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Hewlett Packard 3314A Function Generator 20MHz £1250
Hewlett Packard 3324A synth. function/sweep gen. 21MHz) £2250
Hewlett Packard 3325B Synthesised Function Generator £3250 Rad|o Com munications Te st Sets
Hewlett Packard 3326A Two-Channel Synthesiser £3000 Anritsu MT 8801C Radio Comms Analyser 300kHz - 3GHz (opt 1,4,7) £6500 3 COMMENT 20 RF AUTO-TRANSFORMERS
H.P. 4191A R/F Imp. Analyser (1GHz) £4995 Hewlett Packard 8920B (opts 1,4,7,11,12) £6750 LINE DEVICES MODELLED
H.P. 4192A L.F. Imp. Analyser (13MHz) £4000 Marconi 2955 £1250 A to D conversion
Hewlett Packard 4193A Vector Impedance Meter (4-110MHz) £3000 Marconi 2955A £1750 USING SP'CE
Hewlett Packard 4278A 1kHz/1MHz Capacitance Meter £3750 Marconi 2955B/608 £3500 : . . s :
. 750 Marconi 2955R £1995 5 NEWS The concluding part of Nic Hamilton’s article
H.P. 53310A Mod. Domain Analyser (opt 1/31) 5 \ M tsithe'finishinktouches to a SPICE model of
Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier ~ £2500 Racal 6111 (GSM) £1250 Gras e puts the finishing tou
R . y Racal 6115 (GSM) £1750 ® Casio fuel cell for PCs the RF auto-transformer
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1950 ; ; auto-transto:
N Rohde & Schwarz CMD 57 GSM test set (opts B1/34/6/7/19/42/43/61 £7995 ® Stamping out optoelectronics
H.P. ESG-D3000A 3GHz Signal Gen £6995
X . ’ g Rohde & Schwarz CMT 90 (2GHz) DECT £3995 @ Diamonds are a Chip’S best friend
Marconi 6310 — Prog’ble Sweep gen. (2 to 20GHz) - new £2500 Rohde & Schwarz CMTA 94 (GSM) £4500 27 NEW PRODUCTS
Marconi 2032 10Khz-5.4GHz Sig. Gen. £6995 Schlumberger Stabilock 4031 £2750 The month’s top new products.
Marconi 6311 Prog’ble sig. gen. (10MHz to 20GHz) £2995 Schlumberger Stabilock 4040 £1300
Marconi 6313 Prog’ble sig. gen. (10MHz to 26.5GHz) £3750 Wavetek 4103 (GSM 900) Mobile phone tester £1500
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2) £2750 Wavetek 4106 (GSM 900, 1800, 1900) Mobile phone tester £2000 CIRCUIT IDEAS
Fluke 5700A Multifunction Calibrator £12500 ® Solid state latchi 1
Fluke 5800A Oscilloscope Calibrator £9995 A atenIge Ay
H.P 3458A DMM (8.5 digits) £3750 ® Relaxation oscillator
Tek 371A Programmable Curve Tracer £15000 TR @ Rail Splitter with Dead Band
R e @ Audio activated switch
OSCILLOSCOPES e 0 @® Electronic indicator for motorbikes
Gould 400 20MHz - DSO - 2 channel £695
Gould 1421 20MHz - DSO - 2 channel £425 'I-I'
Gould 4068 150MHz 4 channel DSO £1250 LE ERS
Gould 4074 100MHz - 400 Ms/s - 4 channel £1100 1
Hewlett Packard 54201A - 300MHz Digitizing £750 b Cynl on measu,rements
Hewlett Packard 54502A - 400MHz — 400 MS/s 2 channel £1600 @ Nonsense requlred
Hewlett Packard 54520A 500MHz 2ch £2750 s’ O o it A RO . 0 0
Hewiett Packard 54600A - 100MHz — 2 channel 2675 i Intel D @ Low distortion measuring
Hewlett Packard 54810A ‘Infinium’ 500MHz 2ch £2995 m ® Intel goes X : ® Budget T&M
Hitachi V152/V212/V222/V302B/V302F/V353F/V550BV650F from £100 = to lead-free warnings
Hitachi V1 100 - 100MHz - 4 channel £750 ® Wake-up g ® Very earthy
Intron 2020 - 20MHz. Dual channel D.S.O (new) £450
Iwatstu SS 5710/SS 5702 - from £125 MISCELLANEOUS . ® Shaky ground
Kikusui COS 5100 - 100MHz - Dual channel £350 Ballantine 1620A 100Amp Transconductance Amplifier £1750
Lecroy 9314L 300MHz - 4 channels £2750 EIP 545 Microwave Féeque';:ncy Countecr (18GHz) £1000
s D Tt UL DE0 aw e b Mo S o 5
Philips 3295A - 400MHz - Dual channel £1400 EIP 585 Puise FreqCountor {18GHz) £1500
Philips PM3070 - 100MHz - 2 channel - cursor readout £650 Fluke 6060A and B Signal Gen. 10kHz - 1050MHz £1250
Phgll_ps PM3392 - 200MHz - 200Ms/s - 4 channel £1750 Genrad 1657/1658/1693 LCR meters from £500
Philips PM3094 - 200MHz - 4 channel £1500 Gigatronics 8541C Power Meter + 80350A Peak Power Sensor £1495
Tektronix 468 - 100MHz D.S.O. £500 Gigatronics 8542C Dual Power Meter + 2 sensors 80401A £1995
Tektronix 2213/2215 - 60MHz - Dual channel £300 Hewlett Packard 339A Distortion measuring set . £750
Tektronix 2220 - 60MHz - Dual channel D.S.O £850 Hewlett Packard 436A power meter and sensor (various) from £750
Tektronix 2221 - 60MHz - Dual channel D.S.0 £850 Hewlett Packard 438A power meter - dual channel £2000
vl e e ey Gt S s
Eﬁﬁﬁﬂii 3%8/2&3182 Mgfg{t; 2?5232' 150MHz from £,1ng8 Hew{eg ';actafg %3%‘86‘.5 Disgital 'Il]ranfmitssiop Analyser ggggg
- - ewle ackar - olgnalling test se - 3
e PPN A i p 55 et e 52 O
ektronix S z - 4 channe 8 ewlett Packar eter 0 ing costs
Tektronix 2465/2465A /24658 - 300MHz/350MHz 4 channel from £1250 Hewlett Packard 4276A LCZ Meter gOOMHz-ZOKHzg £1400 [ FlZZlC‘ cuts antenna .test g .
Tektronix 7104 - 1GHz Real Time — with 7A29 x2, 7B10 and 7B15 from £1950 Hewlett Packard 5342AMicrowave Freq.Counter (18GHz) £850 @® Tune into Isle of Wight o | .
Tekironix TAS 475 - 100MHz - 4 channel £850 iowloft kackard 53,08, 20Kz Microwave breg.Counten ey ® AM/FM radioes get DSP injection B ]
Tekironi TDS*310°50MHZ DSQ - 2 channel £750 Howlott Packard B033A - Autoranging System PSU (20v-30) £750 2k i, :
Teldronix TDS 520 - 500MHz Digital Oscilloscope £2500 Hewatt Packard 6060A and B Electronc Load 300W from £750 ® Germans add new wireless standard
ewle’ ackar - Dual systemp.s.u LAl H
SPECTR UM ANALYSERS Hewlett Packard 6624A - Quad Output Power Supply £2000 [ ] Dlgltal storage oscﬂloscope 44 CAPACITOR SOUND
Hewlett Packard 6632A - System Power Supply (20v-5A) £695 o s 1ti t ticle he
Advantest 4131 (10kHz — 3.5GHz) £3750 newlleg Eactarg ggggg o ﬁwﬁep (?enerator l\F/‘l?g_nfrarR]e iser (0.1-1050MHz2) g; ggg In Cyrll Bateman’s penu. timate arti f'l()
Advantest/ TAKEDA RIKEN - 4132 - 100KHz - 1000MHz £1350 ewlett Packar —Jigh performance synthesiser (0.1- z 1 hoice - electrolytic or film?
Anritsu MS2613A 9kHz - 6.5GHz Spectum Analyser £4950 Hewlett Packard 8656A - Synthesised signal generator £750 considers the ImF ¢ y
ArdeAS 1 7dts B R s S R, £
AvcomPSA-65A - 2 to 1000MHz £750 owlott Packard 86578 - 100MiHs Bia don 2060 Mitz = 3980 ‘
Farnell SSA-1000A9KHz-1GHz Spec. An. £1250 Howlol Packara Bee7D - X DapSIESie bea 20 MHz 3950 ‘ 60 WEB DIRECTIONS
Hewlett Packard 182T Mainframe + 8559A Spec.An. (0.01 to 21GHz) £2000 Hewlett Packard 8901B - Modulation Analyser £2250 £ 1 .
Hewlett Packard 853AMainframe + 8559A Spec.An. (0.01 to 21GHz) £2500 Hewlett Packard 8903A, B and E - Distortion Analyser from £1000 Useful web addresses for electronics
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel £1500 Hewlett Packard 11729B/C Carrier Noise Test Set from £2500 enpineeng
Hewlett Packard 3585A 40 MHz Spec Analyser £3000 Hewlett Packard 53131A Universal Frequency counter (3GHz) £850 g i
Hewlett Packard 3561A Dynarmic Signal Analyser o £3800 Kelihiay 2535 Frogbi Wltsgeurront Sourcs JEEE £5000
oot G g ooy s i oees SoueeMesse Ut Fiee ~
Hewlett Packard 8567A -100Hz - 1500MHz £3400 Keithley 486/487 Picoammeter (+volt.source) £1350/£1850
Hewlett Packard 8568A -100kHz - 1.5GHz Spectrum Analyser £3500 Keithley 8006 Component Test Fixture £1750 S Dbl 0 oA M Lo f shckoHe AL, Ol a0 o .
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz—1.5MHz £2500 Marconi 2840A 2 Mbit/s Transmission Analyser £1100 oL oo
Hewlett Packard 8596E (opt41, 101, 105,130) 9KHz - 12.8GHz £9950 Marconi 6950/6960/6960A/6970A Power Meters & Sensors from £400 e o
Hewlett Packard 8713C (opt 1 E1) Network An. 3 GHz £6000 Philps 56515 - TN - Colour TV pattern generator £1400 e T ]
Hewlett Packard 87138 300kHz - 3GHz Network Analyser £5000 EAIpSIER S0 aooiMiiz nctionigeneraior SR g e 8! e
Hewlett Packard 8752A - Network Analyser (1.3GHz) £4995 il (100?(,_‘2_13‘/15()‘%2)'?&?”\2}6"\‘,3’ asinewleezn ; e ui! i
Howletthackard 87534 (8000KHz 5 3Ghz) Network An: £3250 Rohde & Schwarz FAM (0pts 26 and 8) Modulation Analyser £3750 iR e s
Hewlett Packard 8753B+85046A Network An + S Param (3GHz) £6500 Rohde & Schwarz NRV/ IgVD Power meters with sensors from £1000 -l 2 Mo DERN IMPEDANCE zi .
Hewlett Packard 8754A - Network Analyser 4MHz -1300MHz) £1500 Sch!umberger 1250 Frequency Response Analyser £2250 @ > Wi
Hewlett Packard 8756A/8757A Scaler Network Analyser from £900 Tektronix 1720 Vectorscope £1150 {
Hewlett Packard 70001A/70900A/70906A/70902A/70205A - 26.5 GHz Tektronix 1735 Waveform Monitor ) £1150 MEASU REMENT TECH NlQU ES
Spectrum Analyser £7000 Tektronix AM503 - AM503A - AM503B Current Amp'’s with M/F and probe  from £800 5 ]
IFR A7550 - 10KHz-GHz - Portable £1750 Wavetek 178 Function generator (50MHz) £750 Alan Bate plOtS the demise of the thddly . e
Meguro - MSA 4901 - 30MHz - Spec Anaylser £600 \é\(ayne Kerr 3245 - Precision Inductance Analyser ggiio r I
Tektronix 492P (opt1,2,3) 50KHz - 21GHz £3500 ias unit 3220 and 3225L Cal.Coil ava;\!;ble if required. L . (E. 508 knob brldge %
Wion 640810 2000MHs FIF Arclyze e | SRUA SR ol M oo wilhBies Unit. gl
Tektronic 2782 (100Hz-33GHz) Spec. An. £9995 W&G PCM-4 PCM Channel measuring set £3750
All equipment is used - with 30 days guarantee and Tel: 02476 650 702
90 days in some cases Fax: 02476 650 773
Add carriage and VAT to all goods. ax.
- - Web: I k
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Enhanced ‘PICALL’ ISP PIC Programmer

Kit will program virtually ALL 8 to 40
pin* serial and parallel programmed
PIC microcontrollers. Connects to PC
parallel port. Supplied with fully
functional pre-registered PICALL DOS
and WINDOWS AVR Software
packages, all components and high
quality DSPTH board. Also programs
certain ATMEL AVR, SCENIXSX and EEPROM 24C
devices. New devices can be added to the software as they are
released. Blank chip auto detect feature for super-fast bulk
programming. Hardware now supports ISP programming.
*A 40 pin wide ZIF socket is required to program 0.3" devices
(Order Code AZIF40 @ £15.00).

Order Hef
3144KT
AS3144
AS3144ZIF

Description inc. VAT ea
Enhanced PICALL ISP PIC Programmer £64.95
Assembled Enhanced PICALL ISP PIC Programmer £74.95

Assembled Enhanced PICALL ISP PIC Programmer £89.95
c/w ZIF socket

ATMEL 89xxxx Programmer

Powerful programmer for Atmel 8051
micro controller family. All fuse and lock
bits are programmable. Connects to
serial port. Can be used with ANY
computer and operating system. 4
LEDs indicate programming status.
Programs 89C1051, 89C2051, 89C4051, 89C51, 89LV51,
89C52, 89LV52, 89C55, 89LV55, 89S8252, 89158252, 89553 &
89LS53 devices. NO special software needed — uses any
terminal emulator program (built into Windows).

Ortier Hef Deseription inc. VAT ea
3123KT ATMEL 89xxx Programmer £29.95

| _As3123 | _Assembled 3123 | £44.95
Atmel 89Cx051 and AVR programmers also available.

PC Data Acquisition & Control Unit

Use a PC parrallel port
as a real world
interface. Unit can be
connected to a mixture
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 bits (5mV/step)

® 1 Analogue Outputs: 0.2.5V or 0-10V. 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).

with screen printed front and rear panels supplied. Software

utilities & programming examples supplied.

Order Ref
3093KT

| As3093

Description inc. VAT ea
PC Data Acquisition & Control Unit £99.95
| Assembled 3093 | £124.95

ABC Mini "Hotchip’ Board

Currently learning about
microcontrollers? Need to do
something more than flash a LED
or sound buzzer? The ABC Mini
‘Hotchip’ Board is based on
Atmel's AVR 8535 RISC
technology and will interest both
the beginner and expert alike.
Beginners will find that they can
write and test a simple program,
using the BASIC programming
language, within an hour or two of
connecting it up. Experts will like the power and flexibility of the
Atmel microntroller. as well as the ease 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 both
parallel and serial cables for connection to your PC. Windows
software included on CD-ROM features an Assembler, BASIC
compiler and in-system programme. The pre-assembled boards
only are also available separately.

ABC Starter Pack

Order Ref
ABCMINISP
| ABCMINIB

Description inc. VAT ea
ABC MINI Starter Pack £59.95
| ABC MINI Board Only | £34.95

Advanced 32-bit Schematic Capture
and Simulation Visual Design Studio

# VisualSpice

|ESERNCr P EME AT RAREY Mo i
hematic Capture & Simulation Software

. | Advanced Hierarchal Schematic Capture, Includes Graphical
4 Library Browser and Device Searcher, Device Library Editor,
Spice and PCB Netlist Generation, Over 7000 device models,
Mode! Import Wizard allows you to download and import models
from device manufacturers web page.

* Advanced 32-hit Analogue, Digital, & Mixed Mode Simulation
* Virtual OhmA/oltage/( wer Multi-meter
shows complex Voltage, Current, Phase, Magnitude etc.
Built in 84-Channel Real-Time Virtual Oscilloscope
Built in Digital Logic Analyzer allows you to set breakpoints
* Supports Advanced BSIM3v3, BSIM4, and SOI Models
* 21 Different analysis types including advanced Monte CarloWC

VisualSpice Software Purchasing Options
Personal Edition £74.95 Standard Edition £149.95
rofessional Edition £224.95

See web site for full details and demifi
7 B
Realy, 5 [ ; ¥ TR 8

Serial Port Isolated 1/0 Controller

Kit provides eight relay outputs capable
of switching 5 amps max and four
optically isolated inputs. Can be used in
a variety of control and sensing
applications including load switching,
external switch input 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). Screw terminal block connections. All components
provided including a plastic case with pre-punched and silk
screened front/rear panels to give a professional and attractive
finish (see photo).

Drde He pes O f
3108KT Serial Port Isolated 1/0 Controller Kit £54.95

AS3108 Assembled Serial Port Isolated /0 £69.95
Controller

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

We work hard to ensure that the
information presented in Electronics World
is accurate. However, Electronics World's
publisher - Highbury Business
Communications - will not take
responsibility for any injury or loss of
earnings that may result from applying
information presented in the magazine. It
is your responsibility to familiarise yourself
with the laws relating to dealing with your
customers and suppliers, and with safety
practices relating to working with
electrical /electronic circuitry - particularly
as regards electric shock, fire hazards and
explosions.

