 2.9GHz) High performance with Tracking Generator
£5500
option (02)
£1750
IFR A7550 - 10KHz-IGHz - Portable
£600
Meguro - MSA 4901 - 30MHz - Spec.Analyser
£750
Meguro - MSA 4912 - I MHz - IGHZ Spec.Analyser
£3250
Tektronix 2712 Spec. Analyser (9kHz - 1.8GHz)
£1995
Wendel & Goltermann TSA-1 system analyser (100Hz-180MHz)
£1250
Wilton 6409 - 10-2000MHz R/F Analyser

MISCELLANEOUS

£3750
Anritsu 5330 Sitemaster (3300MHz) in carry case and Transit case
at £1995
Eaton 2075.2A - Noise Gain Analyser
£1995
EIP 548A 26.5GHz Frequency Counter
£2500
ENI 440LA (150KHz-300MHz) 35 Watt Power Amp
£2750
ENI 1040 (10KHz-500KHz) 400 Watt Power Amp
from £1000
Fluke 5100N51008/5200A - Calibration Units (various available)
£750
Hewlett Packard 339A Distortion measuring set
£850
Hewlett Packard 3457A multi meter 6 1/2 digit
£3750
Hewlett Packard 3784A - Digital Transmission Analyser
Hewlett Packard 3785A - Jitter Generator & Receiver
£995
£495
Hewlett Packard 5385A - 1 GHZ Frequency counter
£750
Hewlett Packard 6033A - Autoranging System PSU (20v -30a)
£1250
Hewlett Packard 6622A - Dual 0/P system p.s.u.
£2000
Hewlett Packard 6624A - Quad Output Power Supply
£695
Hewlett Packard 6632A - System Power Supply (20v -5A)
£1500
Hewlett Packard 835013 - Sweep Generator Mainframe
£750
Hewlett Packard 8656A Synthesised signal generator
Hewlett Packard 8656B Synthesised signal generator
£995
£1500
Hewlett Packard 8657A Synth. sig. gen. (0.1-1040MHz)
£2250
Hewlett Packard 89018 - Modulation Analyser
from £1000
Hewlett Packard 8903A, 8 and E - Distortion Analyser
from £500
Hewlett Packard 16500A + B - Logic Analyser Mainframes
Hewlett Packard 379000 - Signalling test set
£2950
£1950
Hewlett Packard 83220A DCS/PCS test sets
£3950
Hewlett Packard 865713 - 100KHz-2060 MHz Sig Gen
£3950
Hewlett Packard 8657D - XX DOPSK Sig Gen
£4250
Hewlett Packard 8130A - 300 MHz High speed pulse generator
£2950
Hewlett Packard 4275A LCR Meter (10KHz-10MHz)
£1400
Hewlett Packard 4276A LCZ Meter (100Hz-20KHz)£2000
Hewlett Packard 535013 20GHz Microwave Freq. Counter
£750
Marconi 2305 - modulation meter
£450
Marconi 2610 True RMS Voltmeter
from £400
Marconi 6950/6960/69608 Power Meters & Sensors
£1100
Marconi 2840A 2Mbit/s Transmission Analyser
£1400
Philips 5515 - TN - Colour TV pattern generator
£1350
Philips PM 5193 - 50MHz Function generator
Leader 3216 Signal generator 100KHz - 140MHz - AM/F1/1/CW with built in FM stereo
£650
modulator (as new) a snip at
£400
Racal 1992 - 1.3GHz Frequency Counter
£1000
Rohde & Schwarz NRV dual channel power meter & NAV Z2 Sensor
£4250
Rohde & Schwarz FAM (opts 2, 6 and 8) Modulation Analyser
£750
Tektronix ASG100 - Audio Signal Generator
£750
Wavetek 178 Function generator (50 MHz)
£1850
Wayne Kerr 3245 - Precision Inductance Analyser
£2250
Wayne Kerr 6245 - Precision Component Analyser

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

Tel:

Telnet, 8 Cavans Way, Binley Industrial Estate,
CIRCLE NO. 101 ON REPLY CARD
Coventry CV3 2SF.

Fax: 02476 650 77:

02476 650 701A
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Misguided meddling
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Working over a wireless link via standard
RF modules, J Terrade's remote controller drives four functions - left,
right, forwards and backwards for
example - without resorting to a
microcontroller. Addressing allows many
such controllers to be used in the same
environment.

NEWS
New camera detects concealed weapons
without using X-rays

LEDs five times more efficient than
common bulbs

World's first GaN wafer
Most powerful blue LEDs
Fingerprint sensor deals with wet
fingers

Cheaper solar power from polymer

FOUR -FUNCTION
WIRELESS REMOTE

34

CIRCUIT IDEAS
Toroidal -core analyser
Wide range DC voltmeter
Measure rotation speed and direction
Non-volatile latching touch switch

semiconductors

Alternative -energy boost
New power IGBT is 50% more efficient
Virtual oscilloscope combines 12 -bit
resolution with 100Msamples/s
Inductorless converters for more

Logic indicator

Working design - Doug Self s
Class -C power amplifier. This
could well be the cleanest Class -C
design ever produced. Turn
to page 12.

Novel gas -density monitor
Engine overheat warning
Optimising valve -output transformers

compact backlighting

39 NEW PRODUCTS
New product outlines, edited

by Richard Wilson
An exercise in real-time

48

UNIVERSAL TONE
DECODER
Claudia Colombini describes how to use
a field -programmable analogue array to
produce a universal single -chip
programmable tone detector for telecoms
applications.

54

EXPLORING REAL-TIME
design example, Tim Wilmshurst
explains the ins and outs of real-time
programming using a microcontroller.

CLASS -G

61

Class -G has a reputation for sacrificing
linearity for efficiency, but Doug Self's
innovative and fully -worked design has
lower distortion than all but the very best
of Class -B.

20 COMBAT EMI
Firing off with an explanation of why
multiple shielding layers work better,
Joe Carr presents a host of tips for
making your designs more EMI proof.

LETTERS

Moe Rahnema presents a vision for
optical core networks in future 3G
systems.

Locate your current position using
Ian Hickman's direction finder,. It
works by seeking out VHF
transmitters - turn to page 62.

Homopolar generator, Enhanced audio
power amplifier? Morse code.

62

DIRECTION FINDER
USING VHF
Ian Hickman designed this direction
finder for finding the bearing of any given
VHF transmitter. This type of design
normally needs two matched receivers.
Ian keeps his unit simple by using one
receiver and a multiplexer.

26 3G VIA OPTICAL CORE
NETWORKING

to page 54.

Using a multi -tasking metronome as a

to page 5.

AUDIO POWER

time -critical systems using this

microcontroller-based multitasking metronome.Turn

PROGRAMMING

A new technology for detecting concealed
weapons doesn't rely on X rays. In fact it's
completely passive. To find out more, turn

12

programming -Tim Wilmshurst
demonstrates how to produce

66 WEB DIRECTIONS
Useful web addresses for the electronics
engineer.

Class -D audio amplifier evaluation
kits -less -than 0.05% closed -loop
distortion and 50W continuous.
Find out more about this and lots
more exciting new products,
starting on page 39.
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-do justice to the new millennium" Elektor 06/01

Be The First

Why wait for prototype PCB's or spend time switching between different programs for schematic and PCB design? Why worry
about netlist files or pay extra for autorouting? Introducing Electronic Design Studio 3, integrated EDA with built in
simulation, autorouting and now available with new DeskTop Manufacture (DTM).

Getting your product to market first can make
all the difference, that's why Electronic Design
Studio 3 (EDS) combines 3 powerful programs
into one truly integrated package. You'll spend
less time switching between different programs
and worrying about netlists, and more time
designing. But that's not all, with EDS 3 we are
introducing Desk Top Manufacture (DTM) which
works together with precision CAM hardware to
machine a range of prototype PCB's directly on
your desktop!
Project Navigator Jumps to it!
EDS is project based, and with our project and
net navigators, you can jump to any document,
module, symbol, gate or pin with the click of a
mouse! No more hunting for schematics sheets

New document schemes also let you instantly
change the look of your schematics. Whether its
flashy presentations, or serious technical
schematics, EDS's DTP quality output can work
for you.

SPICE/XSPICE Simulation - its in the Box!
EDS 3 includes an enhanced SPICE/XSPICE
based simulator. All the symbol & simulation
properties can be set directly within EDS, and
you can create your own models, extend the
libraries supplied, or use external SPICE models.
All output is displayed in graph windows within
EDS ready for pasting into your reports!

or symbols. The new overview window lets you
zoom to any part of your document with a single
click, and our CADCheck system can keep your
PCB synchronised with your schematic in
realtime - no more netlist worries!

Hierarchical Schematics the way you want.
EDS is now available with full support for
modular, hierarchical, multi -sheet schematics.
Visual tags make linking between modules and
sheets easier, and there is full support in the
project navigator. Editing is easier too! New
"follow me" wiring tools and intelligent symbol
pins provide instant feedback on your wiring.

PCB Creation with Polyblend
EDS features a range of exciting new PCB
editing tools including "follow me" wiring,
intelligent pads which change colour when

correct links are made, and our new polyblend
module which lets you weld polygons, punch
holes in polygons and more. There is also our
dynamic copper pour zones, Viper rip -up and
retry autorouter, and online shape based DRC
features. 1nm resolution and support for
unlimited layers is also available!
DeskTop Manufacture
Incredibly, EDS 3 can also link directly to
CADCAM hardware to manufacture your PCB on
your desktop using standard copper clad board.
Copper tracks are machined using precision
floating head technology, and drilling and 2
layer support is also available.
Customisable Power at an Affordable Price!
EDS 3 features fully customisable toolbars,
including the ability to add links to your
favourite tools and programs in the new Tools
menu. With the latest "XP" look and feel, EDS 3
is available in 4 variants, with prices starting at
under £100 for systems with autorouting and
simulation! Why not call us now on +44 1422
255010 for a FREE demonstration pack or visit
our web site www.dotqr.com for more
information? We look forward to talking to you!
Over 18,000 licensed users of our Quickroute
and EDS software packages!

Quickroute Systems Ltd Dean Clough Halifax HX3 5AX
Tel 01422 255010 Fax 01422 255014 vvvvvv.dotor.com
Copyright t. 213fir Quc,

2

'

Yirtilrmir tOidi E

-

and prices.Ubiect to change without poll

ELECTRONICS WORLD January 2002

Misguided meddling
EDITOR

Martin Eccles
CONSULTANT

Ian Hickman
EDITORIAL

ADMINISTRATION

Jackie Lowe

020 8722 6054
EDITORIAL E -MAILS

nowe@cumulus
media.co.uk
GROUP SALES
EXECUTIVE

Pat Bunce

020 8722 6028
ADVERTISEMENT
E -MAILS

p.bunce@cumulus

media.co.uk
EDITORIAL FAX

020 8722 6098
CLASSIFIED FAX

020 8770 2016
NEWSTRADE ENQUIRIES

020 7907 7777
ISSN 0959-8332

SUBSCRIPTION HOTLINE

Tel (0) 1444 475662
Fax (0) 1444 445447
SUBSCRIPTION QUERIES

rbp.subscriptions@rbi.co.uk

Tel (0) 1444 445566
Fax (0) 1444 445447

The UK government has restated its goal of
giving access to the Internet to everyone who
wants it by 2005. Great news for Great Britain.
Or is it?
In the electronics community there'll clearly be
some beneficiaries. Some £200 million is to be
invested in a network of 6000 UK online centres in
communities across the country. Finns that import
PCs or assemble them from imported components
will do nice business, while British Telecom and
other telcos will undoubtedly get a look -in on the
gravy train.
Beyond this though, what benefit will this bring
the British electronics industry? Will it support
innovative research and development? Will there be
allowances for start-ups? Will it help British firms to
win government contracts?
No, no and no. According to e -commerce minister
Douglas Alexander, people will be able to surf the
Internet at these centres and get advice and training
while doing so. The report doesn't mention free
coffee and chocolate biscuits, but no doubt these are
on the menu as well.
The government considers this is the best means of
enabling all UK citizens to benefit from the web and
thus "bridge the digital divide" by extending access.
"Few would question seriously that in the global
economy access to information is unevenly
distributed," he declares and then delivers the
remarkable revelation that although the Internet
now reaches one in three households, only seven per
cent of citizens in the poorest income group, for
example, have home access, compared to 71% in
the highest group.
One suspects the figures for private health
insurance or ownership of high -end audiophile
systems are similar but one sees no government
intervention to rectify inequality in these quarters.
Yet the government is committed to providing
low-income families with low cost, recycled PCs
and pilot initiatives to wire up all of the homes in
some of the poorer communities in the country. It is
connecting all public libraries as well, which it
claims as the biggest single investment in the UK
libraries network since the middle of the 19th
century - too bad there's no budget for books.
It justifies this intervention by the argument that
governments have a vital role to play in the modern
economy, balancing the countless private choices of
individuals and companies with public choices that
society has to make. "Extending opportunities makes
both social and economic sense, creating a fairer and
more prosperous Britain."
This makes interesting rhetoric, but the logic that
reallocating resources for a fairer marketplace will
create greater prosperity is debatable. HMG has
failed singularly to hasten the onset of broadband
communications nor has it achieved the hotbed of e business that the government stated it would.
What this move crucially fails to recognise is that
Internet access is purely a means to an end - not an
end in itself. It is a communications medium, no
different from the telephone, newspapers or
television. People having an application for
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"...Extending [Internet] opportunities makes
both social and economic sense, creating a
fairer and more prosperous Britain." This
makes interesting rhetoric, but...
communication of this kind can doubtless make
excellent use of it. But it's debatable whether
offering cut-price Internet access to the severely
disadvantaged will transform their situation.
For some beneficiaries this endowment may be
entirely inappropriate - and as welcome as the
complete works of Shakespeare or a boxed set of
two dozen classical CDs. Handing out top-flight
fountain pens will not improve people's handwriting
any more than giving them painting sets will turn
them into eminent artists. Without also grounding in
numeracy, literacy, economics and technology, these
marginalised citizens will be no further advanced
towards creating more wealth for the nation. In
short, what they need is not hand-outs but a
structured approach to building up their knowledge,
understanding and skills.
Says Alexander: "Appropriate government action
will not only strengthen social cohesion but also
strengthen economic competitiveness. The challenge
is how best to assist our communities and equip our
companies in the face of these challenges."
Quite right. But the way ahead is to educate
people systematically to a level where they can
create wealth, at the same time creating an
environment that favours greater investment in
people by employers. Handing out free computers
and modems is a scatter -shot tactic and will not
achieve this.
The results of proactive investment policies will
not be seen overnight; it will take time to devise
training schemes and even longer to argue how they
should be funded and organised. Yet this is precisely
where government intervention would be benign, to
encourage professional competence and create a
climate that truly rewarded commitment to training
employees instead of abetting the poaching of
skilled staff from the firms that trained them.
The government states it is committed to helping
people acquire the skills they need for the jobs of the
future. Let's see if it can also create an environment
that'll sustain those jobs. To leave that task to
market forces while intervening in online access is
no less than double standards.
Mark Nelson
South, 2nd Fl New York, NY 10016 Tel; (212) 679 8888 Fax; (212)
679 9455
USA mailing agents: Mercury Airfreight International Ltd Inc, 10(b)
Englehard Ave, Avenel NJ 07001. Periodicals Postage Paid at Rahway
NJ Postmaster. Send address changes to above.

Printed by Polestar (Colchester) Ltd, Filmsetting by G & E 2000 Ltd,
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B2 Spice AD v4
Try the full version risk free for 30 days
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Some of the new features
osA

0.0°

PCB exp.' and et I of materials.
matics with DIN and ANSI symbols.
ons and network analysis.
emati borders and title -box for professional output.
Smith and polar plots.
A massive 16,000 parts as standard.
Powerful new graphing and plotting - display & switch
between multiple graphs easily.
New "workspace" window to manage your projects

cog'

Results y u can rely on
B2 Spice's ease of use and above all, accuracy, is why it is used by
dozens of universities and thousands of professional designers in the
UK and US. B2 Spice delivers simulations that accurately behave like
the end result. This new version contains a plethora of additional
features, from Radio Frequency simulation to PCB capabilities.

and files.
New "parts chooser" window to easily pick and place
parts.
Combined digital and analogue graphs.
Even faster simulations.
Unlimited undo / redo.
Many new simulation models.
10`'
Create new parts .
Create and edit symbols.
Create new PCB layout parts.
New fully featured schematic editor.

More features and simulation options than ever before
There are NO limits
Sinusoidal, constant, periodic pulse, exponential, RF, single frequency, FM, AM,
DC voltage, AC voltage, VCO, Vcc, piecewise linear, polynomial / arbitrary
source, voltage -controlled voltage, voltage -controlled current, current -controlled
voltage, current -controlled current, lossy and ideal transmission line, MESFET,
uniform RC, current and voltage controlled switches are all available.
Fully mixed mode, single / dual parameter DC sweep,
AC sweep, transient analysis, small signal transfer
function, Fourier analysis, AC & DC sensitivity, Smith
charts, pole zero, Monte Carlo analysis, noise, distortion
operating point, temperature change, as well as
generating component faults.

We set no limit on the size of your design or the
number of nodes or parts. It can be as large or as
complex as you want. The high quality graphics
ensure that your results are easy to understand and
interpret. Everything can be customised to suit your
needs and preferences.

30 Day no risk trial with free ongoing
technical support. If it doesn't do what
you want, then simply return it.
From just £159 ex VAT for the standard version.
Professional full featured version £229 ex VAT.
All libraries included - no hidden extra costs.
Educational discounts and site licences available.

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

Email info@looking.co.uk www.spice-software.com

esffeseardi

New camera detects concealed weapons
without using X-rays
Researchers at Qinetiq, the UK's
defence research group, have
developed a millimetre -wave camera
that can spot concealed weapons and
find stowaways hidden in trucks.
The human body reflects some 50
per cent of incident radiation at 35
and 94GHz, a fact that the camera
exploits.
"The camera doesn't transmit
anything - it's purely passive," said
Roger Appleby, team leader for
passive mm -wave imaging at
QinetiQ.
Contrast is generated by the sky
temperature, which is about 200K
colder than ground or other objects.
This makes the camera a radiometer,

measuring thermal noise and
amplifying it to produce a voltage.
"Anything that reflects that cold
sky gives a huge contrast," said
Appleby.
QinetiQ is reluctant to give out
resolution figures, but says the
camera works at a range of a few
metres, and runs at around 12
frames/s.
Originally intended for soldiers and
pilots to use in thick fog, the mm wave camera has been tested finding
stowaways on lorries passing through
Eurotunnel's French terminus.
"When illegal immigration became
such a political hot potato and the
Government introduced £2000 fines

for travel operators, we agreed to
work with Eurotunnel to assess the
millimetre -wave camera," said Kevin
Murphy, a business manager at
QinetiQ.
"In just three months we saved
Eurotunnel tens of thousands of
pounds in fines."
The camera works through the
sides of lorries when visual
inspections and CO2 sensors are
impractical, and lorries don't need to
stop as they pass the camera.
Because clothing is transparent to
the system, the camera could also be
used in security applications,
searching out dense objects such as
knives and guns.

LEDs five times more efficient than common bulbs
50 lumens per watt - that is five times the efficiency of
a conventional light bulb - is now available from LEDs.
The claim comes from Osram which has doubled the
light output of the best 615nm (reddish -orange) LEDs.
The technique is said to work from yellowish -green to
red.

LEDs are formed in epitaxial layers grown on various
substrates, normally gallium arsenide at these longer
wavelengths. According to the company, the GaAs
substrate absorbs, and therefore wastes, light.
To counter this, Osram is turning the LED structure
on its head and then removing the GaAs completely.
Initially it metal -coats the epitaxial layer after normal
LED construction, then bonds another wafer on top.
This second wafer then acts as a new substrate while the
original is removed. Now it has the epitaxial layer
bonded upside down to the new substrate with a metal
layer in between. The metal acts as light reflector and
back contact.
From the beginning, said Osram, the process has been
designed for 100mm LED production wafers.
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New LEDs have five times the efficiency of a
conventional light bulb.

UPDATE

World's first gallium -nitride wafer

World's first
gallium nitride
wafer. GaN is
likely to lead to
better blue and
UV LEDs.

A US firm claims to have made the
world's first pure gallium nitride
(GaN) wafers.
Technologies and Devices
International (TDI) said production of
such wafers could lead to improved
green, blue and ultraviolet LEDs.
GaN is the only mainstream
semiconductor substrate not available
in pure wafer form. Today GaN
devices are made on epitaxial layers,
grown on substrates of silicon carbide
or sapphire (A1203). A pure GaN
wafer would increase the thickness of
the GaN layer well beyond the few
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microns that is typical today.
This bulk GaN, rather than epitaxial
GaN, will increase performance and
lifetime of devices, the firm said.
"Within one year TDI's bulk GaN
could be the basis of next generation
commercial blue -spectrum high
brightness light emitting diodes and
blue -spectrum semiconductor lasers,"
said Vladimir Dmitriev, chief executive of TDI. The company is looking

for partners to move to volume
production of the wafers.
According to the firm, an external
characterisation by Arizona State
University concluded the wafers have
"fairly high crystal quality with low
dislocation density".
TDI's wafers are 35mm in diameter,
slightly smaller than the 50mm
available from GaN on SiC or
sapphire.

Most powerful blue LEDs
LED manufacturer Cree has
increased the power output of its blue
semiconductor devices to 18mW,
around 50 per cent higher than
current production diodes.
As with the firm's existing devices,
X -Bright LEDs will use a silicon
carbide wafer, topped with indium
gallium nitride (InGaN).
Devices are expected to include ultraviolet at 395 and 405nm, a 460nm deep
blue, and 470nm blue LEDs.
All Cree's LEDs have a vertical

structure with a metallised base for
the cathode and a single gold bond
pad on the top of the device for the
anode connection. Light exits around
the bond pad.
Existing devices measure
300x300urn and have a 30mA
forward current at around 3.6V.
Cree sells its LEDs as cut dice from
the wafer. Typical applications would
be as the basis for white LEDs, traffic
lights and other solid-state
illumination.

Fingerprint sensor deals with clammy hands

Fingerprint
sensors have a

problem with wet
fingers. Tens of
thousands of
micromachined
push buttons look
set to provide the
answer to this
problem.

Most fingerprint sensor chips use
capacitive sensing and fail to work
with wet fingers. Mechanically
sensing the ridges and grooves on a
finger tip entirely gets over this
problem. But how do can you do it?
NTT thinks it has the answer and
has micromachined an array of
60000 push buttons.
Each pixel, as NTT calls the push
buttons, is 50µm square and consists
of a membrane over a hollow
chamber.
A 10iim high polyamide bump on
top of the membrane bends the
membrane into the chamber when
touched. This decreases the spacing
of two electrodes, one at the bottom

of the chamber and one under the
membrane. The spacing change is
detected by capacitive means isolated from any moisture, grease
or dirt on the finger tip.
The chamber is built from
electroplated gold, using polyamide
as a sacrificial material in the
micromachining process.
The membrane, which also seals
the chamber and supports the top
electrode, is applied using a
specially -developed technique called
`spin coating film transfer and hot pressing' which does not allow
material to flow into the cavity and
clog it during manufacture.
50000 heavy taps with a simulated

Finger, said NTT, failed to break the
sensor.
In a separate paper, researchers
from Analog Devices' Irish research
labs have created a cavity -based
touch sensor using floating gate
technology.
This time, the cavity is entirely
made from polysilicon. The poly
membrane couples capacitively to
another polysilicon layer on the
substrate below. This second layer
also acts as a floating gate for a Fet
channel in the substrate below.
Displacing the membrane causes
the voltage on the lower poly layer
to change, as charge is constant. In
turn, this alters the resistance of the
channel below.
Overall, the device converts a
pressure to a current in the channel.
Analog Devices says the sensor is
scalable and can be made on a
standard CMOS process with four
extra mask steps.

NTT's fingerprint sensor
57 334 off 50 by 50pm pixels
11 by 13mm active area
102 transistors per pixel
256 step grey scale
300ms read time
3.3V, 60mW power
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Fets with carbon nanotubes look set to
outperform their silicon counterparts
Fets made from carbon nanotubes
have been demonstrated by scientists
at IBM's TJ Watson Research
Center, while simple circuits based
on such devices have been made at
Delft University of Technology in
the Netherlands.
Such research might help solve
some of the fundamental physical
limitations that silicon Fets are
facing.
IBM's researchers dispersed
semiconducting single -walled
nanotubes (s-SWNTs) with a diameter of 1.4nm onto a heavily doped
silicon wafer, which acts as the gate,
separated by a 150nm gate oxide.
Titanium or cobalt are used as the
source/drain contact material with an
anneal process to form low -resistivity Co or TiC at the junction between
the contact and the nanotube. This
scheme is claimed to be a big
improvement over previous attempts
to make nanotube Fets.
The resulting transistor has a
relatively long nanotube of just over
11.tm in length (see image). Hole
mobility is around 60cm2N/s, while
transconductance for a p -type device
reaches 122µS/Rm.

The latter metric, scaled for a
100nm nanotube Fet, would give a
transconductance of over 1200[tS/Rm
-a figure that is similar to that of
conventional silicon Mosfets.
However, unlike silicon Mosfets,
reducing the gate oxide thickness
will not give the same level of
performance improvement. This is
because the capacitance for a cylinder varies inversely with the logarithm of the distance to the centre of
the cylinder. A standard Fet has a
linear response to gate oxide thickness.
The team at Delft University have
gone a step further by avoiding the
use of the wafer as the gate, which
limits options for multiple transistors.
The team patterned aluminium wire
on the wafer, followed by oxidation
to make the gate insulator.
Nanotubes around lnm wide were
deposited on top of the gate. Thus
each transistor has its own separately
controlled gate.
Resulting devices have gain above
ten and an on/off current ratio of
greater than 105.
The team then constructed simple

circuits with up to three transistors,
and were able to create functions
such as an inverter, a NOR gate, an
SRAM cell and a ring oscillator. The
circuits use resistor -transistor logic,
with the resistors off -chip.

DC -to -DC converters fill a gap in the market
International Rectifier claims to be successfully exploiting a niche between discrete device on -board DC -to -DC converters and
power 'brick' types.
Earlier this year, the company introduced
the iP2001 -a power hybrid containing all
of the semiconductors required for a multiphase microcontroller power supply, but
leaving out the inductors and large capaci-

wired or manipulated on -the -fly.
Input range is 2.5 to 12V, providing the
input voltage is greater than the required
output as this is a buck converter.
The converter requires a 4.5 to 5.5V
auxiliary voltage supply which must be
separately generated if it is not available
on -board: a reference design is available.

Overall efficiency can be as high as 97
per cent (3.311in, 2.5Vma at 4A), and stays
around 90 per cent for most line -load
combinations.

There is no internal thermal protection,
but, said Smith, a step-by-step thermal
design guide is available which should
guarantee no thermal problems.

tors.