A to D conversion

’ve had a few letters this month about
Ihow much better analogue audio sounds

compared to anything digital. Spurred on
by this, I thought I’d share with you one of
my own personal A to D conversions.

I recently went out (well, picked up my
mouse and credit card, actually) and bought
a DVB TV receiver. And the only reason I
did this was because a UK chain was selling
them on the internet for £60, which seemed
pretty good and certainly much less than
changing my otherwise perfectly good TV. I
ought to add that the reason that DTV boxes
are so cheap in the UK at the moment is
because the commercial broadcasters who
were on the platform went bust. And the
silly distributors thought that the boxes were
almost worthless. But the BBC are taking
over the whole platform and will provide
more (non-subscription) channels and are
also going to up the data rate.

All this is jolly good news for me, when
you consider the cost of the box. But all is
not roses. On switching on the
aforementioned box (and after an
interminably long ‘auto programme’
sequence) my first taste of DVB in the
home arrived. Yes, the pictures are sharper,
which should come as no surprise as the box
delivers RGB to my TV —not going
anywhere near PAL and hence nowhere
near my low bandwidth decoder (it’s only
posh ‘comb-filter’ decoders that deliver the
full broadcast bandwidth). But the low data
rate causes ‘blocking’ on fast moving
objects and dissolves (mixing from one
scene to another) and movement artefacts
that can look like a quick succession of
freeze frames. OK, three-quarters of the
time things are acceptable — but the other
quarter certainly is not.

As usual the great consuming public has
been sold digital as better. It’s true, that
when CDs arrived the sound quality (to

- most people) was better. The media was a

lot more resilient and portable and the
hardware was quite cheap to produce,
meaning that a low price player would
sound better than its price equivalent in
analogue. That was in the heady days of no
data compression — just a fairly good
sampling rate, 16-bit depth and good error

correction. Audio does not take up much
room, but video certainly does, which is
why it can look bad — especially when
accountants get their grubby hands on the
system and try and squeeze far too much
down the available pipe.

Governments also delude themselves on
matters digital. The UK government keeps
harping on about ‘broadband Britain’ but
has offered hardly any incentive for
broadband service suppliers, or the public to
go ‘digital’. The new G3 phone system will
have a serious bandwidth for portable, and
even home use. This could have been used
for fixed services as well. But the ridiculous
auction situation that most European
governments put the telcos through has
scuppered that idea until they get a return.
And since we are talking billions of
whatever currency you fancy, it’s going to
take some time.

The other broadband alternatives are also
getting less penetration than a decent roll-
out deserves. Cable is only viable in urban
areas and the health of the cable companies
suggests that areas with lower revenue
potential will be a long time off being
cabled. DSL services are great — but
subscribers need to be quite close to their
fibre point, meaning that again remote
dwellers will not be on the superhighway
for a while.

But there is an alternative. A study group
is working on a variation of DVB that
allows a data return path. In fact, I ran an
article on this subject in my last magazine
over three years ago, and that was about the
last I heard of it. The idea is pretty simple —
you put a small (1W) transmitter in your set
top box. The output is sent up to your
receive antenna and carries encoded data
back to the local DVB site. From there it
can be plugged into whatever transport
media you like. Spare capacity on the data
carousels (opportunistic) can be used as the
incoming data line (or even dedicate a
whole channel for the purpose). Now a
system like that would not alienate people
who choose to live a few miles from a town
and would truly ‘broadband’ up any
country. And cheaply too.

Phil Reed, Editor.
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Casio makes fuel cell for PCs

Fuel cells for laptop PCs and other
handheld consumer devices are being
developed by Casio. The Japanese
firm said its design is unique, despite
being based on the commonly used
direct methanol fuel cell (DMFC)
format.

Casio has developed what it calls a
micro-reactor, a device made from
silicon to reform methanol and water
and produce hydrogen. The firm
claims 98 per cent efficiency for the
design.

The silicon reformer was produced
in-house, while the catalyst used in
the process was developed at Japan’s
Kogakuin University.

The electricity generating section of
the fuel cell recombines hydrogen
with oxygen to produce energy and
water.

Casio has tested its design in its
Cassiopeia FIVA laptop (pictured),
which runs for 20 hours on fuel cells,

four times longer than a lithium ion
battery can manage.

The firm points out that making
batteries consumes large amounts of
power. It is generally reckoned that it
takes 50 times as much energy to
make a battery as ever comes out of
it.

Production of fuel cells is expected
to start at Casio by 2004, ahead of the
industry’s plans for the devices.

Meanwhile, a research organisation
has been set up by the European
Union in order to investigate
hydrogen as a power source for
vehicles and fuel cells.

"Hydrogen marks a revolution in
how energy can be produced and
stored,” said the EU research
commissioner Philippe Busquin. The
latest work on hydrogen in the EU is
scattered, resources are scattered
widely, and costs are high, he said.

Various research centres,

Stamping out optoelectronics

A team of UK scientists has created a
technique for embossing photonic
structures onto light emitting polymer
substrates.

Researchers at the University of St
Andrews collaborated with colleagues
at Exeter University to produce
structures such as Bragg gratings. The
work could dramatically cut the cost of
LEDs and optoelectronic components.

“Our group is very interested in
using polymers,” said Justin Lawrence

from St Andrews and the lead author of

a paper on the technique. “One of the
advantages of polymers is they’re very
easy to process.”

However, to make useful photonic
microstructures such as gratings and
LEDs, the polymer must be processed
using complex, expensive processes,
such as electron-beam,
photolithography or chemical etching.
“Hot embossing is very easy,” said
Lawrence.

In order to make structures, a master
is patterned into silica using
conventional methods. The polymer
substrate is heated to 20°C above its
glass transition temperature of around
200°C, at which point it starts to flow.

The master is pressed into the
polymer and, once it has taken the
shape of the mould, the polymer is
cooled. A non-stick chemical between
the master and polymer stops them

bonding together.

The team has embossed a cross
grating with a period of 400nm and
depth of 20nm which can couple light
into and out of the material through
Bragg scattering. Moreover, the team
used a conjugated polymer known as
PPV, which has the desirable attribute
of being a light emitting material.

Using PPV, St Andrews’ researchers

component and fuel cell system
makers, utilities and energy
companies and transport bodies will
be represented in the group.

have constructed LEDs using
conventional etching techniques.
Lawrence hopes to use the embossing
technique to form more complex
structures in the near future. “There
will be some problems, but it’s not too
far away from happening,” he said.
Lasers and LEDs made using Bragg
reflectors are very well understood and
should be possible to manufacture.

Rabbit Semiconductor has created this 10/100 Ethernet board around its own
processor design. Squeezed into the 69x47mm board are six serial ports that
can alternatively be set as up to 52 digital I/O lines. The on-board processor
can also be used as the main controller in an

embedded system. A C compiler
protocol stack are also available.
www.rabbitsemi.com

and free TCP/IP
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UPDATE

Motorola has used micromachining
techniques to create a family of
accelerometers with ranges from 1.5 to

8g

offset.

All five devices in the family are single
axis sensors in 16-pin small outline
packages. Z-axis sensors come on 1.5,
2.5, 5 and 8g forms, while there is also a

1.5g x-axis device.

Typical applications include washing
machines, video game pads, seismic
detectors, security systems and vehicle

roll-over detection.

Not to be outdone, Analog Devices has
developed a gyroscope that it claims is the
first commercial device to integrate both
an angular rate sensor and signal
processing electronics.

The devices are aimed at sensing shock,
vibration, tilt, movement or acceleration.
The sensors include signal conditioning,
temperature compensation and zero-g

Diamonds are a chip’s best friend

Diamond has moved a step closer to
being used as a substrate for
semiconductor development,
following work by Swedish and
British researchers.

Jan Isberg from ABB's
nanotechnology and materials group
in Sweden claims to have grown
single crystal diamond, a major
stumbling block to commercial
production. Working with experts
from De Beers Industrial Diamonds in
Ascot, the team avoided the
polycrystalline forms that usually
result from synthesising diamond.

Moreover, Isberg’s team are also
able to dope the crystals to create a p-

The ADXRS is mounted in a 7x7mm ball
grid array package, and draws 5mA at 5V.
The gyro is aimed at applications such as
car airbags during rollover, GPS
navigation systems, and stabilising moving

type semiconductor and then fabricate
p-i junction diodes on the substrate.

Chemical vapour deposition is used
to grow pure layers of diamond on a
synthetic diamond substrate.
Thicknesses up to 700um can be
grown, and then removed from their
substrate using a laser.

By doping layers with boron, and
then adding pure diamond layers, the
team produced p-i diodes with a
reverse breakdown exceeding 2.5k V.

Diamond has excellent physical
characteristics and shows tremendous
promise as a semiconductor, once a
reliable synthesis can be achieved.

Isberg’s team measured a very high

Intel goes 3D to cut leaks

Three dimensional transistors are
being designed to combat the

problems of leakage current and the
diminishing returns as manufacturing
processes shrink.

The use of 3D designs for
transistors, as compared to today’s
planar layouts, can help reduce
leakage and give better power
efficiency.

"Our research shows that below 30
nanometres, the basic physics of the
flat, single-gate planar transistor leaks
too much power to meet our future
performance goals," said Dr Gerald
Marcyk, director of Intel's
components research lab.

Marcyk’s teamrecently unveiled
Intel’s approach to the problems of
scaling with its tri-gate transistor.

In this layout, the channel between

electron mobility of 4,500cm?/Vs, at
least three times that of silicon, while
holes at 3,800cm?/Vs have very
nearly the same mobility as
electrons.

Only indium phosphide (InP) comes
close in terms of electron mobility,
but its hole mobility is very poor in
comparison (5,400 and 200 cm?/Vs
respectively).

A maximum electric field strength
of 10’V/cm is two orders of
magnitude better than silicon or
gallium arsenide (GaAs), and better
than gallium nitride (GaN) or even
silicon carbide (SiC). Diamond’s
indirect bandgap is 5.5eV.

Above X-lateral g-cell
Left Z Axis g-cell

platforms such as aeroplanes, robots,
antennas and industrial equipment.

Two devices are available, capable of
measuring angular rates of 300 or 150
degrees/s.

the source and drain is a 3D structure,
with the gate wrapping around three
sides. Current flows equally in a
channel occupying all three sides of
the structure.

The image shows a tri-gate
transistor with multiple fingers to
improve current flow.

So far Intel has built devices with
gate lengths measuring 60nm.
Compared to a planar device with
similar dimensions, the tri-gate
transistor give 20 per cent more drive
current.

A fully depleted silicon substrate is
used to raise switching speed and
help reduce leakage, while the raised
structure of the whole device helps to
lower resistance, Intel said.
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Fizzle cuts antenna testing costs

A Merseyside invention could cut the
cost of antenna testing.

The standard way to plot the
response of an antenna is to put it on
a rotary mounting and connect it to a
receiver with an antenna some way
off providing a signal. Unfortunately
the test has to be performed in an
open field or in an anechoic chamber
otherwise reflections ruin the results.
These options are inconvenient or
expensive.

With the Merseyside method "you
don't need an anechoic chamber, you
can accurately measure the radiation
pattern in an ordinary laboratory",
said Dr David Parsons who has

founded a company called Fizzle
Technologies to exploit the invention.

Fizzle's modified test set-up
involves initially replacing the
antenna-under-test with an antenna
with known characteristics.

It also requires an equaliser, a
device which provides a different
attenuation and phase-shift in the
receive path for each angle the
antenna is measured at, in front of the
receiver.

The equaliser is then adjusted until
the known antenna plot is correct.

Once the equaliser is set, the
unknown antenna can be measured
and results will be as though no

Power firm has designs on web

A website devoted to power supply
design has been developed by
International Rectifier.

The first incarnation of the site,
called myPower, is able to design
multiphase DC-DC converters in the
20 to 80A range. Designs can have
1.1 to 1.85V outputs and 200kHz to
1MHz switching frequencies.

In the future the firm expects to
extend myPower to work with other
DC-DC converters, AC-DC power
supplies, generic switch mode
supplies and lighting circuits.

“Systems are getting more
complex, require more power and
lower voltages,” said David
Schroeder, design services manager
at IR. “We need to provide these
tools so designers have confidence.’

Besides design, the site includes a
simulation tool, claimed to be

accurate within plus or minus five
percent, and taking under five
seconds to return the results.

Simulation based on Spice models
includes Bode plots and transient
analysis of steady state, step inputs

)

Wake-up to lead-free warnings

Electronics companies in the UK
must wake-up to impending lead-free
(Pb-free) legislation from the EU.

"It's the whole supply chain. Many
companies, particularly SMEs, have
not woken up to the jssues. A lot of
SMEs think it does not affect them
and solder suppliers or assemblers
will sort it out," said Soldertec's Dr
Jeremy Pearce.

Soldertec is a tin industry body, set
up to research and promote Pb-free
soldering.

Although the Pb-free deadline has
not been formally set, it will be

during 2006 or 2007. After the
deadline almost every piece of
electronic equipment sold must be
Pb-free.

Many electronics companies have
no idea how to remove lead from
their products. "It is not nearly as
difficult as people like to imagine,"
said Kay Nimmo, Soldertec's director
of R&D.

Free Pb-free information including
EU target dates is on Soldertec's
website at www.lead-free.org.

Soldertec's labs.

reflection paths were present -
providing the antenna-under-test
"positioned within one tenth of a
wavelength" of the known antenna,
said Parsons.

Results so far are encouraging and
the technique could be extended to
improve existing test sites.

Parsons and co-founder Dr Paul
Leather, both formerly of the
University of Liverpool, are currently
concentrating on phone-type small
UHF antennas.

Fizzle is funded by a £45,000 DTI
SMART award.

www.fizzletechnologies.com

and step loading. The analysis
includes parasitics, and can show up
unwanted ringing in the circuits.

“We not only do electrical
simulation, we also provide thermal
and mechanical information,” said
Schroeder.

The tool outputs schematics and a
complete bill of materials for free,
while customised design kits costing
$335 can be delivered within three
days to European customers.

For more information visit
myPower.irf.com

Programmable boards
on the rise

Scottish firm Nallatech has developed a PCI-card that
can hold up to seven leading edge Xilinx FPGAs,
giving up to 56 million gates of programmable logic.
Dubbed BenNUEY, the board fits in a standard PC
slot and has a single FPGA as standard. Extra devices

are added via daughter modules.

"A lot more people are beginning to understand
FPGAs, courtesy of the likes of Xilinx and Altera,"
said Dr Malachy Devlin, Nallatech's chief technology

officer.

He likens the programmable logic market to
microprocessors in the 1970s, it has a lot of growth yet
to come. "Reconfigurable computing is just starting

out," said Devlin.

The firm also has modules with Xilinx’s Virtex-II
Pro FPGAs, which contain hardwired PowerPC

processors.
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Tune into Isle of Wight

RF Engines from the Isle of Wight has
developed a signal processing system
that extracts multiple frequency
transforms from a wideband channel.
Called the tunable pipelined frequency
transform (TPFT), the system can

simultaneously perform several
transforms on different sectors across
an 80MHz channel.

The firm unveiled its basic
technology last year, and the TPFT
extends the concept. Both designs are

AM/FM radios get DSP injection

AM/FM radio design could get a
digital boost as Motorola announces a
chipset that borrows heavily from
mobile phone technology.

Called Symphony, the chipset has a
fairly conventional RF front-end chip,
but that is where the similarities end.

The IF chip includes analogue to
digital converters that pass on the
received signal as a digital bit stream
to a baseband processor. This
includes special purpose digital signal

processors (DSPs) alongside
Motorola's general-purpose 24-bit
Onyx DSP core. All told the baseband
chip is capable of 1.5Gips
(gigainstructions per second).
Filtering and demodulation is done
digitally in a series of algorithms
which means filter and other
parameters can be adjusted on-the-fly
to get the best audio output.
Motorola claims its variable IF
filter algorithm cuts adjacent station

AM/FMIsub-carrier radio

programmed into a Xilinx FPGA.

"PFT essentially is a technology
which slices the channel into equal
divisions," said John Summers, v-p of
business development at RF Engines.
"TPFT allows the user to define what
his channel analysis is."

Rather than analyse a complete
80MHz bandwidth, for example, the

TPFT only works on areas in which the

user is interested. Several different
sized frequency bins can be analysed
which are arbitrarily distributed across
the channel.

The firm is pitching the technique
against standard digital down
converters.

Because the TPFT is implemented in
an FPGA, the whole design can be
reconfigured if different areas of
spectrum need to be analysed.

One possible application could be as
a power meter. Existing systems go
through each channel in turn, whereas
the TPFT can simultaneously check all
signals within a 80MHz range.

RF Engines sees a market for the
TPFT in satellite comms,
instrumentation and mobile
basestations.

interference and a channel effects
equaliser holds on to stations longer
in moving car radios. In addition
there are algorithms to reduce
multipath interference.

The FM demodulator algorithm,
said Motorola, provides superior
range extension and improved signal-
to-noise ratio (SNR) under weak
signal conditions. Stereo separation is
"often greater than 40dB".

There is sufficient capacity in the IF
and baseband chips to handle two RF
front ends - allowing two channels to
be received or the SNR of one station

ARBITRARY WAVEFORM GENERATOR-
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UPDATE

Nils Jasper,
Nanotron’s head
of sales.

Germans add new wireless standard

Nanotron from Germany has
developed a 2Mbit/s wireless local
area network protocol with 60m
indoor range, even in licence-free,
low power bands.

The firm’s chips are based on a
modulation technique it calls multi-
dimensional, multiple access
(MDMA). The scheme claims to
combine the quality of CDMA (code
division, multiple access) with the
flexibility of TDMA (time division,
multiple access).

MDMA chips from the Berlin-
based company will squeeze into an
already crowded piece of public
spectrum at 2.4GHz - the industrial,
scientific and medical (ISM) band.

Nils Jasper, Nanotron’s head of
sales, defended his company’s use of

the ISM band, adding: "It [MDMA]
is very unique - nothing you can
compare to existing systems.”

The first MDMA test chips, called
Nanonet TRX, will have an indoor
range of 60m, while outdoors this
can extend to 700m. At 2Mbit/s, the
chips manage to stay within the ISM

band’s output power limit of 10dBm,

Jasper said.

"What’s even nicer is we have a
standby current of below 1QA," he
added. "And we are significantly
more robust than any other
transmission." He attributes this
robustness to the MDMA scheme,
which uses double spreading
techniques.

MDMA uses 'chirp' FM pulses,
which makes it possible to keep

Rat proves asyncronous point

Asynchronous logic can be designed
to automatically make the best use
of any voltage supply available. To
demonstrate the point, researcher
Charles Brej made this generator
which produces between nothing

and 1W as its electric mouse
falteringly runs around.

The attached Amulet 2e processor
correspondingly self-throttles and
offers performance from nothing to
its maximum of 40Mips. Amulet
power efficiency is 290Mips/W and
Brej is thinking of moving from
mice to rats. "A rat should be about
2W, thus a rat can generate S80Mips
on Amulet2e. This is very good
when compared with a processor
like the Athlon which uses 60W - 30
Rats - to produce the same speed,"
he said.

Brej is based at the University of
Manchester's computer science
department which has designed a
number of asynchronous processors
in addition to its ARM-compatible
Amulet series.

If funding can be found the
department will spin-out a company
called Self-Timed Electronics to
exploit its expertise commercially.

Of particular interest is the
department's Balsa synthesis tool
which can be used to generate
asynchronous logic designs from
high-level circuit descriptions.

LeCroy has unveiled a digital
storage oscilloscope that can
capture signals with a 6GHz
bandwidth and 75picosecond
(ps) rise time. The WaveMaster
8600A adds to existing 5 and
3GHz versions. By using silicon
germanium front end chips, the
scope can sample data at
20Gsample/s, with triggering on
glitches as short as 600ps, the
firm said.

average power constant, the firm
said. A dispersive filter compresses
the distributed energy at the
receiver.

The bit error rate of the system is
variable, but is set on the first chips
to 103, the same as the Bluetooth
specification. It could be increased
to as much as 1072, presumably at the
expense of data rate or by using
higher power.

In the lab Nanotron is using a
standard Bluetooth aerial, although
Bluetooth can only reach around
700kbit/s in good conditions. Even
wireless LAN, in its 802.11b guise,
only manages 4Mbit/s at a range of
10m, Jasper claimed. Wireless LAN
chips are far more complex, and
potentially more expensive.

Batteries get
charged up

Irish technology firm NTera has
demonstrated lithium ion cells that
can be charged and discharged 10
or 20 times faster than commercial
batteries.

The firm says that while production
devices are limited to 1C rates - 1A
charge for a 1Ah cell - in the lab it
has achieved 10C and 20C rates.
NTera has been able to speed up the
chemical process by using smaller
active particles. Increased surface
area allows lithium ions to get into
and leave the material quicker, it
said.

While particles in standard designs
arearound 10 to 30xm in diameter,
NTera’s work has reduced this to
between 20 and 200nm.

The downside to faster rates is a
reduction in overall energy
capacity. Charging at 10C, giving a
six minute charge time, reduces
total available charge to 95 per cent,
while working at 20C cuts the
energy to 60 to 70 per cent of
maximum.

Besides raising charge and
discharge rates, the firm is hoping
to improve the safety record of Li-
ion cells, which hold more energy
in terms of W/kg than dynamite.
This is being done by changing
from using carbon as the anode
material, and replacing it with
lithium titanate spinel (LiTi5O5).
Carbon is inherently unstable, said
the firm, because material
accumulated at the anode is close in
terms of electrochemical potential
to lithium metal.
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Develop and test complete micro-controller designs without
building a physical prototype. PROTEUS VSM simulates the
CPU and any additional electronics used in your designs. And it

does so in real time. *

® CPU models for PIC and 8051 and series
micro-controllers available now. 68HC11
comming soon. More CPU models under
development. See website for latest info.
Interactive device models include LCD
displays, RS232 terminal, universal keypad
plus a range of switches, buttons, pots,
LEDs, 7 segment displays and much more.
Extensive debugging facilities including
register and memory contents, breakpoints
and single step modes.
Source level debugging supported for
selected development tools.
Integrated ‘make’ utility - compile and
simulate with one keystroke.
Over 4000 standard SPICE models included.
Fully compatible with manufacturers’ SPICE models.
DLL interfaces provided for application specific models.
Based on SPICE3F5 mixed mode circuit simulator.
CPU and interactive device models are sold separately -
build up your VSM system in affordable stages.
ARES Lite PCB Layout also available.

Write, phone or fax for your free demo CD - or email info@labcenter.co.uk.

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

*E.g. PROTEUS VSM can simulate an 8051 clocked at 12MHz on a 300MHz Pentium I
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measured using manual balancing

and later semi auto balancing
bridge instruments. These
instruments consisted of a network
that included the unknown
impedance, which was matched or
balanced against a known impedance
‘reference’ network. The great
advantage was that they were null
measuring instruments: the indicator
had no more to do than display zero.
This enabled instruments to be made
with high precision.

From this basic concept a whole
range of bridge types was spawned,
each specialising in measuring certain
aspects of impedance. All these types
are now totally eclipsed by the
modern microprocessor-based ‘smart’

In the early days, impedance was

LCR instruments. These have

The original Wheatstone bridge for measuring resistance with d.c.
(Fig. 7.1), from which so many varieties have evolved, is a symmetrical
network of six  arms ", one containing a source of current such as a

Simple

Wheatstone bridge, on

whick all other forms
of bridge are based

battery, and another a detector such as a galvanometer, When the
resistances of the remaining four are in proportion, i.e.,

Ry Rs

(which of course is the same a R,R, = R,R; and Ry = R, Rs/R,)
then the two points between which the detector is connected are at
the same potential, so the indication is zero. The bridge is balanced,
If any three of the resistances are known, the fourth can be calculated.
It is not necessary to know the actual values of three; the value of one
and the ratio of two are enough. So R, and R, (say) are called the
ratio arins. If R, is the unknown, to be measured, then R, should
be a variable standard resistance. Supposing first that Ry = R;
then at balance R, = R,. By varying theratio R, : R,, measurements
can be made beyond the range of R,.

In theory there is no limit to the range of bridge measurement,
but in practice the sensitiveness of indication, which is greatest when the
resistances of all six arms are equal, falls off the more unequal they are.

The bridge network being symmetrical, the condition for balance
is not affected by interchanging the source and detector.

Fig. 1a. Basic Wheatstone bridge."

Fig. 1b. There’s a variety of different bridge measuring
configurations.’

Modern impedance
measurement techniques

Since the early days of electrical science until the advent of the microprocessor, the
measurement of impedance was a grubby affair. In this set of in-depth articles,
Alan Bate (BEng (Hon’s) MIEE) takes us through the history and future of
impedance measurement.

superior performance in every aspect
and are far more user friendly. This
article discusses the modern
approach.

The demise of the bridge
Such instruments are of course
known as bridges, probably due to the
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rxarg-

N
~ O tan8 = r@C

™

Rx=/;>g-

tan8 = I[RwC

R BN
Cx\\\ "x‘ C
N A {

r r
tend = 7§ = ry@wCy = Wf;
@ =27f

Cx=C %'(I+mz)

W) R
RQ (Pacy=i

balance detector. This is often a
sensitive micro-ammeter ‘bridged’
across the two networks, Fig. 1a. The
network arms were adjusted for
balance giving a zero or null reading
on the meter.

Bridges were slow and fiddly to
operate. It was often not obvious for
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inexperienced users to determine
which way to adjust the ‘arms’.

A certain government
establishment that I worked for in the
1960s had a sizeable room — known
as the ‘bridge room’ — which was
devoted solely to a range of such
instruments for all the general
impedance measurement made on
site.

Each bridge was designed to cover
a segment of the impedance plane.
They ranged from the Wheatstone
Bridge for resistance measurement at
DC, to various AC types for
inductance/capacitive reactance,
often with a single test frequency of
1592Hz, or 10000 radians, which
made the maths simpler! Figure 1b
shows a selection of bridge types.

The results read from the bridge
dials where often in admittance form
and reciprocal look up tables were
provided in the operating manual to
derive the required result. Such
instruments operated at a fixed
frequency or were limited to the
audio to low RF range.

Radio-frequency bridges existed
but could not measure very high or
low impedances. Neither could
adjustments be made to correct for
the shunt impedances of the bridge
itself although the ratio arm bridge
had good immunity to shunt loading
when balanced.

With the AC bridge, a tuned
amplifier was often employed with
head phones to increase the null
detection sensitivity and avoid the
problem of protecting the ammeter —
but not the ear! A special type of
display valve known as a ‘magic eye’
was also employed. One adjusted the
bridge until the magic eye displayed
a coloured band with minimum
width. d

Basic accuracy of the AC bridge
was usually around 0.1% to 1%. DC
resistance bridges have always
achieved high accuracy. By careful
design, the open and short-circuit
errors and losses to ground can be
made negligible at ‘zero frequency’.

The UK bridge manufacturer
Wayne Kerr eventually came up with
an auto-balancing instrument. While
these instruments were easier to use,
they were very limited in frequency
range and still fell far short of the
flexibility and basic accuracy of
modern instruments which no longer
use the traditional bridge method.

Finally, apart from the ratio arm
bridge, in circuit measurements
could not readily be made due to the
lack of guarding: more on this later.
With the development of the modern
LCR, a microprocessor-based
instrument, several major

Source resistance
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Fig. 2. All modern LCR
measuring instruments and

automatic test equipment
use the three-terminal
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improvements all came about at
once:

® Theresult could be displayed in
the most convenient and
appropriate form. The
microprocessor making the

_ necessary calculations and
decisions from the measured raw
data.

@ In circuit, measurements over a
wide frequency range could be
made.

® Fast repetitive measurements for
high volume manufacturing
became possible.

® Trim corrections could be made in
the software calculations.

® A wide range of test frequencies
became possible.

® A widerange of drive stimulus
could be provided.

® Programmable DC bias of voltage
for capacitors and current for
inductors could be easily applied.

@ Greater all up accuracy and
stability as all unknown
impedance types could be

referenced to a highly accurate,
stable and near pure resistor. Only
resistive precision impedances are
practical to manufacture in
volume.

Three-terminal measurement
All modern LCR instruments and
automatic test equipment, or ATE,
use three-terminal measurement
methods. This enables accurate in
circuit measurements of impedance to
be made with a simple circuit, Fig. 2.

If the ammeter is perfect, i.e. it has
no shuntresistance, it presents a
perfect short at terminal /. Hence
even if a shunt impedance exists from
terminal / to ground, no reading error
can occur as the ammeter will ‘hog’
allthe current, i.e. provide perfect
‘current guarding’.

A perfect differential amplifier
monitors the unknown voltage drop
across Z, directly at the unknown
terminals £ and /. The modulus of the
impedance can now be derived by the
ratio of the voltage to current reading.
Notice that the generator source and

Fig. 3. Practical
three-terminal
arrangement
using a virtual
earth amplifier to
guard the
terminal.
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INSTRUMENTATION

Fig. 4. Essentials

of a modern LCR

Input

measuring
instrument.

the shunt impedances at terminal £
will have no effect on the
measurement as they only attenuate
the test signal. Provided there is
adequate signal-to-noise ratio, the
impedance measurement will not be
effected.

This simple but powerful technique
makes ATE, in-circuit testing
possible and it makes modern bridges
far more tolerant of the associated
test circuit conditions.

To achieve the near perfect short or
current guard at terminal /, a virtual-
earth feedback amplifier is used
where the feedback arm is a precision
reference resistor, Fig. 3.

Assuming a perfect operational
amplifier — i.e. infinite gain, input

Microproccessor

Display

impedance — gain bandwidth, slew
rate, zero output impedance — all the
test-signal current will flow through
the unknown and on through the
reference standard impedance
Ritandard- By monitoring the voltage
drop across the unknown, (E,) and
Ritandard (E) and calculating the
voltage ratio followed by scaling by
the standard impedance gives;
E

unknown — E:R:Iandard
One differential amplifier is used via
a double-pole changeover switch,
monitoring the two voltages E,, and
E in rapid succession. This gives
more than a saving of an amplifier.
We are making a ratio measurement

Buffer

Standard
Fig. 5. Hewlett
Packard’s DC Amp
advanced guard
amplifier. l
In-phase reference
Local Oscillator
Virtual Earth

Quad phase reference
Local Oscillator

DC Amp
—

/\

In-phase reference
Local Oscillator

Summer

Quad phase reference
Local Oscillator

with a common meter so the total
gain and phase characteristics of the
meter circuits following the switch
are cancelled in the ratio calculations.
This makes ratioing the most
powerful of all measurement
techniques.

The drive signal circuitry only
needs to have a very short-term
stability, which is easy to achieve.

Shunt and series errors can be
corrected for by making open and
short-circuit readings and applying
offset corrections in the software.

The range of impedance measured
is extended by precision ranging.
This is achieved by a combination of
changing the gain before the meter
circuit and on a more expensive
instrument the reference impedance.
More on this later.

The smart bridge

Figure 4 shows the essentials of a
modern LCR measuring instrument.
On a low-cost instrument, the sine
wave stimulus is often simply
generated by filtering a square wave.

The stimulus is buffered and
applied to the unknown. The virtual
earth or guard amplifier (as itis a
current dual of a voltage guard
circuit) ensures that the unknown
current is passed through the
reference resistance.

Signals E, and E are monitored in
turn by the analogue switch. Any
necessary gain ranging is applied in
the detector chain circuits in order to

14
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provide the optimum signal level to
the phase-sensitive detector, or PSD.
The PSD resolves the two signals into
their orthogonal components by
multiplying each signal against an
inphase and quadrature reference
signal.

By phase shifting the quadrature
reference to + or —90°, the inductive
and capacitive reactive components is
obtained. The PSD output is digitised
by an integrating A-to-D converter. It
is also synchronised to integrate over
a multiple whole number of stimulus
cycles in order to reject ac ripple
from the PSD output by the analogue-
to-digital integrating process.

The four signal measurements are
stored as 24-bit fixed-point numbers
for further processing. The a+jb
calculations are carried out in real
time while the next conversion is
under way. The readings are
displayed in the appropriate form or
as the operator selects so that if
necessary a capacitor can be read as a
negative inductive reactance and vice
versa!

In auto mode, software algorithms
select the most suitable way to
express the measured impedance. For
example, a low impure resistance
would be expressed with the reactive
component as a series inductance and
a small impure capacitance as
capacitance shunted by a high
resistance.

In practice, the instrument makes
six measurements per reading as the
A-to-D converter DC offset of each
signal is also required. Usually the
system offset of the real component
of E, and E is measured with the
PSD turned off. Normally the same
offset is used for the reactive reading
to avoid having to make eight
measurements. More on this later.

Benefits of bulk metal film

INSTRUMENTATION

EulEs signal

[Two pole change over swltch.J

Swamp resistor

\

Stimulus or
drive signal.

Eu signal

Es signal amplifier

\ Precision resistor
2 Rstd

Simulated inductor

circuit, used to tune out
the compensation capacitor

of the Guard Amplifier

Fig. 6. Wayne-Kerr’s tuned
guard amplifier.

depends on the accuracy of the
reference impedance and the stimulus
frequency or in practice, the system
quartz clock oscillator.

In theory, the reference impedance
could be a reactance. With capacitor
measurements, this would help in the
guard amplifier by not emphasising
harmonic distortion due to

differentiation of the stimulus current.

However, as mentioned earlier, a
far more accurate and temperature
stable resistance can be made than
either an inductor or capacitor.
Resistors made by the bulk metal-
film process — originally developed
by Vishay — provides a compact
component that’s stable to around
2ppm/°C over the instrument
operating range. They can be
manufactured with tolerances of
better than 0.005%.

In their plastic encapsulated form,

pure component with low self-
inductance. The self-capacitance of
the resistance is less important and
can be compensated for in hardware
and software.

The phase of the PSD reference
signal is very accurately defined and
set to 0 or +90° with digital timing
circuitry referenced to the system
crystal clock to resolve the real and
quadrature signal components. This
avoids the necessity to change the
standard resistor to an
inductive/capacitive standard for
reactive measurements.