Sitting between

This put it between lower cost all -discrete
implementations and `no-brainer', but
costly, power bricks.
According to company product marketing
engineer Carl Smith, the iP2001 has
already won a design -in with a customer.
IR has now followed up with the iP1001,
a similar building block for telecom
network infrastructure.
The iP1001 includes all semiconductors
needed to make a 20A non -isolated DC -to DC converter with an output between 0.925
and 3.3V. All the designer has to do, said
Smith, is add input and output capacitors
and an inductor.
Output voltage is set by an internal D -to A converter whose inputs can be hard-

brick -type DC -to -DC
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converters and onboard discrete component
alternatives, the
iP1001 only needs
capacitors and an

inductor to deliver
20A output.
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THE OSCILLOSCOPE IS MOVING ON...
Features:
A A fraction of the cost of benchtop scopes
A Save multiple setups, for ease of use
A Save, print and e-mail your traces
A FREE software and upgrades
A Automated measurements
A Large colour displays
A Scope, spectrum
analyser & meter
functions

Ask for a FREE catalogue and
demo software, or visit:

WWW.picotechtcorn
a'c

Am,

1

Prim ot, imited

...DON'T GET LEFT BEHIND
Tel:+44 (0) 1480 396395, Fax:+44 (0) 1480 396296, E-mail: post@picotech.com
WATCH SLIDES ON TV
MAKE VIDEOS OF
YOUR SLIDES
DIGITISE YOUR
SLIDES
(using a video capture card)
"Liesgang diatv" automatic slide viewer with built in high quality colour TV camera. It has
a composite video output to a phono plug (SCART & BNC adaptors are available). They
are in very good condition with few signs of use. For further details see www.diatv.co.uk
£91.91+ vat = £108.00
Board cameras all with 512x582 pixels 8.5mm 1/3 inch sensor and composite video out.
All need to be housed in your own enclosure and have fragile exposed surface mount
parts. They all require a power supply of between 10 and 12v DC 150mA.
47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small
£37.00 + vat = £43.48
torch but is not visible to the human eye)
30MP size 32x32x14mm spy camera with a fixed focus pin hole lens for hiding behind a
very small hole
£35.00 + vat = £41.13
40MC size 39x38x27mm camera for
mount lens these give a much sharper image
than with the smaller lenses
£32.00 + vat = £37.60
Economy C mount lenses all fixed focus & fixed iris
VSL1220F 12mm F1.6 12x15 degrees viewing angle
£15.97 + vat = £18.76
VSL4022F 4mm F1.22 63x47 degrees viewing angle
£17.85 + vat = £20.74
VSL6022F 6mm F1.22 42x32 degrees viewing angle
£19.05 + vat = £22.38
VSL8020F 8mm F1.22 32x24 degrees viewing angle
£19.90 + vat = £23.38
Better quality C Mount lenses
VSL1614F 16mm F1.6 30x24 degrees viewing angle
E26.43 + vat = £31.06
VWL813M 8mm F1.3 with iris 56x42 degrees viewing angle
£77.45 + vat = £91.00
1206 surface mount resistors E12 values 10 ohm to 1M ohm 100 of 1 value £1.00 + vat
1000 of 1 value £5.00 + vat

866 battery pack originally intended to be used with an orbital
mobile telephone it contains 10 1.6Ah sub C batteries
(42x22dia the size usually used in cordless screwdrivers etc.)
the pack is new and unused and can be broken open quite
£7.46+vat = £8.77
easily
Please add 1.66 + vat = £1.95 postage & packing per order

JPG ELECTRONICS
Shaws Row, Old Road, Chesterfield, S40 2RB
Tel 01246 211202 Fax 01246 550959 MastercardNisa/Switch
Callers welcome 9:30 a.m .to 5:30 p.m. Monday to Saturday
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FRUSTRATED!
Looking for ICs TRANSISTORS

A phone call to us could get a
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
(to name but a few).
2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF
BFR BFS BET 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 J KA
KIA L LA LB LC LD LF LM M M5M MA MAB MAX MB
MC MDA J 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.
VISA

Connect

Cricklewood
Electronics Ltd
40-42 Cricklewood Broadway, London NW2 3ET
Tel: 020 8452 0161 Fax: 020 8208 1441

www.cricklewoodelectronics.co.uk
E-mail: sales@cricklewoodelectronics.com
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Cheaper solar power from polymer semiconductors
Plastic semiconductors may spawn
cheaper solar cells, say researchers at
Belgian research organisation IMEC.
"Polymer solar cells are a long-term
application that could be enormous in
quantity," said professor Robert
Mertens, v -p for polymer devices at
IMEC.
Currently his cells are at a very
early development stage. "It will be
another 15 years or so before we
really have the materials under
control, but the pay-off is so
enormous."
Solar cells are chosen on cost.
According to Mertens, part of the
costing comes down to efficiency.
"You need an efficiency of six to
eight per cent for an integrated solar
roof. Efficiency below six per cent is
not economical," he said.
Currently performance is too low.
"We have polymer solar cells with
efficiencies of two to three per cent
over a few square millimetres."
Matching cell characteristic to the
solar spectrum is one route to better
output. The bandgaps of most plastics
are too high. "IMEC is researching
low bandgap materials. The optimum
is 1.0 to 1.4eV - we can actually do

these now - and these could be
cascaded for wider absorbency." said
Mertens.
Cascaded solar cells use stacks of
materials with different bandgaps to
convert more solar spectrum. III -V
semiconductor solar cells have been
made using this technology.
IMEC is working on a solar cell that

uses buckyballs (CO in a p -type
polymer. "The C60 [molecules] are in
contact with each other. This makes
an n -channel that collects electron hole pairs very efficiently. The cell is
only a few tenths of a micron thick
and pair creation occurs very close to
the n -type region," said principal opto
researcher professor Paul Heremans.

Alternative energy boost
Government plans to increase the
use of alternative energy sources
have taken another step forward with
the awarding of £4m in grants for
solar power projects.
The grants will pay for 380 homes
throughout the UK to be fitted with
photovoltaic solar panels. Each
system will supply up to 1.5kW to
the home.
Brian Wilson, minister for energy,
said the Government is serious about

the use of renewable energy sources.
"I am determined to give real
meaning to all the talk about renewable energies. This £4m will result in
hundreds of households being in the
front line of our commitment to solar
energy," said Wilson.
Over the next three years a further
£100m is due to be doled out to
projects covering solar, wind and
wave energy generation. The next
round of solar photovoltaic projects

will receive a share of this plus
another £10m.
"These projects will provide the
right learning experience before the
UK embarks on a much larger
installation programme. I want to see
thousands, rising to tens of thousands of roofs covered by solar
panels every year over the next ten
years, rivalling the large
programmes in Germany and Japan,"
said Wilson.

STM produces MOSFET gate just 16nm long
An n -channel Mosfet with a gate
length of just 16nm (0.0161un) has
been fabricated by
STMicroelectronics.
The company carried out the work
to prove that Fets can continue to
operate at room temperature with so
narrow a gate.
One of the biggest hurdles to
manufacturing such tiny gates is
controlling their size, as standard
lithography and even e -beam do not
have the resolution.
ST's researchers solved this
problem by first forming the gate
stack wider than required and then
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etching unwanted material from the
sides.

The gate stack is made up from
layers of 2.75nm thick oxide, 50nm
of silicon germanium and 100nm of
polysilicon. Lithography can make
the stack down to 80nm wide, but by
etching the SiGe, this is cut down to
16nm. The rest of the processing
uses standard 0.13µm equipment.
At room temperature and a supply

of 1.5V, the device has an / of

In an attempt to
prove that Fets
with extremely
short gate
lengths will
work at room
temperatures,

400p.A4un and an /off of 0.8µA/tim.
Performance could be improved by
using a thinner gate oxide, below the
existing 2.75nm.

produced this
gate - which is
just 0.016prn.

STM has
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LCD holds image without power
Malvem-based ZDB Displays,
recently spun out of ex -government
research lab QinetiQ, has released
this picture of its 18cm 200dpi
technology demonstrator.
The technology is bistable, which
means it holds its image without
power. It can also be passively
scanned at any resolution. These
attributes make it suitable for
portable high -resolution applications
including electronic books.
"We are not really limited in
resolution," said company research
director Cliff Jones. "200dpi is where
text starts to become as easy to read
as print."
According to Jones, display

contrast is higher than conventional
reflective monochrome LCDs. "Ours
is pure TN when it is not being
addressed -a pure twist, or hybrid
aligned nematic. We chose these
states for their high contrast and 360°
viewing angle."
Zenithal bistable displays, from
whence the company gets its name,
differ from conventional 'wristwatch'
types only in the alignment layer.
"Our basic challenge is to persuade
people that you only have to use a
holographic layer as an alignment
layer. We use photolithography to
make this at the moment, but we are
working on an embossing technique,"
said Jones.

New power IGBT is 50% more efficient

Gigahertz transistors
announced at IEDM
A couple of record -breaking transistors were announced at
December's International Electron Devices Meeting
(IEDM) in Washington, DC.
They are a 341GHz bipolar transistor from NTT
Photonics Laboratory and 135GHz CMOS from
Mitsubishi.
NTT's bipolar transistor is aimed at 100Gbit/s integrated
circuits and has a double heterojunction structure made
from InP/InGaAs. An operating
800kA/cm2 is one of the reasons for its startling speed.
The CMOS device uses a 70nm body -tied partially depleted silicon -on -insulator technology with offset implanted source -drain extension (SDE) and a thick cobalt
salicide.
The structure was chosen to get high performance in RF,
analogue and logic applications said Mitsubishi. Further
improvements in logic performance are predicted from
going to a dual -offset implanted SDE process.
The company sees its Si-CMOS affecting GaAs and Si bipolar RF markets.

Leicestershire power chip maker
Semelab has developed an insulated gate bipolar transistor claimed to be
50 per cent more efficient than
existing devices.
Called a clustered IGBT, the
device has a novel cathode and gate
structure, and was co -developed by
the Emerging Technologies
Research Centre at De Montfort
moved away from the trench
structures used in the latest
production IGBT devices.
"We feel we've got a novel
structure that is better than anything
else," said David Klein, MD of
Semelab. "In this instance we're
looking for higher efficiency."
The layout helps reduce switching
and on -state losses by between 30

and 50 per cent, Semelab said.
Forward voltage drop is as low as
1.8V for 100A/cm2 current density.
Development has moved from the
University and into Semelab's plant.
"At the moment we've got sample
quantities and wafers running
through the fab," said Klein. This
should lead to improved process
parameters and better yield, he said.
The firm hopes to be able to move
to commercial production of the
clustered IGBT by 2003, if not
sooner.
Klein hopes to tap into a $lbn
market for IGBT devices. "There
seems to be a market need for better
IGBT structures," he said.
Applications would include motor
drives and faster high power
switches.

Altera's Risc processor gets a boost
Altera has revealed details of its
80MHz Nios 2.0, an updated Nios
soft -core Risc processor.
Changes to the original Nios are
intended to improve the core for
high -bandwidth applications such
as networking, telecommunications,
and mass storage, said Altera.
The major change is the
instruction set is now customisable,
with the processor core identifying
non-native instructions and
allowing user -designed logic to
process them.
User logic is connected in parallel
with the Nios ALU, picking up data
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from the ALU input registers and
feeding into its output buffer.
The other major change is in the
arbitration scheme that handles
multiple bus masters on the system
bus, which connects the CPU to
peripherals, programme memory
and data memory.
Previously high rate access from a
secondary master, perhaps an
Ethernet interface, would swamp
the bus. Now the CPU and the
secondary master still fight for data
memory access, but the CPU has
unrestricted access to peripherals
and programme memory.
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Virtual oscilloscope combines 12 -bit resolution
with 100Msamples/s
PC instrumentation firm Pico
Technology has developed a 12 -bit
module that turns a PC into a
100Msample/s oscilloscope or a
50MHz spectrum analyser.
The Cambridgeshire firm is
using a 12 -bit A/D converter to
give the ADC212/100 a basic DC

accuracy of one per cent. In
spectrum analyser mode this
equates to a dynamic range of
80dB, the firm said.
Input voltage ranges from plus or
minus 50mV to 20V, while the
device has an internal buffer
memory of 128kbyte. Timebases in

the oscilloscope range from 100ns
per division to 50s per division.
An 100Msample/s device will
cost £699, while a 50Msample/s
version will cost £499, Pico said.
Software is provided free of
charge for data acquisition and
logging.

Inductorless converters for more compact backlighting
Inductorless boost converters could
cut the cost of white LED backlights
says California -based chip company
Semtech.
Space -saving LED backlights are
becoming more popular in hand-held
devices as LEDs become more
efficient. Unfortunately for single
cell -powered devices, white LEDs
need around 4V to operate.
Inductive boost converters are
available, but Semtech has developed
an alternative inductorless driver chip
that only needs four external 1µF
ceramic capacitors.
Called the SC600, it can deliver up
to 120mA of output current from
input voltages ranging from 2.85V to
6.5V - intended to match single
lithium -ion cells.
Different chips in the family give
preset output voltages of 4.0V, 4.5V
or 5.0V accommodating the forward
voltage requirements of all LED
colours, but best matched to blues
and whites.
The chip is output voltage rather

than current regulated, so series
resistors are required with each LED.
Switched -capacitor regulators tend
to suffer efficiency loss when the
output voltage is not an exact multiple of the input. The SC600 includes
Semtech's `InAhXLife' technology
which adds a 1.5x voltage multiplica-

Processing power
billionth HCO5

tion mode to fill in the efficiency dip
below exact doubling. This keeps
efficiency above 70 per cent, said
Semtech, peaking above 95 per cent.
The chips come in MSOP-10
packages, prices beginning at $1.40
(1000 pieces).
www.semtech.com

- Motorola ships five

Eight bit microcontrollers have always been popular, but Motorola has
shipped its five billionth 68HC05 chip, part of an order for white goods
maker Electrolux.
"While high -end microprocessors tend to gain the bulk of publicity, the
8 -bit MCU is the workhorse of the industry," said Paul Grimme, v -p and
general manager of Motorola's 8/16 -bit microcontroller division.
The HCO5 has a classic von Neumann architecture with its 8 -bit accumulator, index register, 5 -bit stack pointer and 5 -bit condition code
register. It is descended from Motorola's first processor, the 6800 introduced in 1974, which was designed by Chuck Peddle and Charlie Melear.
The former also created the 6502 and the Commodore Pet computer.
The HC refers to the HCMOS process that allows the micro to be fully
static and have a power down mode. Motorola now has over 150 versions
of the HC05.

This is a prototype silicon micromachined rotational actuator for hard drive heads. The read/write head is attached to this rotor and,
compared to electromagnetic actuation, says maker STMicroelectronics, electrostatic drive avoids magnetic fields close to the disk surface.
Voltages applied to a stator and rotor cause angular movements of the rotor. Drive amplitude of ±10V on the actuator provides a 1pm
stroke. High linearity, said ST, simplifies drive software.
A special package allows movement while keeping contamination out.
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Douglas Self describes
one of the lesser known classes of

audio power
amplifier, showing
how it is considerably
more power -efficient
than Class -B when
handling realistic
signals. Class -G has a

reputation for
sacrificing linearity for
efficiency, but the
innovative and fully worked design
presented here has

lower distortion than
all but the very best of
Class -B.

audio power
This Class -G amplifier uses the same small -signal
circuitry as the 'Blameless' Class -B power
amplifier, as it is known to generate very little
distortion of its own1. If the specified supply
voltages of ±50 and ±15V are used, the maximum
power output is about 120W into 852, and the rail transition
occurs at 28W.

Practical load -invariant design
Figure 1 shows the circuit of a design. The design
incorporates various techniques of mine. The fast technique
greatly reduces time-lag in the thermal compensation.
With an emitter -follower output stage, the bias generator
aims to shadow output device junction temperature rather
than the heatsink temperature.
The junctions themselves are clearly inaccessible, but the
next best thing is to mount the bias generator transistor Q8
on top of the output device, rather than on the heatsink. The
main heatsink mass is thus largely decoupled from the
thermal compensation system, speeding up the response by
two orders of magnitude2.
The design closely follows the 'Blameless' Class -B amp
described in references 3 and 4. Some features though are
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derived from the trimodal5 and load-invariant6 amplifiers,
notably the low -noise feedback network. This feedback is
complete with its option of input bootstrapping if a 10k52
input impedance is required.
Single -slope voltage/current limiting is incorporated for
overload protection; see Q12,13. As usual in my 'Blameless'
amplifiers the global negative -feedback factor is a modest
30dB at 20kHz.
The input stage - current -source Q5 and differential pair
- is heavily degenerated by R5 and R7 to delay the onset
of third -harmonic distortion. An unusually high tail current
of 6mA is used to minimise the contribution of transistor
internal emitter resistance variation.
Transistors Q3A form a degenerated current -mirror that
enforces accurate balance of Qi and Q2's collector currents.
This prevents the input stage from generating second harmonic distortion - something that should never happen.
Input resistance, defined by R3+/?4, and feedback
resistance R16 are made equal. They are also made
unusually low, so that base current mismatch caused by beta
variations will give a minimal DC offset; this does not affect
Qi-Q2Vbe mismatches, which appear directly at the output,
but these are much smaller than the effects of base current.
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Even if Q1,2 are high -voltage types with low beta, the
output offset should be within ±50mV, which I have found
adequate. This approach eliminates balance presets and DC
servos.
A low value for R16 means a low value for R15 to maintain
gain. This reduction in the impedance seen by Q2 improves
noise performance. However, the low value of R3+R4 at
2.21S2 gives an input impedance that is inconveniently low
in some applications.
What we need here is a low DC resistance, but a high
AC resistance; in other words a 50H choke is needed, or
alternatively recourse to some form of bootstrapping; not
much doubt about the way to go there, and bootstrapping
it is.
At Q2's base, the signal is almost exactly the same as the
input. The mid -point of R3 and R4 is driven by C3, so that as
far as input signals are concerned, R3 has a high impedance.
When I first used this arrangement I had the gravest
doubts about its HF stability, and added R9 to give some
isolation between the bases of Qi and Q2. In the event I had
no trouble with instability, and no reports of any from the
many constructors of the trimodal and load -invariant
designs, both of which incorporate this option.
The presence of R9 limits the bootstrapping factor, as the
signal at R3/R4 junction is a little less than at Q2 base, but it
is still adequate. With R9 at 100Q, the AC input resistance is
raised to 13kQ, which should be high enough.
The value of C8 shown - 1000µF - gives a low -frequency
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Fig. 1. Full circuit of the Class -G amplifier - probably the lowest distortion
amplifier of its class.
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Fig. 2. THD versus frequency, at 20W (below transition) and 50W into an 852 load.
The joggle around 8kHz is due to a cancellation of harmonics from crossover and
transition. 80kHz bandwidth.
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noise; THD is only 0.0012%. The vertical lines show where transition occurs.
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roll -off in conjunction with R15 that is -3dB at 1.4Hz. The
purpose is not unreasonably extended sub -bass, but the
avoidance of a low -frequency rise in THD due to non linearity in C8.
When a 1000' capacitor was used here, the THD at 10Hz
worsened from < 0.0006% to 0.0011%, and I say this is
unacceptable aesthetically - if not audibly. The place for
low -frequency bandwidth definition is earlier in the signal
chain, where it can be implemented with accurate non electrolytic capacitors.
Protection diodes D14 prevent damage to C2 if the
amplifier suffers a fault that makes it saturate in either
direction; it looks like a dubious place to put diodes but
since they normally have no AC or DC voltage across them,
no detectable distortion is generated.
The voltage -amplifier stage, Qii, is enhanced by an
emitter -follower Qio inside the Miller -compensation loop,
so that the local negative feedback that linearises the
voltage amplifier is increased by augmenting the total beta.
This extra local feedback effectively eliminates voltage amplifier non -linearity. Thus increasing the voltage
amplifier's beta also reduces the collector impedance. This
is due to the greater local feedback. So a voltage amplifier
buffer to eliminate distortion due to loading of the voltage amplifier's collector by the non-linear input impedance of
the output stage is unnecessary.
The Miller capacitor, Cam, that implements the dominant
pole is relatively big at 100pF. It swamps the transistor
internal capacitances and circuit strays, and makes the
design more predictable. Slew rate calculates as 40V/µs.
The voltage amplifier's collector -load, Q7, is a standard
current source.
Since almost all the THD from a 'Blameless' amplifier is
crossover, keeping the quiescent conditions optimal is
essential. The bias generator has to cancel out the Vbe
variations of four junctions in series; those of two drivers
and two output devices.
This task is not as difficult as it sounds. In the emitter follower output -stage driver, dissipation is almost constant
as power output varies. The problem reduces to tracking the
output device junctions.
Bias generator Q8 is a standard Vbe-multiplier, with R23
chosen to minimise drift. This should be in contact with the
top of one of the inner output devices, not the heatsink, as
this is much the fastest and least attenuated route for thermal
feedback.
The VAS collector circuit incorporates not only the bias
generator but also zener diodes D8 and D9. These diodes
determine how early rail -switching occurs as the inner
device emitters approach the lower voltage rails.
The output stage is an EF (emitter -follower) type as this is
less prone to parasitic or local oscillations than the
complementary -feedback pair version. Since this design was
heading into the unknown, it seemed wise to be cautious
where possible.
Resistor R32 is the usual shared -emitter resistor for the
inner drivers. Outer drivers Q16,17 have their own emitter
resistors, R33,36. These have the usual role of establishing a
reasonable current in the drivers as they turn on, to increase
their transconductance, and also speeding up turn-off of the
outer output devices.
As explained in the previous article, the inner driver
collectors are connected to the outer rails to minimise gain steps caused by the abrupt change in rate -of -change of
collector voltage at rail transition.

Heat sink requirements
Fig. 5. The THD residual waveform at 20W into 8Q, below transition. Only
crossover artefacts are visible as there is no rail switching.
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Deciding on the size of heatsink required is not easy,
because the heat dissipated by a Class -G amplifier depends
very much on the rail voltages chosen and the signal
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statistics. A Class -B design giving 120W/852 would need a
heatsink with thermal resistance of the order of 1°C/W per
channel; a good starting point for a Class- G version giving
the same power would be about half the size, ie 2°C/W.
Not much heat sinking is needed for the Schottky diodes.
They conduct only intermittently and have a low forward
voltage drop, but it is usually convenient to mount them on
the main heatsink.
Capacitor C15 combined with R38 form the Zobel network.
Inductor L1, damped by R39, isolates the amplifier from load
capacitance.
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Performance
Figure 2 shows the THD at 20W/50W. I think that this
proves at once that the design is a practical competitor for
Class -B. Compare these results with the upper trace of Fig.
3, taken from a Blameless Class -B amplifier at 50W into

-_-_,/r---

A+C

8Q.

Note the lower trace of Fig. 3 is for 30kHz bandwidth, to
demonstrate the lack of distortion below 1kHz. All the
Class -G plots here are taken at 80kHz to make sure any
high -order glitching is properly measured.
Figure 4 shows the actual THD residual at 50W. The
glitches from the gain steps are more jagged than the
crossover disturbances, as would be expected from the
output stage gain plots in the first article.
Figure 5 confirms that at 20W, below transition, the
residual is indistinguishable from that of a Blameless Class B amplifier; in this region, where the amplifier is likely to
spend most of its time, there are no compromises on quality.
In Fig. 6, you will find THD plotted against level. This
diagram demonstrates how THD increases around 28W as
transition begins. The steps at about lOW are an artefact due
to internal range -switching in the measuring system.
Figure 7 shows for real the beneficial effect of powering
the inner drivers from the outer supply rails. In simulation,
detailed in the previous article, the gain -steps were roughly
halved in size by this enhancement. Figure 7 duly confirms
that in the HF region - the only area where it is clear of the
noise floor and can be measured - the THD is halved.

Awes 3W

-8 es

-G as ix -4
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-2 00

Ls

zies

4.1100

Fig. 6. THD versus level, showing how THD increases around 28W as transition
begins. Class A+C is the lower and Class 8+C the upper trace.

A new kind of amplifier - Class A+C
A standard Class -B amplifier can be converted to push-pull
Class A simply by increasing the biasing to make the
required quiescent current flow. This is the only circuit
change, though naturally major increases in heatsinking and
power -supply capability are required for practical use.
The same applies to the Class -G amplifier. Recently I
suggested a new and more flexible amplifier classification
system7 and here it is distinctly useful; describing Class -G
operation as Class B+C underlines the fact that only a bias
change is required to turn this into Class A+C, and a new
type of amplifier is born.
This new amplifier configuration has the superb linearity
of classic Class -A up to the transition level. Only minor
distortion artefacts occur at higher levels, as demonstrated
for Class B+C above. The use of Class A means that the
simple Vbe-multiplier bias generator can be replaced with
precise negative feedback control of the quiescent current as
in my Trimodal amplifier8. There is no reason why the
amplifier could not be configured as a Class -G trimodal, i.e.
switchable between Class A+C and B+C.
Figure 8 gives the THD for such an A+C amplifier
working at 20W and 30W. At 20W the distortion is very
low indeed - no higher than a pure Class -A amplifier. At
30W the transition gain -steps appear, but the THD remains
very well controlled, and no higher than a Blameless Class
B design. Note that as in Class B, when the THD does start
to rise, it only does so at 6dB/octave. The quiescent current
was set to 1.5A.
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Fig. 7. THD plot of real amplifier driving SOW into 852. Rails were ±40 and -±25V.
Distortion at HF is halved by connecting the inner drivers to the outer supply rails
rather than the inner rails.
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Fig. 8. The THD plot of the Class A+C amplifier. (30W and 20W into 85-2) Inner
drivers powered from outer rails.
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In Fig. 9, the THD residual for A+C operation is revealed.
There are absolutely no crossover artefacts, and the
disturbances that do occur are at such a high signal level that
I really do think it is safe to assume they could never be
audible.
Figure 10 shows the complete absence of artefacts on the
residual when this new type of amplifier is working below
transition; it gives pure Class -A linearity.
Finally, Fig. 11 gives the THD when the amplifier is
driving the full 50W into 80; as before, the A+C THD plot
is hard to distinguish from Class B, but there is the immense
advantage that there is no crossover distortion at low levels.
There is also no need for critical bias settings.
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Pg. 9. The THD residual waveform of the Class A+C amplifier above transition, at
30W into 852. Switching artefacts are visible but not crossover distortion.

V

now in

-104

1 q420.0V 2 sOOT
V

#1 RUN

.1.1.1.1. .1.1.1.1. .1.1.1.1. .1'1.1.1. .11.114-11.1.1. .1.1.1.1. .1.1.1.1. .1.1.1.1. -1.1.1.1.

2

A.

A

Fig. 10. The THD residual waveform plot of the Class A+C amplifier. (20W into 80)
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I have previously shown9 that amplifier distortion can be
very simply reduced by changes to the compensation. This
means a scheme more sophisticated than the near -universal
dominant pole method.
It must be borne in mind that any departure from the
conventional 6dB/octave-all-the-way compensation scheme
is likely to be a move away from unconditional stability. (I
am using this phrase in its proper meaning; in control
theory, unconditional stability means that increasing open loop gain above a threshold causes instability, but the
system is stable for all lower values. Conditional stability
means that lower open -loop gains can also be unstable.
A conditionally -stable amplifier may well be docile and
stable into any conceivable reactive load when in normal
operation, but show the cloven hoof of oscillation at power up and power -down, or when clipping. This is because
under these conditions the effective open -loop gain is
reduced.
Class -G distortion artefacts are reduced by normal
dominant -pole feedback in much the same way as crossover
non-linearities, i.e. not all that effectively. This is because
the artefacts take up a very small part of the cycle and are
therefore composed of high -order harmonics. Therefore a
compensation system that increases the feedback factor at
high audio frequencies will be effective on switching
artefacts, in the same way that it is for crossover distortion.
The simplest way to implement two -pole circuit
compensation is shown in Fig. 12. Further details are given
in reference 10.
The results of two -pole compensation for B+C are shown
in Fig. 13; comparing it with Fig. 2 - the normally
compensated B+C amplifier - the above -transition (30W)
THD at 10kHz has dropped from 0.008% to 0.005%; the
sub -transition (20W) THD at 10kHz has fallen from 0.007%
to 0.003%.
Comparisons have to be done at 10kHz or thereabouts to
ensure there is enough to measure. Now, comparing the
two -pole B+C amplifier with the A+C amplifier, Fig. 8, the
above -transition (30W) THD at 10kHz of the former is
lower at 0.005% compared with 0.008%.
As I have demonstrated before, proper use of two -pole
compensation can give you a Class -B amplifier that is hard
to distinguish from Class -A - at least until you put your
hand on the heatsink.

Further variations
0.001
-1

.0005
10

100
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10k
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Fig. 11. The THD plot plot of the Class A+C amplifier. (50W into 11i2) Inner drivers
powered from outer rails.
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This by no means exhausts the possible variations that can
be played on Class -G. For example, it is not necessary for
the outer devices to operate synchronously with the inner
devices. So long as they turn on in time, they can turn off
much later without penalty except in terms of increased
dissipation.
In so-called syllabic Class- G, the outer devices turn on
fast but then typically remain on for 100ms or so to prevent
glitching; see reference 11 for one version. Given the good
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results obtained with straight Class -G, this no longer seem
seems a promising route to explore.

Fig. 12. Circuit
modification for

In summary

two -pole
compensation.

With the unstoppable advance of multi -channel amplifier
and powered sub -woofers, Class -G is at last coming into its
own. It has recently even appeared in a Texas ADSL driver
IC.

I hope I have shown how to make it work - and then how
to make it work better. From the results of a Web search
done today, I would modestly suggest that this might be the
lowest distortion Class -G amplifier so far.

Fig. 13. The THD plot for B+C operation with two pole compensation. 20W and 30W into 8t2.
Compare with Figs 13 (B+C) and 19 (A+0.
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PCBs for Class G
Circuit boards for Doug Self's Class -G amplifier are
available. These PCBs are double -sided with full solder
masks and roller -tinning. Full component identifications
are also included. Their size is approximately 190mm
by 175mm each. To order a pair of these boards, send
a cheque or postal order for £43.50 to Jackie Lowe,
Class -G PCBs, Anne Boleyn House, 9-13 Ewell Road,
Cheam, Surrey SM3 8BZ. E-mail
electronics.world@ntlworld.com for details of overseas
postage. You can also fax your credit-card details name and address of card holder and card type,
number and expiry date - on 01782 878233 (+44
1782 878233). Please make cheques payable to
Cumulus Business Media.
T)11111111P"'

January 2002 ELECTRONICS WORLD

17

ELECTRONICS

WORLD

Self on Audio
Douglas Self
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.

Self
Audio
DOUGLAS SELF

Douglas Self has dedicated himself to
demystifying 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
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BJTs; Distortion in power amplifiers
1-8; Distortion residuals; Trimodal part 1, 2;
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shielded compartments within an overall shielded box.
General rule No 2 is:

Firing off with an explanation of
why multiple shielding layers
work, Joe Carr presents a
multitude of tips for making your
designs more EMI proof.

If you delve into very sensitive equipment, such as
receivers and scientific instruments, you will find
certain critical circuits double -shielded. The reason
is that each shield will produce a reduction of signal by
60 to 100dB - although the latter figure requires very
good shielding.
Let's assume that the run-of-the-mill shield provides
60dB of attenuation. If two such shields are provided,
one inside the other, then the total attenuation will be of
the order of 120dB. This is why very sensitive or very
high gain instruments use double shielding - especially
in their front-end circuitry.

Multi -compartment shielding
In some sensitive instruments, it is necessary to provide
multiple internal shielded compartments to isolate
circuits from each other, and from the external
environment.
In Fig. 1 three circuits are placed inside individual

Input
Fig. 1. Where sensitive or
very high gain circuits are
involved, it is common to
shield each one
individually, then provide
an additional overall
shield.
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Circuit No 1

The number of shielded compartments required
is equal to the number of individual circuits that
must be protected, plus one for each power
entrance.

Spray -on shielding
A lot of equipment today is built in plastic or other
synthetic non -conducting forms of cabinet.
Unfortunately, such cabinets are an EMI nightmare.
In some instances, the manufacturer may apply a
conductive coating to the inside of the plastic case to
provide shielding. Copper, aluminium and silver
conductive sprays and paints exist. However, they don't
always provide a very good shield, so care must be
taken.
First, of course, is to make sure that the material
selected is intended for making shielding. Not all silver,
copper or aluminium paints are truly conductive. And
many such paints are not intended for shielding, so may
produce a metal density and thickness that is
insufficient.
The best one can say about some products is that they
are better than nothing - but not much.

Connectors, meters and dials
Objects that penetrate a front or rear panel, or go
through the wall of a shielded compartment, pose
special problems of shielding.
Figure 2 shows several different problems, and how
they can be handled. The case of a digital or analogue
meter is shown in Fig. 2a). The large hole cut in the
panel for the meter can provide a means for EMI to

Circuit No 2

Circuit No 3

9 Output

1

I

1

0

DC power
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enter or leave the compartment.
A shielding cover is placed over the
rear of the meter movement, completely
enclosing it except for a small hole with
grommet that allows the DC wires to
pass in and out. If only DC is carried by
the wire, then it's also possible to use
feed -through capacitors to carry the

MIC

wires.

In some other instances, a connector
for multi -conductor cable is used, Fig.
2b). The cable selected should be a
shielded multi -conductor type. The rear
of the connector is treated pretty much
the same way as the meter movement.
For many forms of connector the
manufacturer will offer optional EMI
shields, but for others a shield will have
to be formed.
Figure 2c) shows the wiring for a
multi -conductor shielded cable and
connector. Assume that a generic circuit
or signal source is inside a shielded
housing, and it is connected to a
shielded instrument through the cable.
The signal, common and DC power
supply lines are fed through separate
conductors, while the shield for the
source end is connected to the shield of
the cable.
At the end where the connector on the

Fig. 2. Objects that penetrate a front or rear panel, or go
through the wall of a shielded compartment, pose special
shielding problems. Here are some solutions.

DC power

Circuit

Signal

Common
L

5/8in
(16mm)

Fold shield back

(a)

419.5mm)
(d)

Fig. 3. Stripping RG-8/U
or RG-11U coaxial cable
in preparation for
mounting a coaxial
connector. Cut the outer
sheath along the length of
the cable making sure not
to cut the screen
conductor, a), cut round
the outer sheath, b), then
pull away the insulator
sheath, exposing the outer
shield conductor, c). Fold
back the shield, d), then
strip the inner insulator,
e). The cable is now ready
for the connector, t), g).

(b)

13/16inH

(e)

(f)

(30mm)

(c)
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Fig. 4a). Shielded cables leading to a

differential amplifier can produce a
differential signal voltage, causing
errors, a). An equivalent circuit is
shown in b)

(a)

(b)

cable mates with the connector on the equipment panel,
the same thing is repeated: shield of cable to shield of
connector, with the wires kept separate. At some point
just inside the cabinet it may be that the ground and shield
are connected together with the cabinet shield.

Installing a coaxial connector
I've messed up my share of RG-8/U and RG-11/U coaxial
cable in my time. Putting a PL -259 'UHF' coaxial
connector on the end of a length of coaxial cable appears
to be a daunting task. But it's really quite easy.
Figure 3 shows the steps. First, cut the cable to the
length needed. In Fig. 3a), you can see the first connector
step: slitting the outer insulation. Take care to slit only the
outer insulati n, and not damage the shield braid beneath
it.

U a razor knife, hobby knife or scalpel to make a
13/16in (30mm) slit from one end of the cable. Next, as
shown in Fig. 3b) make a circumferential cut at the inner
end of the long slit, so that the outer insulation can be
removed, Fig. 3c).
Once the outer insulation is removed, use a soldering
iron to lightly tin the braid, making it stiff. Take care not
to use too much heat, or the inner insulation will be
damaged. Also, if too thick a layer of solder is laid on,
then the connector will not slip over the end in the
following steps.
Figure 3d) shows the next step: cut away the inner
insulation so that 5/8in (16mm) of inner conductor is
exposed. The inner insulator and shield will be flush with
each other at the end of the 16mm section.
Figure 3e) shows the PL -259 UHF connector and the
prepared cable. Now here's a bit of wisdom: unless the
cable is relatively short, and you have free access to both
ends, now is the time to slip the outer shell - the piece
with the thumb threads - over the cable, back first.
Next, slip the inner portion of the connector over the
exposed cable end, making sure that the inner conductor
goes into the hollow connector centre pin, without
bending or buckling, Fig. 3f). Some people prefer to
solder tin the inner conductor, especially if the cable uses
a stranded wire for the inner conductor.
Once the connector is firmly seated on the cable, Fig.
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3g), use an ohmmeter to make sure there is no short
circuit between inner and outer conductors. If the cable
checks out on the ohmmeter, solder the outer shield to the
connector by soldering through the view holes in the
thinner portion of the connector.
Make sure that all of the holes are soldered. I've seen a
connector 'tacked on' by soldering only one hole go bad.
The connection failed... and the blankety-blank cable was
buried inside a wall - which itself was an installation
mistake! Finally, solder the inner conductor at the end of
the hollow centre pin. After it has cooled check the cable
with an ohmmeter.
I use a soldering gun with 100 -200 -250 -watt three-way
switchable settings, rather than a pencil iron. The pencil
iron is fine for printed circuit boards, but the metal of the
braid and connector sink heat enough to cool off the
connection too much.
Give it a try... the connector is actually relatively easy
to install.

Guard shielding
One of the properties of the differential amplifier including the instrumentation amplifier - is that it tends to
suppress interfering signals from the environment. The
common -mode rejection process is at the root of this
capability.
When an amplifier is used in a situation where it is
connected to an external signal source through wires,
those wires are subjected to strong local 50 or 60Hz AC
fields from nearby power line wiring. Fortunately, in the
case of the differential amplifier the field affects both
input lines equally, so the induced interfering signal is
cancelled out by the common mode rejection property of
the amplifier.
Unfortunately though, the cancellation of interfering
signals is not total. There may be, for example,
imbalances in the circuit that tend to deteriorate the
CMRR of the amplifier. These imbalances may be either
internal or external to the amplifier circuit.
Figure 4a) shows a common scenario. In this figure,
you can see the differential amplifier connected to
shielded leads from the signal source, V. Shielded lead
wires offer some protection from local fields, but there is
a problem with the standard wisdom regarding shields: it
is possible for shielded cables to manufacture a valid
differential signal voltage from a common mode signal!
Figure 4b) shows an equivalent circuit that
demonstrates how a shielded cable pair can create a
differential signal from a common mode signal. The cable
has capacitance between the centre conductor and the
shield conductor surrounding it. In addition, input
connectors and the amplifier equipment internal wiring
also exhibit capacitance.
These capacitances are lumped together in the model of
Fig. 4b) as Cs1 and Cam. As long as the source resistances
and shunt resistances are equal, and the two capacitances
are equal, there is no problem with circuit balance. But
inequalities in any of these factors - which are
commonplace - creates an unbalanced circuit in which
common mode signal Km can charge one capacitance
more than the other. As a result, the difference between
the capacitance voltages, Val and Vcs2, is seen as a valid
differential signal.
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A low-cost solution to the problem
of shield -induced artifact signals is
shown in Fig. 5a). In this circuit a
sample of the two input signals are fed
back to the shield, which in this
situation is not grounded.
Alternatively, the amplifier output
signal is used to drive the shield. This
type of shield is called a guard shield.
Either double shields - one on each
input line as shown - or a common
shield for the two inputs can be used.
An improved guard shield example
for the instrumentation amplifier is
shown in Fig. 5b). In this case a single
shield covers both input lines, but it is
possible to use separate shields. In this
circuit a sample of the two input
signals is taken from the junction of
resistors R8 and R9, and fed to the input
of a unity gain buffer/driver 'guard
amplifier', A4. The output of A4 is used
to drive the guard shield.
Perhaps the most common approach
to guard shielding is the arrangement
shown in Fig. 5c). Here you will
notice that two shields are used; the
input cabling is double -shielded
insulated wire.
The guard amplifier drives the inner
shield, which serves as the guard
shield for the system. The outer shield
is grounded at the input end in the
normal manner, and serves as an
electromagnetic interference
suppression shield.

(a)

IN o

0 Vo

+IN

(b)

Outer
insulator

Outer
shield

Inner
shield

-IN

Vc,

Guard shielding on PCBs
The guard shield concept can be
Inner
insulator
extended to the input pins of high -gain
amplifiers on printed circuit boards.
(c)
Figure 6 shows the method for placing
a guard ring around a printed circuit
pad - an IC pin for example.
Fig. 5. It is possible to prevent signals from being generated in the shielded cables that feed a
The ring is grounded in most cases,
differential amplifier by using configuration a). Circuit b) is an improved - but more elaborate
but is always connected to the guard
- solution. The most common implementation of this circuit, shown in c), uses cable with two
shield of the input cable. The centre
shields and two conductors.
conductor of the cable is connected to
the pad itself.
The version shown in Fig. 6 keeps one end of the ring
open in order to accommodate connection to the circuit
Shield
board pad. If the board is two-sided or multi -layered, then
the ring can be complete, with the connection to the pad
occurring on the top or on one of the intermediate layers.

Guard shielding specialised amplifiers
There's a number of specialist integrated circuits on the
market. These are often designed specially for analogue
subsystems in PC -based instruments. In many cases
though, they are more general in format.
An example of a general IC amplifier is Burr -Brown's
INA-101AG device shown in Fig. 7. This is an integrated
circuit instrumentation amplifier, A1, with the gain being
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Centre
conductor

7

PC guard ring
with IC pad
in centre

Fig. 6. It is possible to extend the guard shield concept to the pins of an
integrated circuit, as shown.
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10
10

INA- 01AG

1

7.

Sensor

1

1

equally. As a result, it is common
mode.
It is sometimes possible to
manufacture a differential signal
from a common -mode signal. Earlier
I said that this phenomenon was due
to bad shielding practices. In this
section I am going to expand on that
theme and consider grounds as well
as shields.
One source of this problem is
called a ground loop, and is shown in
Fig. 8a). This problem arises from
the use of too many grounds. In this
example the shielded source, shielded
input lines, the amplifier and the dc
power supply are all grounded to
different points on the ground plane.
Power supply dc currents, I, flow from the power supply
at point A to the amplifier power common at point E.
Since the ground has ohmic resistance - albeit very
low resistance - the voltage drops E 1 through E4 are
formed. These voltages are seen by the amplifier as
valid signals, and can become especially troublesome if
I is a varying current.
The solution to this problem is to use single -point
grounding, as shown in Fig. 8b). Some amplifiers used
in sensitive graphics or CRT oscilloscopes keep the
power and signal grounds separate, except at some
single, specific common point. In fact, a few models go
even further by creating several signal grounds,
especially where both analogue and digital signals
might be present.
In some instances the shield on the input lines must
not be grounded at both ends. In those cases, it is
usually better to ground only the amplifier ends of the
cables.

8

2

-/
INA-105

Fig. 7. Example of how a special-purpose

instrumentation amplifier - in this
instance an INA-101 - can be shielded.
L

set by an external resistor RG.
This type of device has provision for guard shield
connections directly to the IC - pins 4 and 8. These
pins are fed to the separate inputs of a summing
amplifier, the output of which drives the guard shield.

Grounding and ground loops
Impulse noise due to electrical arcs, lightning bolts,
electrical motors and other devices can interfere with
the operation of sensors and their associated circuits.
Shielding of lines (see above) will help somewhat, but
it isn't the entire answer.
As discussed below, filtering is useful, but it is at best
a two-edged sword, and it must be implemented
prudently and properly. Filtering on signal lines tends
to broaden fast rise time pulses, and attenuate high
frequency signals... and in some circuits causes as
many problems as it solves.
Other electrical devices nearby can induce signals
into the instrumentation system, the chief among these
sources being the 50/60Hz AC power system. It is wise
to use only differential amplifier inputs, because of
their high common -mode rejection ratio. Signals from
the desired source can be connected across the two
inputs, and so become a differential signal, while the
50/60Hz ac interference tends to affect both inputs

In summary
The matter of shielding electronic circuits for EMI isn't
as simple as it appears. The guidelines in this article
and the one last month will help you determine the
correct way to go.

Analogue
ground

Digital
ground

Power
supply
ground

Video
ground

Central
ground point

E2

Ground plane

Ground plane

Fig. 8. A typical ground loop occurs when many grounds are used and connected at different places, a). The solution is to take all the
grounds to the same point, as in b)
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Easy -PC For Windows V5.0, now available
with SPICE based ND mixed mode simulator
hamOeiti

£97

NEW Easy -PC V5.0

Easy -PC for Windows is one of the
biggest selling PCB systems in Europe. With
prices starting from as little as £97 it represents
exceptional price performance.

OillY5 SPICE Based Simulator

29

Easy-Spice is a substantially enhanced
version of SPICE3 and XSPICE with the

underlying algorithms being reworked to
significantly improve convergence and add
new functionality.
Easy -Spice is intergrated with Easy -PC
Schematics and is supplied ready to use with
SPICE libraries and models.

For more information or for a demo copy call us on +44 (0)1684 773662 fax +44 (0)1684 773664
or E-mail info@numberone.com

or download a demo copy from

www.numberone.com

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

A0r
COLLEGE OF
TECHNOLOGY

DISTANCE LEARNING
SHORT COURSES with
BTEC CERTIFICATION
Analogue and Digital Electronics, Fibre Optics,
Fault Diagnosis, Mechanics, Mathematics and
Programmable Logic Controllers
Suitable for beginners and
those wishing to update their
knowledge and practical skills
Courses are very practical and
delivered as self-contained kits
No travelling or college attendance
Learning is at your own pace
Each course can stand alone or be
part of a modular study programme
Tutor supported and BTEC certified
For information contact:
NCT Ltd., P.O. Box 11
Wendover, Bucks HP22 6XA
Telephone: 01296 624270; Fax: 01296 625299
Web: http://www.nct.ltd.uk
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TELFORD ELECTRONICS
Old Officers Mess, Hoo Farm, Humbers Lane, Horton,
Telford, Shropshire TF6 6DJ, UK
Tel: (0044) 01952 605451 / 670178
Fax: (0044) 01952 677978
E-mail: telfordelectronics@btinternet.com /
marc.007@btintemet.com / annie.007@btintemet.com

Web: http://www.telford-electronics.com

Second User Electronic Test and Measuring
Instruments - DC to 100 GHz
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BARGAINS
TO BE HAD
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site for all your equipment needs.

We have a clearance/graveyard site
with goods from as little as £15.00!!!
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3G via opticalcore

etworki lig

Moe Rahnema* presents a
vision for optical core
networks in future 3G
systems.

The explosive growth anticipated for the 3G
wireless data applications and multimedia services
is a major concern to wireless operators at the
moment. The convergence of voice, data, and video
services and the close integration with the fixed
networks is raising issues of network inter -working,
interoperability, mobility management and the provision
of dynamic and flexible bandwidth in the core network.
A crucial factor is being able to meet the everchanging demand with a scalable network infrastructure
and flexible transport technology. Flexible transport
architecture is needed that is Internet -protocol friendly
and provides efficient bandwidth on demand. It also
*Moe is a Senior Principal Consultant with LCC
International, Inc.

Third Generation - or 3G for short - is the name given to the wireless
mobile networks that will offer broadband connections to data
services - such as the Internet and intranets - at speeds of up to
2Mbit/s. Such networks are planned to support applications like
streaming video, web searching, and access to location based data
services, in addition to mobile telephony.
Second -generation networks, or '2G', are the digital networks
currently in use. They operate at speeds between 9.6kbit/s and
16kbit/s, including GSM, TDMA, and CDMA technologies.
The 3G systems will be based on packet switching and transport on
both the radio link, and within the core network used to provide the
interface between the radio access network and the land line packet
networks such as the Internet.
High throughput requirements and the service quality demand
placed on the core network will make the design of the core transport
infrastructure a challenge on its own. This article discusses alternative
core network transport architectures based on evolving optical
technologies, in the short and the long term, to provide scalable high capacity core networks.
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needs to be easily reconfigured to meet the demands of

mobile users.
This new transport infrastructure should be flexible to
allow the rapid introduction of new services and be
managed with minimal complexity.

Core network -a key investment
For 3G network deployments, the core network is a key
investment that operators must make in order to secure
a superior competitive position by allowing them to
offer an extensive variety of services.
Customers will measure their wireless operator on
both the ease and flexibility of the access to this
expanding variety of services. The core network should
ideally be based on an architecture that is independent
of the type of access technology. This will allow
interoperability with existing and future access
technologies.
Most of the current models proposed for core
networks consist of four layers: IP and other content bearing traffic, ATM for traffic engineering, the
SONET/SDH transport network, and dense wave
division multiplexing (DWDM) for fibre capacity. Such
models involving mixing and matching of numerous
technologies can ultimately suffer from functional
overlaps. They can also suffer from conflicting
performance tuning among their layers, and
unnecessary complexity. This approach is ineffective in
using the evolving optical transport and switching
technologies.
The numerous data and multimedia services in the 3G
networks, and the scaling of the core network, can make
the traffic between pairs of backbone routers reach a
single optical carrier level such as 0C -48c or 0C -192e,
making the ATM's virtual path equivalent to a
wavelength.
Benefits of ATM's fine virtual path granularity including quality of service - make it eminently suitable
for the access network. In the optical core, where the
appropriate switching granularity becomes the
wavelength, path granularity becomes irrelevant.
In addition, effective management of these large and
numerous virtual paths depends on the widespread
introduction of the private network -to -network interface
(PNNI). This is ATM's dynamic virtual path
provisioning and restoration protocol.
Even then, PNNI's restoration times will be measured
in seconds to minutes -far inferior to the 50ms
benchmark set by the SONET/SDH ring. As a result,
ATM switches do not offer compelling value for the
long-term inclusion in the optical core. In addition, the
availability of IP routers capable of operation at the
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:ire speed of 10Gbit/s will make the SONET/SDH
grooming function unnecessary.

Other bottlenecks - current architectures
A further drawback in the four -layer architecture is in
providing multigigabit bandwidth across a pair of
routers located in two cities. This will require the
availability of bandwidth across all Sonet/SDH rings
along the connection route, and the manual intervention
at the ring junctions. Furthermore, the optical ring
interconnects can result in increased worst -case network
delays due to the failure initiated re-routeing
mechanisms used in the ring architecture.
A second drawback is the fact that the layers are
unaware of each other, resulting in increased overhead
and duplication of their services. Error correction may
be performed twice, or flow control may be performed
both at the ATM, and the TCP windowing level,
potentially resulting in conflicting actions.
With all said considerations, the future optical -core
network is envisaged to be based on the transport of IP
over WDM using the evolving wavelength switching
and optical cross connect (OCX) technologies.
With intermediate SONET/SDH and ATM switches
eliminated, only two switching elements - the
wavelength router and the IP router - are needed in the
long -haul optical infrastructure with dense wavelength
division multiplexing (DWDM) elements.
The IP routers placed at the edge of the optical
meshed network groom packets from DS -1, DS -3, OC3, and OC-12 flows to 0C -48c or 0C -192c streams.
The wavelength router maps these streams to
wavelengths for end -to -end transport across the
network.
SONET/SDH ADMs, and ATM switches may still be
used at the edge of the network, in addition to the IP
routers, for the grooming and transport of circuit
switched traffic such as voice, signalling, and video
through the multigigabit transport network.

Provisos for success
The success of IP over WDM will depend of course on
whether the IP layer can support the necessary QOS
mechanisms, and whether the WDM can provide
survivability as robust as SONET and SDH.
The efforts at the IETF for providing effective QOS at
the IP layer has led to the creation of the multiprotocol
label switching (MPLS) standard. MPLS combines the
intelligence of IP routing and the fast switching of ATM
and thereby introduces the notion of connection oriented forwarding to IP networks.
When packets from a particular session enter the
network, they are sent along the same path by giving
them all the same initial label by the edge router. Each
intermediate node on the path uses the packets label as
an index into a look -up table to find the next hop for the
packet and a new outgoing label, hence the term label
switching.
At the WDM layer, the label -switching concept of
MPLS is extended to include wavelength -routed and
switched -light paths. Hence, MPLS takes the name
multiprotocol wavelength switching (MPLS).
As the name implies, in MPLS, the wavelength of the
light serves as its own label. In MPLS, IP packets from
one or multiple sessions are mapped to a wavelength by
the edge IP routers which are then routed through a
mesh of wavelength switching optical cross connect
(OXC) nodes.
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Potential structure of a 3G mobile telephony network
architecture with an optical network at its core.

Server

farmial

Internet
(ISP)

Currently, there are OXC technologies available (for
instance from Ciena, and Sycamore) that allow the
network operator to rapidly configure optical paths
between any pairs of routers. The routers placed at the
edge of the network are connected through a mesh of
the optical cross connect wavelength switching
elements.
The configuration of paths within the optical meshed
interconnect is done through a rather simple point and
click process. These available technologies can be used
advantageously in the migration process to the future
models of optical transport and routeing.
In the longer run, the provision of optical paths will
be made automatically through real-time signalling
exchanges between the edge IP routers and the optical
wavelength routers. Initially, this realisation will most
likely take place by having the signalling exchange
performed through an optical cross connect controller
(OCC) entity using separate signalling interfaces. The
OCC uses the topology and resource availability
information it maintains on the optical transport
network to provide circuit switched services to IP and
other higher layer protocols.
As the standards for addressing and signalling for a
unified control plane are resolved and worked out, the
border routers and the optical cross -connects will be
able to directly exchange signalling and routing
information. This model will distribute the route
determination and paths set up process and result in a
scalable network control infrastructure.
Also, the use of standardised protocols and
mechanisms for the exchange of signalling and routing
information will allow for the mixing of equipment
from different vendors and open up competition for the
equipment markets.
The network operators will be able to take advantage
of the evolving optical networking technologies both in
the short and the long run to provide scalable high
capacity core networks. This will allow the support of a
diverse range of services with different bandwidth and
QOS requirements through a single core infrastructure
with the advantages of simplified management,
operation and maintenance.
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Working over a 433MHz wireless link via standard RF modules, J
Terrade's remote -control system drives four functions - left, right,
forwards and backwards for example - without resorting to the
complexity of a microcontroller. An addressing system allows
many such controllers to be used in the same environment and a
PWM motor drive scheme provides an extra degree of control.

Four -fu iction
wireless rei i vie
My original idea was to design a four-way remote
control system with constraints on size, cost and

complexity. Two three-way switches provide
the control information. Parallel data representing the
switch positions is translated to serial form read for transmission. The serial data is conveyed over a 433MHz wireless link then, on receipt, translated back to parallel data.
Functional diagram Fig. 1 shows that a 9 -bit data
packet is used. On the transmitter side, the four data bits
and a five bits of identification code are converted from
parallel to serial. The data packet is sent continuously.
Then the total information arrives at the HF transmitter.
On the receiver side, the nine bits are converted from
serial to parallel. Then the received identification code
is compared to the local code. The comparison result
clocks the four data bits for the D -type latch.

I use this configuration to control a small battery powered boat with a two-way remote control switches.
The boat has two DC motors, one for propulsion, the
other for direction.

Transmitter analysis
Figure 2 details the transmitter. Since power consump-

tion is 10mA during transmission, a 9V battery can be
used, allowing the unit to be fully portable.
Diode D1 protects the device against polarity inversion. Components K1 and K2 are momentary three-way
switches with a normally centre off position. The user
must push the switch in one direction and keep it there
to maintain the desired action. When released, the
switch returns to its null position.
When K1 and K2 are centred, the logical levels on D6
9 bits data packet

Transmitter
Data (4 bits)

transmitter/recei
ver combination

rIrck

Receiver

is set by the user
to respond to a
unique

identification
code, or
'address'. In
theory, over 200

emission

ID code (5 bits)

wireless remote control system.
The

433 MHz

Parallel
to serial

Fig. 1. Block
diagram of the
complete

9 bits data packet
Data (4 bits)
433 MHz
reception

4

Serial to
Parallel

4

D latch

41 Data (4 bits)

tClock
Comparison

such systems

could be used in
the same

location without
conflicts.

'8

ID code (5 bits)

Data are clocked after
3 identical transmission
11

Local ID code
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are powered down. Their supply is switched on via the two transistors when
either of the three-way control switches, K1 and K2, is activated.

B2
GND

to D9 of ICI are low due to R3_6. When K1 or K2 is
activated, the voltage at the corresponding data input
D6 to D9 of /CI becomes close to 5 volts, resulting in a
logic high level. Note that Kt and K2 can be activated at
same time.
Divider Ri/R3 or R1/R4 resulting from activating K1,
and likewise dividers R2/R5 or R2/R6 from K2, produces

an acceptable level for ICI's inputs.
Diodes D2 to D5 ensure rapid charging of capacitor C2
through R7. When this capacitor is charged, Tr1 conducts, as does Tr2. Diode D6 acts as a power -on indicator. When the two transistors are turned on, zener diode
D7 is fed via D6, and R11, resulting in a +5V power
supply being fed to both ICI and IC2 with 5 volts.
Capacitor C2 remains charged until both switches
return to their off position. Then C2 discharges through
Rs. After approximately 8 to 10 seconds, the transistors
turn off, removing power supply to the two ICs.
Inputs A 1 to A5 of /CI are three -state inputs representing low level, high level and not connected level.
This would allow 243 combinations, i.e. 35. But three state DIP switches are expensive and besides, 64
possibilities are enough for most applications.
If pin 6 of DIP switch SW1 forces a low level - i.e. the
switch element associated with pin 6 is closed so that it
is connected directly to ground - address inputs A 1 to
A5 can be used to select between low level and open
circuit. If pin 6 of SW1 is allowed to be pulled high
through R12, address inputs Al to A5 can be used to
select between high levels and open -circuit. This
arrangement gives 64 combinations.
Components R14, R15 and C5 attached to /CI form the
local oscillator. Output from /CI at pin 15 provides the
9 bits of data packet for the HF transmitter, IC2. An
amplitude -modulated HF module is used.
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Our antenna comprised a single wire of 17cm length
attached directly to the PC board.
Note that during all time power is on, transmission
occurs. After K1 and K2 have been released, the transmitter continues to send null position information until
power goes off. This period is around eight seconds.
Timing relationships for the transmitter are shown in
Fig. 3.

Receiver details
Figure 4 shows the circuit for the receiver. Its antenna
is again a single wire of 17cm attached directly to the
circuit board.
. Front

K1

No

K2: Right action

48-10.

K1 : Front
K2 : Center
41

Vc2

No action

---la.

5V
2.5V
Il.
m

time

s

Vcc

5V
Power is ON
Led D6 is ON
All data bits are transmitted continuously
-111.

time
1:E

0

0

0
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D7

1

0

1

0

D8

1

0

0

0

D9

0

0

0

0

Bits Al to A5 = ID code

Fig. 3. Timing of the transmitter sequence, illustrating how activating either
switch causes the auxiliary power supply to turn on. This supply stays on for
around 8s after the switches are released.
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Incoming signals arrive at the HF module, /CI, which
is powered by a stable 5V supply. The 9 -bit data packet
is available at its output, pin 14. As with the transmitter,
the DIP switch SIVI gives up to 64 possibilities for the
identification code. This switch must be set to the same
combination as that of the transmitter.
The four data bits are available at outputs D6 to D9.
Direction bits D9 and D8 connect to R7 via diodes D4
and D5. They form a wired -OR function. When either
`direction' bit is active - i.e. at a high level - the
`DIR_OK' signal is high.
Components IC5B, R8, P2, D6, D7 and C8 form a gated
oscillator. When the `DIR_OK' signal is high, this
oscillator is gated on and produces a square wave at pin
4 of IC5B - resulting in the 'DIR' signal. Gate IC5c
inverts the `DIR' signal.
When neither direction bit is active, `DIR_OK' signal
is low and the oscillator stops, Fig. 5.

Direction control
The `DIR' signal connects to the enable input of IC3,
pin 1. This pin controls the three -state output of IC3, an
L293 wired as an H bridge.
A low level at pin 1 creates a high impedance at
output pins 8 and 3. A high level allows outputs D9 and
D8 - on pins 9 and 2 - to drive the direction motor
right or left, Table 1.
When the `DIR' signal is low, the left/right motor is
not driven and returns to its centred (zero) position with
the mechanical action from a spring
When `DIR' signal is a square wave, the direction
motor is driven by a square wave voltage. The period of
DIR signal is small compared to the motor's time
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right

center

Table 1

Fig. 5. Timings
for the receiver's

Logic table for the 'left/right' motor drive.
L
R
Motor
0
free wheel
0
0
0
0
electrical brake
1
turn right
0
1
1
turn left
1
0

'left' and 'right'

DIR
1

1

1

1

not used

functions. A
potentiometer
allows the duty
cycle of the pulse
to be set to suit
the motor.