Guard or super guard

The efficiency of the guard amplifier
is vital to the accuracy of the
instrument, particularly with
increasing measurement frequency. A
shunt capacitive load at the / terminal
gives a serious scalar vector error

sentto

: detector

Diferential buffer

Integrator
gain adjust

Fig. 7. Curves a
and b show
untuned and
tuned virtual-
earth impedances

The accuracy of the whole instrument  bulk metal film resistors are a very while a shunt impedance between the respectively.
R I e 7 T T B0.00-T = mmitram iy (R }
] : ) TG , ] ; Tuned virtual earth guard i
: ¢ ‘ ! .| amplifier, giving very low o
L _' ‘ - ~ | inputimpedance atthe ' :
E ; ! § 60.00— | stimulus or drive frequency. ik
& 1 b | o} : e
@ ; -_ 2 i ‘
< 10.00 : L4 Q ] 11
] ; H © co
B~ ! 41 T 0k |
S R i
£ | Clo K 3000
5.00 ; '
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: i Range \I
)
Gain dB I n:1

T

( Min fitering positi [

Fitter A
Fitter in stimulus circuit

40 dB/decade
slope

=

Max filtering with stimulus
frequency at the filter corner

Gain dB

Tolal error from alf
harmonics | I

Total
harmonic

l Range

|

power i

Fig. 8. Staggered
filtering for wide
frequency range
harmonic filtering
of the drive signal.

PSD Function

Fig. 9. Four level
by eight time
sample reference
stepped sine
wave.

Frequency

measure terminals merely gives an
offset error which is easily corrected
in software by taking an open circuit
reading.

It can be readily seen that to
maintain a good virtual earth requires
an ideal amplifier having high loop
gain with no internal phase shift. A
great deal of effort has therefore been
spent by various LCR instrument
manufacturers on guard amplifier
development.

A very novel but complex approach
adopted by Hewlett Packard
Instruments — now Infinion — used
four PSDs. Here, the unknown signal
current is demodulated to zero
frequency or DC using two
synchronous mixers to preserve the
in-phase and quadrature signal
components.

The two DC components are
amplified by the integrator amplifiers
and to converted back to the signal
frequency with a second set of
synchronous mixers. The orthogonal
signal components are recombined by
summing and fed back through the
standard resistor via a unity gain
buffer.

Although complex, this technique

| SNSRI SN

3

r_[—l_] ] TS
T

PSD1

PSD2

40 dB/decade

(2]

slope

Fiter B

Range Filter

gave very good guard performance
over a very wide frequency range,
Fig. 5.

What IC manufacturers don’t
know

Wayne Kerr enhanced its guard
amplifiers on the company’s
WK3245 and WK6425 instruments
by tuning the guard amplifier IC op-
amp’s internal compensation
capacitor to the measuring frequency
using a programmable simulated
inductance circuit Fig. 6. This had the
effect of virtually removing the
presence of the compensation
capacitor and raising the amplifier
gain to the uncompensated loop gain
at the measure frequency.

Above resonance, the loop gain
returns to the compensated response,
as the effect of the capacitive
reactance above resonance becomes
dominant. By restricting the tuning to
around a decade below the unity gain
point of the amplifier, the loop gain
and phase margins return to the
normal compensated levels at the
unity gain point, ensuring stability.
Naturally, this technique works best
with amplifiers having single pole
compensation.

The tuned guard amplifiers give a
deep notch to their input impedance
and effectively hold off the
undesirable scalar vector error
mentioned earlier. Without
compensation, the virtual earth would
appear as a small resistance in series
with a small inductive component.
This limits to the value of the
standard resistor at high frequencies
where the loop gain of the guard
amplifier has fallen to zero.

The source must have a swamp
resistance to limit the voltage gain of

the guard circuit when a short circuit
is applied to the measuring terminals.
Figures 7a and b show untuned and
tuned virtual earth impedances
respectively.

Stimulus — synthesis versus
servo

Sine-wave synthesis. Ideally, the
sine-wave drive signal or stimulus
should be a pure sine wave. In
practice it should have no harmonics
that the PSD could respond to. It is
also very desirable with an instrument
for the user to be able to select a new
frequency with the minimum settling
delay.

The simple approach of filtering a
square wave, mentioned earlier,
would require excessively complex
filtering for a high performance
multi-frequency instrument with the
consequent settling problems of a
narrow band system at the lowest
measure frequencies.

By generating a close
approximation stepped sine wave
from a digital source, it is possible to
create a drive signal with no low-
order harmonics, hence, requiring
considerably less filtering. The
amount of filtering depends on the
PSD design.

Because the PSD is an analogue
multiplier, any harmonics in the
reference signal will enable the PSD
to respond to any associated
harmonic frequencies in the stimulus.
Theoretically the filtering could be
applied anywhere prior to the PSD. In
practice, the following considerations
have to be made:

@ Present to the user at the £
terminal a reasonable looking
sinwave drive signal.

® Avoid overloading the guard
amplifier when measuring
capacitors. It inherently
differentiates or emphasises with
frequency the harmonic
components in the unknown
current signal.

® Accuracy of the filter frequency
response level in the detector
chain is less important due to the
ratio measurements, making the
detector frequency response
normalised. The only limitation is
to ensure there is adequate
dynamic range or head room on
large signals and low noise floor
at the maximum gain setting.

® Placing the filtering in the detector
chain ads settling delay but also
minimises noise pick up from the
measure terminals and harmonics
from quasi-linear components.

® The stimulus filtering needs to

16
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have a flat Butterworth response
with good level accuracy in order
to maintain a defined drive level
setting. Filter stop-band
performance is secondary to this
requirement.

Obviously, there is a trade off in the
degree of synthesis of the drive signal
and the filter degree. With a precision
instrument having a basic accuracy of
0.05%, the error contribution from
harmonic distortion would need to be
below 100ppm for a 20%
contribution to the error budget. This
corresponds to around 80dB of stop-
band performance at the second
harmonic for a simple square wave
source implying a 12th order filter
over the instrument’s frequency
range!

Fortunately, the design problem is
eased in two ways — firstly by
splitting the instrument’s frequency
range into bands and secondly by
filter hopping.

This is done by staggering the two
filter stages and setting the highest
drive frequency setting to coincide
with the lowest filter corner
frequency setting in a band. The
error will be within budget, but will
gradually increase as the user selects
increasingly lower frequency settings.
This is due to the harmonics, which
are locked to the fundamental, also
moving down in frequency, and
becoming increasingly less attenuated
as they ride up the slopes of the
combined filter response.

When the total harmonic error
becomes unacceptable, the initially
higher filter frequency position is
adjusted so that it becomes the lower
filter and spaced by a geometric
factor n: 1, Fig. 8.

The maximum filtering will now
apply again at the lowest frequency
setting in the band. This process is
repeated as the user selects
increasingly lower frequencies.

This technique, possibly originated
by GenRad Instruments, maintains a
defined level of filtering over a
comparatively wide frequency range.

Low-order harmonics, which would
require a very sharp filter cut-off
response, are rejected by the purity of
the synthesised stimulus and PSD
reference waveforms. For example,
with the WK3245 and WK6425
model instruments, Wayne Kerr
chose an eight level by sixteen-time
sample synthesis for the stimulus.
This lowers harmonics of this type of
waveform either side of the sample
frequency, i.e. the 15th and 17th. The
harmonics arereduced to 1/15th and
1/17th or —6dB/octave.

Hewlett Packard originated a PSD

\

—

INSTRUMENTATION

Stored Sin values read from
ROM or processor memory

Fig. 10. Digital sine
wave generator based

on a look-up table.

Rt
Multyplying DAC

I

reference waveform that used only
two switches to generate an eight-
time sample by four level waveform,
Fig. 9. This had no harmonics until
the seventh and ninth, again reduced
by 1/7th and 1/9th from the
fundamental.

Opverall filtering is therefore
complex and required software
modelling to obtain the optimum
filter spacing.

Servo-loop approach

While simpler, the servo-loop
approach suffers from a slower
response to the user at low
frequencies when selecting a new
frequency.

Stimulus output level is monitored
and compared to a reference by an
error amplifier. The error signal is
used to control two or more second
order voltage controlled low pass
filter stages. On selecting a new
frequency, the appropriate filter band
is selected by the firmware.

The filter is then fine tuned by the
control loop reducing the filter’s
corner frequency until the output
level has attenuated to the reference
level where the loop regulates. The
attractiveness of this analogue
method is the placing of the filter
tolerances inside a control loop and
always achieving the maximum
filtering as the filter corner is always
positioned at the selected measure
frequency.

Using a look up table
Thanks to today’s high speed
SDRAM, the best method is to read
sine values in binary into a fast eight-
bit multiplying D-to-A converter. At
low frequencies, a high number of
samples are used — 256 amplitude
levels and 256 time samples for
example — giving a near pure sine
wave and therefore requiring little
filtering.

As the memory access speed is
approached, the number of samples is

Analogue output

reduced accordingly. This method
today could give an eight-level
sixteen-time-slot sine synthesis at up
to around 8MHz by using 133MHz
memory. The sine accuracy depends
on the number of samples. With the
distortion expressed as signal-to-
quantisation noise form we get 6dB
in signal-to-noise/bit. Using a table
length that’s a power of two, the
pointing becomes simply:

Pointer address &
(Table_length—1)

This limits the index to within the
bounds of the table with the pointer
wrapping back to the first sample at
the end of a cycle. The time index is

Fig. 11. Timing
diagram a) shows
half-wave phase-
sensitive detector
waveforms for an
in-phase 0°
situation.
Diagram b)
shows what
happens then
there’s a 45°
phase difference.

PSD output

0.00
1.00—

Square wave
reference

/\ /\ Input signal

-1.00 \/

N

5.00

PSD Output

0.00

Square wave
reference

1-00‘\ /\ /: Input

signal

December 2002 ELECTRONICS WORLD

)

17



INSTRUMENTATION

B? Spice AD v4

Half wave PSD switching at 2 Vpk

+ inverted signal of Vpk =

\

Full wave output of Vpk

/\

Fig. 12. Full-wave
phase-sensitive

also bounded, removing any worry of
erectorderived the time pointer overflowing. With a
T oo 1024 sample table we can expect the
PSD. quantisation errors to be 60dB below
full scale. Figure 10 outlines a digital
sine-wave generator.

The PSD or analogue multiplier
For an LCR instrument, the phase-
sensitive detector used needs to be
ultra linear, with a non-linearity
below 10ppm. This rules out all the
conventional analogue methods. In
Fig. 13. Charge

injected by the phase-

sensitive detector’s fet il

offset that grows with

frequency.

switches add a DC Fet switch Cgd

7 RF mixer circuits, for example, the

signals are often very small and
followed by narrow-band filtering
which largely rejects unwanted
intermodulation products from the
mixer non linearity. In fact, RF
engineers are usually only concerned
with the 2nd and 3rd (IP) products.

To achieve this high linearity, the
only way is to apply a sampling
method where the active devices
operate as switches. This avoids any
affects from active device non-
linearity.

Secondly, the PSD must operate
directly on the signal for optimum
signal-to-noise performance. By
integration over many whole cycles, a
narrow pass band response is
achieved giving very good signal
recovery of the stimulus.

The simplest phase-sensitive
detector

Consider the simplest PSD, which is
the half-wave type, Figs 11a and b).
This circuit is nothing more than an
analogue switch, which is driven by a
square wave, reference signal.

A/D integrator C
Integrator

sl

ﬂ_>~

- Injectionto a dc
offset

|

PSD reference

|=CdVidt=CVf

Therefore offset proportionai to f

PSD ripple over loads
integrator due to amplifier|
head room limit

[ Low frequency PSD n'pp.fe)

[ integrate period ]

Fig. 14. Possible

Zero crossing comparitor
fires

( Start odge )
ov L

ripple overload of
a dual-slope A-to-
D converter ramp.

(D

If the sampling signal frequency,
Jeampie> 1s made equal to the input
signal frequency and then adjusted in
phase by, say, 45° increments you
would have the output waveforms
shown in Fig. 11 with the average
output running from +2.1,/T to
—2.I/m. In other words, the average
output is proportional to the phase
difference between the input and the
reference signal.

This circuit has a half wave
rectified output when the input and
reference signals are in phase, hence
the name. The high level of ripple in
the output must be rejected by the A-
to-D converter in order to extract the
mean DC output. This is achieved by
using an integrating A-to-D process
and integrating over a whole number
of synchronised measure cycles.

The ability of the A-to-D converter
integrator to absorb AC ripple falls
with decreasing frequency and
increasing integrator gain. This
increases the risk of overloading at
the integrate output, Fig. 14.

With a full-wave PSD, the ripple
frequency would be doubled, giving a
useful 2:1 improvement in ripple
rejection. Full-wave operation also
reduces the £, and Eg switching
transients by chopping up the very-
low-frequency component in the
transient. This full wave action is
easily achieved without any extra
switching complexity by feeding into
the PSD output an inverted version of
the input signal at half the amplitude.

The summed result is a full wave,
which holds for all phase angles, Fig.
12. This works well at low audio
frequencies, where it is needed most.
At high frequencies, phase shift in the
inverting amplifier gives less accurate
addition. However, this does not
matter as the shift in the output mean
level is lost in the ratio
measurements, and the A-to-D
converter integrator’s ripple rejection
will have improved by 20dB/decade.l

Reference

1. Various traditional bridges illustration:
Page 230, Radio and Electronic
Laboratory Handbook, M.G. Scroggie
Bsc MIEE. 7th edition 1961. Published
by Iliffe Books Ltd

Among the topics in the next article
in this set are: ranging, calculation
and display, specifying LCR
instrument accuracy, adding DC
resistance measurement and
extending the frequency range of
an Instrument. DFT/FFT and future
developments in LCR measurement
are also discussed and there’s a
review of A-to-D converters.
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B Part 21§

RF Auto-transformers -
Transmission Line Devices

modelled using SPICE

Nic Hamilton (G4TXG) shows how to model
the effects of a ferrite core and puts the
finishing touches to a SPICE model of the RF
auto-transformer. The model is used in a
moderately accurate SPICE simulation of the
auto-transformer measurements.

In part 2 we will be modelling the core and
winding losses.

Fig. 13. Complex
series permeability
spectrum of N30:

a MnZn ferrite
material.

core loss, and Lp the winding inductance. These

components are not constant with frequency, and are
connected by the Kramers Kronig relations (see box).
Sometimes Rp and Lp can be deduced from the published
characteristics of the ferrite core material. Sometimes there
is no option but to deduce the material's characteristics
from measurements.

The order code for the Siemens-Matsushita
B62152A8X30 cores looks complex. This is what it
means; B62152 refers to the double-aperture core type, A
appears to be a revision code, 8 refers to the core size, X is
a packing letter (in other core shapes, this letter would

R eferring back to part 1, Rp in Fig 1 represents the

specify the tolerance), and 30 refers to the N30 grade
ferrite of which the core is built.

Size 8 double-aperture cores are the smallest in the
range: 3.6x2.5x2.1mm and a 0.8mm hole diameter. The
data book gives a number of magnetic characteristics for
size 8 cores, but the one used here is >1/A=1.78mm-1.
>1/A is the core factor, and is given as C; in some
manufacturers' data books.

The core material's series permeability

N30 grade ferrite is a medium Q MgZn material that is
intended for use in broadband transformers, and has a high
initial permeability pi=4300+20%. I have found this
material to be among the best for broadband transformers.
Fig 13 reproduces the graph in the manufacturer's data
book. I have also included an indication of the frequency
range over which the material is usable.

An inductor built using an N30 core at IMHz would
have a Q of 1, so would not be much use. At 10kHz, the
core would allow the inductor to have a Q of up to 100, but
winding loss would reduce this to a much smaller value. It
would be better to use a material with greater permeability
in order to achieve greater inductance for the same
winding loss. Between these limits, the inductor will have
its greatest Q. On these grounds alone, the material for
inductor cores must be chosen with great care. Add to this
the various saturation flux densities (how much power the
core will handle) and the wide range of variation of

10‘000 = 1 llllll!l 1 llilllll - ||¢|||: . i IIIIIIII i IJIIHI A Ty AT
3 F  Fig. 14. Parallel G .
R ] /\ L impedance o, 100 — /\— ? -
= - - spectrum of m 3, L E
1,000 = N30 (core 1 Py -
&= 3 g factor @ v
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material characteristics with temperature (some materials
are highly non-linear), and you have the reason for the
great number of different core materials available for
inductor cores.

Core material for transformers

On the other hand, the sole function of the core in the
transformer is to ensure that each turn approximates to an
open circuit. It does not matter that the material Q sinks to
less than 1, as long as the impedance is high. So a
transformer core may cover a wide bandwidth. This is the
reason why there are far fewer transformer core materials
on the market compared to inductor cores.

There are several problems with the data in Fig 13.

a) The data are usually measured on a ring core, and no
guarantee is given of its applicability to other core shapes.
The tolerance is very wide: (30% is not uncommon.

b) European data are given in terms of series
permeability. Parallel permeability is needed to calculate
the parallel components Rp and Lp.

c¢) For a wideband transformer, data may be needed up to
1GHz. Manufacturers' data seldom extends to a high
enough frequency; in this case there are no data above
4MHz.

The core material's permeability converted to parallel
components

Fig 14 shows the same data as Fig 13, but re-plotted in
terms of parallel components®. The transformation from
series to parallel components preserves the values of Q at
any given frequency. Fig 14 provides an LF starting point,
but the high frequency data is missing. The missing data
can be supplied by measuring a sample, and assuming that
the variability is not too great. It can also be extrapolated
using an assumed value of normalised RP. For this, use a
typical value of 40Q2 for MgZn and 602 for NiZn ferrite.
Both these approaches lead to uncertain results, and
therefore neither leads to a satisfactory design in the spirit
of ISO9001. Manufacturers could do more.