0 = don't care

constant so the motor works as if a reduced DC voltage
was present.
The equivalent voltage for the motor is given by :
Vaverage=Vmaxxn

where >l is the duty cycle, i.e. tl/T. This technique is a
form of pulse -width modulation, Fig. 5.
Adjusting potentiometer P2 gives control between
20% and 80%. In this way, you can vary the direction
motor current and power. Should you expect the motor
to become jammed in either direction, you can adjust P2
to avoid its destruction.
In this application, the motor drive a rudder with an
45° angle. This angle is limited by an arm attached to
the rudder and a mechanical stop. The centred (null)
position is fixed by a helical double -action spring. In
this way, when the motor is not electrically driven, the
rudder returns automatically to the null position, Fig. 6.

Forwards and backwards?
When a valid transmission arrives at the receiver,

Tx/Rx modules
Apologies, but I
was unable to
find out who
makes the
transmitter and
receiver modules
before this article
went to press. I'll
publish a note
about their
availability in the
next issue - Ed.
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Moving arm
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Fig. 6. The remote controller described here was originally designed to control a model boat. In the prototype, rudder left and right drive
was provided by a motor fitted with a spring to return the rudder to its centre position when there was no drive signal.
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Received data (pin 9 IC2)

JM II

9

%.
El El El III Ela Ell El [1] El E]

ii El El El III PlIIN El PI 11 El El

4

0

Valid -Trans (pin 11 IC2)

voltage at pin 11 goes high. But each
time the user changes the commands
from the transmitter, the 'Valid -Trans'
signal goes low until the new transmission is considered as valid.
Three correct transmissions are
needed. Therefore a stable `RX_OK'
signal is necessary. Toward this end,
Di, R4, R5 and C6 create a time constant. As a result of this constant, the
`RX OK' signal goes low only when
transmission stops, i.e. when transmitter has no supply and stops transmitting, Fig. 7.

Invalid ID or no reception

Change command : data change

bits packet

I El 113
time

3 identical
data packets
i---- 45 ms

a'

time

RXOK

2.5V

-----I

1

i__10.
time

,.ogic level for pin 2 IC5 A (oscillator run for a high level)

The `12X_OK' signal acts exactly as
the `DIR_OK' signal in the receiver. It
controls an oscillator whose duty cycle
can be adjusted via P1. Then the Prop
signal can enable the bridge with pin

disabled

High input lev el for IC5 A propulsion is enabled

li

11 of /C3, Table 2.

IIP

time

Data bits D6 and D7 control the
propulsion motor's direction of
rotation to drive the model, or whatever, forwards or backwards.
The part of /C3 taking care of forward and reverse
works in a three -state configuration, Fig. 8. Propulsion
motor power and energy consumption can be adjusted

Fig. 7. To ensure reliable operation, three correct transmissions are needed before the system
allows a propulsion action.

K1 action

front

none

none

rear

be set via potentiometer P1.

D7
time
D6

time
RX _OK

time

T

PROP

n
V motor (dry

liv

n rum

n=t1 /T=50%

Fig. 8. Timing of the remote -control system's propulsion
functions.

rt,
time

)

n

One of the two power supplies for this section is a 9V
battery pack used in conjunction with a voltage regulator /C4. This supply provides a stable 5V for the receiver and the logic section.
The other supply is a 12V battery pack - or accumulator - which provides power for the two motors.

Table 2

EITIT
time

11V
V average

Van =11Vx0.5.6V

Logic table for forward, reverse and braking.

Prop

Front

Rear

Motor

0

0

0

1

0

0

1

0

1

1

1

0

1

1

1

free wheel
electrical brake
forward
reverse
not used

6V

0.

-6V

Motor action
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time

none

front move

rear move

none

0 = don't care
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Too good
for words
The New Ranger

XL Series
Ranger 2 for Windows

£60

NEW Ranger 2XL
NEW Ranger XL from

£950

£500

FREE Website Download Demo

The Complete Integrated
Schematic PCB Layout
Package
Advanced Systems & Technology for PCB Manufacturers
Old Bunton Lime Works, Buriton. Petersfield, Hants. UK GU31 5SJ

Tails (44) 01730 260062 Fax: (44) 01730 207273

MARCONI 2019A

SPECIAL OFFERS

DUAL TRACE
20MHz TESTED

r., -.;

Delay, Cursors etc. ONLY
Supplied with 2 Tektronix probes

£425

TEKTRONIX 2232 Digital Storage Scope. Dual Trace 100
M/S with probes
£525
H.P. 54501A Digitizing Oscilloscope 100MHz, 4Ch £425
H.P. 3312A Fun Gen 0.1Hz-13MHz AM/FM Sweep / Tri /
Gate / Burst etc
£300
FARNELL Duel PSU XA35-2T 0-35V 0-2A Twice QMD
LCD Display
£180
CIRRUS CRL254 Sound Level Meter with Calibrator 80120dB, LEO
£150

EDDYSTONE 1002 Receiver 150kHz-30MHz

+

Broadcast FM
Unused £125
FARNELL AMM255 Automatic Mod Meter 1.5MHz-2GHz
Unused £300
FARNELL DSGI Low Frequency Syn Sig Gen 0.0001Hz

to 99.00kHz, Low Distortion TTL / Square / Pulse
Outputs etc
£95
FLUKE 8060A Handheld True RMS OMM 45 digit...........
As new £150. Used £95

H.P. 3310A Fun Gen 0.005Hz-5MHz Sine / Sq / Tri /
Ramp / Pulse
£12
FARNELL LFM4 Sine/Sq Oscillator 10Hz-1MHz low
distortion. TTL Output. Amplitude Meter
£12
H.P. 545A Logic Probe with 546A Logic Puller and
547A Curent Tracer
F90
FLUKE 77 Multimeter 314 digit Handheld
£6
FLUKE 77 Series 11
£7
HEME 1000 LCD Clamp Meter 00-1030A. In
Carrying Case
£6

RACAL 9008
AUTOMATIC
MODULATION
METER AM/FM
1.5MHz-2GHz

ONLY (47)

H.P. 8494A Attenuator DC-4GHz 0-11dB N/SMA £25
H.P. 8492A Attenuator DC-18GHz 0-6dB APC7 £9

Acc

NOW ONLY

£400

SOLARTRON 7045 BENCH
MULTIMETER

4'A digit BRIGHT
LED WITH LEADS

UN -BALANCED OUTPUT. LCO DISPLAY

HUNTRON TRACKER Model 1000
£125
H.P. 5315A Universal Counter, 16Hz, 2-ch
£80
FLUKE 8050A DMM 4/5 digit 2A True RMS
£75
FLUKE 8010A OMM 3Yi digit 10A
£50
MARCONI TF2015 AM/FM sig gen, 10-520MHZ
£175
RACAL 9008 Auto Mod Meter, 1.5MHz-26Hz
£200
EVELL TG200DMP RC Oscillator, 1Hz-1MHz
£50
Sine/Sq. Meter, battery operated (harts. not supplied)

TIME 1051 Low Ohm Res Box
0.01ohm to 1M Ohm in
0.01 ohm steps. Unused

(ED

STEWART of READING
VISA
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: (0118) 9268041 Fax: (0118) 9351696
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)
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ROHDE & SCHWARZ APN 62
SYNTHESISED 1 Hz-260kHz

SIGNAL GENERATOR. BALANCED/ CD

IT'S SO CHEAP YOU SHOULD HAVE IT AS A SPARE

DATRON 1061 HIGH QUALITY 5%
DIGIT BENCH MULTIMETER
True RMS/4 wire Res/Curren
Convertor/IEEE

MANUAL

MARCONI 2024 Sig Gen 9kHz-2.4GHz
.£3000
MARCONI 20220 Synthesised AM/FM Sig Gen...£525-£75
10kH2-1.016Hz LCD Display etc
H.P. 8657A Synthesised 2-18GHz Sig Gen
£4000
H.P. 8657A Synthesised 100kHz-1040MHz Sig Gen
E2000
H.P. 86568 Synthesised 100kHz-990MHz Sig See
£1350
H.P. 8656A Synthesised 100kFiz-990MHz Sig Gen... ..... £995
MARCONI 893C AF Power Meter. Sinad Measurement
H.P. 8640A AM/FM 500kHz-1024MHz Sig Gen
£400
Unused
£100
H.P. 8540A AM/FM 500kHz-512MHz Sig Gen
£250
Used
£60
PHILIPS PM5328 100kHz-180MHz with 200MHz Sig Gen
MARCONI 8936 - No Sinad
£30
Ff0(1 Counter IEEE
£550
MARCONI 2610 True RMS Voltmeter Autorangin 5Hz-RACAL 9081 Synth AM/FM Sig Gen 5-520MHz
£250
25MHz
£195
H.P. 3325A Synth Function Gen 21MHz
£600
GOULD J3B Sine/Sq Osc. 10Hz-100kHz. Low dist.£75-£125
MARCONI 6500 Amplitude Analyser
£1500
AVO 8 Mk6 in Ever Ready Case, with leads etc
£80
H.P. 4275A LCR Meter 10kHz-10MHz
£2750
Others Avos
from £50
H.P. 8903A Distortion Analyser
£1000
GOODWILL GVT427 Dual Ch AC Millivoltmeter 10mV-WAYNE KERR 3245 Inductance Analyser
£2000
300V in 12 Ranges Freq 10Hz-1MHz
f100-£125
H.P. 8112A Pulse Generator 50MHz
£1250
SOLARTRON 7150 DMM 6i/i digit True RMS- IEEE. £95-£150
DATRON AutoCal Multimeter 5A -7A digit. 1065/1061A/
SOLARTRON 7150 Plus
E200
1071
from £300-E600
RACAL TRUE RMS VOLTMETERS
MARCONI 2440 Frequency Counter 20GHz
£1000
9300 5Hz-20MHz usable to 60MHz.10V-316V
£95
H.P. 53506 Frequency Counter 20GHz
£2000
93008 Version.. ..... ..................... ..... ........................ £150
H.P. 5342A 10Hz-18GHz Frequency Counter
£800
9301/9302 OF Version to 1.5GHz from
a00-£300
B&K Accelerometer type 4366
£300
HIGH QUALITY RACAL COUNTERS
H.P. 11692D Dual Directional Coupler 2MHz-18GHz £1600
9904 Universal Timer Counter, 50MHz
£50
H.P. 116910 Oual Directional Coupler 2MHz-18GHz...£1250
9916 Counter, 10Hz-520MHz
£75
TEKTRONIX P61098 Probe 100MHz Readout. Unused...£60
9918 Counter, 10Hz-560MHz, 9 -digit
£50
TEKTRONIX P6106A Probe 250MHz Readout. Unused...£85
H.P. Logic Analyser 80 Channel
£1000
MARCONI 2305 Mod meter, 500kHz-2GHz
£750

ONLY et)

MANY OTHER ATTENUATORS, LOADS,
COUPLERS etc AVAILABLE

WITH CD,

AM/FM synthesised signal
generator 80kHz-1040kHz

TEKTRONIX 2445A 4 Ch 150MHz

SPECTRUM ANALYSERS

GOULD OS 300 OSCILLOSCOPE

H.P. 60126 DC PSU 0-60V; 0-50A 1000W
FARNELL AP60/50 1kW Autorangieg
FARNELL H60/50 0-60V; 0-50A
FARNELL H60/25 0-600; 0-25A
Power Supply HPS3010 0-30V; 0-10A
FARNELL L30-2 0-30V; 0-2A
FARNELL L30-1 0-300; 0-1A
Many other Power Supplies available
Isolating Transformer 240V In/Out 500VA

£100
£1000
£75
£400
£12
£8
£6
£4

PORTABLE APPLIANCE TESTER
MEGGER PAT2
Only £180
RADIO COMMUNICATIONS TEST SETS
MARCONI 2955/2955A
from £1500
SCHLUMBERGER 4040
£900

ADVANTEST R41318 10kHz-3.6GHz Synth
£3500
H.R. 8591E 1MHz-1.8GHz 75 Ohm
£4500
EATON/AILTECH 757 0.001-22GHz
£1500
H.P. 855813 with Main frame 100kHz-1500MHz £1250
H.P. 853A (Dig Frame) with 8559A 100kHz-21GHz
£2250
H.P. 3580A Audio Analyser 5Hz-50kHz. As new £1000
8 & K 2033R Signal Analyser
£1500
H.P. 182 with 8557 10kHz-350MHz
£500
MARCONI 2370 30Hz-110MHz
from £500
HP141 Systems 8553 1IcHz-110MHz from
£500

8554 500kHz-1250MHz from £750; 8555 10MHzfrom £1000
H.R. 5372A Frequency & Time Interval Analyser£2250
18GHz

OSCILLOSCOPES
TEKTRONIX TDS380 Dual Trace 400MHz 2GIS. £2000
TEKTRONIX TDS350 Dual Trace 200MHz 1G/S
Unused £1500
TEKTRONIX TOS320 Dual Trace 100MHz 500M/S
£1200
TEKTRONIX TD5310 Dual Trace 50MHz 200M/S.£950
LECROY 9400A Dual Trace 175MHz 5G/S
£1500
TEKTRONIX TAS485 4 Ch 200MHz etc...Unused £900

TEKTRONIX THS720A Dual Trace L.C.D. 100MHz
500M/S
Unused £900
HITACHI VC6523 Dual Trace, 20MHz 20MS/S Delay
Cursor, etc
Unused £600
PHILIPS PM3092 2+2 Ch 200MHz.. Delay etc £800....
As new £950
PHILIPS PM3082 2+2 Ch 100MHz. Delay etc £700
As new £800
TEK TAS465 Dual Trace 100MHz. Delay
£750
TEK 2465B 4 Ch 400MHz. Delay Curs
£1500
TEK 2465 4 Ch 300MHz. Delay Curs
£900
TEK 2445/AB 4Ch 150MHz. Delay etc
f500-£900
TEK 468 Dig Storage. Dual 100MHz Delay
£450
TEK 466 Analogue Storage. Dual 100MHz
£250
TEK 485 Dual Trace 350MHz. Delay
£550
TEK 475 Dual Trace 200 MHz. Delay
£400
TEK 465B Dual Trace 100MHz. Delay
£325
PHILIPS PM3217 Dual Trace 50MHz.Delay. £200-£250
GOULD 051100 Dual Trace 30MHz. Delay
£200
HAMEG HM303.4 Dual Trace 30MHz
£325
HAMEG HM303 Dual Trace 30MHz
£300
HAMEG HM203.7 Dual Trace 20MHz
£250
FARNELL DTV20 Dual Trace 20MHz
£180
MANY OTHER OSCILLOSCOPES AVAILABLE

RACAL RECEIVER RA1772
50kHz-30MHz,
LED display. Basically working

£250

USED EQUIPMENT - GUARANTEED. Manuals supplied
This is VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before
ordering. CARRIAGE all undo £16. VAT to be added to total of goods and carriage.
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Toroidal core analyser
Toroidal cores are useful things, but
I the problem is that many are
unmarked, and most core
manufacturers have their own colour
code. Furthermore, individual cores
can exhibit bad properties.
Professional inductance analysers
must be provided with powerful
excitation generators, having very
little harmonic content, and this is
reflected in the price. A simple
oscillator is not suitable, but it can be
provided with an attenuator that
allows you to distinguish between the

harmonics of the generator and those
of interest, caused by the core
material.
The display on the oscilloscope
screen is not a hysteresis loop, but a
distorted Lissajous figure. It is
essential to use polypropylene
capacitors in the circuit, or better still
polystyrene capacitors, whose power
factor is even better. With these
capacitors an '80 metres' coil can be
successfully tuned down to 85kHz.
Even so, a 1805 bleeder resistor is
still needed in order to make it less

sensitive to load variations.
A p -n -p transistor was chosen as it
allows the cold end of the coil to be
connected to ground. About an amp
of current is applied to the test item,
which ensures enough signal for a
scope with 50mV per division
sensitivity.
Using a 2.2pF polypropylene
capacitor as test item, adjust the
phase trimmer so that a diagonal line,
sloping up from left to right, appears
on the screen. A diagonal line,
sloping down from left to right,
would indicate a perfect inductance.
With a practical coil, the included
area in the display is proportional to
the ohmic loss. With cores down to a
permeability of 100, a single turn will
suffice. Otherwise, 2 or 3 turns can be
tried.
Note that the oscilloscope is used in
AY'mode. The Y probe tip should
be connected directly to the toroidal
hot lead -out wire, and both the cold
lead -out and the probe return lead
connected to ground as directly as
possible.
Wim de Ruyter
Oudkarspel
The Netherlands

+13.8V

£50 winner

5R
1

TIP32C

A

3 - 25p

100p

18k

220n

220n

Test toroidal cores
for loss.

2k

P1

220R

220n

20t
180R

560R

4t
X

18SWG

30mm O.D.
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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
modifications 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, Cumulus
Business Media, Anne Boleyn House, 9-13 Ewell
Road, Cheam, Surrey SM3 8BZ
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Wide range dc voltmeter
A resistor inserted in series with one of
the input leads of the basic meter
amplifier converts it into a wide range
dc voltmeter.
Gain of the inverting amplifier is -30
for the 10mV full scale deflection
range, falling to -0.003 for the 100V
fsd range. Values of R,, Rf and R 'f for
each range are listed in the table.
Table - Resistance values needed for
the various ranges.
Vfsd
Rv
Rf
irf
1M5
10mV
100k
1M5
100mV
1M
1M5
1M5
1V
10M
1M5
1M5
10V
1 OM
300k
0
10M
30k
0
100V

Diodes D1 and D2 provide complete
amplifier protection for overvoltages up
to 500V on the 10mV range, but if
overvoltages of this magnitude are
expected under continuous operation,
the power and voltage ratings of R,
must be taken into account.
Rajik Gorkhali
Address not supplied F86
Rt

(F86)

vD

iffirlm
-

+

,_, ,

R5

R2 A

10M

5k

100n

100k

Voltmeter has full-scale ranges of
10mV to 100V.

D1, D2 1N4148

-1 5V

ID1 LM4520
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Measure rotation speed
and direction

(F87)

Many applications require the speed and direction of rotation of a
shaft to be determined. Usually, this involves decoding the Gray
coded output of an optical or magnetic sensor.
The circuit shown performs this decoding with just four NOR gates. It
works as follows.
NOR gates A and B are connected as a bistable with inputs X and Y.
Output Q]=1(X+Q2) and Q2=/(Y+Q1 ). The response of the Bistable to a
Gray coded input on X and Y can be seen from the excitation map.
Rotation of the shaft is equivalent to traversing the map from left to
right for one direction or right to left for the other.
You will notice that the circuit leaves state '10' to either state '00' or
`01', depending on the direction that the code is moving in. NOR gates C
and D produce a low -going clock edge as the circuit leaves state '10'.
The circuit can be used to drive a simple up/down counter, or interrupt
a micro for further processing.
Jeremy Smith
Sutton Coldfield
West Midlands

Forward/Reverse
XY
11

QiQN 00

01

11

10

00

11

10

00

01

01

01

00

00

01

11

00

00

00

00

10 10

10

00

00

Y

10

01

£50 winner
x
Four NOR gates decode Gray code into direction and speed.

Latching touch switches with battery backup
One of the problems of avoiding the use
of unreliable mechanical switches by
using a fully electronic substitute is that the
last state is usually lost when the power is
switched off.
This design uses a pair of 74HC138
decoders, each providing three ways in a 6
way switch with a seventh `off' position. A

single chip could be used if only three ways
plus 'off' is sufficient. With suitable gating,
several such circuits could be cascaded to
increase the number of switches.
Outputs are standard HCMOS active low,
and quiescent current from a small lithium
button cell little more than 10µA.
Decouple all touch pads to the negative

line with 1nF capacitors to reduce possible
triggering by interference. Resistors R are
22M52; all others are 3.3MQ. Gating diodes
are 1N4148, the two power switching
diodes IN4001.
A Ziemacki
Rotherham
F88
Electronic six -way touch

Off

1

selector circuit with

6

(F88)

memory. There's a seventh

O

switch for 'off'.

©

-0+5V
0-

R

22M

F212M

AO

Al
A2

XTA

of
of

+V 16

1 AO

0

Al

1

A2

+V 16
0

2

of

2

3

0

E

3

E

4

E

4

7

5

OV

5
OV

4
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+5V

(F84)

Logic indicator

f

I needed a logic circuit to display '0' or l' when logic
lines were low or high respectively. This circuit uses a
seven segment display to achieve this..
When the input line is low Tr2 will be off. Transistor Tri
will be biased on via the display segments and resistors,
turning on segments a -f to display '0'. When the input
line is high Tr2 will turn on and Tri off. Now, Tr2 will turn
on segments b and c only, to display '1'.
Brian T Cox

g

d

6 x 270R

Exeter
F84

10k

Input:
0 or 1

Tri

OV

Simple circuit displays logic '0' or '1'.

(F90a)

+Vcc
Bridge reversal
switch
Reference light bulb
(envelope intact)

Ad ust bridge
current

Glass envelope removed,
filament exposed to gas

-50mA

Feedback - accurate
control of current

Span

--VVW
4-20mA
converter

Level shifting
circuitry
20, 40, 60dB
Gain setting amp.

Output to

Fig. 1. Process gas analyser system.

chart recorder

Measuring gas concentrations using light bulbs
A

n in -line process -gas measuring
.device can cost £5000 pounds or
more, but a gas measuring transducer
can be constructed for much less.
An in -line, continuous -running gas measuring device works by the

Voltage
across
bulb

principle of thermal conductivity.
Conventionally this involves using
two ultra -fine platinum wires fed by a
stable current source. These wires are
configured in a bridge arrangement as
shown in Fig. 1.

Resistance increases steeply as the
icurrent increases, due to the thermal conductivity
of the gas surrounding the tungsten filament

Fig. 2. V/I
characteristics of a
small light bulb.

Manufacturer's recommended
operating current for a 6V 200mA bulb

Operating current for gas detector
(exposed) light bulb
25mA

36

eg. 200mA

Current through
light bulb

(F90b)

A constant current through the cells
linearises the output of the bridge.
Platinum thermal conductivity cells,
as they are known, are expensive and
they may have an operational life of
only five days.
Bench testing the feasibility of
replacing expensive platinum cells by
ordinary 6V torch bulbs, showed that
6V 200mA MES bulbs not only work
better, but they also have a
considerably greater service life than
platinum cells.
A tungsten filament will burn out
straight away without its protective
glass envelope if operated at the
manufacturer's recommended current.
However, if the exposed filament is
run at a quarter or less of the
manufacturer's recommended current,
then a 6V 200mA MES bulb exposed
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filament was found to work for weeks
without burnout or failure. At 25mA through
each bulb, the system was found to yield
significant gain and excellent bandwidth.
To increase the gain of the bridge simply
adjust the current source to a higher setting,
but remember, increasing the current will
shorten the cell's life and vice versa. With
the zero/span adjustments, wide ranges may
be obtained particularly if the output of the
bridge feeds into a reset/zero op -amp
(ICL7650s).
To remove the glass envelope without
destroying the filament,* fix the bulb in a
vice and then gently close the jaws until the
glass envelope shatters, leaving the exposed
filament intact. The associated electronic
circuit blocks may be of a very simple
design.
Figure 2 shows the response of a typical
6V MES bulb and Fig. 3 shows the
necessary mechanical arrangement of the
system.
Darren Heywood
Buckley
Flintshire

(F90c

Exposed (broken glass) bulb
Reference light bulb (intact)

Measures thermal conductivity of gas
i.e. gas concentration PPM/unit volume of gas

0

Vacuum pump

0

-1 Oml/s
a)

C

Sample gas

ti
a)
.4o

E
E

°-

c

as 2
co o.

z

A chemical -selective
filter may be inserted
here

Plastic block
machined by lathe

gas chamber
inside block

Exhaust

rn

Reference = klogiol= 0dB
Thermal conductivity of gas = klogio( Vo )
in dBs per unit volume
VREF

Fig. 3. Gas analyser pipework.

*While wearing eye protection of

course - Ed

Antenna Toolkit

How to pay
(Antenna Toolkit) paperback

Second Edition

Joe Carr has provided radio amateurs and short-wave listeners with
the definitive design guide for sending and receiving radio signals
with Antenna Toolkit 2nd edition.
Together with the powerful suite of CD software, the reader will
have a complete solution for constructing
or using an antenna - bar the actual
hardware! The software provides a simple
Windows -based aid to carrying out the
design calculations at the heart of
successful antenna design. All the user
needs to do is select the antenna type and
set the frequency -a much more fun and
less error prone method than using a
conventional calculator to solve formulae.
The new edition has been revised to
include further cases of propagation,
additional antennas and also two new
chapters - Small Loop Antennas (a topic
of considerable interest, which has been
the subject of much recent debate in the
amateur radio press); and Yagi Beam
Antennas (widely used at HF and VHF). The CD software has also
been updated.
Joe Carr's expertise in the area of antenna design is legendary.
Antenna designers, whether hobbyist or technician, can be assured
they need look no further than Antenna Toolkit for the complete
guide to understanding the practicalities of using and designing
antennas today.
Preface; Radio signals on the move; Antenna basics; Wire,
connection, grounds; Marconi and other unbalanced antennas;
Doublets, dipoles and other Hertzian antennas; Limited space
antennas; Large loop antennas; Wire array antennas; Small loop
antennas; Yagi beam antennas; Impedance matching; Simple
antenna instrumentation and measurements; Getting a 'good
ground'; Index.
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Engine overheat warning
C ome time ago, the plastic
J radiator on my car split, causing
the engine to overheat. I failed to
notice the temperature gauge in
time and some damage occurred.
I decided to make an audible
alarm to avoid the same thing
happening again. The circuit needed
to be simple and reliable. This led
to the three -transistor design
incorporating an emitter -coupled
differential amplifier.
Many car temperature sensors
rely on a robust thermistor device
screwed into the engine block. This
device is often in series with a
simple thermal ammeter.
As the engine heats up the
thermistor its resistance, and hence
the voltage across it, drops. This

causes an increase in current flow
and a higher reading on the thermal
current meter. A simple check of
the voltage on a given car
thermistor at cold and running
conditions will determine suitability
for the following alarm circuit.
The two BC547 transistors form a
temperature stable differential
amplifier comparing the voltage set
by the trimmer with the voltage
drop across the engine thermistor.
The trimmer should be a high quality type or replaced with fixed
resistors to assure maximum
reliability.
On my Ford Sierra, the voltage
change went from 5V cold to 2.5V
with the engine at the full scale hot
reading. I set the trip to around 3V.

When the trip voltage is reached the
ZTX750 conducts switching in the
warning device; I used a small
encapsulated alarm sounder which
was ideal.
The whole circuit was mounted
under the dashboard with the sense
wire connected out to the engine
block thermistor, avoiding runs that
went close to hot or high voltage
areas.

A 12 volt supply was taken from
an ignition switched source using a
clamp on 'scotch' connector and an
in -line fuse. If desired a test button
can be fitted across the 0. 1µF
capacitor at the input.
P W Fry
Southampton
F91

(F91)
1N4001

12V0
Fuse 1A

To engine° 1k
thermistor

1N4001

Set trip point

Optimising valve amplifier output transformers
his idea arose while I was designing a
I 200W amplifier for bass guitar, and
finding difficulty fitting the windings into a
transformer core on hand.
Figure 1 shows the classic multi -tap
method of connecting different loads to such
a transformer. Half the turns are found in the
4Q portion of the winding, so both this and
the tap selection switching must be rated for
the maximum load current.

Np/2

Primary°

Ns/4

10

Ns/4

8

4Q
Ns/2

(F77a)

Switch settings for the various loads are
shown in the table. Care must be taken to
select the corresponding settings. SW1 set to
`8' and SW2 to '4' will result in shorting the
transformer output.
Malcolm Watts
Wellington
New Zealand
F77

SW 1b

16

C.T.

Np/2

There is a method of connection that
reduces the wire gauge in this section to that
required by the 8Q load, Fig. 2; dots denote
the winding phasing. This makes much better
use of the copper and the switches need only
be rated at the 8Q load current.
Typically, one would wind the primary in
four sections and interleave the secondary in
sections, to reduce both the leakage
inductance and the primary self -capacitance.

16/4Q

Output
Impedance!

selection°
switch

Np/2

8Q

8Q

Table - switch positions and
their associated impedances.

16/4Q

SW1

0- N/C
16/8Q
Output
N/C
4Q
SW
-

Primary°
C.T.
Np/2

16/4
16/4
8
8

SW2
16/8

Zout

4

16/8

40
80

4

Invalid

160

Fig. 2. Improved circuit
Fig. 1. Conventional L.S.
impedance matching.

38

4Q SW2,

makes best use of
copper.
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Semiconductor comes in the 790
to 813nm range for solid state
laser pumping, direct thermal
medical and material processing
applications. Based on an active
area aluminium -free technology,
which has extended diode
lifetimes, the broad area emitter
comprises three facets of 150µm
length on 25jim gaps, making an
overall emission area of 500 by
fpm. The device is mounted on a
standard 10.5mm wide by 25mm
long conduction cooled package
and operates at typically less
than 6A and under 2V.

Crosspoint switch with
85Gbit/s of bandwidth
I -Cube's latest crosspoint switch
is an SRAM -based device that
features a non -blocking 128 by
128 I/O switch matrix,
delivering 667Mbit/s data
bandwidth per port. The
crosspoint-matrix CMOS is
designed for use in Sonet and
SDH and DWDM optical
networking equipment running
at OC-12 speeds. The foundation
of the OCX device is the
supplier's non -blocking
crosspoint architecture that uses
the switch matrix to connect
input/output buffers in one-toone or one -to -many connections.
A special broadcast mode routes
a single input to all outputs at the
maximum data rate for high bandwidth applications. A
parallel interface allows fast
configuration of the switch
connections. The OCX256 is
available with either low voltage
differential signalling (LVDS) or
low -voltage positive emitter coupled logic (LVPECL) I/O
ports.
l -cube

Tel: 001 408 341 1888
www. icube. corn

Ceramic capacitors
rated to 250V AC
Syfer Technology has introduced
a range of surface -mount
ceramic-multilayer chip
capacitors approved by BSI to
meet IEC safety standards. The
Type A range features Xl/Y2
devices in a 2220 chip size with
a nominal capacitance range
from 150pF to 4.7nF. The Type
B capacitors are X2 devices, also
in a 2220 package, and offer a
nominal capacitance range from
150pF to lOnF. With a rated

Pacer Components
Tel: 0118 984 5280
www.pacer.co.uk

voltage of 250V AC, the
capacitors operate over the -55
to 125°C temperature range.
They are specified with an
insulation resistance of 1052 and
are voltage proof tested to 3kV
DC/2kV AC.
Syfer Technology
Tel: 01603 723310
www.syfer.com

5W laser diode
Available through Pacer
Components, a 5W CW laser
diode from Coherent

Miniature colour and monochrome cameras
The Pecan range of miniature cameras available
from Stortech Electronics has been designed where
unobtrusive monitoring is required. Around the size
of a 50 pence piece, these cameras are ideal for a
wide variety of situations and can be installed in
clock faces, in suitcases, doors, and bookshelves.
Their small size also means that they will easily
blend in with the surrounding environment. The
cameras are available with monochrome or colour
output options. These lightweight cameras are PCB
based and are housed in a robust cast aluminium
case including a mounting bracket. With a low
current consumption of between 80-135mA, these
miniature cameras come complete with an
electronic iris that automatically adjusts itself to
varying light conditions; contrast is thus
continually optimised to provide the best image.
Stortech Electronics Ltd
Tel: 01279 451100
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output is displayed in graph
windows within EDS ready for
pasting into your reports. There's
a range of new PCB editing tools
including 'follow me' wiring,
intelligent pads which change
colour when correct links are
made. A new polyblend module
lets you weld polygons, punch
holes in polygons and more.
With the latest `XP' look and
feel, EDS 3 is available in four
variants, with prices starting at
under £100 for systems with
autorouting and simulation. A
free demo pack is available.

18GHz I* switch for
multi -channel testers
Test engineers can increase
channel count of their high
frequency measurement
applications with an 18GHz RF
switch from National
Instruments. The SCXI-1192
reduces the number of standalone RF instruments required
for high -frequency test systems
by expanding the number of
available channels. The switch
multiplexes signals up to 18GHz
and features 50Q characteristic
impedance. With its eight single pole double -throw (SPDT)
relays, the module can route high
frequency signals with minimal
signal loss, said the company.
The RF relays are bi-directional,
so that engineers and scientists
can route signals from multiple
inputs to a single instrument or
direct signals from a signal
instrument to multiple
destinations.
National Instruments
Tel: 01635 523545
www.nicom/uk

Switching regulators
Smart Modular Technologies is
offering 14 -pin integrated
voltage switching regulator
modules. These modules transfer
input ranges from 3.3 to 5V to
output ranges of 0.7 to 3.6V at
7A. Built onto a 14 -pin smallinline-package (SIP) module, the
switching regulators are
designed to reduce the need for
DC/DC brick -type regulators.

The range offers a lower output
voltage to multiple subsystems
without redesigning the central
power supply.
Smart Modular Technology
Tel: 0870 870 8747
www.smartmodulartech.com

All -in -one CAD package
Quickroute has launched
Electronic Design Studio 3 -a
combination of three programs
in one integrated package. A
new feature of EDS 3 is 'desktop manufacture,' which works
together with precision CAM
hardware to machine a range of
prototype PCBs directly on your
desktop and without using
chemicals. EDS is project based.
With project and net navigators,
you can jump to any document,
module, symbol, gate or pin with
the click of a mouse. A new
overview window lets you zoom
to any part of your document
with a single click. CADCheck
keeps the PCB design
synchronised with the schematic

in real time. EDS is available
with full support for modular,
hierarchical, multi -sheet
schematics. Visual tags make
linking between modules and
sheets easier, and there is full
support in the project navigator.
The package includes an
enhanced Spice/XSpice based
simulator. All the symbol and
simulation properties can be set
directly within EDS, and you can
create your own models, extend
the libraries supplied, or use
external SPICE models. All
/

Tik

ioala

Quickroute systems
Tel: +44 1422 255010
www.dotorcom

Multi -source generator
for Bluetooth
IFR Systems has launched its
first multi -source signal
generator capable of generating
multiple Bluetooth and GSM
carriers within one instrument.
For Bluetooth interoperability
testing, the 2026B with
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Audio amplifier boards with better than 0.2% distortion and noise
Built around the ZXCD1000 switching amplifier controller, two new evaluation
boards from Zetex provide complete mono and stereo Class D audio amplifiers
attaining total harmonic distortion plus noise (THD+N) ratings of less than 0.2%
in open loop, reducing to a typical of 0.05% in a closed loop configuration.
Enabling a full appraisal of a high performance 50W RMS (4Q load) class D
solution, the evaluation boards employ Zetex components throughout. Comprising
audio input stage, PWM controller, output bridge and magnetics, these compact
reference designs achieve efficiencies of greater than 90%, some 40% better than
Class A or B alternatives. With the enhanced amplifier efficiency obviating the
need for heatsinks and enabling power supplies to be reduced in size, the reference
designs offer lower cost per watt solutions for a wide range of equipment, from
DVD players to PA systems. The evaluation boards are supported by full documentation, bill of materials and pcb layout files.
Zetex
Tel: 0161 622 4444
www.zetex.com
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Bluetooth option 117 can replace
two or three separate signal
sources, says the company. The
signal generator is a 10kHz to
2.51GHz source. It can be fitted
with either two or three signal
sources that can be combined
together onto a common
combiner output, or routed to
individual outputs. Each of the
signal sources can be frequency
and amplitude -coupled so that
common measurements, such as
intermodulation or receiver
selectivity can be made. The
Bluetooth option 117 can accept
external data sources for
Bluetooth and GSM generators
or it can use internal pseudorandom binary sequence (PRBS)
generators. Bluetooth Option
117 has a new RF combiner
system that allows an external
source of signals (a GSM test set
or Bluetooth test set) to be added
to the combiner output while
using all three of the 2026B
sources.
IFR Systems
Tel: 01438 772087
www.ifrsys.com

600V IGBTs for

motor driving
International Rectifier has
expanded its line of Co -Pack
IGBTs with the IRG4BC15UD,
15UD-S and 2OUD-S devices.
The IGBTs are for appliance
motor drive applications such as
variable speed fans, blowers,
refrigeration compressors and
washing machine pumps and
agitators. The IRG4BC15UD
and IRG4BC15UD-S deliver up
to 5.5A or 1.1kW with a smaller
silicon die than previously
available devices with the same
efficiency level, said the
supplier. The IRG4BC2OUD is

available in a D2Pak surface
mountable version as the
IRG4BC2OUD-S for power
levels up to 1.3kW. In appliance
applications, motor drive
designers increase frequency up
to 20kHz to reduce the size and
cost of passive components and
to reduce undesirable audible
noise. The Co -Pack IGBTs are
capable of switching at speeds
up to 20kHz.
International Rectifier
Tel: 020 8645 8003
www. irf. corn

Wireless Tx and Rx
modules for high
interference
The latest miniature FM
transmitter and receiver modules
from RF Solutions, the QFMT6
transmitter and QFMR6 receiver
are fully shielded, off -the -shelf
modules that will suit vehicle
alarms, domestic and
commercial security systems,
process monitoring schemes and
computer networking
applications. Particularly suited
to applications operating in areas
of high interference or high
levels of radio traffic, the
modules allow designers to
implement data links with
speeds up to 64kbit/s and
operating distances of 200m.
Both the QFMT6 and QFMR6
are fully pin compatible with
existing modules. Each device
can operate from a 5V supply
and will work at temperatures of
up to 55°C as standard. The
QFMR6 is also available in an
extended temperature version
that is rated for operation
between -40 and 80°C.
RF Solutions
Tel: 01273 898 000
www.rfsolutions.co.uk
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Remote receiver decoder unit
The 105 series remote decoder from RF Solutions can operate as
either a radio, infrared or pager system. The unit is compatible
with most transmitter encoders offered by the Sussex based
company. This enables the user to select the optimum transmitter
frequency, modulation and range characteristics to suit their
specific application. Operation as a stand alone pager controller
can be achieved by using a Globemaster module G100UK. The
unit is suited for use in applications such as remote power control,
remote restart for computer equipment and remote security control.
The 105 receiver decoder is available with radio frequencies of
either 433, 458 or 868MHz, and features an innovative self learning feature that enables it to decipher the signature code of tip
to 50 RF Solutions KEELOQ Tx encoders. The KEELOQ
encryption algorithm provides the world's most advanced security
protocol.
RF Solutions
Tel: 01273 898 000
www.rfsolutions.co.uk

E3 transceiver with
jitter attenuator
Exar has introduced a three channel line interface unit (LIU)
with an integrated transceiver
and jitter attenuator for E3, D83
and STS -1 applications. The
XRT75L03 is the first in a
family of multi -channel, multifunction products using low
power CMOS process
technology. It incorporates three
independent receivers,
transmitters and jitter attenuators
in a single -chip. The device is
targeted at applications including
access equipment, digital cross connect systems, ATM switches,
routers and fibre optic terminals.
The device incorporates a
B3ZS/HDB3 encoder and
decoder, transmit drivers with
tri-state output capability and

line monitoring circuitry for
redundancy applications. It also
contains an onboard pseudorandom binary sequence (PRBS)
generator and detector with the
ability to insert and detect single
bit errors. This function can be
used for diagnostic purposes.
Exar
Tel: 00 33 4 9364 7755
www.exar.com
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Buck controller with
dynamic output control
Maxim's latest buck controller
features a dynamically adjustable
output and is designed for use in
CPU core power supplies. The
firm's proprietary Quick PWM
constant on -time PWM control
scheme is claimed to handle
wide input/output voltage ratios
and provides 100ns response to
load transients, while
maintaining a constant switching
frequency. The MAX1813 is
designed specifically for CPU
core applications requiring a
voltage -positioned supply. The
voltage positioning input,
combined with a high DC
accuracy control loop, is used to
implement a power supply that
modifies its output set point in
response to the load current. This
arrangement decreases full -load
power dissipation and reduces
the required number of output

capacitors, said the firm. The
output voltage is dynamically
adjusted via the 5 -bit DAC
inputs over a range of 0.6V to
2.0V. Output slew rate control
minimises battery and inductor
surge currents. With this
precision circuit, Vow slew rate
can be tailored to a given
application, providing a `just -in time' arrival at the new d -to -a
converter setting.
Maxim
Tel: 0118 930 3388
www.maxim-ic.com

Low -power voltage
reference for
hand-helds
Microchip's latest precision
voltage references are designed
to combine a low operating
current and an initial accuracy
down to ±1 per cent. The 2.5V
MCP1525 and 4.096V
MCP1541 are capable of

supplying up to 2mA of load
current, while operating at an
operating current of 100pA at
25°C. EPROM trimming
provides an initial tolerance of
1per cent (maximum) and
temperature stability of
5Oppm/°C. The devices are
available in 3 -pin SOT -23 and
TO -92 packages.
Microchip
Tel: 0118 921 5858
www.microchip.com

Optical -fibre connectors
Radiall's range of fibre -optic
connectors, cables and

are designed for high density
applications where space is a key
consideration since, according to
Radiall, they are half the size of
currently available standard fibre
optic connectors. Incorporating
precision zirconia 1.25mm
ferrules, the series can
accommodate 0.9 and 1.6mm
cable diameters and are
compatible with the industry
RJ45 standard.
Radiall
Tel: 020 8991 7700
www.radiall.com

1.4MHz switching regulator cuts external components
National Semiconductor has introduced a pulse -width
modulation (PWM) inverting switching regulator which is
capable of supplying -5V from a 5V or 12V input and is
designed to deliver the power for set -top box tuner and LCD
display designs or other voltage inverter requirements. Its
1.4MHz oscillator permits the use of smaller external
components while the Cuk topology reduces peak current and
the external component count, said the supplier. The LM2611
operates from inputs of 2.7V to 14V and is capable of producing
a negative output voltage of up to -(36V-Vin). It has a low 0.552
switch and features internal compensation and cycle -by -cycle
current limit. It is suitable for creating the negative bias for
active matrix displays or CCDs in digital cameras or creating
-5V for the tuners in set -top boxes and cable modems.
National Semiconductor
Tel: 0870 240 2171
www.national.com
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Dual -mode
RF chip set
Zarlink Semiconductor (formerly
Mitel Semiconductor) has a new

RF chip set for cellular hand -sets
operating in dual -mode
TDMA/AMPS networks that are
installed primarily in North
America. The MGCMO2 and
MGCTO4 devices have a
complete intermediate frequency
receiver, baseband interface and
transmitter in a two -chip
solution. The MGCMO2 is an IF
receiver and baseband interface
chip. The device integrates
Zarlink's existing MGCRO1 IF
receiver and MGCMO1
baseband interface chips into a
single 49 -pin 7 by 7mm ball grid
array (BGA) package. The
MGCTO4 transmit circuit
provides the transmit function in
dual -band, dual -mode
TDMA/AMPS and
CDMA/AMPS mobile
telephones. The chip is in a 5 by
5mm micro lead frame (MLF)
package. Total chip -set area is
75mm2 of board space. The
chips are now sampling. The
chip set is priced at about $5 in
high volumes. To support
customer evaluation and ease of
design, Zarlink offers an
evaluation board featuring both
devices, plus a reference design.
Tel: 01793 518128
www.zarlink.com

Integrated colour
sensors
From Pacer are the new range of
integrated colour sensors from
Texas Advanced Optoelectronic
Solutions (TAOS). Designated
the TSL X257 series, the new
devices consists of three
individual optoelectronic sensors
that provide on -board
conditioning plus colour filters.
Each of the three new colour
sensors is designed to detect one
of three primary colours: red,
blue or green. The TSLR257
detects red light; the T5LB257
blue light and the T5LG257
detects green light. All three
TAOS colour sensors are built
on the TAOS light -to -voltage
converter platform with a colour
filter deposited on the detector
chip. Colour identification
applications for the sensors
include CRT screens test and set
up, colour tone scanning
applications on printed materials,
paints and cosmetics, process
control, medical diagnostics such
as body fluid analysis as well as
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QUASAR ELECTRONICS LIMITED
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496
ADD £2.00 P & P to all orders ( 1" class Recorded £4, Next day
(Insured £250) £7, Europe £5.00, Rest at World £10.00). We accept
all major credit cards. Make cheques/PO's payable to Quasar
Electronics. Prices Include 17.5% VAT. MAIL ORDER ONLY
FREE CATALOGUE with order or sent 2 x 1. class stamps (refondab
ei over 150 kits SI publications.

ABC Mini `Hotchip' Board

'PICALL Pik; Prow atiiitier

learning
about
Currently
microcontrollers? Need to do
something more than flash a LED
or sound a buzzer? The ABC Mni
'Hotchip' Board is based on
8535
RISC
Atmel's
AVR

Kit will program ALL 8, 18, 28 and 40
pin serial AND parallel programmed
PIC micro controllers. Connects to the

parallel port of a PC. Supplied with

E

0

fully functional pre -registered PICALL
DOS and WINDOWS AVR software
packages, all components and high
quality DSPTH PCB. Also programs certain ATMEL AVR, serial
EPROM and SCENIX SX devices. New PIC's can be added to
the software as they are released. Software shows you where
to place your PIC chip on the board for programming. Now has
new -chip auto sensing feature for super -fast bulk programming.
Description

Order Ref

-

3117KT
AS3117

AS3117ZIF

rogrammer 'it

,

Assembled 'PICALL' PIC Programmer
Assembled 'PICALL' PIC Programmer
c/w ZIF socket

inc. VAT ea
£59.95
£69.95
£84.95

technology and will interest both

beginner and expert alike.
Beginners will find that they can
write and test a simple program,
the

using the BASIC programming language, within an hour or two
of connecting it up. Experts will like the power and flexibility of

the Atmel microcontroller, as well as the east with which the
little Hot Chip board can be "designed -in" to a project. The ABC

Mini Board 'Starter Pack' includes just about everything you
need to get up and experimenting right away. On the hardware
side, there's a pre -assembled micro controller PC board with
Windows

Powerful programmer for Atmel
8051 micro controller family. All

0

fuse

and

lock

included

software

CD-ROM

on

features

an

Assembler, BASIC compiler and in -system programmer The
re -assembled boards onl are also available searatel .

ATMEL 89xxxx Programmer
bits

are

Order Ref

I

Description
:

V

inc. VAT ea

s

ABC MINI Board Only

ABCMINIB

£39.95

programmable. Connects to serial
port.

LEDs to
status.

indicate programming
89C1051,
Supports

89C2051, 89C4051, 89C51, 89LV51, 89C52, 89LV52, 89C55,
89LV55, 89S8252, 89LS8252, 89S53 & 89LS53 devices. NO
special software required - uses any terminal emulator program
(built into Windows). NB ZIF sockets not included.
Description
xxx rogrammer

Order Ref
3123KT
AS3123

Assembled 3123

inc. VAT vs
£32.95
£47.95

Atmel 89Cx051 and AVR programmers also available.

Advanced Schematic Capture,
Simulation Software
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Prairmanc

of analogue and digital
inputs from pressure,
temperature, movement,
sound,
light intensity,

weight sensors, etc. (not supplied) to sensing switch and relay
states. It can then process the input data and use the
information to control up to 11 physical devices such as motors,
sirens, other relays, servo motors & two -stepper motors.

FEATURES:

8 digital Outputs: Open collector, 500mA, 33V max.
16 Digital Inputs: 20V max. Protection 1K in series, 5.1V
Zener to ground.
11 Analogue Inputs: 0-5V, 10 bit (5mV/step.)
1 Analogue Output: 0.2.5V or 0-10y. 8 bit (20mV/step.)
All components provided including a plastic case (140mm x
110mm x 35mm) with pre -punched and silk screened front/rear
panels to give a professional and attractive finish (see photo lid removed) with screen printed front & rear panels supplied.
Software utilities & programming examples supplied.
ontro mit

inc. VAT es
£99.95
£124.95

Number

For

Kilts

UM 15 1.

141

tsitraw WO et Poor.

Min,

F al.an I' .46
N1 11.4114

Serial Port Isolated I/O Controller
provides
eight 240VAC/12A
(110VAC/15A) rated relay outputs and
Kit

1.1

four optically isolated inputs. Can be
used in a variety of control and
sensing applications including load
sternal switch input
switching,
sensing, contact closure and external

voltage

sensing.

Programmed via a computer serial port, it is compatible with
ANY computer & operating system. After programming, PC can
be disconnected. Serial cable can be up to 35m long, allowing
'remote' control. User can easily write batch file programs to
control the kit using simple text commands. NO special
software required - uses any terminal emulator program (built
into Windows). All components provided including a plastic
case with pre -punched and silk screened front/rear panels to

ive a rofessional and attractive finish see hoto .
Order Ref
AS3108
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PC parallel port as a real
world interface. Unit can
be connected to a mixture

sate cquisition
Assembled 3093

,d rowan Sawa.. P.

,-"PW811110nery

1,,4V44.

c:malr
MEM"

PC Data Acquisition & Control Unit

Description

iq

iv* Advanced Scheniintic Capture, Idanollingeos. PCO Layout

With this kit you can use a

3093KT
AS3093

Ak C4

" 51E4CZ1/

fg

FTGO4

Order Ref

a

Can be used with ANY

computer & operating system. 4

0'

a

both parallel and serial cables for connection to your PC.

ta)

CO

i4

Description
Assembled Serial Port Isolate6l/0
Controller

£69.96

Full details of these and over 200 other projects can
be found at wvvw.QuasarElectronics.com

NEWPRODUCTS

Please quote Electronics World when seeking further information
dental, fabric and fashion
applications. Colour filtering
applications include fluorescence
and mark detection, optical band
pass filters as well as medical
diagnostic applications. The
devices are mounted in side
looking plastic packages. Future
devices will include linear array
colour detectors and single
packaged devices with three
primary colour detection plus
reference photodiode.
Pacer
Tel: 0118 9845280
www.pacer.co.uk
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B2 Spice now has

PCB facilities
Due to be released in the UK in
January 2002, new B2 Spice AD
version 4 replaces B2 Spice
2000. Key features of the new
version are its integrated PCB
facility and its ability to model
radio frequency circuits and
networks. The user interface has
been redesigned, and the
resulting graphs and diagrams
produce accurate data that is of
practical use to professional
designers and students alike. To
help you to produce meaningful
graphs, B2 Spice AD version 4
enables each trace to be selected,
processed and measured at any
point for an exact result. The
data can also be viewed in a
range of formats to suit the user
and exported for further
processing. The new feature list

tryout
I

1

i

includes a standard library of
over 8000 analogue and digital
models; it even includes many
vacuum tubes. B2 Spice AD
version 4 comes with a library
management tool enabling the
user to add to or modify existing
symbols or models and make
entire new libraries if required.
The generic parts list is extensive
and includes all the normal
components that you would
expect, as well as everything
from a seven -segment display to
a multi -way connector. The
developers have made sure that
B2 Spice AD Version 4 sets no
limit on the size of the circuit, its
maker claims. It can be as large
or as complex as the user wants.
Just about everything can be
customised to suit user
requirements while the list of

)---i--

mobile applications, the ACT200
also requires very low drive level
at ljiN maximum. Frequency
tolerance to ±5ppm, combined
with low frequency temperature
coefficient at -0.034ppm/°C,
create a stable reference
throughout the industrial
temperature range -40°C to
+85°C. By retaining the footprint
of previous generation
32.768kHz watch crystals, the
ACT200 is drop in compatible
with existing designs, while the
reduced dimensions allow
designers to save weight and
space.

01.110

simulation options is as
extensive as a designer could
wish for. The software comes
with a comprehensive 400 -page
user manual with tutorials and
there's free unlimited technical
support.
RD Research
01603 872331
www.spice-software.com

The ACT200 is suitable for
automatic placement from tape
and reel. It is able to withstand
peak soldering temperature up to
260°C, and therefore compatible
with the majority of reflow
profiles.
ACT
Tel: 0118 979 1238
www. advancecrystaltechnology
.com

Small surface -mount
crystals
Advanced Crystal Technology
has further reduced the size of its
surface mount crystals with the
ACT200. Measuring 8.0 by 3.8
by 2.5mm, the 32.768kHz
ACT200 is compatible with
existing PCBs, yet occupies 50%
less volume. Suitable for many
personal, portable domestic and

XGA LCD reduces circuitry
With an eye to reducing additional circuitry and
components in applications ranging from industrial
displays to automated cash machines and electronic
ticket kiosks, Toshiba has introduced this 38cm (15
inch) XGA LCD. Called the LTM15C441, it comes
with analogue RGB video interface, an integrated
inverter, and two built-in CCFL backlights. Brightness
levels are up to 200cd/m2 and display luminance is
adjustable over the range 30 to 100 per cent by means
of an on -screen menu. Backlight life is a claimed
50 000 hours. The on -screen display features language
options of English, German, French, Spanish and
Japanese. Pixel pitch is 0.297 by 0.297mm, maximum
resolution is 1024 by 768 and active display area is 304
by 228mm. Horizontal and vertical viewing angles are
120° and 90° respectively. Overall size is
340x257x29mm and it weighs 2.3kg. Operating voltage
is 12V, with TTL-level inputs providing horizontal and
vertical synchronisation signals.
Toshiba
Tel: 0049 529625
www.toshiba-europe.com

44

ELECTRONICS WORLD January 2002

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

Ring for Latest Reduced Prices on this advert
HP8444A Tracking Generator 5-1300Mc/s - £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 PI - £250 + MF 180C Heads 11664 Extra - £150 each.
HP37096 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 TE2374 Zero Loss Probe - £200.
Racal/Dana 1250-1261 Universal Switch Controller +
200Mc/s PI Cards and other types.
Racal/Dana 9303 True RMS Levelmeter + Head - E450.
TEKA6902A also A69026 Isolator - £300-£400.
TEK CT -5 High Current Transformer Probe - £250.
HP Frequency comb generator type 8406 - £400.
HP Sweep Oscillators type 8690 A+B + plug -ins from
20Mds to 18GHz also 18-40GHz.
HP Network Analyser type 8407A + 8412A + 8601A 1006c/s - 110Mc/s £500 - £1000.
HP 8410 -A -B -C Network Analyser 110Mc/s to 12 GHz or 18
GHz - plus most other units and displays used in thi
-8411a-8412-8413-8414-8418-8740-8741-87428650. From Elk.
Racal/Dana 9301A-9302 RF millivol

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 0F150 Fibre Optic TDR - £750.
HP81512A Head 15OMC/S 950-1700 E250.
HP84801A Fibre Power Sensor 600-1200 £250.
HP8158B ATT OPT 002+011 1300-1550 £300.
HP81519A RX DC-400MC/S 550-950 £250.
STC OFR10 Reflectometer - £250.
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-8.4GHz

ILLOSCOPES
EK 465-46513 100MC/S + 2 probes - £250-£300.
TEK 466 100MC/S storage 4- 2 probes - £200.
K 475-475A 200MC/S-250MC/S + 2 probes - £300-£350.
K 2213-2213A-2215-221
24-2225-2235-2236-2245-60C/S - £250-£400
K 2445 4ch 15E t
es - £450.
2445A
2
es - £600.
TEK 2
1
pr es - £750.
probes - £500.
obes - £550.
C/S - £1,150.
-350MC/S - £1,550.
. 2430A -15OMC/S + 2 probes - E1,750.
TE I S.O. 2440 -300MC/S + 2 probes - E2,000.

40A - 100MC/S 2 probes - £250.
1A- 100MC/S storage + 2 probes - £200.
- 1722A - 1725A C/S + 2 probes - £300-

stock £250-E400.
R 8447A 0.1PLIFIER
01-1.

1.5GHz - £150/5250 - 90

Marconi Microwa

ainfram

7

6650P1- 18-26

Gout

al - £300.
z - £400.

0.0

8447 0.01-1.3
z-13MC/S 0'
lawn Meter- kHz

PRE +

£600. MF o

IF

m nual - £150.
er EF3 0.1Hz-100Kc

RMS Met
B AF Power Mat

her makes in stock.

R RMS voltmeter - £250.
storage normalizer - £400 with lead + S.A
Marc ni mod meters type TF2304 - £250 - TF230
HP

NI 6950-

Racal/Dana counters -99904-9905-9906-991
9921-50Mc/s-3GHz - £100 - £400 - all ij
standards.
HP180TR. HP181T, HP182T q ainfra
HP432A-435A or 0-436
eads to
60GHz - £150 - £175
HP3586A or C select
o.
HP86222A+B Sweep P
+ ATT £1000-E1250.
HP86290A+B Sweep PIz - E1000 - £1250.
HP8620C Mainframe - £250. IEEE £350.
HP8165A Programmable signal source - 1MHz - 5OMc/s Elk.
HP3455/3456A Digital voltmeter - £400.

ARCONI
FX Ra

-6057.60581

6033
0.
7 19

1
7B

1

7

2-

7B8

24-

892A-

.621A -6623A -

types £P
K HP a

18GHz - microwave parts new and ex ear relays
relays attenuators - switches - waveguides - Vigs - 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
stock, all types to 400 amp - 100Kv.
HP8405A Vector voltmeter - late colour - E400.
HP8508A Vector voltmeter - £2500.

LIGHT AND OPTICAL EQUIPMENT
Anritsu ML93A & Optical Lead Power
Anritsu ML93B & Optical Lead Po
Power Sensors for above MA

d.

hich who
orator dou
to 50-2600

UM A

HP

Hz -50k

s cket of a

o

EG.50-1

450 each.

2E
E750.

al 0.2Hz-25.5kHz Hz-40MC/S -

I4P

O.

z) - C3,50
alyzer 15Hz-50
Hz OPT 2 - £2,50
TEK492
Hz-21GHz OPT 1-2-3 TEKM2AP 50kHz-21GHz OPT 1-2TEK492BP 50kHz-21GHz - E3,000-£4,
7E6495 100kHz-1.8GHz - E2,000.

HP5340A
HP53
001HP53

o Co
Cou

r 10Hz-18GHz - Nixey - E500.
-18-24GHz - C800-E1K - OPTS
le.

rce Synchronizer - E1.5K.
11 Digit LED Readout - £400.
5 54A Plugin - 4GHz - £700.
5345 + 5355A Plugin with 5356A 18GHz Head - £1K.
5385A 1GHz 5386A -5386A 3GHz Counter - £16-f2K.
Racal/Dana Counter 1991-160MC/S - £200.
Racal/Dana Counter 1992-1.3GHz - £600.
Racal/Dana Counter 9921-3GHz - E350.
HP53
P53

SIGNAL GENERATORS
HP8640A - AM -FM 0.5-512-1024MC/S - £200-E400.