Broadband measurements

Ichose to measure the material. I took one of the cores,
and wound a choke consisting of 8 full turns of wire. I
would then have measured Rp and Xp using a vector
network analyser if I had had one. Instead, I measured the
insertion loss caused by connecting the choke first in
series, and in parallel with, a 502 circuit. From these two
loss measurements, Rp and Xp may be deduced!©. I
repeated the measurement at many frequencies. The
results are shown in Fig 15, which is provided with axes
that show both measured and normalised values. The
normalised values assume that there is just one turn of
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It is possible to build networks of passive components
that reproduce the impedance spectrum of any material;
see the box on Kramers-Kronig relations. The more
complex the curves, the more the time and ingenuity this
takes. To model an inductor's core material, it is important
accurately to model the variation of RP near its maximum.
In the N30 material this occurs at 100kHz. However, for a
transformer material, once the Q has exceeded 20 or so,
further increases of Q have little effect on the transformer's
performance.

Building a SPICE model for the core

Therefore, the model proposed here does not accurately
model Rp below 300kHz, and this greatly simplifies the
equivalent circuit. The resultant model is shown in Fig
16. Xp is modelled by the 3.7uH inductor, and Rp by the
82Q resistor. The two series RLC circuits model the dips
in RP around 1MHz and 100MHz. The circuit was chosen
as being suitable to give the correct shape, and the values
were optimised using SigmaPlot®, but Mathcad® or any
other programme with an optimisation facility would do.
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. the model in Fig 11 with the
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Fig. 18. Measured

and simulated

spectra of RP and
XP due to 8 turns
on an N30 core.

Fig. 19. Spectrum
of resistance and
internal reactance
of single straight

round cross-
section copper
wires in free
space.
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Manufacturers of RF transformer cores could do designers
a service by publishing models similar to Fig 16 for their
materials. Such models should include component
tolerances to allow Monte Carlo simulation of the material.
More sophisticated models could predict the change in the
ferrite's characteristics as a result of changing temperature.

In Fig 13, I state that N30 material may be used for
inductors near 100kHz as well as for wide-band
transformers. While the model in Fig 16 is OK for
predicting transformer loss, it will give wildly inaccurate
results if it is used to predict the Q of an inductor.

Take the simple transmission line model of the
transformer in Fig 11, and connect the core model of Fig
16. Take two of these models and connect them back-to-
back as in Fig 7. The simulation results are shown in Fig
17, which can be compared with the original measurement
in Fig 8. The model simulation shows fair agreement with
the measured results, but the model remains inaccurate in
two areas:

a) at high impedances the simulated loss in the HF region
is too small. This is caused by ignoring the effects of
winding capacitance.

b) at low impedances the simulated mid-band loss is too
small. This is caused by ignoring the effects of the winding
loss.

Effects of winding capacitance on measurements
Earlier, [ discussed core loss, and Fig 15 showed the
measured spectra of Rp and Xp for an 8 turn winding.
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However, I cut the curves short at the high frequency end
because this showed an effect that was not due to the core
material. The full curves are shown in Fig 18. The positive
gradient of Xp at frequencies below 20MHz indicates
inductive reactance, as is expected from an inductor. But
the negative gradient of Xp above 20MHz indicates
capacitive reactance and this is caused by the winding
capacitance shown as Cyy in Fig 1. Near 20MHz, the two
reactances resonate, and XP must be infinite at one
frequency in this region; the simulated spectrum of XP
shows this. However, the measurement shows a peak
value of XP=6kW at about 20MHz. This peak is an
artefact of the measurement technique, which becomes less
accurate as XP/RP (=Q) becomes smallerthan 1.

In an attempt to find the total capacitance, I chose a point
on the curve that is in the centre of the capacitive area, say
100MHz. Here the measured Xp is 1.83k€, so Cy is
1/0Xc=1/(27x108x1800)=0.87pF. The changes in core
impedance contribute a little towards the overall
capacitance, so the actual value of Cyy must be slightly
smaller than 0.87pF. Adjusting the SPICE model for best
fit to the data in Fig 18 results in Cy=0.55pF, and this is
the value used in the simulated results shown as the dashed
line in Fig 18. However, the actual best HF fit to the data
occurs at Cw=1.3pF, and this is the value I have used in
the final simulation to be shown later. It seems that it is
best to measure Cy, at a working impedance greater than
50€. This small capacitance has little practical effect on
the amplitude response of the step-down transformer, but it
is the dominant factor in determining the HF region of the
step-up transformer. I find this part of the SPICE model
unsatisfying because this capacitance is the sole remaining
lumped element left from Fig 1, and because I have been
unable to make an informed guess as to this capacitor’s
value.

Effects of winding resistance

All that remains is to model the winding resistance, Ry in
Fig 1. I have left it to last for tworeasons. Firstly, it is the
most complex part of the model. Secondly, for the
transformers I have described, Ry is only important when
the secondary impedance is 10€Q2 or less. This means that
the effects of Ry appear in only a small number of graphs.
However, Ry is of prime importance in transformers for
matching the low output impedance of RF power
amplifiers to 50Q. It is thus well worth trying to
understand the effects that influence Ryy.

So far, the only important dimension of the wire has been
its length and this has determined the delay of the
transmission lines. However, I have ignored the wire's
diameter; this will be important from here on. I used 'Road
Runner' wiring pencil wire because it is available in four
different colours of 'quick soldering enamel' polyurethane
insulation. It has a conductor diameter of 0.192mm (36
SWG (British)); this is thick enough to be reasonably
sturdy and visible. It is also available on small and
relatively inexpensive reels. At dc, the wire has a
resistance of 0.591€/m, so the total dc resistance of each
transformer is 0.049€2, including the 8 turns and the
connecting wires. At RF, the resistance is greatly
increased due to the skin effect and the proximity effect.
There has been plenty of research!? on these subjects, but
little of it seems to be applicable to small RF transformers.

Skin Effect

The red curves of Fig 19 show the resistance spectrum of 1
metre of copper wire of various diameters suspended in
free space. The curves also apply to the inner conductor of
a coaxial cable. A wide range of diameters is shown. The
thickest wires are appropriate to the inner conductors of
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38 SWG
diameter 0.152mm

36 SWG
diameter 0.193mm

30 SWG
diameter 0.315mm

R (Q) L(nH) R(Q) L(nH)

R(Q | L(nH)

1.31 86 0.83 90
5.8 35 3.4 36
16.9 12.5 9.9 111
32.4 1.95 225 1.81

0.31 92
1.30 40
3.7 14.4
106 6.0 I |
16.9 0.92

coaxial cables. The thinnest are about the diameter of
bonding wires connecting integrated circuit chips to the
packages; 0.0375mm wire is common today, and the
pressure is to go ever finer towards 0.0125mm.

At low frequencies, the wire's resistance is due to the
resistivity of copper. As the frequency is increased, there
comes a point where, due to the skin effect, current ceases
to flow in the centre of the conductor. At higher
frequencies, the current flows only in the surface of the
wire, and the winding resistance increases at a rate
proportional to V£.

Associated with the changing resistance is a changing
reactance (see box on Kramers Kronig relations), and this
is represented by the blue curves in Fig 19. These
represent the internal reactance of the wire due to the
portion of the magnetic flux inside the wire. For a given
wire thickness, the resistive component approaches the
reactive component at high frequency. Note that there is
also a reactance due to the magnetic flux outside the wire,
so the blue curves do not represent the total reactance of
the wire.

SPICE is not good at modelling distributed components.
It is therefore fortunate that the winding losses are most
significant at low frequencies; this allows the use of a
lumped element model with negligible loss of accuracy in
the overall transformer response. Fig 20 shows a lumped-
element model that re-produces curves of the sort shown in
Fig 19. Fig 20 claims that the model is accurate to 1GHz,
and so it is. But in using the model at 1GHz, bear in mind
the limitations of using lumped elements to represent
distributed losses. These were discussed in Part 1: the
model is only valid when the wire length is short compared
with a wavelength.

If the model is to be used for lengths of wire other than 1
metre, and the correct dc resistance is essential, all the
component values in the model must be adjusted by the
appropriate factor. But for this model, the dc resistance is
not is not necessary, because the SPICE transmission line
model does not conduct dc anyway. Therefore the length
can be more conveniently modelled by using a SPICE
perfect transformer, where the wire length is set by the
transformer's inductance ratio.

So far, so good. But the model in Fig 20 is only useful
for the skin effect in the connection wires. Inside the
transformer, the proximity effect takes hold, and this adds
the final layer of complexity.

It's never as easy as that! Introducing
Proximity Effect
I have presumed that readers of EW know something about
the Skin Effect. In this, the currents in the wire cause a
magnetic field that then concentrates the current flow in
the surface of the wire. However, the current in one wire
also affects the distribution of the current flow in its
neighbour. This is the Proximity Effect.

If RF currents in adjacent wires are in anti-phase, the
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opposing currents attract each other, and the current tends
to flow on the side of the wire nearest the companion wire.
This increases the RF resistance of both wires, because the
current flows in a smaller cross-sectional area of the wire.

Conversely, if the RF currents in adjacent wires are in
phase, the current tends to flow on the side of the wire
away from the companion wire. When the currents in
parallel wires are attracted to flow nearest the companion
wire, the current flow is concentrated in a smaller area of
the wire than if the currents are repelled to flow in the on
the side of the wire away from the companion wire.

So, if the currents are in anti-phase, the loss resistance is
higher than if the same currents are in phase.

Fig 19 shows the impedance of straight wires in free
space, but the inside of a transformer is not free space, and
the conductors are not straight. Furthermore, there are also
adjacent conductors carrying large currents. Consequently,
the high frequency impedance of the wire will be further
increased by the proximity effect. Dowell's
approximations!® predict the combined skin and proximity
effects, but they apply to pot core transformers with
layered windings on bobbins, rather than for balun cores
threaded with a small number of turns. The irregularity of
the windings as shown in Fig 10 precludes the accurate
estimation of the proximity effect. It would be interesting
see a 3D electromagnetic simulator's predictions of this. In
any event, I had to measure the proximity effect in my
transformers.

Measuring Proximity Effect

To measure the winding loss in a transformer, it is
customary to measure the transformer's impedance with
one winding shorted. I took the 8:1 transformer, shorted
the 1 turn, and measured the primary impedance 10MHz
using a vector voltmeter and return-loss bridge, and
performing an open/short/50€2. The result, after some
sums, showed that the proximity effect raises the skin

RADIO

Fig. 20. Skin effect in
1 metre lengths of
wire, modelled using
SPICE ladder network.
The 36SWG circuit
reproduces the lower
set of curves in Fig 21.
Useful up to 1GHz.

Fig. 21 Additional loss
due to proximity
effect in a 36SWG
copper wirein a
transformer.
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Fig. 22. Proximity
and skin and effects
in 1 metre lengths of
wire modelled using
SPICE ladder
network. Values
derived from
Dowell’s
approximation, m=2.
The 36SWG circuit
reproduces the upper
set of curves in Fig
21. Useful up to
1GHz.

Fig. 23. Referencing
the winding loss to
the transformer’s
secondary
connection, assuming
a loss resistance of r
W/turn.

connect

nr

n turns

m turns

nturns

m turns

38 SWG 36 SWG 30 SWG
diameter 0.152mm diameter 0.193mm diameter 0.315mm
R (Q) L(nH) R (Q) L(nH) R (Q) L(nH)
1.00 178 . 0.626 227 779 0.328
25.3 71.7 15.4 93.1 676 0.621
79.6 25.5 52.0 34.1 118 555
113 0.00 76.4 2.59 34.3 20.8
6.94 72.3
6.94 213

2 4m?
mn-+mn
—_—rQ

(m+n)'2

effect losses by a factor of approximately 3.6. This result
varied slightly for transformers with other turns ratios
because of the differing current distributions in the turns,
and because the skin and proximity effects become less
significant as the secondary impedance increases, so the
accuracy of the measurement becomes less.

Dowell's approximations use m as a prime input
parameter, where m represents the number of whole layers
in a winding portion as a prime input parameter. It
happens that if sensible values are supplied for all the
input variables, and m=1, the resultant curves for the loss

8 7
13pF turn

turn

£

resistance are within 21% of the free space skin effect
values. As m is increased, the proximity effect factor
increases. If m=2 the proximity effect factor at 10MHz is
3.5, and at infinite frequency is 3.65. Som=21is a
reasonable fit to the measurement. In Fig. 21, the free
space skin effect values and the m=2 proximity effect
values are compared. Fig 21 shows the reason for
measuring the proximity effect at 10MHz. Below 10MHz,
the skin and proximity effects have not achieved their full
high frequency gradient. On the other hand, above 10MHz
the transformer losses rise due to the electrical length of
the windings, and make the measurement less accurate. I
know that this represents a bit of a 'think of the number
you first thought of and multiply it by 3.5' solution, but I
think it represents the best that I can do. The resulting
model is shown in Fig 22, together with some estimated
values for 38 and 30SWG; treat these with caution - I have
not tested them.

Gathering the winding losses in one place
Assume that the loss resistance in each turn of the
transformer is rW. In an auto-transformer with a high turns
ratio, it turns out that the transformer loss is
overwhelmingly due to the loss of the 'secondary’ winding

s ¥

turn

£

turn

e

turn

Fr

turn

£

turn

I S

Fig. 24. Full SPICE model

of the auto-transformer. .

[/
&

core

*
*
*
*
*

. Subckt A8X30 N1 N2

L1 3 4 3.7uM
R1 3 35 69R
R2 3 4 82R
L2 5 6 4.1uM
C16 4 8.9mF
R3 3 7 320R
L3 7 8 8.8nM
C28 4 4.49F
R4 4 9 1uR

LOK1 10 N2 1m¥
L1K1 9 3 1.78mH
K1 LOK1 LiK1 1
R5 10 N1 1uR
R6 4
.ends

Siemens B62152A8X30
ferrite core
has Cl=1.78mn-1
mean turn length

on full corex8.9mm

0 1TR

* model for a turn of 36SWG wire
* including proximity effect

* derived from dowell m=2
.subckt 1_turn m=2 n1 n2 n3 n4
Tinl n2 12 n4 Z0 = 100R

+ F = 2.5¢8 nl1 =0.009

* nl= turn length in metres

Rl 12 5 .626R
L1 5 11 227nH
R2 12 7 15.4R
L2 7 11 93.1inH
R3 12 8 52.0R
L3 8 11 34.1nH
R4 12 9 76.4R
L4 9 11 2.59nH

LOK1 12 11 1im

L1K1 12 n3 0.009m

* L1K1= turn length in metres
K1 LOK1 LiKi 1

.ends

* model for 36SWG connection wire
* including skin effect

.Subckt connection N1 N2 N3 N4

T1 N1 N2 12 K4 2Z0 = 150R

+ F = 2.99868 nl1 = 0.009

* nl=line length in metres

R112 5 8.3R
L1 5 11 90nH
R2 12 7 3.4R
L2 7 11 36anH
R3 12 8 9.9R
L3 8 11 11.1nH
R4 12 9 22.5R
L4 9 11 1.81nH

LOK1 12 11 ImH

Li1K1 12 N3 0.004mH

* L1K1=36SHG wire length in metres
K1 LOK1 LiXKi1 1

.ends
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represented by the m turns in Fig 23. So the error of
assuming equal loss resistance in each turn is low.

Clearly, it is possible to model the loss in each turn and
connection wire separately. Fig 23 shows how these
losses may be gatheted together into a single equivalent
resistor (or ladder network). The value of k varies with the
turns ratio and the number of turns. But, for transformers
with less than 10 turns, k lies between 1.5 and 2
irrespective of the turns ratio.

So, as a short cut, it is possible to calculate the
equivalent ladder network for 1.8 turns, and use this
irrespective of turns ratio.

Fig 24 shows a version of the final SPICE model for the
transformer. Much of the complexity is due to the
modelling of skin and proximity effects. I said in part 1
that the connection length was about 6mm. In fact, the
length of the 36SWG wire was less than this, but the
transformers were mounted in test jigs made of IC
sockets, and which plugged into a further IC socket. The
connection wires to the ends of the model therefore has a
4mm connection length, but a delay corresponding to
9mm.

I formed the connection to the centre tap of the
transformer by twisting the two wires and soldering them
close to the transformer body. As an approximation, I
used two connection models in parallel, but a new model
of skin effect in the thicker soldered wire could be
constructed.
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Fig.25. Insertion Loss
spectrum of one
transformer measured
in back-to-back
circuits of Fig 7.

Black curves are
measured values, red
curves are simulations
using the model in
Fig. 24.

Fig.26. The parts of
the model which
control the Insertion
Loss spectrum of the
transformers.

Kramers-Kronig relations

components of:
the permeability of a magnetic material
the impedance of a capacitor or inductor
any arbitrary impedance.

network of passive components.

Take a load with resistive and reactive components. Draw an arbitrary graph
of the variation with frequency of the resistive component. Are you now free
to draw another arbitrary graph for the reactive component?

If negative resistance is not allowed, and inductors increase in reactance as
frequency increases, and capacitors do the reverse, it follows that the options
for the graph of the reactive component are very limited. In fact, if the
resistive component is known at all frequencies, it is possible to calculate the

reactive component's variation with frequency exactly.

Similar logic constrains the frequency and phase response of passive filters.
If it were possible to break the rules, it would be possible to see into the
future; filters could give an output in response to an input that had not yet
been applied. So resistive and reactive components of a load have to be
related in a way that produces a time response that is possible.

Strictly, the Kramers-Kronig relations connect the real and imaginary
components of the permittivity of a dielectric''. But, assuming a finite loss,
relationships of the same form exist between the real and imaginary

If an arbitrary impedance obeys the Kramers-Kronig relations, it also
follows that it must be possible to construct an equivalent circuit using a
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Fig 25 shows, in red, the curves that result from the
model. I think they are a reasonable fit.