HP 358
0Hz-150
HPIP368A 100H
.5
HP 85686 100
HP 8590
HP

Battery Pack MZ95A.
Anritsu MW97A Pulse E
PI available - MH914C 1.
3 - MH913B 0.85 MH925A 1.3 - MH929A 1.
1.301- MH914C
1.3SM - £500 + one P.I.
Anritsu MW98A Time Domain Reflector.
PI available - MH914C 1.3 - MH915B 1.3 - MH913I3 0.85 MH925A 1.3 - MH929A 1.55 - MH925A 1.301- MH914C
1.3SM - £500 + one P.I.
Anritsu MZ100A E/O Converter.
+ MG912B ILD 1.351 Light Source + MG92B ILD 0.851
Light Source £350.
Anritsu MZ118A 0/E Converter.
+MH922A 0.8 0/E unit + MH923 A1.3 0/E unit £350.
Anritsu ML96I3 Power Meter & Charger £450.

uency

S/

SPE

Hz - SMA Socket - £800.
z-18GHz -N Socket - £700.
e 800MC/S-18GHz - £600.
6246A
Counter 20Hz-26GHz - E1.2K.
44A MI o Counter 20Hz-4.5GHz - E400.
3526 Micro Counter OPT 010-005-46GHz - new in box -

-51-52-53A

-

Dummy Loads & Power alt up to 2.5JC up to

SD 6054
SD 60
605

I, 2 0.

K 7000 -

z - £1.26.
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rog Scanner
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£250. FG P
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g - £500.
gitizing - £500.
gitizing - £1,000.
g

-50504.506-

og

- E4

rge screen - £250.
e screen - £350.

1

E COUNTERS - ALL LED READOUT
1D Autohet 20Hz-18GHz - £750.
IP 371 Micro Source Locking - 20Hz-18GHz
EIP 451 Micro Pulse Counter - 300MC/S-1
EJ
Microwave Frequency Coun
Microwave Frequency

UNICA ON RX lighting an.

5006.
501020MC/S F

A -100M S
745A
HP5410
HP

£250-

SOU
- £250 -

MMUNICATIO
MAINF

5-

TEKTRONIX 1502/1503 TDR cable to
HP8699B Sweep PI YIG oscillator .0
MF-E250. Both £500.

'nad

IlEads - £40

b

HP5370A Universal time interval counter - Elk.
HP5335A Universal counter - 200Mc/s-£1000.
TEKTRONIX 577 Curve tracer + adaptors -

it

0.

6013

CO

horizontal alloy cooling fins -

TEK TAS 475-485 -100MC/S-2OMC/S-4 ch + 2 probes - C900 E1.16.

3-£

Racal/Dana Modulation Me

allers preferred discount on qtys of

EY - vertical alloy cooling fins - £300.
DEL BROWN - as above (few only) - £500.

MISCELLANEOUS ITEMS

-

S - HIGH QUALITY
rge qty to clear as
complete or add

received from Gov - II s
£100 for basic testi
d
pick your o

oort

STC 0E5615 Machine jointing + eye ma
HP 4261 LCR meter - £650.
HP 4274 FX LCR meter
HP 3488 Switch C
HP 75000 VXI
HP 8322
P.

MARCONI 2370 SPECTRUM A
- DIGITAL STORAGE - 30

B

1.1r49

0.

HP 8557A 0.01MC/S-350MC/S - £500 + MF1807 or 180C £150 - 1827 - E500.
HP 85586 0.01-1500MC/S - £750 - MF1807 or 180C - £150 182T - £500.
HP 8559A 0.01-21GHz - £1,000 - MF18OT or 180C - £150 1827 - £500.
HP 8901A AM FM Modulation ANZ Meter - E800.
HP 8901B AM FM Modulation ANZ Meter - £1,750.
HP 8903A Audio Analyzer - £1,000.
HP 890313 Audio Analyzer - £1,500.

P8640B - Phase locked - AM-FM-0.5-512-1024MC/S 500-E1.26. Opts 1-2-3 available.
HP8654A - B AM -FM 10MC/S-520MC/S - £300.
HP8656A SYN AM -FM 0.1-990MC/S - E900.
HP86566 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 - C36.
HP8673D SYN AM -FM -PM -0.01-26.5 GHz - £126.
HP3312A Function Generator AM -FM 13MC/S-Dual - £300.
HP3314A Function Generator AM-FM-VC0-20MC/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 - £400-1300£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 - r300.

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 - E500 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. £26
H.P RF AMP 8349A 2-20 GHz microwave. UK.

H.P. RF AMP 8347A 100 kHz - 3GHz C1,500.

H.P. 8922 radio communication test sets.
G -H - M. options various. £2,000 - E3,000 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. ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT -VALVES -PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

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

Please quote Electronics World when seeking further information
64 -channel, 14 -bit
I/O board
Adept Scientific has announced
the PCI-DAS64/M1/14 analogue
and digital I/0 board from
Measurement Computing,
formerly known as
ComputerBoards. The plug -and play board is a 64 -channel,
14 -bit 1MHz board at a price
that is lower than many
competitors' equivalent 12 -bit
boards, claimed the supplier.
Prices for the
PCI-DAS64/M1/14 start at
£1750 excluding VAT. The
board provides 64 single -ended,
or 32 differential inputs (the
input mode is software selectable), as well as 14 -bit
analogue inputs with a sample
rate of 1MHz, 32 bits of digital
I/O and one 16 -bit down counter. Analogue and digital

trigger levels and direction are
also software -selectable. There
are no switches, jumpers or
potentiometers on the board. All
board addresses, interrupt
channels, etc., are set by the
computer's plug -and -play
software. Calibration is fully
digital.
Adept Scientific
Tel: 01462 480055
www.adeptscience.cauk

90µA and 'zero' current in the
off -mode. They also offer
dropout voltage of 135mV at
150mA and load transient
response output settles in less
than 10µ,s from a change in load.
The MIC5255 features a noise
bypass pin to further reduce the
output noise to 30µV rms. The
MIC5256 provides an error flag
to indicate detection of an over current, thermal shutdown, or
dropout condition.

Low -dropout regulators
for battery powered
systems

Micrel Semiconductor
Tel: 01635 524455
www.micrel.co.uk

Two micropower CMOS low
dropout regulators (LDOS) for
battery -powered applications are
available from Micrel
Semiconductor. The MIC5255
and MIC5256 are 150mA LDOs
in SOT -23 packaging. In
operation, the devices draw

DSP modules based on
Xilinx Virtex 11 FPGAs

Build and Upgrade Your Own PC

Building on the recent addition
of FPGA modules to its Heron
range for modular DSP, Hunt
Engineering is offering two
modules to use the Virtex II

FPGAs from Xilinx. HERONFPGA3V has a Virtex II with 1
million gates, together with 90
digital I/O and serial options.
HERON-IO2V has a Virtex II
with a million gates plus two
channels of 105Msample/s 12 bit A -to -D converter and 2
channels of 125Msample/s 14 bit D -to -A converter. The Virtex
II architecture has been
specifically designed for DSP
applications. According to the
supplier, these products are
already being designed in to
software radio type applications
(where FPGA-based digital
down conversion can be used to
feed the C6000 with baseband
only data), and also sonar,
imaging and data acquisition
systems.
Hunt Engineering
Tel: 01278 760188
www.hunteng.co.uk

How to pay
(Build and Upgrade Your Own PC) paperback

Second Edition
_I

0 Save £100s by making your current PC last longer
0 You can have a PC with a spec that matches your needs
0 Discover the practical techniques of upgrading a PC and
avoid the pitfalls
11.1) &IPG111111.

YOUR OWN

.1.1\N \11.11c

Ian Sinclair's Build Your Own books
have established themselves as
authoritative and highly practical guides
for home PC users and advanced
hobbyists alike. All aspects of building
and upgrading a PC are covered; making
this the book the computer retailers don't
want you to read! By getting to grips with
the world of PC hardware you can avoid
the built-in obsolescence that seems to be
part and parcel of the fast moving world
of PCs, and escape the need to buy a new
PC every year. You can also have a PC
that keeps pace with the ever-increasing
demands that new software applications
place on your system.

The new edition of this book is based round building and
upgrading to the latest systems such as Pentium III and
dual -processor Celeron motherboards running Windows
95/98 or Windows 2000. As well as guiding you round the
inside of your CPU Ian Sinclair also covers monitors,
printers, high capacity disk and tape systems, DVD drives,
parallel port accessories....
CONTENTS: Preface; Preliminaries, fundamentals and
buying guide; Case, motherboard and keyboard; About
disk drives; Monitors, standards and graphics cards; Ports;
Setting up; Upgrading; Multimedia and other connections;
Windows; Printers and modems; Getting more; Index
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I enclose a cheque/bank draft for £

(payable to Cumulus Business Media)
Please charge my credit/charge card
U Mastercard U American Express U Visa U Diners Club

Credit Card No:

Expiry Date:

Signature of Cardholder
Cardholder's statement address: (please use capitals)
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Address
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Post your completed order form to: Jackie Lowe, Cumulus Business Media,
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UK Price: £22.50 Europe £24.00 ROW £26.00
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TiePieScope HS801 PORTABLE MOST

41111Wm.
ABRITARY WAVEFORM GENERATOR STORAGE OSCILLOSCOPE SPECTRUM ANALYZERMULTIMETERTRANSIENT 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.

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.

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: +31 515 415 416; Fax +31 515 418 819

Web: http://www.tiepie.n1

418=4111111iimam
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describes how to use a field programmable analogue array to implement a universal
single -chip programmable tone detector for telecoms
applications.

Ciaudla cr

I tone
Univ
decoder using an FPAA
y article in last month's issue described the
technology behind a new type of
component on the market - the field programmable analogue array, or FPAA.
These devices are intended to provide
analogue designers with the same
configuration flexibility as digital designers nowadays take
for granted with FPGAs. This article describes how to
implement a universal programmable tone detector, using
just one FPAA.
The AN10E40 FPAA is a natural design platform for
many of the elements used in telecommunications systems.
The inherent flexibility of the device, combined with its
excellent signal processing capabilities, allow it to
implement up to 20th -order filters for example.

Minimal design work is needed to create fully software
programmable band-pass, low-pass, high-pass and band -stop
filters. And all of the essential filter parameters - such as
corner frequencies, Q and gain - are readily adjustable,
without the need for any external passive components or
complex and costly network tuning procedures.

Multi -system adaptability
In wired telecommunications systems - especially in public
switched telephone networks, or PSTNs, both messaging
and services information are passed using analogue
signalling. Baseband voice, single -tone, multi -tone, or
modulated signals (ASK, FSK, PSK, QAM) - each have
their place in various systems around the world.
Virtually every system employs a 'dial tone', such that

Inside the AN1 0E40 Array

JI_
8th Order
Band Pass
(Elliptic)

1X1

Full Wave
Rectifier

Low Pass

z

Y

-T Tone Detect

Signal Input

(to Microprocessor)
R2

48

1-"Ncl

Fig. 1. Block diagram of universal tone detector circuit, demonstrating how few
external components are needed.
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when a user lifts the handset, the telephone network
sends out a dial tone to inform the user and all midstream equipment that the circuit is ready to accept
dialling information.
The dial tone may be a continuous steady tone, or an
on/off modulated tone. The goal of the receiving
equipment at that point is to accurately detect the dial
tone in strict conformance with the requirements of the
local telephone network.
The different telephone networks around the world
have differing dial tone and signalling requirements.
Some of the parameters that change from region to
region are tone frequency, frequency tolerance,
amplitude level, and cadence timing if it is not a steady
dial tone.
By using FPAA components in the design of telecom
equipment, it is possible to adapt a single physical
design to the specific requirements of unique PSTNs
with simple reprogramming.

ETSI dial tone detection requirements
This article explains the detection of dial tones
conforming with the specific requirements of the
European telephone network. It goes on to explain how,
with simple programmable circuit changes, the circuit
can be adapted to detect other messaging information,
such as the pay -phone identification tone (PIT) and the
operator notification tone (ONT).
The European Telecommunications Standards Institute
(ETSI, at www.etsi.org) has issued TBR21. This
specification covers the requirements for attaching
terminal equipment. In particular it sets forth the
compliance parameters for 'automatic dialling
functionality' (dialling with dial tone detection). The
terminal must absolutely recognise a dial tone within the
relatively large range of parameters given by:
Frequency (Hz)
300 to 500

10 Cell

Signal Input
External
Components
C2

Fig. 2. Anti-aliasing input filter is a standard Sallen-Key type and
readily implemented using analogue I/O cells of the FPAA.

The cut-off frequency for this low-pass anti-aliasing
filter should be set close to the maximum frequency to
be handled by the FPAA. This continuous time filter
band limits the input signal well below the switching
frequencies present in the subsequent sampled data
system, preventing unwanted aliasing artifacts.
Only two external resistors and capacitors are needed
to implement the filter. There is no specific need to
maintain tight tolerances. The filter response may use
either a Butterworth or Chebyshev filter approximation.
The desired in -band attenuation for the Butterworth is
less than 0.5dB, and for the Chebyshev less than 0.1dB
ripple.
For the circuit shown, the following equations are
easily worked out to yield a filter with the desired
response:
Set the corner frequency:

Flat band

Level (dBV)

0755

-35.7 to -0.7

Furthermore, a valid dial tone may be steady or
cadenced. The nominal valid cadence structure is 200ms
on, 200ms off, 600ms on, 1000ms off, then repeated.

Here, Flat band is 500Hz and FF. is 909.1Hz.
Resistances RI, R2 and R are equal. For Butterworth,

C, = C, C, = 2C
For Chebyshev,

Implementation details
Design of a dial tone detector begins with a block
diagram that conveniently translates directly to some of
the analogue circuit functions - known as IPmodules.
These modules are in the library that Anadigm supplies
with its free PC -based CAD software, for use when
configuring FPAA components. As shown in Fig. 1, the
circuit comprises the following functions:
An anti-aliasing input filter
A band-pass filter - eighth -order elliptic
A full wave rectifier
A low-pass low -Q filter
A dual -input comparator
A precision DC reference voltage
A logic level output

= 2.355C

C, = C,

Corner frequency is set by,
27rR4 CI C2

A quick bit of algebra, keeping common component
values in mind, yields the following suitable selections:
Butterworth
R1

R2

C1

C2

124000

124000

10.0nF

20.0nF

C1

C2

8.2nF

20.0nF

Chebyshev
Ri
R2
137000 137000

Anti-aliasing input filter

Eighth -order band-pass filter

The continuous low-pass anti-aliasing input filter is
realised using a standard Sallen-Key topology. This is
readily accommodated by the analogue I/O cells of the
AN10E40 FPAA, as Fig. 2 shows.

The second signal processing block to implement is an
8th order band-pass filter. Higher -order filters are often
frustrating to build using more conventional
components. However, this function is easily realised in
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subject. However, Anadigm offers a filter synthesis tool
that simplifies the process significantly.
Known as FilterDesigner, the tool is an extension to
the FPAA configuration software. It allows you to create
high -order filters by employing combinations of the
standard bi-linear and bi-quad filter IPmodules from the
FPAA's associated analogue function library.
By keying -in the above filter specification, you can
obtain an accurate graphical representation of the filter's
response, as shown in Fig. 3. For the purposes of
example, I've chosen an elliptic filter, but there are no
constraints placed on the user with regard to filter type.
The IPmodules required to implement the circuit are:

r

Amplexide DP

Ampltude VN

r

7 Phase Peg)

8

Optinitzation

r

Small soled

Pass 8andli
Cillto 9991

Oval Gain
(-100410)

0

Slop Bend
Attenuahen

0

(50 to 80)

0

Cornea Freq.

(00.000001.
<1C030)

40

Stop Rep Low
(>0.000001.
<10010))

Came Peg

HI*

(>0000001.
<1M00)

70

Filter No

F, (Hz)

80

- F08
2 - F08
3 - F08
4 - F08

346
433
303
495

1

Stop Frell

(>0 =OW ,
<10000)

(kHz]

0.1

0.01

0.001

10

DC gain
0.097
2.270
0.317
0.702

High freq. gain
8.93
8.93
28.5
28.5

0.471
0.471
0.471
0.471

NUM

Fig. 3. Screen shot
of Anadigm's
FilterDesigner
software.

Fig. 4. Screen shot
of the dial -tone

detect circuit
designed using the
FPAA's software.

an FPAA by cascading four high -Q bi-quad band -stop
filters.
The desired total filter specification is given by:

Pass band: 300Hz to 500Hz, 3dB maximum ripple
Stop band: s255Hz and z590Hz, >50dB attenuation
Some ripple in the pass band is perfectly acceptable for
this application, provided that a valid dial tone is always
detected. Allowing some ripple is consequently an easy
trade-off to make, enabling construction of a filter with a
response that is close to ideal.
There are plenty of text books around that attempt to
explain filter design, but it is undeniably a complex

To realise this tightly -specified filter network using the
more conventional components on the market today, the
choices are somewhat limited. Traditional op -amps or a
switched -capacitor filter IC could be used, but both may
require the use of precision external components.
Because the frequency tolerances are so tight, even
with precision components it would be necessary to use
a network analyser and trimming potentiometers to
accurately fix the F0, Q, and gain of each stage.
The only other option is the use of ultra -precision
thick -film resistor networks with trimming. Either way,
the conventional route costs time and money, and will
still suffer from the effects of component ageing and
thermal drift.
The AN10E40 FPAA, on the other hand, offers a
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Report file for the dial -tone detect circuit.

solution to these problems. There
are no external passive component
procurement problems, no trimming
elements, no need to tune each
circuit produced, no component
ageing drift and no significant
thermal drift. And there is another
significant benefit - in -circuit
reconfigurability.

The full wave rectifier
After the filter, the next IPmodule
placed is a simple full wave rectifier
with its gain set to 4VN. The
default corner frequency is left
unadjusted at 16.7kHz. Rectified
dial tone is then passed on to the
next stage.

Generating a very low
frequency signal

Cell(B,5) - Anadigm A: (F08) Band Stop Biquad
83.333kHz
Clock Frequency:
*Center Freq (Fo) [kHz]
Desired:
DC Gain
Desired:
High Freq. Gain
Desired:
Desired:
Quality factor (Q)

(High Q)

Realized:
Realized:
Realized:
Realized:

0.346
0.100
0.471
8.920

Cell(D,5) - Anadigm A: (F08) Band Stop Biquad (High Q)
Clock Frequency:
83.333kHz
*Center Freq (Fo) [kHz]
Desired:
0.3030
DC Gain
Desired:
0.3170
High Freq. Gain
Desired:
0.4710
Desired:
Quality factor (Q)
28.5000

Realized:
Realized:
Realized:
Realized:

0.301
0.333
0.471
28.300

Cell(B,3) - Anadigm A: (F08) Band Stop Biquad
Clock Frequency:
83.333kHz
Desired:
*Center Freq (Fo) [kHz]
DC Gain
Desired:
High Freq. Gain
Desired:
Quality factor (Q)
Desired:

Realized:
Realized:
Realized:
Realized:

0.432
2.270
0.471
8.900

0.3460
0.0977
0.4710
8.9300

(High Q)
0.4330
2.2700
0.4710
8.9300

Cell(D,3) - Anadigm A: (F08) Band Stop Biquad (High Q)
Now that the dial tone is passed and
Clock Frequency:
83.333kHz
rectified, the next job is to convert it
*Center Freq (Fo) [kHz]
Desired:
0.4950
Realized:
0.495
to a nearly DC signal that can be
Desired:
0.7020
Realized:
0.706
DC Gain
compared to a reference. A low-pass
Realized:
High Freq. Gain
Desired:
0.4710
0.471
bi-quad low -Q filter IPmodule is
Quality
factor
(Q)
Desired:
28.5000
Realized:
28.500
selected for this task.
Sample clock is 83.3kHz and Fo is
Cell(D,1) - Anadigm A: (F01) Low Pass Biquad (Low Q)
set to 80Hz. Pass band gain is set to
Clock Frequency:
83.333kHz
2.3 and Q is 0.5879. Note that the
Realized:
*Corner Freq (Fo) [kHz]
Desired:
0.0800
0.081
realised value of any parameter
Desired:
2.3000
Realized:
2.330
Pass -Band Gain
specified within an IPmodule is a
Desired:
0.5880
Realized:
Quality factor (Q)
0.594
function of the sampling clock's
frequency. For this particular
Cell(B,1) - Anadigm A: (CO2) Dual Input Comparator (Two cells)
design, 83.3kHz was a frequency
Clock Frequency:
1000.000kHz
already existing in the target system.
While 83.3kHz would usually be
Cell(C,3) - Anadigm A: (R01b) Inverting Full Wave Rectifier with Low Pass
considered a bit low for a sampled
Filter
data system operating in the audio
Clock Frequency:
83.333kHz
band, in this particular instance it
16.7000
Realized:
*Corner Freq [kHz]
Desired:
16.700
easily meets all the requirements: it
Pass -Band Gain
Desired:
4.0000
Realized:
4.000
is several times higher in frequency
than the signal being processed,
easily derived from the existing
system, and appropriate to achieving the specified parameters
in each of the nominated IPmodules.

Creating a logic signal
Output from this low-pass filter is connected to the positive
input of a comparator IPmodule. The negative input of the
comparator is driven by the AN10E40 FPAA's built-in
precision DC reference voltage source.
The output of the comparator switches between the supply
rails, yielding a logic signal suitable for any family of logic.
Tone type

Tone durations

Dial tone
Continuous
Dial tone
200ms on, 200ms off, 600ms on, ls off
Busy tone
500ms on, 500ms off
Congestion tone 200ms on, 200ms off

The logic signal is now easily monitored by a timer or generic
I/O port of a microprocessor; by counting on/off times, it is
possible to detect the unique PSTN control signals listed
above.
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Fig. 5. Graph showing a simulation of the dial -tone circuit's performance.
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Circuit details and performance
Building the circuit using AnadigmDesigner software is
simply a case of selecting the appropriate IPmodules from
the library by 'drag and dropping' them onto the screen
display of the FPAA's complete array, and then 'click dragging' appropriate signal interconnects.
The final implementation of the tone detect circuit is
shown in Fig. 4, which is a screen shot produced by the
software. Figure 5 shows a plot of the data obtained from
the actual circuit.
List 1 shows the accompanying report file, illustrating
that the design goals were more than adequately satisfied.
The ETSI standard requires that any tone on the phone
circuit falling with the bounding box shown be recognised
as a valid dial tone.
The upper and lower curves bound the actual region
within which the circuit's logic output asserts, signalling a
dial tone.

Factory or field reconfigurability
Once a particular line card or terminal has been designed
using an FPAA, it is possible to adjust all of the signal
processing parameters to meet the varying requirements of
other PSTNs around the world. This is done with a quick
and simple reconfiguration.
Users can elect to have the AN10E40 configure itself on

power -up using data from a companion serial EPROM, or
from a microprocessor. In the case of the former, to
accommodate new regional requirements it would be
necessary to insert a new EPROM on the board. This is
probably more than adequate for many applications, but if
the board already contains a microprocessor it can be used to
facilitate an even more flexible solution, by enabling region specific configuration files to be downloaded to the FPAA.

Reconfiguring on the fly
Once the dial tone has been detected, there is no reason to
ignore the FPAA and engage some other physical circuit. It
takes less than 100us to reconfigure the AN10E40 for
another task.
For example, once a valid dial tone has been detected, the
FPAA could be sequentially reconfigured to generate key
press tones, detect a pick-up, and then to pass on a
previously digitised voice message.
Alternatively, immediately after dial -tone detect it could
be reconfigured to a data access arrangement, or DAA, to
facilitate modem communications. The only limit to this
new form of analogue design is your imagination!
support@anadigm.com
www.anadigm.com
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service engineers*
* Essential information for all radio and audio enthusiasts *
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 learn 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
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coverage of valve amplifiers
will add to its appeal to all
audio enthusiasts who
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quality of valve equipment.
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New B2 SPICE AD Version 4
Get serious about simulation
Exclusive Electronics World reader offer
Save 25% off the normal price*
Features of the new B2 Spice AD Version 4
to be released in the

Due
UK December 2001,

new B2 Spice AD Version 4
replaces the well-known and
widely used B2 Spice 2000.

For more details of this
new version, see New
Products, page 44
*B2Spice V4's normal
price is £229 excluding
VAT but for the launch

month, only in
Electronics World, we
are offering a hefty
25% off the price of
B2 Spice AD Version 4

making it available at
only £171.75
excluding VAT. Existing
users can upgrade
from any previous
version of B2 Spice for
half price.
As always this new
version carries an
unconditional 30 -day
evaluation. If for any reason
a user is dissatisfied they
may return it within 30 days
for a complete refund no
quibbles, no questions.
The minimum PC
specifications are:
A '486 or later processor is

required. 32Mb RAM
minimum, Windows 95, 98,
ME, 2000, XP or NT 3.51
or later is recommended.
Enquiries to RD Research,
Research House, Norwich
Road, Eastgate, Norwich

NRIO 4HA,

tel. 01603 872331,
e-mail:
rd.research@paston.co.uk
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Simulation Options
Generate component faults and failures
Single/dual parameter DC sweep
Parameter sweep of component values
Transient parameter sweep
AC sweep
Interactive digital simulations
RF analysis

Transient analysis
Small signal transfer function
Fourier analysis
AC & DC sensitivity
Noise and distortion
Smith charts
Polar charts
Pole zero
Monte Carlo analysis
Noise and distortion

Operating point
Generate full digital tests
Show logic race & glitch conditions

New "workspace" window to manage
your projects and files
New "parts chooser" window allows you
to easily locate and place parts
Combined digital and analogue graphs
More parts in database, incl. RF parts
Improved and faster simulations
Schematic borders and title box
Unlimited undo/redo
Device mirroring
New easy to use parts browser
Create, manage and edit new models
Create new parts from a circuit or sub circuit
Easy to draw and edit wires
Browse -able, filterable, device libraries
Complete macro device capability
Rubber banding of wires and devices
Quick menu selection of commonly used
parts

Temperature change

Zoom in or out on an area or item with
custom zoom factors
Fit circuit to window function

Features

User -selectable colours and set-up

Analogue and digital mixed mode
New and improved schematics with DIN
and ANSI symbols
New RF simulations/Network Analysis
PCB export and bill of materials
Smith and polar plots
Improved graphing and plotting

Export circuit drawings and waveforms
Built-in Symbol Editor to create custom
device symbols
15000 parts are included as standard
there are no hidden extras
PCB design and export facility

Use this coupon to order your B2 Spice AD V4 at the special discount price
Please send me
B2 Spice AD V4(s) at the special price of:
£171.75 + VAT+ £5 postage (£207.68)

Name

Address

Phone number/fax
Total amount £
I enclose a cheque
made payable to RD Research
Please charge to my credit/debit card
Card type (MastercardNisa/Switch etc)
Card No
Expiry date
Please post this coupon to RD Research, Research House, Norwich Road, Eastgate,
Norwich NRIO 4HA, tel. 01603 872331, e-mail rd.research@paston.co.uk
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Exploring real-time

programming
Using a multi-tas ing
metron
es
exampl Tim Wilmshurst
explains t e ms an outs
real-time programming using a
microcontroller.

Designers of embedded systems must understand the timing
requirements of their target system, regardless of whether the
system is large or small. They should also have at least a general
appreciation of the principles of real time operation.
This electronic metronome has been designed to explore some of the issues
relating to a simple real time system, and to illustrate how such a system can
be achieved.

Real-time operating system
When confronted with the demands of real-time operation, many designers
of embedded systems make use of a real-time operating system, or RTOS.
This allows the programming needs to be achieved in an orderly manner, and
leads to reliable software.
An important function of the RTOS is to ensure that tasks are scheduled
according to their priority. However, the operating system comes with its
own overheads; it can be expensive, it occupies valuable programme
memory, and it can slow down programme operation.
Deciding whether to go for an RTOS or not depends mainly on the number
and characteristics of the tasks. As a general guide, an RTOS should be
considered if tasks are many, or if their timing demands are widely different.
It should be possible to do without an RTOS if the tasks are few, and/or if
they can readily be synchronised to each other.
When an RTOS is not used, the demands of real time still need to be
understood, and means have to be found to structure the programme for
successful operation. The beginner's approach - of setting the clock

What is 'real time?'
While many believe that a system working in 'real time' must
be fast, this is not necessarily true. A real-time system is simply defined as one that must provide the correct results or outputs in time for the required deadlines.
Depending on the system, deadlines may be expressed in
microseconds, or in days. Meeting deadlines may involve
the ability to measure time, to generate time -based activity,
or respond to external events occurring at unpredictable
times. Some deadlines are fixed and immovable, while
others may have some flexibility. Some are synchronised
with each other, while others are asynchronous.
Most real-time systems involve multi -tasking. That is, they
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must create the illusion of doing several things at the same
time. Those 'things', distinct activities undertaken by the
system, are called tasks.
Tasks may be long or short, they may be synchronised to
each other, or asynchronous. They may be instigated by the
processor, under its control, or be caused by external
events.
The relative importance of tasks, in terms of successful

system operation, may differ. In other words, they have
different priority. Each task generally relates to one of the
deadlines already mentioned. The process by which tasks are
chosen to run, in a real time system, is called scheduling.

ELECTRONICS WORLD January 2002

CONTROL & INSTRUMENTATION

Cyclic scheduling
Two simple scheduling strategies, which can be applied
without an RTOS, are shown in the diagram below. In each
case there are four tasks, A, B, C and D.
In cyclic scheduling, diagram a), tasks execute in turn, each
one completing what it has to do before handing over to the
next task. This is effectively a simple looping programme.
The rate that any one task receives attention depends on its
duration, and the duration of all other tasks. This is often a
disadvantage, as the rate is more or less uncontrolled, and it is
difficult therefore to undertake time -based activity. If one task
was for example to sample an incoming signal, it would be
impossible to guarantee a stable sampling rate.
An advance on this is 'timed cyclic scheduling', diagram b).
Now a regular clock 'tick' is set up. This is not to be confused
with the clock oscillator; a typical tick rate might for example
be once every millisecond.
Tasks execute once, in turn, every time the 'tick' occurs. The
total time needed to execute all tasks must be less than the tick
interval, and some idle time is now introduced to fill up the

oscillator to the highest possible speed, and then hoping

for the best - often does not work. What is needed is an
understanding of what the tasks are, what are their timing
demands, and how they relate to each other. A simple task
scheduling strategy, like cyclic scheduling, can then be
applied.

The metronome specification
This application is an example of a simple design that
applies timed cyclic scheduling. It gives out a regular beat,
at rates from 40 to 199 beats per minute. This represents
the first task, which I will call 'Task 1'.
240k
-1
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4

100k

6
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BCD

BCD
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Time
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D

Time

Tf
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Cyclic Scheduling, a), versus timed cyclic scheduling, b).

spare time between ticks. Now the repetition rate of each task
is predictable, and with a reliable clock tick, timed activity can
readily be carried out. Such timed activity can occur at every
clock tick, or at multiples of the tick period.

For a given beat rate, its deadline is rigid. The beat rate
is shown by two multiplexed seven -segment led displays,
and a further '1' digit, represented by two leds.
The displays are driven in turn by the same
microcontroller port bits, and must be alternated
sufficiently fast that the eye does not perceive any flicker.
This represents the second task - 'Task 2'. There is some
flexibility in its deadline, as the eye is fairly tolerant of
some variation in repetition rate in such displays.
The beat rate is adjusted by two push buttons. One
increases the rate while the other decreases it. The beat
output must continue uninterrupted while it is being
adjusted. This represents the third task 'Task 3'. Again there is some flexibility in
its deadline, as the human user will barely
perceive a delay of a few milliseconds in
response.
None of these tasks is initially
synchronous with any of the others. There
is however sufficient flexibility in the
1k
deadlines of Tasks 2 and 3 to allow them to
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Fig. 1. The metronome circuit revolves
around a PIC microcontroller.
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Fig. 2. Metronome
constructed on standalone PCB.

be made synchronous. This simplifies the programme
design considerably.
All integer beat rates within the specified range must be
possible. As the rate changes, the display is updated. The
beat is caused by a nominal 10ms pulse from a port bit to a
sounder, loudspeaker, or light -emitting diode.
The beat must continue at the displayed rate, whatever
else the metronome is doing. It is also possible to place the
metronome in a mode in which it outputs, for tuning
purposes, the note 'Concert A'.

The hardware
The circuit diagram is shown in Fig. 1. It is designed
around a Microchip PIC 16F84 microcontrollerl.
Initialise

Set up clock lick'
Enable timer interrupt

'Tone' mode
'Beat' mode

Yes

Idle state

0 Timer interrupt

Disable timer
interrupt

Fig. 2.

Creating the software

Set sounder
output high
Delay

Timer interrupt
ISR

Set sounder
output low
Delay

Down button
pressed?

Enable timer
inetrrupt

Fig. 3. Program structure, and 'tone' mode.
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To save control lines, the display digits are multiplexed.
That is, they are activated in turn, at a speed fast enough
that the eye perceives them as both being continuously on.
Port B drives the seven segments of the display, and the
`1' digit, while bits 0 and 1 of Port A control the common
cathodes of the digits. A seven segment digit is illuminated
when its common cathode connection is at logic low, and
the required pattern of its segment lines - i.e. bits 0 to 6 of
Port B - are high.
The `up' and 'down' buttons, which change the beat rate,
are connected to bits 2 and 3 of Port A. The beat output is
activated by a logic low on Port A bit 4, while a slide
switch determines whether led or sounder is to be active.
Power is supplied from three AAA cells in series. The
battery voltage is not regulated, but is monitored via a
MAX931 comparator plus reference combination. The low
power led - labelled `lo bat' - is designed to illuminate
when the supply voltage drops to 4V. The oscillator
frequency is set by a 4MHz crystal.
All leds are RS 588-386 types, except for 'beat', which
is standard size, 10mA forward current. The seven segment displays are common cathode types.
The circuit has been built on a single pcb, pictured in

Yes

A programme overview appears in Fig. 3. First comes
initialisation, and setting up of the clock 'Tick', based on
the timer 'interrupt on overflow', as explained later. After
that, the programme enters an idle state.
From here, driven repetitively by the clock tick, the
programme executes the timer interrupt service routine,
ISR, which contains the three tasks of beat mode. This
implements the principle of timed cyclic scheduling.
Alternatively, if the 'mode' flag has been set - caused by
both buttons being pressed simultaneously - the
programme enters the tone mode, generating concert A at
440Hz through a timed loop. A return to the idle state, and
re -enabling of the Timer interrupt, occurs if the Down
button is pressed.
The timer interrupt ISR used in beat mode follows the
flow diagram of Fig. 4. This ISR occurs on every clock
tick, and the tasks performed are all timed to take a certain
number of clock ticks, or to occur after a certain number of
clock ticks.
The occurrence of each is determined by the state of an
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What is 'interrupt -on -overflow
The simplified block diagram of almost any micro controller counter/timer is shown below. Central to
the module is a digital up -counter, which can be
read via the data bus.
Input to the counter can be an external source. The
counter is then normally used simply as a counter,
e.g. to count events or objects. Alternatively, it can
be the internal oscillator. In this case the counter is
then used as a timer, as the clock period is known
and stable.
The incoming signal may also be divided down by
a prescaler, which can typically be set to divide by
binary powers, for example 2, 8, 16. When the
Counter reaches its maximum value, and then

overflows, an overflow output is generated which
can be used as an interrupt source.
With a stable counter input frequency, a regular
interrupt is achieved. Mathematically speaking,

f

f

(2)

- 2n x 2°

where tint is the interrupt frequency and f is the
internal oscillator frequency. The counter has n bits,
and the prescaler divides by 2P.
In the 16F84 controller, the 'internal oscillator
signal' is the clock oscillator frequency divided by
four, and the counter/timer is eight bits, i.e. n is 8.

Data bus

External input
Counter

Prescaler

Internal
oscillator
signal

Overflow

Interrupt
enable

Timer/counter simplified block diagram. This outline
applies regardless of the type of microcontroller used.

Interrupt
on

overflow

associated counter, in practice a memory location. These
each count down every clock tick from a value preset in
them, and trigger activity when they reach zero. They are:

period_counter

determines beat period (initial value
dependent on beat setting)
sounder_counter determines duration of sounder/led
beat pulse (initial value fixed)
display_counter determines duration of display of
multiplexed digit (fixed)
button_counter determines interval at which buttons
are polled (fixed)
The main requirement of Task 1 is to decrement
period_counter, and activate the sounder if the counter
reaches zero. If it has reached zero, it is necessary to
reload the counter. The new value of beat period is stored
in next_period, which may have been changed by the user
(Task 3) since the previous beat.
Task 1 starts out by testing whether the sounder needs to
be deactivated, by decrementing sounder_counter and
testing for zero.
Task 2 decrements display_counter, and changes the
active digit if the counter has reached zero. Task 3
decrements button_counter. If it reaches zero, it checks if
either of the buttons are being pressed. If they are, then the
beat rate is changed accordingly, and the value of
next_period is updated.
If both buttons are simultaneously pressed, then the
mode flag is set, which will cause a change to Tone mode
when the idle state is reached.
The metronome actually displays the beat rate, while the
programme itself requires the beat period, expressed in
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number of tick periods. The value of next_period is
derived according to:
next_period =

60
(beat rate x tick period)

(1)

In an eight -bit microcontroller, this has the potential to
require a fairly lengthy piece of processing, which runs the
risk of taking excessive time. As a result, I used a look -up
table, written using a C program, which was used to derive
the next_period values.
The table requires two bytes for each of its (199-40)
values, and therefore crosses page boundaries in the PIC
programme memory. Standard recommended techniques'
for accessing tables of this length must be applied, and are
seen within the programme listing.
A complete programme listing, with detailed
commenting, may be downloaded from the web site of
reference 2.

Setting up the clock tick
A fundamental decision in this type of programming is
choosing the clock tick repetition rate. Clearly it must be
long enough to accommodate execution of all tasks
occurring within its period. Furthermore, it will govern
resolution of all timed activity depending on it.
To clarify timing demands for the metronome, I explored
the beat period requirements. The extremes of the highest
and lowest beat rates are shown in Table 1. You can see
that the interval between beats ranges from around 300ms
to1.5s.
A trial tick period of 0.5ms was then considered, as
shown in the Table. At the slowest beat rate, the beat
duration will consist of 3000 clock ticks, at the highest 603.
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Table 1

Decrement
sounder counter
Yes

Clear sounder

Decrement

period counter
Task 1
Yes

Beat rate timing demands for tick period of 0.5ms.
Beat rate Beat period No of ticks Resulting beat rate
40.000
40/min
1.5000 s
3000
41
1.4634
2927
40.998
42.002
42
1.4286
2857
43
1.3953
197
198
199

Activate sounder
Set

304.57 ms
303.03
301.51

609
606
603

197.04
198.02
199.00

sounder counter
Move next_period
to period counter
Decrement
display counter
Task 2

Yes

Change digit

Decrement
button_counter

Reset button_counter

Yes

Both
pressed?

Set mode
flag
Yes

Increment
beat rate

Yes

Decrement I_

Task 3

N./

Down'
ressed?

consider carefully whether there is a situation when it can.
In this programme, the worst case occurs when the
contents of period_counter, sounder_counter,
display_counter, and button_counter all decrement to
zero on the same clock tick, and at the same time the user
is demanding a change of beat setting which causes BCD
digit overflow (for example from 99 to 100). This
circumstance in the Timer Overflow ISR can be simulated
using the simulator in MPLAB, the Microchip Integrated
Design Environment. Alternatively, it can be determined
by careful addition of all instruction durations in the worst
case execution path. By doing this the worst case ISR
duration was found to be 105 instruction cycles, i.e.
105mµ for our 4MHz clock frequency, implying the idle
time is always greater than 400mg. It may be concluded
that there is no apparent risk to reliable operation of the
Timed Cyclic Scheduling.

beat rate

Testing and evaluation
Derive
next_period

Return
from interrupt

Fig. 4. 'Beat' mode - timer overflow interrupt service
routine, or ISR.

Several beat periods based on this tick rate were
calculated, as shown in the column entitled, 'Resulting
beat rate'. This column illustrates that this technique leads
to good beat rate accuracy. This is no longer the case
however if you increase the tick period to lms.
The clock tick is derived by using the Interrupt on
Overflow facility of the 16F84 Counter/Timer
("TIMERO") module, as explained in the accompanying
panel. In this design a 4MHz clock oscillator crystal was
used. Applying formula (2), and setting n to 8, it was
found that a 0.512ms tick period could be derived if the
prescaler was set to divide by 2. This led to accurate
results.
It is essential in this form of programme structure, Fig.
b) in the 'Cyclic scheduling' panel, to ensure that there is
no chance of the tasks over -running the time available
between clock ticks. While this may not occur under
normal programme operation, it is very important to
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The metronome has overall been found to work reliably
and well. Beat rates have all proved to be accurate. The
beat and display respond smoothly to changes in settings.
The generated "Concert A" tone was measured at
439.9493Hz. The power down led comes on reliably at
4V, although the circuit goes on functioning, more or less,
down to a supply of 1.8V.
Further information and background on the design
techniques described in this article may be found in
reference 3.
Finally, Many thanks to Trevor Noble, who quickly and
skillfully built the several metronome versions.
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Annotated listing for the electronic metronome, which also generates a concert A
tone.
; Conf ig Word:

HS oscillator, WDT off,
power -up timer on, code protect off
;Clock freq 4MHz approx (Crystal osc.)
;Port A 4
beat (op)
3
"down" button (ip)
2
"up" button (ip)
1
Common cathode, ms digit (op)
0
Common cathode, is digit (op)
;Port B 6-1
Display segments (all op)
6=g, 5=f, 4=e, 3=d, 2=c, 1=b, 0=a
7
"1" digit
;7 -Segment bit patterns
Displayed No
Port B pattern
0
0011 1111=3f
1
0000 0110=06
2
0101 1011=5b
3
0100 1111=4f
4
0110 0110=66
5
0110 1101=6d
6
0111 1101=7d
7
0000 0111=07
8
0111 1111=7f
9
0110 1111=6f
A
0111 0111=77
;Define RAM locations
delcntrl equ
10 ;used in delay SR5
delcntr2 equ
11
"
;following locations hold time durations, all measured in
units of ticks
prd_cntr_hi equ 12 ;holds beat period, hi byte
prd_cntr_lo equ 13 ;holds beat period, lo byte
next_prd_hi equ 14 ;holds next beat prd, hi byte
next_prd_lo equ 15 ;holds next beat prd, lo byte
digit_cntr equ
16 ;decrements every tick, digit changed on
;

zero

button_cntr equ 17

;decrements every tick, buttons checked on

zero

wait

btfss
goto

flags,mode
wait
;wait for next overflow interrupt
;if in beat mode
;here if entering tone mode. Concert A has prd 2.2727272ms.
;Aim for 2273 instruction cycles, giving freq of 439.947Hz.
tone_gen bcf
intcon,t0ie ;disable timer overflow int
bsf
porta,4 ;clear sounder
movlw
77
;display A
movwf
portb
bcf
porta,0
porta,l
bsf

;wait for release of down button, which will cause mode exit
btfss
porta,3 ;"down" button pressed?
goto
tgl
;yes
;now set tone running
tg2
movlw
d'226'
;226x5 = 1130
movwf
delcntrl
tg3
nop
;5 cycles in single loop
nop
;1129 total
decfsz delcntrl,l
goto
tg3
bcf
porta,4
nop
nop
nop
tgl

sounder_cntr equ 18 ;decrements every tick, sounder cleared on
zero

;these locations
hi_digit_val equ
lo_digit_val equ
beat_val_bin equ
parallel to BCD
lu_address equ

movwf
sounder_cntr
;initial values of variables
;period counters
movlw
Oal
;prd for 60bpm
movwf
prd_cntr_lo
movwf
next_prd_lo
movlw
07
movwf
prd_cntr_hi
movwf
next_prd_hi
;beats per minute and display counters
bcf
flags,one
bcf
flags,mode
movlw
6
movwf
hi_digit_val
movlw
00
movwf
lo_digit_val
movlw
d'60'
movwf
beat_val_bin
;set timer interrupt
bsf
status,rp0
movlw
b'11000000' ;set up timer, prescaler=2
movwf
option_reg
bcf
status,rp0
;select bank 0
bsf
intcon,t0ie ;enable timer overflow int
bcf
intcon,t0if ;clear any pending timing int
bsf
intcon,gie
;enable global int

relate to beat rate, and display
19 ;holds (BCD) value of ms digit
la ;holds (BCD) value of ls digit
20 ;digital value of beat rate, runs in

21
flags
equ 22
one
equ 0
next_one
equ 1
digit
equ
2
displayed
mode
equ
3
;Some constants
digit_durn equ d'20'

;holds address of "tablet" look -up
;various flags
;ms "one" of display
;next value of ms "one" of display
;current displayed digit, 0 = ls digit is

nop
;0

= beat,

1 = tone

;duration of each digit illumination
button_durn equ d'200' ;period between button checks
sounder_durn equ d'05' ;duration of beat led/sounder
org 00
goto start
org 04
;here if timer has overflowed
goto action
org 0010
;Configure System ************************
;set port bits
start
bsf
status,rp0
;select bank 1
movlw
Oc
movwf
trisa
;all porta bits input
;except 2&3
movlw
00
movwf
trisb
;all portb bits output
bcf
status,rp0 ;select bank 0
movlw
00
;set up initial port output values
movwf
portb
movlw
if
porta
movwf
;diagnostic
bcf
portb,7
call
delay200
bsf
portb,7
call delay200
bcf
portb,7
;set initial values for registers
;constants for normal operation
movlw
digit_durn
movwf
digit_cntr
movlw
button_durn
movwf
button_cntr
movlw
sounder durn

January 2002 ELECTRONICS WORLD

;1136 cycles to here
movlw
d'226'
;226x5 = 1130
movwf
delcntrl
tg4
nop
;5 cycles in single loop
nop
;1129 total
decfsz delcntr1,1
goto
tg4
bsf
porta,4
nop
nop
btfsc
porta,3 ;exit button pressed?
goto
tg2;no, so continue
;1137 cycles in this half, total of 2273
bsf
porta,0 ;clear displayed "A"
tg5
btfss
porta,3 ;wait for exit button to be cleared,
otherwise
goto
tg5
;beat is immediately decremented
bcf
flags,mode
bsf
intcon,t0ie ;enable timer overflow int
goto
wait ;beat mode will clear other conditions
;Timer Overflow Interrupt Routine (where all the action is)
action
decfsz
sounder_cntr
goto
actionl
;clear sounder
bsf
porta,4
;decrement period count, emit beat if 0

actionl movlw
subwf
btfss
decf

1

prd_cntr_lo,1
status,0 ;skip if no borrow, ie C is 1
prd_cntr_hi,1 ;borrow, underflow of this

higher
;byte should never happen (zero condition detected first)
;now test for zero
tstf
bnz
tstf
bnz

prdcntr_lo
action2
prd_cntr_hi
action2
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;here if period count is zero
bcf
porta,4 ;initiate beat
movlw
sounder_durn
;set sounder counter
movwf
sounder_cntr
;update period counter
movfw
next_prd_hi
movwf
prd_cntr_hi
movfw
next_prd_lo
movwf
prd_cntr_lo
action2 decfsz
digit_cntr ;decrement digit counter
goto
action3
;here if digit counter is zero, so change displayed digit
bsf
porta,0 ;first switch off both digits
bsf
btfsc
goto

portal

flags,digit
action21
;here if was displaying is digit, change to ms digit
movfw
hi_digit_val
call
table_dig ;get requd bit pattern
movwf
portb
bcf
portal ;enable that digit
bsf
flags,digit
goto
action22
;here if was displaying ms digit, change to is digit
action2l movfw
lo_digit_val
call
table_dig ;get requd bit pattern
movwf
portb
bcf
porta,0
flags,digit
bcf
action22 btfsc
flags,one
bsf
portb,7 ;set ms "one" (which was cleared
;when new pattern was written to port b)
movlw
digit_durn ;update digit counter
movwf
digit_cntr
;now decrement button counter, and test buttons if time
action3 decfsz
button_cntr
goto
action4
;here if time to check buttons, first update button counter
movlw
button_durn
movwf
button_cntr
;test for both buttons, ie mode change
btfsc
porta,2 ;"up" button pressed?
goto
action30 ;no
btfsc
porta,3 ;"down" button pressed?
goto
action30 ;no
;here if both buttons pressed, ie mode change called
bsf
flags,mode
goto
action4
;test for single buttons
action30 btfss
porta,2 ;"up" button pressed?
goto
action3l ;yes
btfss
porta,3 ;"down" button pressed?
goto
action32 ;yes
goto
action4 ;next if neither button pressed
;here if "up" button pressed
action3l movlw
d'199' ;test for max value
subwf
beat_val_bin,w
bz
action4 ;cannot exceed 199, so must not
increment
incf
beatval_bin,1 ;increment digital version
incf
lo_digit_va1,1 ;and increment BCD version
movlw
d'10'
;action if BCD overflow
subwf
lo_digit_val,w
bnz
action33
lo_digit_val ;here if overflow
clrf
incf
hi_digit_val
movlw
d'10'
subwf
hi_digit_val,w
bnz
action33
hi_digit_val ;here if overflow
clrf
bsf
flags,one
;(earlier test assures no
;overflow beyond 199)
goto
action33
;here if "down" button pressed
d'40' ;test for min value
action32 movlw
subwf
beat_val_bin,w
action4 ;cannot go under 40, so must not
bz
decrement
decf
beatval_bin,1 ;decrement digital version
lo_digit_va1,1 ;and decrement BCD version
decf
lo_digit_va1,7 ;test for underflow by
btfss
inspecting msb
goto
action33 ;here if no underflow
;underflowed, so reset this digit and decrement next
movlw
09
lo_digit_val
movwf
hi_digit_va1,1
decf
btfss
hi_digit_va1,7 ;test for underflow
action33 ;here if no underflow in this dig
goto
;underflowed, so reset this digit and decrement ms 1
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movlw
movwf
bcf

09

hi_digit_val
flags,one ;(assumes this digit was set to

one)

;now find 2 -byte prd duration, expressed in tick counts, from
table2
2
action33 movlw
;define higher byte of lu table
start address
movwf
pclath
movlw
d'40' ;lu table starts at 40 beats per
minute, therefore offset
subwf
beat_val_bin,w
movwf
lu_address
bcf
status,c
rlf
lu_address ;there are 2 period values per
beat value, therefore
;multiply this address by 2
btfsc
status,c ;is page rolling over?
incf
pclath,l ;yes, so increment higher address
bits
movfw
lu_address
call
table2
movwf
next_prd_hi
incf
lu_address,1
movlw
Off
;check if roll-over will occur, ie
if 255
subwf
lu_address,w
btfsc
status,z
incf
pclath,1 ;would cause page roll-over, so
increment higher address bits
movfw
lu_address
call
table2
movwf
next_prd_lo
movlw
0
;reset pclath
movwf
pclath
;time to exit this routine
action4 bcf
intcon,t0if
retfie
;SUBROUTINES
;introduces delay of lms
delayl movlw
Ofa
movwf
delcntrl
nop
dell
nop
nop
nop
nop
nop
nop
decfsz delcntrl,1
goto dell
return

movlw
Oa
movwf
delcntr2
del2
call delayl
decfsz delcntr2,1
goto del2
return
;200ms delay
delay200 movlw
0c8
movwf
delcntr2
del3
call delayl
decfsz delcntr2,1
delay10

goto den
return
;determines output 7-seg led pattern
table_dig addwf pcl
retlw
3f
;digit°
retlw
06
retlw
;2
5b
retlw
4f
retlw
66
retlw
6d
retlw
7d
retlw
07
retlw
7f
retlw
6f
;digit 9
;this table determines the tick count required for given beat
rate
;define start at beginning of page.
org 0200
table2
addwf
pcl
include\pacific\bin\met_data.dat>
end
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Letters to the editor
Letters to "Electronics World" Cumulus Business Media, Anne Boleyn House,
9-13 Ewell Road, Cheam Road, Surrey SM3 8BZ
e-mail j.lowe@cumulusmedia.co.uk using subject heading 'Letters'.

Morse codes

Enhanced audio power amplifier?

Prompted by Ian Poole's article in the
October issue, I thought the following may
be of interest.
The distress signal in Morse is one single
character, di di di dah dah dah di di dit. It
was chosen as being easily recognised and
unlikely to be mistaken for something else. It
isn't, never has been, and was never intended
to be, SOS.
However, in text it is symbolised by SOS,
indicating that it sounds like those three
characters transmitted without inter -character
spaces. It is probably this which led to the
common misconception. It could equally be
symbolised by, for instance, VMS or 3B.
The older distress signal, CQD, - which
was three characters - was formed by adding
the D, to indicate distress, to the the "all
stations" call, CQ.
There has been speculation as to whether
CQ is the phonetic for 'seek you.' This may
or may not be so but I have never come
across any reference to support this.
David M Bridgen

Putting two different voltage sources in parallel
is asking for trouble. I am sure Dr White knows
that too.
Putting two different current sources in series
is also asking for trouble, but apparently that
doesn't bother him. He did exactly that in his
attempt to enhance the Maplin amplifier,
described in the August 2001 issue, pp. 578-

Camberley
Surrey

A question of ratios
My apologies to Cyril for not being more
explicit in the Letters pages, August 2001
issue. I'd assumed that it was obvious what I
was referring to.
On page 217, Cyril states that "The
LM3900 IC responds to current ratios at its
inputs, not voltages as is more usual," which
is of course incorrect.
The LM3900 is a differential amplifier, it
responds to differences between its inputs (as
most amplifiers do). A circuit that responded
to the ratio of its inputs might be called a
ratiometric amplifier, and an example of that
would be a divider such as the AD734.
From the Concise Oxford Dictionary:
ratio n. (pl. -os) the quantitative relation
between two similar magnitudes determined
by the number of times one contains the
other integrally or fractionally.
Phil Denniss
Sydney
Australia

Homopolar generator
I found the article on Faraday's homopolar
generator in the October 2001 issue very
interesting.
The homopolar generator principle was
used during the early part of last century for
low -voltage welding and electrolysis. This
type of machine was also known as the non polar or uni-polar generator.
One example is the C A Parsons & Co.
motor generator. Briefly, its construction was
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Resistor R9 has been replaced by a current
source. Since R9 is connected to the collector of
Tr3 - also a current source - either his current
source or Tr3 will saturate.
Nevertheless the amplifier will operate, but in
the first case the power dissipation in Tr3 is
excessive and in the latter case the loop gain
will have been halved and performance
degraded.
The only purpose of resistor R9 is to take
most of the heat out from Tr3 and not to set the
collector currents of Tr3 and Tr4. This is done
by the tail current of the input stage, plus R4, R5
and R10. This is at least for me rather obvious.
Edmond Stuart
Amsterdam
The Netherlands
David replies:
I'm pleased that Mr Stuart took enough interest
in my power amplifier design to attempt an
analysis of its workings.
If you refer to Fig. 1 and estimate the
collector current of Tr3 as suggested by Mr

Stuart - i.e as a function of the tail current of
the input stage, R4, R5 and R10 alone - then you
obtain a figure of approximately 14mA.
a three pole electro-magnet with a N -S -N
arrangement. It had a centre coil and a
rotating iron bar or armature inside a copper
tube. The iron bar and the copper tube
rotated together at 2000rev/min, generating
one volt under the left-hand N pole and one
volt under right-hand N pole. The resultant
two -volt output was taken off through
brushes.
A construction for obtaining higher
voltages consisted of several insulated
copper bars arranged around the central iron
bar in what was virtually like a commutator.

However, the actual collector current, as
measured under quiescent conditions, is around
7-8mA. This is because the collector current of
Tr3 is restricted to a maximum value of around
7-8mA by Rg.
The collector voltage of Tr3 is measured at
about 5V above the negative supply rail, so its
not saturated. Consequently, the constant
current source isn't saturated either.
Mr Stuart is correct in asserting that series connected constant -current sources usually give
rise to unstable circuit conditions, or often no
current flow at all. But the constant current
source used in my power amplifier is rather
more than two series connected current sources.
It is perfectly stable, with equal currents in each
`half of the circuit, under all conditions. It is
also, surprisingly, 100% self-starting; which it
shouldn't be if you assume that the transistors
involved are ideal.
My version of this type of constant current
source is based on an original idea by T.D.S.
Hamilton.
The proof of the pudding is in the eating. Both
measurements and listening tests, by a fair
number of different listeners, confirm that my
design is superior to data sheet engineered
versions of the Hitachi original.
Finally, can I use this opportunity to correct a
small omission from my article. I've had a
number of letters and e -mails querying the
function and purpose of the component labelled
"f' in Fig. 3 (attached to the collector of Tr9).
I'm afraid its nothing esoteric, merely a wire
jumper, or zero ohm resistor, used to facilitate
the PCB layout.
Pairs of brushes spaced around the lefthand pole and the right-hand pole were
connected together in zig-zag fashion so
adding up the voltage output. Depending on
the number of copper bars, 5, 10 and even 12
volts could be obtained at very high currents.
The principle of operation of these
generators is certainly interesting and worth
further study and consideration for future
applications.
R C T Stead

Hampton
Middlesex

Corrections
Buck/boost regulator: My circuit idea

Minimal audio oscillators:

'Buck/boost regulator' on page 628 in the August
2001 issue contains an error. The two tantalum
capacitors are printed as "47" which could be
misinterpreted. My submission did quote 4µ7, i.e.
4.7µF. Also, the 35V rating did not appear, which
has equal significance.
Henry Maidment Salisbury Wiltshire

The circuit idea in the September issue shows no
transistor type number: my submission quoted the
BC337 for the earpiece oscillator and the BC238
for the ceramic sounder oscillator.

D. Di Mario
Milan Italy

E1

Directio n
finder
using
VHF
designed this direction finder for determining
the bearing of any given VHF transmitter. Assuming you can
receive from transmitters in two different locations, you can
then determine your position with the aid of a map and
compass. This type of design normally needs two matched
receivers. Ian keeps his unit simple by using one receiver and
a multiplexer.
designed this direction finding system for determining
the bearing of any given transmitter, relative to the
direction -finding system. So that I could check that the
system really did work, the direction finder was
designed to work in the VHF FM broadcast band, since
the positions of the nearest transmitters of both national and
local programmes, both BBC and commercial, were known.
The system was broken down into separate free-standing
blocks, each of which a group of two to four students could
build and test independently. As the end of the academic
year neared, the most difficult part - system integration was undertaken.