Wire Diameter Reviewed

The transformers discussed in this article were all wound
with 8 turns of 36SWG wire. Threading the last few turns
onto the core was always a struggle because the core was
nearly full. This part has shown that I could have used
much thinner wire for the n turns, but the m turns would
have benefited from using much thicker diameter wire for
the 8:1 and 8:2 turns ratio transformers.

It is when the output impedance falls to 3€2 or less that
the ‘brass tube’ transformer comes into its own. The RF
current flows on the inside of the brass tube, allowing the
equivalent conductor diameter to be as great as the size
of the hole in the ferrite. This greatly reduces the losses
in low impedance windings.

By experimenting with the values of the component
values of the model in Fig 24, it is possible to work out
which part of the model dominates the various regions of
the spectrum of insertion loss. The results of this exercise
are shown in Fig 26. Clearly, there are further
refinements that could be made. For example, the model
makes no allowance for loss by RF radiation, yet this will
probably be significant at 1GHz where the insertion loss
is 0.2dB.

How the SPICE model measures up

InPart 1, I listed a number of deficiencies of the 'usual'
model. It would be unfair not to submit the SPICE model
to the same tests:

a) The unlike the usual model, the values of the
components in the SPICE model are constant at all
frequencies.

b) Above fy;, the SPICE model's HF attenuation has
additional HF pass-bands. The first of these happens at
around 2GHz, however, I do not claim that the SPICE
model is accurate in this region. Above 1GHz the
impedance of the connection wires plays a large part in

Deriving the values in the skin

and proximity effect models

To model the skin effect, I used the formulae given by
Ramo et all 3. The formulae are not simple, and are
prone to calculation errors because they start at low
frequency at 0/0 and finish I used as the input to the
curve fitter in SigmaPlot (this was more convenient
than Mathcad), together with a formula for determining
the complex impedance of the ladder network. This
gave values for R and L that gave a best fit to the data
for each wire diameter in Fig 20. I admit that I adjusted
the weightings for various parts of the graphs in order
to give a good fit around the transition frequency
where the skin effect becomes significant. Ref 15 gives
a method for modelling the skin effect; this results in
an equivalent, but different circuit.

I also used Dowell's approximations, again using
Mathcad Pro to generate a table of R and X against
frequency and the curve fitter to find the values shown
in Fig 22. T gave Dowell's internal reactance curves
very little weight in the curve fitter, because I suspect
that they are in error. Look at Fig 21. In the skin effect
curves, at high frequency X =R, but this is not true for
the curves with proximity effect. I suspect that the
latter break the Kramers-Kronig relations.

determining the response.

c) This article has only dealt with the magnitude of the
transmission response. This is a quarter of the whole
picture: which should also include the phase response
and the magnitude and phase response of the reflection
response. Ideally, I would have done this work using an
automatic network analyser, but a radio amateur budget

«does not stretch that far. However, from the limited tests

I have done, the SPICE model's phase response
represents a great improvement.

d) The SPICE model does not rely on L, the
unpredictable leakage inductance. This is replaced by the
predictable delay of transmission lines, and by the
characteristic impedance of transmission lines, which we
can at least make an informed guess.

e) The SPICE model works reasonably well for the
prediction of transformer matching components, whereas
the 'usual' model fails badly near fy,.

Conclusion
I have described a SPICE model for the small signal
small size RF Transformer - I think it is a success, but
then I'm bound to say that having spent five years of
spare time researching it. However, it might be said that
what I have done is measure a transformer using the
traditional short and open circuit tests, and then build a
model to fit the data, so of course it works. So the real
test will be how useful the model is to circuit designers.
T hope the separate parts - the core material, skin effect
and the transmission-line winding, prove useful on their
own. And I hope that it makes designers think of RF
transformers in a way that does not depend on leakage
inductance or lumped elements. I also hope that
manufacturers will feel prompted to characterise their
materials over an adequate frequency range and to publish
simulation models, preferably with tolerance values for the
individual components. u
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Scope probes for
differential voltages

Gould Nicolet Technologies has
introduced a range of
measurement probes for its
Ultima and Accura families of
digital and transient storage
oscilloscopes. The high
impedance probes include
differential voltage and current
models and they integrate with
the scope so that range, coupling

and offset, including automatic
zero offset calibration, can be
controlled.from the instrument.
Called the Intelliprobe range, it
includes a 400MHz probe with
up to +40V of input signal
offset. There are also 100MHz
versions. All probes have a high
common mode voltage rejection
(£1400V) The current probe is
specified up to 100A DC
coupled and is a hall effect probe
with a frequency range up to
100kHz. The Ultima 500 is a
four channel scope with
sampling speeds of 2Gsample/s.
The Accura is a 100Msample/s
sampling scope.

Gould Nicolet

Tel: +44(0) 20 8500 1000
www.gould-nicolet.com

Add-on board for AVR

development

Atmel has announced the STK
594 add-on board that supports
its AVR-based FPSLIC family
which integrates a 20MIPS 8-bit
AVR microcontroller with a
5,000 to 40,000 gate FPGA, up
to 36 k-bytes of SRAM, and
peripherals. FPSLIC devices

16-bit micro with LCD

Hitachi has introduced a 16-bit
microcontroller with 4x40
segment integrated LCD,
256byte of embedded flash and
16kbyte RAM. The
H8S/2268F is designed for
applications such as gas, water
and electricity metering. It is
available in a 5V version
running at 20MHz (50ns
minimum instruction cycle)
and in a 3V version running at
13MHz. The device’s

peripheral set includes a TPU
timer unit featuring three
channels of 16-bit timers with
up to 8 input capture or output
compare functions; three serial
ports offering support for 12C
and a subset of the smartcard
standard ISO7816-3; a ten
channel 10-bit resolution
analogue/digital converter and
a two channel 8-bit
digital/analogue converter. The
device also features the firm’s
pseudo DMA function Data
Transfer Controller (DTC) and
has low power support
including a 32kHz subclock,

H which offers a power
§ consumption of 4uA in watch

mode. It is available in a 100-
pin Quad Flat Pack package.
Hitachi

Tel: +44(0) 1628 585161
www.hitachi-eu.com

provide programmable logic and
an AVR microcontroller. The
add-on board plugs directly into
an AVR STK500 development
board, creating a development
environment. The HDL Planner
tool in System designer
automates the generation of the
FPGA design, so embedded
designers who are not familiar
with hardware description
language (HDL) can create the
FPGA portion of the design.
Atmel

www.atmel.com

8051 micro makes 50%

power saving

Philips Electronics has
introduced a family of low
power 8-bit microcontrollers for
battery-powered devices. The
80C51X2 family of micro-
controllers support both 6-clock
and 12-clock operation, and
performs over a operating range
of 2.7V to 5.5V with up to 50
per cent less power consumption
when compared to the original
12 clock 80C51 family.

Philips Electronics

Tel: +44(0) 3140272 2091
www.semiconductor.philips.com

Board simplifies I/0

layout

Dexdyne has introduced a P100
type processor single-board
computer for embedded
applications. Typical uses
include instrumentation, data
logging and telemetry
equipment, vending machines,
operator interfaces and
information displays. Called
Total-Control2, it has a footprint
of around 145 x 100mm, which
is similar to that of 3.5 hard
disk drive. Power consumption
is less than 4W at 100MHz,
making it suitable for portable
and other battery powered
applications. Using the
STPC/Atlas 586 processor
running at 133MHz, the board
will run Linux, DOS, or
Windows CE type operating
systems. The board runs from a
single 5V power supply. The

board is designed to be used as a
controller and I/O includes five
USB ports, four serial ports,
IrDa, and 10/100 Ethernet. It
will support VGA CRT and
LCD displays up to 1280 x1024
resolution, it also includes a 4/8
wire touch-screen interface.
Memory support includes IDE
interface and compact flash; its
four memory sites will
accommodate up to 128Mbyte of
surface mount SDRAM. The
board’s I/O design brings all I/O
to one edge, using a secondary
board that can be customised if
required. Designed and
manufactured in the UK, the
controller board is in production.
Evaluation systems start at £495.
Dexdyne

Tel- +44(0) 1285 658122
www.dexdyne.com

Mil-STD-1553 in BGA
package

Data Device Corporation (DDC)
has expanded its enhanced Mini-
ACE MIL-STD-1553

component offering with the
introduction of a ball grid array
(BGA) package referred to as the
Micro-ACE (u-ACE). This is
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claimed to be one of the first
MIL-STD-1553 components
available in a BGA package.
1553 is the standard two-wire
databus system used by military
aircraft as well as in defence and
space equipment.

Data device Corporation
www.ddc-web.com
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Big shrink for chip
capacitors

Murata has reduced the
dimensions of two of its high
voltage ceramic chip capacitors.
The X1/Y1 and X1/Y?2 class
devices in disc packages are up
to 20 and 15 per cent smaller
than their respective
predecessors, said the supplier.
The KX(X1/Y1) range is rated at
250V AC and offers capacitance
from 100pF to 4700pF in disc
packages with vertical leads and
diameters ranging from 8 to
15mm. They are intended for
applications in AC line filter and
power coupling. The KY
(X1/Y?2) devices range in
capacitance from 10pF to

4700pF in disc packages of
diameters from 7 to 10mm. The
lead spacing is Smm, which is
suitable for automatic insertion.
Both ranges hold IEC384-14
UL1414 approvals. Operating
temperature range is —25 to 85°C.
Murata

Tel: +44(0) 1252 811666
www.murata.com

Differential amplifier
for high speed ADCs

Analog Devices is targeting its
latest fully differential low noise
amplifier at applications
replacing op amps in some high
speed analogue-to-digital
conversion (ADC) circuits. The
ADB8351 device is designed to
drive 12- to 14-bit ADCs at
70MHz. The ampilfier’s -3dB
bandwidth is 2.2GHz with a gain
of 12dB which means it will also
support 10-bit distortion
performance at 240MHz. Slew
rateis 11.00V/us. Based on the
firm’s eXtra Fast Comple-
mentary Biplolar (XFCB) and
Silicon on Insulator (SOI)
manufacturing processes, the
device draws 135mW at full
bandwidth. The amplifier has a
noise spectral density of
2.2nV/NHz and 2nd/3rd order

harmonic distortion of —79/-81
dBc at 70MHz. Target
applications are expected to be in
3G telecoms infrastructure and
test systems. The AD8351 is
currently sampling and available
in a compact 10-pin microSOIC
package.

Analog Devices

Tel: +44(0) 1932 266000
www.analog.com

12-bit ADC comes in
SOT-23 for neatness

Microchip’s latest 12-bit
analogue-to-digital converter
(ADC) with an 12C interface is
available in a SOT-23 package.
The MCP3221 is a successive
approximation 12-bit ADC with

Ericsson Power Modules has
expanded its PKD series of
single-output, lead-free DC-
DC power modules to include
versions with 1.2V/14A,
1.5V/14A, 1.8V/14A,
2.5V/12A and 5V/6A outputs.
All use a 48V input. The
module dimensions are a
height of 7.5m on a footprint
of 46 x 50mm.

With efficiency specified at
88 to 90 per cent, they are
designed to provide full
power in ambient
temperatures up to 70°C when
force cooled at 1m/s. The
supplier attaches specific
importance to the product’s
lead-free design. Its
input/output isolation is
1500V DC and typical mean
time between failures
(MTBEF) is over 590 years at
75°C.

Lead-free DC-DC with 1.2V/14A output

a 2-wire serial interface which
enables sampling rates up to
22.3ksample/s for high
bandwidth signals. Active power
consumption is 175pA with a
typical standby current of SnA.
It can operate from a single 2.7V
to 5.5V supply and there is
sample and hold circuitry on-
chip. The design also makes it
possible to have a single 12C bus
while addressing up to eight
different devices. The device is
specified for a standard
industrial temperature range (—4
to 85°C).

Microchip

Tel: +44(0) 118 9215858
www.microchip.com

6W DC-DC converter
on the surface

Power-one has added to its range
of surface-mountable DC-DC
converters. The NV series
provides up to 6W of output
power from a 24-pin DIL surface
mount package with a profile of
8.5mm. Providing input-to-
output isolation of 1.5kV DC,
models are available with single
and dual outputs from 3.3V DC
to 24V DC. Four input voltage
ranges are available: 9 to 36, 18
to 36, 18t075, and 36 to 75V
DC. Features include magnetic
feedback for operation up to
110°C, continuous short-circuit
protection, input-transient
protection, and lead coplanarity
within 0.1mm.

Power One

Tel: +44(0) 1425 474752
www.power-one.com

Power switch replaces
transformers

Power Integrations has
introduced a switching power
supply IC that is designed to
replace linear transformers in
adapters and battery chargers
rated at 3W and below.

The linkSwitch LNK501 enables
a fault protected, universal input
(85V AC to 265V AC), constant
voltage constant current
(CV/CC) output switching power
that meets worldwide energy
efficiency standards. The device
is available in both through-hole
and surface mount DIP

Ericsson packages.
Tel: +44(0) 046 8568 69620 Power Integrations
www.ericsson.com Tel: 408 414 9200
www.powerint.com
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FREQUENCY SHIFTER
FOR HOWL REDUCTION

R, T |

1For public address and sound reinforcement.
1Provides more gain and greater stability.
15Hz Fixed Shift Board with mains supply.

i

1Advanced Active Aerial 4kHz-30MHz.
1Stereo Variable Emphasis Limiter 3.
1PPM10 In-vision PPM and chart recorder.
1Twin PPM rack and Box Units.

1PPMS5 hybrid, PPM9 microprocessor and
PPM8 IEC/DIN -50/+6dB drives and
movements.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh GU6 7BG
Telephone: 01483 275997 Fax: 01483 276477
s.e@ndirect.co.uk

RADIO MODEMS
WIRELESS CCTV
RADIO MODULES

No Licence |

Range up
to 20Km

Data Rates
up to
50Kbps

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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ESOHIMATIC SIMULATION ' PCB * AUTOROUTING ' CADCAM ' DESKTOP MANUFACTURE

Be The

“a qua

Users all over the world are
discovering Electronic
Design Studio 3 (EDS 3),
with it’s modern user
interface and powerful tool
set. And now with the
launch of the Standard
version of EDS, prices start
at just £49%*,

All versions of EDS include
fully integrated schematic
and PCB design with
autorouting and simulation
built in. The powerful
editing tool set including the
Project management
system are also included.

More advanced versions
include copper pour with
support for unlimited zones,
cross-probing, heirarchical
and multi-sheet design, rip
up and retry routing,
extensive CADCAM options
and our new Desk Top
Manufacturing (DTM)
system.

Call us know for a free
information pack, or try the
online trial version at
www.dotgr.com

SPICE/XSPICE Simulation 4 v (4 v
Realtime Connectivity Checking v v % v
Multiple Sheet Schematics v

i‘ Pour Iimi Znes 5 e i A . _‘
lpp an ry Atorur g | -
Hirchlcalctks R
p Mnun optio 0
Send me Frice inc udes UK P&P and VAT. Other variants available, Pin limits may apply.

[J EDS 3 Standard 300 at £65 (] EDS 3 Personal 300 at £91

[l EDS 3 Advance 1000 at £299 (] EDS 3 Ultra at £476
Name/Address

Card Number Expiry

Signature

Phone/FAX 01422 255010/255014
www.dotqr.com

Eitepe
" Copyright © 2002 Quickroute Systems. E.&.O.E. Qul

ICKROUTE
*Price excludes VAT and P&P. SYSTEMS
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24-bit ADC has variable
speed design

Linear Technology has
introduced a 24-bit ADC
incorporating the firm’s ‘No
Latency Delta Sigma’ variable
speed/resolution architecture -
which offers 10 speed/resolution
modes. A 6.9Hz output rate
mode offers simultaneous
50/60Hz rejection, 25 million
counts at +2.5V input range and
500,000 counts at +50mV input
range.

The 880Hz output rate mode, of
the LTC2440 as it is called,
achieves 2uVgps noise for
control loops and tracking
rapidly changing input signals.
Maximum output rate is 3.5kHz
and all speed/resolution modes
are selectable through a serial
interface.

Transparent auto calibration is
said to make output codes
independent of time, )
temperature, supply and speed
selection.

The digital filter always settles in
one conversion cycleeven if
there is a change in
speed/resolution or a change in
an external multiplexer input
channel.

Absolute accuracy (Sppm INL,
1ppm offset, 10ppm full-scale) is
independent of changes in the
output rate. The LTC2440 comes
in a 16-pin SSOP package in
industrial and commercial
temperature ranges.

Linear Technology

Tel: +44(0) 1276 677676
www.linear-tech.com

100A circuit breaker

has status

E-T-A is offering 100A circuit-
breaker-for-equipment (CBE)
with an auxiliary contact to
provide status information. This

is a modified version of its
existing standard E-T-A 452

which is used in aircraft flight
decks, telecommunications and
process control, said the
company. The firm’s new
version, with status contact, is a
combined push/pull switch and
circuit breaker with a thermal-
magnetic tripping mechanism for
thread-neck panel mounting in
low voltage applications and is
available in a range of current
protection values from S0A to
100A. Inside a solenoid provides
rapid cut-off in the event of
short-pulse high-current
overloads, and the bi-metal
thermal cut-out, in series with
this solenoid, responds to
prolonged low value over-loads.
E-T-A

Tel: +44(0) 1296 420336
www.e-t-a.co.uk

Toroidal inductors
have MPP core

Standex Electronics is making its
surface mount toroidal inductors
available with a molypermalloy
powder (MPP) core. The original
ST2006 and ST2207 cores used a
ferrite. New SP2006 and
SP22007 families come with
values up to 330uH.

The use of MPP extends
temperature range from 85°C to
155°C, gives better saturation
characteristics, and is better
suited to frequencies up to
500kHz where the current is
mainly DC. The most common
applications for the SP and ST
Series inductors are DC-DC
power converters for portable
electronic devices. This is
generally any battery-operated
handheld portable electronic
device containing a power
supply for which space and
weight is at a premium.

Standex Electronics

Tel: +44(0) 1513 871377
www.standexelectronics.com

IP65 sealed enclosures
are glass reinforced

Hammond Electronics has
introduced a family of IP65
sealed heavy duty watertight
glass reinforced polyester
enclosures. Suitable for the
electrical, electronic, process and
other industries where a rugged,
corrosion and shock resistant
housing is required,
the1590ZGRP family provides a
lightwave alternative to die-cast

TDL Technology announces
their Model 403, Stereo RIAA
phono preamp designed to
drive a sound card’s line-input
for restoring vinyl LP records
which were recorded using
RIAA equalization. The
preamp uses low-noise
opamps and features low
output noise and low power
line hum pickup. When used
with a high-quality

Stereo RIAA phono preamp

complete isolation from the
power mains and the cast
aluminium enclosure
minimises the pickup of
unwanted interference.

A full data sheet and user
guide in PDF format can be
downloaded from their web
site.

TDL Technology

Tel: 505 382 8810

direct drive
turntable, this
preamp will
readily produce
CD-quality wave
files with little
software editing.
The internal
rechargeable
batteries provide

% TDL* TECHNOLOGY. INC.
Dy Lok Cruros. NI USA
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Stereo RIAA
Phono Preamp

Model 403 oureuT

20 14 Rumbin Fites IN
G
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aluminium enclosures. The seven

units in the family range in size
from 80 x 75 x S5mm to 260 x
160 x 90mm.

All sizes feature an internal
mounting shelf and captive
mounting nuts moulded into the
base section; the lid is secured
with four captive screws located
outside the gasketed tongue and
grove seal and the unit can be
mounted to a surface through
box blind holes, again outside
the gasket protection.

The thick wall design provides
good impact resistance and
allows components to be
securely screwed directly into
the body of the enclosure without
compromising the IP65 sealing.
Hammond Electronics

Tel: +44(0) 1256 812812
www.hammondmfg.com

Schottky diodes are
this small

Rohm Electronics has expanded
its range of Schottky diodes with
seven surface mount devices that
are designed for small size. The
diodes feature forward voltage
ratings down to 0.28V (ata
forward current of 1mA) and
reverse current ratings as low as
0.5uA. All devices are supplied
in small mould type packages
with footprints ranging from 2.0
x 1.25mm downto 1.2 x 0.8mm.
Average rectified forward
current (lo) for the RB480Y and
RB481Y is rated at 100mA,
while all the other devices offer
an lo of 30mA. At 0.28V, the
RB481Y diode has the lowest
forward voltage characteristic of
the new range, while the
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GIANT 10” 7 SEGMENT DISPLAYS

A bulk purchase enables us b bring b you these
GIANT 7 segment digital displays at a now affordable
price!! The 10” character size gives exceptional read-
abiity at long distances and enables a host of applica-
tions including, score boards, digital clocks, coun-
ters, event timers etc. As the units are a simple
electromechanical device and operate from 12 V DC,
simple switching via switches, relays, PIC or PC ma
be used to control single or multiple digits. Units feature &
integral ‘Zero Power' memory which greatly simplifies ;
design. For an excellent DIY practical article, see the May issue of
‘Everyday & Practical Electronics’ magazine. Ideal School / College con-
struction project. Supplied in good RFE condition, complete with data sheet.

Less than30% Only £29.95) or 4 / £99.00(0)

of makers price ! Order RW44 Order PH26

THE AMAZING TELEBOX

TV SOUND &

VIDEO TUNER
CABLE COMPATIBLE *

7 sogmment dispiays

TR B g RlR S
Converts your colour monitor into a QUALITY COLOUR TV!!
The TELEBOX is an attractive fully cased mains powered unit, containing all
electronics ready to plug into a host of video monitors or AV equipment which
are fitted with a composite video or SCART input. The composite video output
wil also plug directly into most video recorders, allowing reception of TV
channels not normally receivable on most felevision receivers* (TELE-
BOX MB). Push button controls on the front panel allow reception of 8 fully
tuneable ‘off air' UHF colour television channels. TELEBOX MB covers virtu-
ally all television frequencies VHF and UHF including the HYPERBAND as
used by most cable TV operators. Ideal for desktop computer video sys-
tems & PIP (picture in picture) setups. For complete compatibiity - even for
monitors without sound - an integral 4 watt audio amplifier and low level Hi Fi

audio output are provided as standard. Brand new - fully guaranteed.

TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
*Forcable / hyperband signal reception Telebox MB should be con-
nected to a cable type service. Shipping on all Telebox'’s, code (B)

State of the art PAL (UK spec) UHF TV tuner module

with composite 1V pp video & NICAM hi fi stereo sound

outputs. Micro electronics all on one small PCB only 73 x

160 x 52 mm enable full tuning control via a simple 3 wire link to
an IBM pc type computer. Supplied complete with simple working
program and documentation. Requires +12V & + 5V DC to operate.
BRAND NEW - Order as MY00.  Only £39.95 code (B)
See www.distel.co.uk/data_my00.htm for picture + full details

HARD DISK DRIVES 2fi" - 14"

2fi" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £59.95
2fi" TOSHIBA MK4313MAT 4.3Gb laptop (82 mm H) New £105.00
2fi" TOSHIBA MK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00
2fi" TOSHIBA MK1814GAV 18 Gb laptop (12 mm H) New £149.95

2fi" to 3fi" conversion kit for Pc's, complete with connectors  £15.95
3fi"COMPAQ 313706-B21 (IBM) 9 gb ULT/SCSI3  New £199.00
3fi" FUJI FK-309-26 20mb MFM I/F RFE £59.95
3fi" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95
3fi" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00
3fi"* QUANTUM 40S Prodrive 42mb SCSI I/F, New RFE £49.00
5" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95
5" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95
5" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95
5" HP 97548 850 Mb SCS| RFE tested £99.00
5" HP C3010 2 Gbyte SCSI differential RFE tested £195.00
8" NEC D2246 85 Mb SMD interface. New £99.00
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00
Many other floppy & H drives, IDE, SCSI. ESDI etc from stock,

see website for full stock list. Shipping on all drives is code (C)

£245
£995
£1850
£3950

MITSUBUSHI FA3445ETKL 14" Ind. spec SVGA monitors
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies
FARNELL AP30800-30VDC @ 80 Amps, bench Suppy
KINGSHILL CZ403/1 0-50V @ DC 200 Amps - NEW

1kW to 400k W - 400 Hz 3 phase power sources - e x stock
IBM 8230 Type 1, Token ring base unit driver

Wayne Kerr RA200 Audio frequency response analyser
INFODEC 1U, 24 port, RJ45 network patchpanels. #TH93
3COM 16670 12 PortEthernethub - RJ45 connectors #LD97  £69
3COM 16671 24 Port Ethernet hub - RJ45 connectors £89
3COM 16700 8 Port Ethernet hub - RJ45 connectors NEW £39
IBM 53F5501 Token Ring ICS 20 port lobe modules POA
IBM MAU Token ring distribution panel 8228-23-5050N £45
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE 1/O £550
ALLGON 8360.11805-1880 MHz hybrid power combiners

Trend DSA 274 Data Analyser with G703(2M) 64 i/o

Marconi 6310 Programmable 2 to 22 GHz sweep generator
Marconi 2022C 10KHz-1GHz RF signal generator
HP1650B Logic Analyser

HP3781A Pattern generator & HP3782A Error Detector
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts
HP6264 Rack mount variable 0-20V @ 20A metered PSU
HP54121A DC to 22 GHz four channel test set
HP8130A opt 020 300 MHz pulse generator, GPIB etc
HP A1, AD 8 pen HPGL high speed drum plotters - from
HP DRAFTMASTER 1 8 pen high speed plotter
EG+G Brookdeal 95035C Precision lock in amp
Keithley 590 CV capacitor / voltage analyser

Racal ICR40 dual 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS - New batteries
Emerson AP130 2.5KVA industrial spec.UPS

Mann Tally MT645 Hi?\? speed line printer

Intel SBC 486/133SE Multibus 486 system. 8Mb Ram

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK
10,000,000 items EX STOCK

For MAJOR sAvINGS
CALL or see web site www.distel.co.uk

COMPUTER MONITOR SPECIALS

) Legacy products
High spec genuine multysync.
CGA,EGA, VGA, SVGA

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monitor with fine
0.28 dot pitch tube and resolution of 1024 x 768. A vari-

ety of inputs allows connection to a host of computers

~ including IBM PC's in CGA, EGA, VGA & SVGA

modes, BBC, COMMODORE (including Amiga 1200),

ARCHIMEDES and APPLE. Many features: Etched

~ faceplate, text switching and LOW RADIATION MPR
specification. Fully guaranteed, in EXCELLENT little
used condition. Titt & SwivelBase £4.75

VGAcable for IBM PC included. Only £1 29 (E)
External cables for other types of computers available - CALL

Order as
CG73

Generic LOW COST SVGA Monitors
We choose the make, which includes Compagq,
Mitsubushi, IBM, etc. Supplied ready to run with all
cables, Standard RTB 90 day guarantee.

14” {5: 177
£59.00| (£69.00( [£79.00
order TD84 order TG21 order TJ66

Supplied in good used condition. Shipping code (D)

VIDEO MONITORS

PHILIPS HCS35 (same style as CM8833) attractively styled 14”

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

used condition - fully tested - guaranteed
Bimensions: w14+ % iz x s o Only £99.00

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

Only £79.00 ()

240V AC mains powered.

INDUSTRIAL COMPUTERS

Tiny shoebox sized industrial 40 Mhz 386 PC system measuring
only (mm) 266 w X 88 h X 272 d. Ideal for dedicated control appli-
cations running DOS, Linux or even Windows ! Steel case con-
tains 85 to 265 V AC 50/ 60 hz 70 Watt PSU, a 3 slot ISA passive
backplane and a Rocky 318 (PC104) standard, single board com-
puter with 8 MByte NON VOLATILE solid state 'Disk On Chip’
RAMDISK. System comprises: Rocky 318 (PC104) SBC ISA card
with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16 Mbyte
SIMM, AMI BIOS, battery backed up real time clock. 2 x 9 pin D
16550 serial ports. EPP/ECP printer port, mini DIN keyboard con-
nector, floppy port, IDE port for hard drives up to 528 MByte
capacity, watchdog timer and PC/104 bus socket. The 8 MByte
solid state 'disk on a chip’ has its own BIOS, and can be fdisked,
formatted & booted. Supplied BRAND NEW fully tested and guar-
anteed. For full data see featured item on website. Order as QG36
100’s of applications inc:
firewall, routers, robotics etc Only £99.00 o)
MS Unless marked NEW, items in
this section are pre owned.

HP6030A 0-200V DC @ 17 Amps bench power supply £1950
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
PHILIPS PM5518 pro. TV signal generator £1250
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM high speed band printer £1950
Fujitsu M3041D 600 LPM printer with network interface

Siemens K4400 64Kb to 140Mb demux analyser

Perkin Elmer 299B Infrared spectrophotometer

Perkin Elmer 597 Infrared spectrophotometer

VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250
LightBand 60 output high spec 2u rack mount Video VDA's £495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
B&K 2633 Microphone pre amp £300
Taylor Hobson Tallysurf amplifier / recorder £750
ADC SS200 Carbon dioxide gas detector / monitor £1450
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor
ANRITSU ML93A optical power meter

ANRITSU Fibre optic characteristic test set

R&S FTDZ Dual sound unit

R&S SBUF-E1 Vision modulator

WILTRON 6630B 12.4 / 20GHz RF sweep generator
TEK 2445 150 MHz 4 trace oscilloscope

TEK 2465 300 Mhz 300 MHz oscilloscope rack mount
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc
TEK TDS524A 500Mhz digital realtime + colour display etc
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser
PHILIPS PW1730/10 60KV XRAY generator & accessories £POA
VARIACS - Large range from stock - call or see our website
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs £2900

Surplus always
wanted for cash!

19" RACK CABINETS

Europe’s Largest Stocks of
quality rack cabinets,
enclosures and accessories.
Over 1000 Racks from stock

\‘0
229
5‘25’

This month’s special
331/42/47 U - High Quality
All steel Rack Cabinets

Made by Eurocraft Enclosures Ltd to the highest pos-
sible spec, rack features all steel construction with - -
removable side, front and back doors. Front and
back doors are hinged for easy access and all
lockable with five secure 5 lever barrel locks.
The front door is constructed of double walled |
steel with a ‘designer style’ smoked acrylic front
panel to enable status indicators to be seen
through the panel, yet remain unobtrusive.
Internally the rack features fully slotted rein-
forced vertical fixing members to take the heavi-
est of 19” rack equipment. The two movable !
vertical fixing struts (extras available) are pre f
punched for standard ‘cage nuts'. A mains dis- |
tribution panel internally mounted to the bottom L5
rear, provides 8 x IEC 3 pin Euro sockets and 1 x
13 amp 3 pin switched utility socket. Overall ventila-
tion is provided by fully louvered back door and double skinned top
section with top and side louvres. The top panel may be removed
for fitting of integral fans to the sub plate etc. Other features
include: fitted castors and floor levelers, prepunched utility panel at
lower rear for cable / connector access etc. Supplied in excellent,
slightly used condition with keys. Colour Royal blue. some grey
available - CALL - Can be supplied in many other configurations.

33U 42U 47U
Orderas BC44 | Orderas DT20 | Orderas RV36

External dimensions|{External dimensions|External dimensions
mm=1625H x 635D xJmm=2019H x 635D x|mm=2235H x 635D x
603 W. (64" H x 25"|603 W. (79.5" H x 25"|603 W. (88" H x 25"
D x 23fI" W) D x 23fI" W) D x 23fI"W )

Only Only Only

£245 | £345 | £410

Call for shipping quotation
COLOUR CCD CAMERAS

Undoubtedly a miracle of modern technology &
our special buying power ! A quality product fea-
turing a fully cased COLOUR CCD camera at a
give away price ! Unit features full autolight sensing for
use in low light & high light
applications. A 10 mm fixed focus
wide angle lens gives excellent focus
y and resolution from close up to long
2 range. The composite video output will
connect to any composite monitor or TV
(via SCART socket) and most video
recorders. Unit runs from 12V DC so
: 5 : | ideal for security & portable applica-
. . “% tions where mains power not available.
Overall dimensions 66 mm wide x 117 deep x 43 high. Supplied
BRAND NEW & fully guaranteed with user data, 100's of applica-
tions including Security, Home Video, Web TV, Web Cams etc, etc.

Order as LK33 ONLY £79.00 or 2 for £149.00 ()

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged. ONLY £89.00 ()
ENCARTA 95 - CDOROM, Not the latest - but at this price! £7.95
DOS 5.0 on 3fi" disks with concise books c/w QBasic . £14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00
Windows 95 CDROM Only - No Licence - £19.95
Wordperfect 6 for DOS supplied on 3fi" disks with manual £24.95

shipping charges for software is code B

SOLID STATE LASERS

Visible red, 670nm laser diode assembly. Unit runs from 5 V DC at
approx 50 mA. Originally made for continuous use in industrial bar-
code scanners, the laser is mounted in a removable solid aluminium
block, which functions as a heatsink and rigid optical mount. Dims of
blockare 50 w x 50 d x 15 h mm. Integral features include over tem-
perature shutdown, current control, laser OK ouput, and gated TTL
ON / OFF. Many uses for experimental optics, comms & lightshows

etc. Supplied complete with data sheet.
ONLY £24.95 (4

Order as TD91

DC POWER SUPPLIES

Virtually every type of power supply you
can imagine.Over 10,000 Power Supplies
Ex Stock - Call or see our web site.

RELAYS - 200,000 FROM STOCK

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

Open Mon -Fri9.00 - 5:30

e e ALL MAIL TO 18 Million Items On Line Now !