Choice of direction -finding method
There are numerous methods of arranging antennas so as to
provide information on the direction of arrival of a signal.
These range from the traditional 'Adcock' array of four
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vertical dipoles - with its `octantal errors' - through more
complicated systems such as the Rohde and Schwarz VHF
maritime direction -finding stations using a circular array of
dipoles, up to the most modern super -resolution systems
using an asymmetrically placed array of antennas. These all
use a fixed array of antennas, and are capable of direction
finding over the full 360° range in azimuth.
The simplest array has only two antennas, but such a
direction -finder using a fixed array suffers from ambiguities a failing it shares with a direction -finder using a loop antenna.
Clearly, a signal arriving at right angles to the line joining
the two antennas could be arriving from in front of, or
behind the array -a 'reciprocal bearing'. There are ambiguities at all angles; for example a signal arriving from 45° front
right could equally well be coming from 45° left rear.
However, for simplicity a two antenna system was chosen,
and the ambiguity can in fact be resolved.
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Fig. 1. Block
diagram of
the front end
of a simple

Tuned circuits

How it works
In Fig. 1, imagine a signal arriving at right angles to the
line joining the two short vertical whip antennas, which are
spaced about 0.15k apart. The signal from each antenna is
split into two parts, A and A', B and B'.
One part of the signal (A) from the left antenna is
combined with signal B' from the right antenna, which is
delayed by its passage through a coaxial cable of physical length 0.15k.
Due to the propagation velocity in the cable of about
60% of the speed of radio waves and light, 'c' , the
sample of signal from the right antenna is delayed by 90°

- equivalent to a 0.25k electrical length - relative to the
local left-hand signal. Thus signal B' emerges from the
7J4 delay cable as signal B", and is summed in the block
labelled with A.
When combined, the two signals give the resultant
Channel A signal, lagging 45° on the left-hand antenna
signal A, and of amplitude 1.414 times (+3dB) greater
than either. This is shown in the top left vector diagram
in Fig. 2. A similar arrangement produces the Channel B
signal, Fig. 2, top right.
If now the transmitter were to move to the left of
centre, the signal path to antenna B would be longer than
that to antenna A. This extra delay is partially compensates the delay suffered in the A'-A" delay cable, so that
the two signal inputs to the Channel B block are more
nearly in phase, and the resultant Channel B signal is
greater, Fig. 2 lower right. Conversely, the phase
difference between A and B" increases to greater than
90°, and the amplitude of the Channel A signal is
reduced, Fig. 2 lower left.
By and large, transmitters don't move, but the same
effect could be produced by rotating the antenna array in
the opposite direction - to the right, or clockwise viewed
from above. In practice, this is how the system is
intended to be used; rotating the antenna array until the
signals in the two channels are equal.

Measuring the relative amplitudes
Having converted changes in bearing into changes in the
relative amplitudes of the Channel A and Channel B
signals, it only remains to compare the amplitudes, to
determine the bearing of the transmitter.
Clearly, each signal could be applied to one of two
identical receivers, and I did once attempt to make a
direction -finding system on this basis. But equally
clearly, there are potential difficulties with this
approach. The gain of either channel might vary with
time, temperature, and even signal level, changing the
relative gain of the two channels. Using a single receiver
obviates this problem, and provides a useful economy in
the sheer amount of kit required.

FET buffer amps

VHF
direction -

+15dB amplifiers

finding
system.

Signal splitters
.N4 cable

/1\
>J4 cable

B"

A"

Signal combiners

Channel A

Channel B

demultiplexed, synchronously with the
multiplexer/amplifier, to recover alternate measures of
the strength of each channel's signal. Each demultiplexed signal's level is smoothed by a leaky integrator,
the outputs of which drive a centre -scale meter.
For convenience in use, the audio output from the IF
strip is fed to an audio amplifier and loudspeaker. This
provides a ready means, in conjunction with the Radio
Times, of identifying the station being received, and
hence pinpointing its local transmitter.
Except when the transmitter is dead ahead of the array,
the amplitude of the IF signal fed to the demodulator
will be varying at the commutation rate of the multiplexer/amplifier. However, this is no problem, as an FM
signal carries the programme information in the phase of
the carrier.
The demodulator circuitry provides virtually complete
immunity to the effects of amplitude variations. As is
clear from Fig. 2, however, the multiplexed signal will
also exhibit periodic changes in phase, synchronously
with the commutation oscillator and multiplexer. This
runs at a relatively low frequency, and the resultant
phase change is small, a few degrees, even when the
transmitter is well off centre.
Compared with the phase changes of many radians due
to the programme modulation, the phase changes due to
A

Fig. 2. For a signal

arriving at right
B"

Channel B

Channel A

Hardware
Figure 3 shows the rest of the system, again in block
diagram form. A local oscillator, mixer and integrated IF
chip form a conventional FM receiver.
RF input to the mixer comes alternately from Channel
A and Channel B, under the control of a two-way
multiplexer (MUX) amplifier. Multiplexed signals pass
through the receiver, producing an RSSI output.
The received signal strength indicator output is
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A

11

Channel A

Channel B

angles to the array,
the two channel
outputs are equal
(upper), while for a
signal arriving from

somewhat left of
centre, the B
Channel output is
greater than the A
Channel output
(lower).
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Channel A

Channel B

16R66
16R66

V

141R9

16R66

2 way
multiplexer -amp
Mixer

00

8R54

0-

8R54

will consist of

141R9

standard value
resistors as in Fig.
4.

Buffer amp
Local

nearer the transmitter than the Channel A antenna, the
pointer of the meter moves to the right, i.e. it continues
to point at the transmitter. If, however, the transmitter
were behind the operator, then when the equipment was
rotated to the left, putting the right-hand Channel B
antenna further from the transmitter than the Channel A
antenna, the pointer would also move to the left, the
`wrong way'. This clearly indicates that the transmitter
is behind the equipment.

oscillator

IF

strip

rift_

Quadrature
coil

RSSI output

Commutation
oscilla or
and switch
driver

Demux
switch

The antenna and splitter block

Loudspeaker
Leaky
integrators

Audio
amplifier

Centre -zero

meter
Fig. 3. Block diagram of the back end of the simple VHF direction finding system. The multiplexed channel signals share a single receiver,
saving costs and removing the need for matched receivers.

the multiplexer are negligible. At 150Hz, for example,
the maximum permitted frequency deviation of ±75kHz
at full modulation, results in phase changes of ±500
radians or ±29000° relative to the unmodulated carrier.

Solving the ambiguity
The ambiguity inherent in a two -antenna array is
resolved as follows. The system is designed for use with
an operator standing behind it with one antenna to the
left of the operator, the other to the right.
Assume that the operator is looking in the direction of
the transmitter of interest; the horizontally mounted
meter therefore reads centre scale, pointing at the
transmitter.
The meter is wired so that if the equipment is rotated
to the left, putting the right-hand Channel B antenna

Figure 4 shows the antenna and splitter block. The
antenna is a 16cm length of 18SWG tinned copper wire
above a 30cm square ground plane consisting of single
sided copper -clad board, copper side downwards.
The circuitry is all mounted below the ground plane,
the antenna feeding a tuned circuit and FET buffer stage.
The buffer drives a MiniCircuits MARI amplifier stage,
which in turn feeds a resistive signal splitter. This
splitter consists of a Z0/3 three port 'Y' splitter with each
output arm feeding a 3dB pad, ideally as in Fig. 5.
The output arms of the splitter have been combined
with the input resistors of the 3dB TEE pads, and
approximated to 2752. In fact, all the resistors are
standard values, 16.6652 not being a very convenient
value. The 3dB pads add an extra 6dB isolation between
the two outputs.
Output A is used direct while output A' is connected to
a delay cable of electrical length k/4, consisting of a
50cm length of miniature coaxial cable, and emerging as
signal A". Channel B is identical to Channel A, producing outputs B and B". The circuitry is run from ±15V
stabilised supplies, which are used throughout the whole
equipment.
Two more articles on this topic are to follow, containing
details of other subunits of the equipment. The first will
cover the sigma blocks, multiplexer amplifier, mixer, local
oscillator, IF strip and quadrature coil. The second article
will deal with the commutation oscillator, the demultiplex
switch, leaky integrators and the audio section.

Fig. 4. Showing the antenna arrangement and front end circuitry of one channel. The other
channel is identical.

Antenna A

Ground

plane \

Fig. 5. The splitter
and 3dB pads are
ideally as shown.
In practice, they
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Channel A channel B is identical.

150R
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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-selling
EDWin CAD/CAE system for PCB design,
including schematics, simulation and
PCB design. Discounts up to 60% for
non-commercial users.

EDAForce
http://www.edaforce.co.uk
EDAForce is a division of the independent
specialist recruitment consultancy
TelecomForce. We specialise in placing
engineers and engineering managers,
either contract or permanent, in the role
that is right for them. Visit the web site,
email us on ew@edaforce.co.uk or call
+44(0)1628 850273 to find out how we
could help you.

EQUINOX TECHNOLOGIES
UK LTD

FELLER UK
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
Flash supply low cost AVR ISP
programmers (£39), MINI -ICE starter
kits (from £69), Portable Easy -ICE
emulators (from £199), ICE Adapters
& 'C' compilers for any ATMEL AVR,
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
Kiea Trading Company is the sole agent
of Goot products, We specialise in

http://www.equinox-tech.com
Equinox Technologies UK Ltd., specialise
EqUiftsa ISchnOiegie6 Olt thnif.
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http://www.norcall.co.uk

http://dspace.dial.pipex.com/hsps/

Suppliers and repairers of MOBILE
RADIO EQUIPMENT

FILTER DESIGNER - Advanced analog

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

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.

LABCENTER
http://www.labcenter.co.uk

NORCALL

SALES
HIRE
REPAIR

Huge stocks of used radios and spares Pye
Philips Simoco Icom Kenwood Standard
Cleartone Maxon Yaesu Key Midland.
WE CAN PROGRAM ANYTHING
24hr Service

OMEGA RESEARCH LTD
http://www.omega-research .co.uk
"SMD prototyping adapters. Unique,
flexible, low cost adapters to allow bench
working 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
Download evaluation versions of our
unique Proteus VSM mixed mode SPICE
and CPU simulator, and also the full
range of Proteus PCB Design products.
Register the Proteus Lite shareware
versions online for as little as £20.

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

LOW POWER RADIO
SOLUTIONS

www.quasarelectronics.com

http://www.lprs.co.uk
LPRS markets low power radio
transmitters, receivers and transceiver
modules manufactured by ourselves,
Radiometrix, Circuit Designs, RDT and
Micrel. Applications for telemetry,
video and remote control.

Tb 1111. No. 1 El* ..... lc Kit lppller

LEVY/LATHAM GLOBAL
http://www.levylatham.conn
U.S. Military Surplus meters, plug -ins,
test sets, oscilloscopes, power supplies,
signal generators, spectrum analyzers
and radio components from Tektronix,
Hewlett Packard, Sony, Phillips and
more!

Over 250 electronic kits, projects and
ready built units for hobby,
educational & industrial applications.
TEL: 01279 467799, FAX: 07092 203496
or EMAIL:

MATRIX MULTIMEDIA LTD
www.matrixmultimedia.co.uk
Matrix Multimedia publishes a number of

ewsales©quasarelectronics.com

QUILLER ELECTRONICS
http://www.quiller.com

Welcome to the home sage of..

4=1.
4=1.

HSPS LTD

Field Electric Ltd has been successfully
trading since 1958 in the re- sale of used
test & measurement equipment &
computer hardware. We buy and sell in
small or bulk quantities and can source
equipment to particular requirements.
Visit our web site or call 44 01837
83736.

http://www.feller-at.com

EQUINOX

highly interactive CD ROMs for learning
electronics including: Complete
electronics course, Analogue filter
design, and PlCmicro(R) microcontroller
programming (C and assembly).

FIELD ELECTRIC LTD
http://www.fieldelectric.co.uk

E_(\1
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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.

San Mat

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

Ooltagcomolcsoc.

TOM. raw*

January 2002 ELECTRONICS WORLD

67

products, including 00Pic the first

- Stock availability check
- Integrated on-line purchasing
- Order by 8pm - with you tomorrow.

RIMO-AKD-PP
http://www.art-decade.com
We provide the following services:
Systems design, test & analysis.
Software design & coding. Avionics
design. Document technical review,
authoring & proof reading. Rig design.
Hardware design.

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. They comply with European
harmonised standards EN300 220-3
and EN301 489-3 and are CE certified
by an independent Notified Body.

SESCOM, INC.
http://www.sescom.com

Object -Oriented Programmable
Integrated Circuit. Secure on-line
ordering and fast delivery.
frkEtWA5'

THOSE ENGINEERS LTD

GICKLISUI

ET

GRUNDO diplomas'

TELONIC

http://www.telonic.uk.com
"Telonic, specialists in laboratory AC &
DC Power Supplies, Electronic AC & DC
Loads, Electrical Safety Testing and
complete test systems. Plus RF Filters,
Attenautors, Diesel Engine Smoke
Measurement, Quartz Crystal
Microbalances.
Tel +44 (0) 118 9786911"

TEST EQUIPMENT
SOLUTIONS
http://www.TestEquipmentHQ.com

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

- Specialists in the supply

product range. Download data and subscribe

of quaky refurbished

fabricated aluminum enclosures for small
production runs and prototypes.

for our regularly updated newsleter.

Test Equipment.

Phone: +44 (0)1763 num
Email:

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.

http://www.looking.co.uk/spice

TOWER HILL
TECHNICAL SERVICES

InfoaTestEpuipmentHaeorn

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

STAFFORDSHIRE
WIRELESS COMPANY
hftp://www.staffswireless.com

TEMWELL CORPORATION
http://www.temwell.com.tw
Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Filter and
Handset/Base Station Duplexers

THERMOSPEED
http://www.thermospeed.co.uk

SUPRA AUDIO CABLES
http://www.jenving.se
Analogue and digital SPICE modelling
software. Full details available on this
site. Available on a 30 day evaluation
basis.

1.111
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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

Welcome h pleforktes

http://www.technicalscientific.com
Suppliers of pre -1985 equipment and
components.
- Test/Measurement equipment
- Valves and semiconductors
- Transducers and pressure gauges
- Scientific books and catalogues
- Manuals and data sheets

RS COMPONENTS LTD
http://rswww.com
The award winning on-line service from RS

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

TELNET

http://www.telnet.uk.com
Top quality second -user Test and
Measurement Equipment
eMail telnetkm@msn.com

ULTRACOM
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
Robot Kits and Control Technology
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http://www.towerhillaerials.com

test.

Wireless, communication, test
equipment, bought and sold for very
competitive prices visit our web site or
telephone John on 01889 569928 or
0973 296461.

- 110,000+ products available
- Technical data library

TRIDENT
MICROSYSTEMS LTD
Visit the Trident website for details and
datasheets on their entire LCD and printer

http://www.softcopy.co.uk

RD RESEARCH

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

http://www.trident-uk.co.uk
SESCOM, INC. is a 30 -year manufacturer
of audio "problem solvers" and
transformers. We also offer easily -

SOFTCOPY

www.ralfe-electronics.co.uk

http://www.spiceage.com

CELESCO

http://www.ultracomii
Ultracom specializes in the design and
manufacture of data radio products
including Radio Modules, Radio
Modems, Filters and Antennas for realtime data communication. In addition to
our standard RF-products we provide
tailored solutions for customers wireless
communications requirements.
Our wireless data radios are used in the
most varied applications: transferring
environmental data in tropical

ELECTRONICS WORLDS January 2002

conditions, locating moving targets,
remote -control of cranes, controlling
pump stations in waterworks,
monitoring real estates, transferring data
in public transportation information
systems. There are countless
applications, what are yours?

I

NT and 200. Limited Capacity FREE
version downloads available, all
upgradeable to various customised

18,000 electronic fanatics.

levels.

Electronics World acknowledge your
company's needs to promote your

UK ELECTRICAL DIRECT

web site, which is why we are

http://www.uked.com

VANN DRAPER
ELECTRONICS LTD

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.

http://www.vanndraperco.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.

UK MAILING LIST GROUP
http://www.egroups.com/list/uk
tvrepair

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

Following on from the newsgroup
discussion last 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 careful 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).

VUTRAX electronic schematic and pcb
design system for Windows 95, 98 NE,

WARWICK WIRELESS LTD
http://wvvw.radiotelemetry.co.uk
Free data on Radio Modems, Radio

CHART AUDIO LEVELS
In -vision colour display or hard copy printout
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Put your web address in front of

dedicating over 3 pages in every
Telemetry, Radio Modules and Wireless
Video systems. The licence exempt
radios can transmit data from 1 to 20Km
at baud rates of 19.2Kbaud to 128Kbaud.
The UK based Company can offer
customised derivatives of their products
as well as turnkey RF Systems.

issue to WEB ADDRESSES.

Linage only will cost £150 + vat for a

full year.
Linage with colour screen shot will

WOOD & DOUGLAS

cost £350 + vat for a full year. this

http://wwvv.woodanddouglas.co.uk

will include the above plus 3cm shot

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

of your web site which we can

produce if required.
To take up this offer or for more

information call

REPAIRWORLD
http://www.repairworld.com
Repairworld is a sophisticated US based
fault report database which is updated biweekly. It operates on a subscription
basis and describes itself as an
"affordable solution for all technicians".
You can see some samples of the
material for free, monitors, VCR, DVD
and Camcorders being of particular
relevance to UK users. The site also
provides a "chat room".

Pat Bunce Tel 0208 722 6028

RADIO MODEMS
WIRELESS CCTV
RADIO MODULES

21

5

/ /6/7

PPM10 In -vision PPM and Chart Recorder generates a display
emulating the well known coaxial TWIN movements for monitoring
stereo audio levels and mono compatibility. Also: STEREO TWIN
METER BOX comprising a PPM9 board, featuring inherent stability with
the law under microprocessor control. A free standing mains powered
box frequently used for the final stereo monitoring when working to
broadcast standards. Manufactured under licence from the BBC.

No Licence

Range up
to 20Km

Data Rates
up to
50Kbps

* Advanced Active Aerial 4kHz-30MHz * Stabilizer frequency shift
units for howl reduction * 5Hz Fixed Shift Circuit Board * Stereo
Variable Emphasis Limiter * PPM9, PPM5 hybrid and PPM8 IEC/DIN 50/±6dB drives and movements * Broadcast Monitor Receiver 150kHz-

30MHz *

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

January 2002 ELECTRONICS WORLD

www.radiotelemetry.co.uk
Warwick Wireless Ltd
The Manor, Aston Flamville, LE10 3AQ

Tel: +44 (0) 1455 233616
Fax: +44 (0) 1455 233179
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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
Link

The pre -paid rate for semi -display setting is £17 per single column centimetre
(maximum 4cm). Box number £22 extra. All prices plus 171% VAT. All cheques, postal
orders etc to be made payable to Cumulus Business Media. Advertisements together

with remittance should be send to Electronics World Classified, Cumulus Business
Media, Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey SM3 8DZ.
Fax: 020 8770 2016.
Tel: 020 8722 6028.

ARTICLES V/ANTED

BEST CASH
PRICES PAID
For all valves KT88
PX4 and other audio types

Wide range of valves
and CRT stocked
Tel: 01403 784961

Minimum Order UK 2100+VAT+Freight
Billington Export Ltd. Fax: 01403 783519
Email: sales@bel-tubes.co.uk
Sussex RH14 9EZ
Visitors by appointment

Rack Enclosures
New and Used - most sizes
16U to 505 side and rear panels
mains distribution
19" Panel mounts
optima eurocraft

Prices from £45 + vat

M&B Radio
86 Bishopsgate Street, Leeds LS1 4B8
Tel. 0113 2702114 Fax. 0113 2426881

As an advertiser you
can be certain that
your advertisement is
going to be read by

DECISION -MAKING
ELECTRONIC
PROFESSIONALS
with the
POWER TO
PURCHASE

ELECTRONIC DESIGN

Electronic and Software Design
* Analogue * Digital * RF * Embedded *
* Electro and Acousto Optics *
Berwick Courtyard
NES-Ltd 15
Berwick St Leonard, Salisbury SP3 5SN
Tel: 01747 820615

www.NES-Ltd.Com

SERVICES

your products.

Why not let
Electronics
World help you?
Call Pat Bunce
Tel: 020 8722 6028
Fax: 020 8722 6060

PCBs (Cony/PM/Multi-Layer)

Appfools:BS EN MO 90021
CECC BS EN 123 000/ UL

UK & Far East production

Electronic Design & CAD Layout

Assembly (prototype & production)
SMD m/c, 18,500 cps/hr
(402, DEP, BGA)

Mete
one protoryf e

E-mail:

PTH Eurocard PCB

coos £69.00
inclusive of solder

P.bunce@cumulusmedia.co.uk

re,s, legend. tooling
and

delivery.

Newbury Electronics Ltd faraday Rood Newbury Berk 11G112A0
Fax 01635 36193 Modem- 01635 580715

SURPLUS WANTED
WE BUY: ICs, Memory, Relays, Caps, PSUs, Semiconductors,
Populated Boards, Computers + Test Equipment

ANYTHING CONSIDERED
For our wide range of Semiconductor + Passives List,
please ring, fax or email

MAIL ELECTRONICS
TEL: 0161-761 4520 / FAX: 0161-763 6863
EMAIL: andrew@mailelectronics.com
www.mailelectronics.com

e-mail: circuits@newhury.tcom.co.uk http://www.newburyelectronics.couk

From
Concept
Production
To

19.10.1A
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@.)

Electronic design and manufacturing services for the new millennium:
Embedded monitoring & control
PSTN telephones and test equipment
Datacom interfacing, line driving etc.
Switch Mode & linear PSU and battery
management
Gas detection systems
Printed Circuit Board design
Technical documentation, schematic
layout & language translation

Wireless telemetry systems
Audio & Video processing
GSM telemetry via. SMS
or data (TCP/IP)
DVD player control systems

LINEAGE

DIGITAL
OSCILLOSCOPE

P&P ELECTRONICS. Deisgn of electronic

IGHz sampling rate 300MHz with
internal plotter.
As new with service manual and four probes.

TOP PRICES PAID

£850
Another portable digital oscilloscope. same
features as above but 50MHz bandwidth.

£450 only
Tel: 020 8591 0572
50 Harbour Road, Barking, Essex THU WU.

Tel/Fax: +44 (0) 1872 223306

V MICROCHIP.

systems. 01924 402931.

PRINTED CIRCUIT BOARDS
DESIGNED & MANUFACTURED PM

agar

For all your valves,
tubes, semi conductors
and ICs.
Langrex Supplies Limited

Prototype or production quantities
!!!!! Circuits
Fast tumround available
PCBs designed from circuit diagrams
Almost all computer files accepted
PCB assembly- mechanical assembly
Full product design -manufacture -lest -repair

1 Mayo Road, Croydon, Surrey CR0 20P
FAX: 020 8684 3056

TEL 028 9073 8897 FAX 028 9073 1802

TEL: 020 8684 1166

.

Unit 5, East Belfast Enterprise Park
308 Albertbridge Rd, Belfast BT5 4GX
agar@argonelco.uk
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GPS positioning systems
Specialist cable looms
Small, medium & large scale
manufacturing

Email: sales@designersystems.co.uk

DISC

0

SQ

z

Designer
Systems
POWER SUPPLY DESIGN
Switched Mode PSU
Power Factor Correction

designed to your specification
Tel/Fax: 01243 842520

e-mail: eugen_kuskix.comk

Lomond Electronic Services

FOR SALE

RECRUITMENT

University of

RF DESIGN
SERVICES

Leicester

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

TECHNICIAN (ELECTRONICS CONSTRUCTION):
PHYSICS AND ASTRONOMY
Available immediately to 31 March 2003
Grade D £14,270 to f17,036pa
Grade E £17,551 to f19,751pa
(dependent on experience duties will reflect grade)

WATERBEACH ELECTRONICS

www.rlaver.dial.pipex.com

To work in the Radio and Space Plasma Physics Group. The postholder will
join a small technical team and be involved in the development,
construction, testing and deployment of the new SPEAR high -power HF
radar system. Applicants should have experience of building electronics,
preferably RF systems, to high quality standards. Willingness to travel and
work in polar conditions advantageous. The appointment will be made at a
grade D or E depending on experience and qualifications.

TEL: 01223 862550
FAX: 01223 440853

GOOD
CONDITION
Stabilock 4040,
£1,000.
Tek 3001 GPX Logic
Analyzer, £1,000.
Hitachi VC -6175
Store O'scope, £500.
Tek 2235 100 MHz
O'scope, £400.

Tel: 0779 6865 500

Test

Equipment

Applications at Grade D should hold BTEC Certificate/Diploma or equivalent
whilst Grade E would normally require an HND or equivalent. For either
post applicants should have 7 to 10 years experience (including any training
period). Informal enquiries may be made to Dr E C Thomas on 0116 252
3566, email ect@ion.le.ac.uk Further details are available at
www.ion.le.ac.uk or by applying to the address below.

Excellent Second User Value
Stabilock 4040
£700

Written applications, including a CV and the names and
addresses of two referees, should be sent to Mrs Patricia Bland,

Tek 3001 GPX Logic Analyzer

£700
Hitachi VC -6175 Store O'scope

Radio and Space Plasma Physics Group, Department of Physics and
Astronomy, University of Leicester, University Road, Leicester LE1 7RH.
Tel: 0116 252 3563, email pbland@ion.le.ac.uk
Closing date 28 December 2001.

£400

Tek 2235 100 MHz O'scope
£300

Tel. 0779 6865 500

Towards equal opportunities

Service Manuals.
Contact
www.cooke-int.com
Tel:
+44 01243 55 55 90
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PASSIVE COMPONENTS
FOR CIRCUIT DESIGN

ELECTRONIC PROJECTS

Passive Components for
Circuit Design is a unique
introduction to this key area
of analog electronics
designed for technician
engineers and anyone
involved in circuit design.
The coverage encompasses
all component types capable

DIMENSION

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 £23.00
Europe £25.00
ROW £27.00

FROM THE NEXT
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

wireless sparkling image
generator, horizontal bar
generator, brontophic sound,
magnetic field generator,
high -voltage generators
(Kirlian Machine's I & II);
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 £23.00
Europe £25.00
ROW £27.00

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 £28.00
Europe £30.00
ROW £32.00

INTERFACING
WITH C
A practical and
painless way of
becoming an expert C
programme New
edition also covers

C++ and the Windows
environment Get up to
speed with the
essential maths needed

for C without having
to buy a university
maths text!
Price: UK £20.00
Europe £22.00
ROW £24.00

Post your completed order form to: Jackie Lowe, Cumulus Business Media,
Anne Boleyn House, 9-13 Ewell Road,
Cheam, Surrey, SM3 811Z

How to order
Book Title
u I enclose a cheque/bank draft for £

(payable to Cumulus Business Media)
Please charge my credit/charge card

CI Mastercard Oi American Express Oi Visa OlDiners Club
Credit Card No:

Expiry Date:

Signature of Cardholder

Cardholder's statement address: (please use capitals)

Name

Address

Post Code
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Tel:
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SMART CARD SOLUTIONS

smart etectromc

ChipDrive Starter pack
ChipDrive Microh - serial port card termi
Samples of Smart cards (6 cards)
Source code examples on CD ROM
(VB3,4,5,6, Delphi a C)
Windows API Description, Windows DLL
Documentation om D ROM (PDF format)

t

SIM Card Editor for Mobile Phones
This advanced editor allows the user
to modify, copy and print data held
on any GSM SIM card. No longer do
you have to battle with
complicated programming
sequences on the numeric keypad
of your mobile phone. Simply
connect the SIM card READER WRITER to

your PC, install the easy to use software to:

View and Print a detailed card profile
Edit, Delete or Add phone book entries
Edit, Delete or Add SMS messages
PIN administration. Enable and Up -Date PIN1 /2, unlock PIN's, Display

the error counter for each PIN
Archive SIM Card data to hard drive, copy Save and restore complete
card data sets.
Copy SIM card data from card to card
Charge Control. set up charge counter limit, display current charge
value, setup displayed price per unit.
View and change preferred service providers

Includes:
SIM Card Reader Writer
Mini SIM Adapter
Software on CD-ROM
OnLine user Guide and Help
Requires Windows 95/98, NT, 2000 Et Pentium Class PC

CIRCLE NO. 102 ON REPLY CARD

32, Broad Street, Ely
Cambridge, CB7 4AH

Tel: +44 (0) 1353 666709
Fax: +44 (0) 1353 666710
All prices exclude VAT posatge and packing
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Virtual System Modelling

Build It In Cyberspace
www.labcenter.co.uk
CIRCLE NO. 105 ON REPLY CARD

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. *
Source

066up

lemplete

Sri. .1,

7-

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.

8051 CALCULATOR

Chee de OK Mt,
p106

Extensive debugging facilities including
register and memory contents, breakpoints
and single step modes.

.,,errarv

[EHL1.
°

Li] Li

Li

C:,11 -11E

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.

aoccnt,cr

*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.
Tel: 01756 753440. Fax: 01756 752857. 53-55 Main St, Grassington. BD23 5AA.