: ®eee® | Dept V_VI_,hZQ /t35 ?ISbg:ne Rd Secure Ordering, Pictures, Information
B e ornton Hea o A

coee” : Surrey CR7 8PD, UK VriSigm www.distel.co.uk

Secure Site

email = admin@distel.co.uk

ALL !A? ENQUIRIES

0208 653 3333

FAX 0208 653 8888

Al prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Govermment, Schools,
Universities and Local Authorities - minimum account order £100. Cheques over £100 are subject to 7 working days clearance. Carriage charges (A)=£3.50, (B)=£6.50, (C)=£10,
(D)=£15.00, (E)=£18.00, (F)=CALL. Allow approx 3 days for shipping - faster CALL. All goods supplied to our Standard Conditions of Sale which can be viewed at our website and
unless stated guaranteed for 90 days. All guarantees on a retum to base basis. Al rights reserved to change prices / specifications without prior notice. Orders subject to stock.
Discounts for volume. Top CASH prices paid for surplus goods. All trademarks, tradenames etc acknowledged. © Display Electronics 2002 E & O E..
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NEWPRODUCT 22002 ( & ICM7556  £0.84 27C2001-15. £4.4] Bridge Rectifiers 2N4036  £0.34 BC557A  £0.09 TIP2
S 1 i) L LissV £236 27C4001-120£5.84 1A'5’U\7 F0ss SN440]  £008 BCassB  £0.09 Tipaoa 030
e e, |~ L 272M £172]1 93C46N ~ £0.64 JATOOV  £036 2N4403  £0.09 BC557C 0.08 TIP30C £0:37
d : . L 3; 1253 £403 JA200V  £039 2N5245  £080 BC558A  £0.08 TIP31A £037
Please quote Electronics World when seeking further information Q0 [20on  fady GMveces £3.60 MARUDY,  EO9ONRTAC  E03f Beed} RO TR R0%e
NIC COMPONENTS £a 7% £148 Ue2eanDey €142 120000V £019 22231 EV4h BeBos  £009 HPRE  £074
g | S N D ﬁfl‘,cc:’j:“'” il 12A400v  £020 28BS4  £030 BCe3s £O0Q TRAIA 8047
RB751S-40 and RB751V-40 by Japan.ese f1rm.UBE. switching and line cards can be double up as PCB retention i | g (3N 2040 Rata Asquisl 157 800V £02¢ Acizy £0.40 Beadh £021 Tlbiza 0%
have the lowest reverse current Electronics, the filters in the UF fitted to each side of the card so points for additional strength. Station Road, Cullercoats ml‘ e LF356CN %8;83‘ AD420AN £25.38 5}5’]\010'9/ 583%2 ﬁ%} SZ :2_8;89 38238 58;}‘3 H*;g%c 58;513
ratings at 0.5pA. The forward series include both surface- that each switching card can The plugs are supplied Tyne & w...:-, NE30 4pq’ =t .’.E LM311]QEI 58-32 AB7R2BIN £11.4 NIV E03e ﬁg;’w £199 BevA 58'%% HWZ% £038
voltage of the RB480Y is mount and dielectric devices. interface directly with each line assembled to the EIAJ : ) e ‘Moaons 52)'8(5) AD7823KN ?23% gﬁ ?188& %8:% ﬁB%%Z E(E)gg?BgV%n Eg:gg Tip122 Q&?A
specified as 0.38V, with the Typical maximum VSWR is 2.0 card. configuration in 1.5 or 3 metre UK fz:r;?isobécgfgo\/(?;g Ké’f’ Tkg) '52 Aaass gg:;Z %{%’gggﬂ_ 5%% 3A 600V 58233 588;5 £0.16 80131 58148 TIp125 £0.33
RB715F, RB715W RB731XN and signal attenuation ranges up According: to the supplier, this lengths, and feature side latches ch 93? ngfc;*ef c}"“" Tkg bl ZE (M33N  £025 TLC549IP  £207 i 200V EO:;E BC108 £0.14 BD135 £02§? HP%Z? 58:%2
and both the RB751.S—40 and to 55dB. can have signal speed and that give an audible click when e§§§SE|ec?rsogic°cr;oen:s S,‘,’;’,‘?fs,e e . 83 HMAsggg g?ﬁgg X%;'c’%g?'zé,gg 32 288\\5 58238 EE 83?: Egi}g EB}% 58.'3:]3 ng; Egﬁ
RB751V-40 all having forward Microtek integrity benefits over current fully mated. b R A U R 0 [0 NN E0AT }%Eggg”‘gjs Eg'gg A %88¥/ 58'2% Bc109c 58% EB} 3 £023 Tip142 58'3?
; d ; sahi i ; 30 LM386 £0.45 A 3 6A 400V 53 BC114 £0.19 BD140 0.25 TIP147 ]
voltage ratings of 0.37V. Tel: +44(0) 1256 355771 designs where the switchingand  Hirose 4000Serles ~74C32  £010 7HN7 030 IMISIN  £079 16C34cosr £1.49 G2 400V 023 BEyis Sy ooue. B Y
Reverse currents are specified as ~ www.microtek.co.uk line cards each have to be Tel: +44(0) 1908 305400 4001B £0.16 74HC73  £040 7415112  £024 LM393N ~~ £0.21 16C54BJW ~£7.60 gA ooV £0.98 BC118 £0.4] BD20] £0.40 TIP3055 ~ £0.3
: 40028 £0.19 74HC74  £0.19 74L$]13  £0.23 LM748CN8 £0.37 16C56A-04P £1.63 8A200V  £1.00 BC132 £0.36 BD202 £070 ZVN3306A £0.32
1.0uA for the RB480Y, RB715F, connected to a backplane. As a www.hirose.com 4007UB £0.19 74HC75 £0.31 7415114 €038 tmgg}N gg.?g 16F84-04P  £3.14 8A 400V £1.04 EE 34 58’32 gggg; £0.50 ZVN4306A £0.74
RB715W and RB731XN. Edge connector result cards can be positioned a0ss 023 74nCre 020 7AINSE K031 IMALINe Eodd loror e S276 S5O00  ElU0 BCl4D  £075 BDad  £0ds FVPISDeA £047
Maximum reverse voltages are rovides backplane back-to-back through the mid- Shock sensor for sl o ancee,  EoA2 raRiz g8 IMagrg | 14 167877-20P 2601 231 300V £138 Belar 0% Boaise BT AN 2D
OVEORA0V! depenidingon. th P P 1 2 o Aol e 40128 £076 74HC123  £033 7418132  £026 LM3913 = £2.10 Voltage 25A 600V £]1.82 BC143 £0.38 BD246C  £1.18 ZTX450  £0.19
pending on the plane at a 2mm spacing. Also by safety critical 40138 £019 74HC125  £0.26 7415133 £0:36 LM13600  £1.10 Regulators 35A £1.67 BC154 £0.36 BD283 £0.61 ZTX451 £0.19
device chosen. short-cut positioning differential pairs in 4014B £0.30 74HC126  £0.44 7415136  £0.23 LMC60CN £1.44 73 05 £0.24 35A 100V £1.57 BC157 £0.12 BD284 £0.61 ZTX453 £0.26
Rohm The HSHM series of high speed rows instead of columns the ba|a|10ing 0126 8026 74061 B%a 74313 Egggét%(‘:?'q'aw £074 7508 8z BAY e Beidd £026 83137 0% fhe% 17
. 3 . i : [ 56 LP324N  £072 7812 £0.27 35A 600V  £1.90 BC170B  £0.16 BD442 £0. ¥
Tel: +44(0) 1908 282666 backplane connectors from 3M signal skew that can arise from Hamlin Electronics is launching 2‘8%3 582%2 ?ﬁﬂ% %E 58;%8 ;3 LS ﬁg 28‘22 Ilﬁ?g?ycm g%i ;gﬂ_gs Eg% 35A 1000V £1.98 EE ;12 g gg.}g ggggé 28.2; %Kgg? 583%
www.rohm.co.uk is designed to offer signal backplane interconnectors can be  a range of shock sensors ’ quiee £032 ik Sl 7aRlal 2022 MAXA0ICPE €] 19; 78108 &égﬁgg et o 10 RETT £0.23 BD58I 5020 FIX0s  £032
shielding when the connectors reduced and even eliminated, available in four different ﬁgg%g 583312 ;jng gg gggg ;ﬁ: :5-,9 58;%3 M;A&HOCPE Egﬁgé 78112 £0.18 %’}'155016,1500R 58;},2 EE ;g Egi}g 382% Egﬁg% 2%(221 nggg
Ceramic filters with are used at right-angles to each said the supplier. sensitivity options, 2G, 2.5, 5 40238 £0.02 7aHC157 gg’.gg i b MAX222CPE £2.08 78102 £ CloeDl o 93¢ Ecigs, Ry ERem £022 ZiIxeasL | 4508
. ) other so maintaining isolation v and 10, and can now be used for 40258 £020 741iC120 5064 2415161 £0:32 MAXABICP  £3.13 78305, £0/3 TIC106D  £0'29 BCIS3L  £0.08 BDX32 £1.78 ZTX690B  £0.37
low insertion loss between differential pairs. Asa  Tel: +44(0) 1344 858000 ’ 4028 £070 7ancig)  cogs sARer K044 \(WNE AT 200 RSNsT  Gooh nCINeD  E068 GO0EL D10 BONIAC  £030 ZIX/0  £02d
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Link Microtek has a range of result, said the supplier, www.sendmeone.info/3mhs 28%8% ggﬁgg Zat! 063 58%3 7ars1es 58;23 AMA%((?%%E; ;’%%gg ;é?g igéé E‘r136-500 £058 §§§§§% g(é:%% 5?8258 g(g) ;17 ﬁgggé gggﬁ
microwave dielectric filters and connectors on on opposite sides 28325 %8‘,%17 Pae 58'33 7 7 58;32 MC148 £040 7924 £0.38 B1136-600 %8-2(5) BC209A  £0.72 BF182 203 T190A 204l
duplexers featuring maximum can be arranged in row and PCB connector for 38“}?5 58%‘]‘ 74HC174  £027 7312 3 58%8 M%gg? 28 52 7 5045 BT137-800 £0.58 Be2lz, 58:68 E8 5039 21821 58;28
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insertion loss figures in the column formation respectively. . ioa2n £322 74n £072 7412192 5040 MK484 £0.66 79124 £0:30 BT139-600 = £120 Be213(C  £0.11 BF244 £0:35 ZTX1048A £0148
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gold plated contacts, in straight applications such as low 40638 £0°8 74NCIe]  £025 74325 £045 ORIVEGR  £309 D 7500000 TIC246M  £1.00 Be327 .,  £008 BEYS2 £028 Sameday des-
or right-angle through hole sensitivity detection, to sense 40678 £2720 74HC373  £035 7413273  £032 QP17/GP  £1.86 REFOTCP ~ £2.40 TIG2360 £1.17 BC328 £0.09 BS170 £0120 |patch-on_all stock
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versions, that are all capable of overloading or ‘off balance’ and 282355 58:{3 %HE%(} 2813‘3 ;2‘ X %3 %8% 8!;%}25% gg.go {&Eﬁ?gg gg% Bg;cazv o 88337-25 £8.og gb’%%gﬁ £1.40| helpful staff.
mounting on a panel up to 3mm in security applications to sense 3‘8;?5 §8;;3 ;ﬁﬂggﬁ 28;32 ;3‘ 32? 58;%} 8%3%8; gg%; ZN458B  £1.41 ypansistors Eggzga xggjig E§?§8§3 gijégj 5::#:.!:;:;2
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thick. The outer shell of this if a product or package has been Frod FO18 7aHCaed  £0%8 7AS373 £321 Orooocp  £298 Dinslies s NI B838 Bc39s £0'73 BUSO. £10¢| for all small
connector will always ground moved or dropped. The shock 40758 £0.17 74HC573  £0.28 7418374 £0.38 OPFIGE  £4.64 1No16 £003 2227 £01s BCHAT e £0.57 | (<Tkg) orders of
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before signal contacts, protecting  sensor is particularly suited to 40778 £078 7anChes  £079 7413990 £033 et Hioh N4GI  £003 INZGdE  £102 peags 2022 BN AR A el
equipment against the effects of ‘safety critical’ applications, said 4081B £0.16 74HC4002 £0'37 74L5395  £0.26 $G3524N  £0.70 N4084 20;83 IN2905A  £0.30 BC478 £0.45 BUZ90OP  £5.92
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cost, high-volume applications. ~ 6x6mm ball grid array chips. Cambridge Silicon Radio serial interface standard IEEE 321285 %8:82 600 £072 QBWQN %ﬂg ¥E€6511C]I§ o4y A8 £0:30 2N3904 58:98 ggggg% 55:8'62; QAJ|§2‘94N203LT 803
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more towards headsets. The control function, and bridges 40388 238 74832 %8:%} ADMBOTAN ggigg UABEN o% Q%0 £ é“!ﬁ%“lbzw]s?“" il OW:.so/m 1o Vialuo Requirad <omoctoles cept
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codec, microphone amplifier Typical application fields are o e 741342 £047 CANS0E  £087 UINZBOAA £039 DEAO0Z  E0.08 KU TOne Sauare, Top Adius. E3 1006-1M0.0:5W £0.81 Each
and Speaker drivers. PCs and PC peripherals that have 74HC00 £0. 741547 £0.48 CA3140E  £0.57 gPROM’s UF4004 £0.09 uhltm, 19mm LonB'End Rg“g‘. F|3 509-1MP 0.5W £0.59 Each
i 74HC02 £0.16 2 LSS £0.24 CA3240E £0.92 241C08BP  £0.73 UF4005 £0.10 Potentiometers - Please Value Requir
Component count is further IEEE 1394 and/or USB 1.1 -16 741573 £0.36 DG211C)  £1.25 5 ‘69 UF4006 £0'10 Single Gang %" Shaft, 25mm Dia. 470Q-2M2 Linear £0.56 Each
74HCO3  £0.21 4LCT6BP  £0.69 ; Y
. K 741574 £0.18 DG411DJ  £200 24LC32AP £1.14 UF4007 £0.14 Single Gang %" Shaft, 25mm Dia. 4k7,10k,47k,100k,1M,2M2 Log E?gé Eac
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: 74HC1T  £020 7 0 40 25256:200 £3.99 1.9W £0.10 BWiiched %” Shaft, 20mm Dia. 4k7-9M3 Logarithmi £199 Each
and a linear voltage regulator. Tel: +44(0) 49 89140 05419 74nCla £0.18 ﬁgg‘% Eg.gs I[?[;g]z} Dé:P 2004 2 o Eas 200 New Catalogue) ;gé cmeoun;,‘ gp{ggeg gh";i? }écr’nm Bio. 470-1 IC:L)S.:%%:M "(')'CL £0.48 Eggn
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www.epson-electronics.de 74UC37 8016 24r2Y 83 1SH78s0s 27C512-15F1£2:55 [Eree with qll orders Dual PeB, $plined Shaft, 1 6mm Dia. - 10k,50k1 60k 560k Li £0.84 Each
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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. Where software
or files are available from us, please email Jackie Lowe with the circuit idea name as the
subject.

Send your ideas to: Jackie Lowe, Highbury Business Communications, Anne Boleyn House,
9-13 Ewell Road, Cheam, Surrey SM3 8BZ  email j.lowe@highburybiz.com

Solid state latching relay e seeens

ulA
It is easy to emulate a basic latching relay N paretioe _SQUTPUT
circuit using a single solid-state switch. What
needs to be done is create a feedback loop to Ve Rl U1B
maintain the selected state. As with the 015V 100k __CD4066 312
latching relay circuit there are two possible Ve e Lt
configurations. S CD4066 Al
The first circuit is a circuit with set priority. s L e
The resistor in series with the reset button ik B
disables it when the set button is depressed. CD4066 ook g
Placing the resistor in series with the set L]
button creates a circuit with reset priority. GIg fglk fMe
As there are four solid-state switches in each
package it is possible to create a selector with g
‘the remainder as shown in the third circuit.
Here a switch is used as an inverter.
Bernard Van den Abeele
Evergem, § RESET
Belgium
GND
RESET PRIORITY SET PRIORITY
tVee +Vcc
15V 15V
U1A U1A
CD4066 CD4066
== Output 7= —0utput
R1 R2 R2 l
I ST
~ 10k M Sl 1M
SET SET
R1
10k
4 RESET ] RESET
GND GND

-1 ST Ly
B e s 58 s WM 2S5 WO
gk paty 3521

Parallax BASIC Stamp2

e Very easy to use

e No programmer required

e 500 lines Interpreted BASIC
e Windows Environment

e 16 1/0 lines

e 4000 lines/sec

e 24-pin DIP package

o Ready-to-go module

e £39.00 each

BASICMICRO ATOM

e Easy to use

e No programmer required

e Compiled BASIC

® 99.99% Stamp2 Compatible

e Uses 16F876

e Very fast

o Interrupts/PWM/Timers/ADCs
e 32 bit Maths-Int/Floating Point
e £45.00 each

BASICMICRO Compiler

o Full spec BASIC Compiler
for PICs

e Windows Environment

o 99.99% Stamp2 Compatible

e Requires programmer

o We use it!

o Full Debug facility

e Supports all 14-bit PICs

(inc 16F84/87X/628 etc)

Milford Instruments Limited, Tel 01977 683665, Fax 01977 681465, sales@milinst.com
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CIRCUIT IDEAS

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

EXAMPLES OF
SPECIAL OFFERS

GOVERNMENT INTENSIFIER NIGHT SIGHTS tested £300 each
MARCONI TF2019A SIGNAL GENERATOR AM/FM 80kcs-1040
MCS, off the stack as come and seen untested £190 - or tested

e 2 basi king £300 - | Johns Radi kshop test with
Relaxation oscillator warranty £380. All supplisd with instruction bock— gty avatiable.

TEK 2445A OSCILLOSCOPE - 4 CH - 150 MCS with instruction

As compared to the well-known amp, the circuit as shown here varies in accordance with the book, off the stack as come and seen untested £250 each or
oscillator circuit using one op- eliminates the variation in charging voltage applied to the tested basic working £350 - Johns Radio workshop test with
Unlike the c = potential to which the capacitor tuning capacitor, thus warranty plus two probes and instruction book £400
common C is charged. automatically compensating for TEK 2465-2465A-2465B etc available : C i
relaxation NJ:' The 74HC04 ensures that the any change in charging potential RACAL DANA 1992 COUNTERS 1.3GHZ tested from £250 Yim | | | ‘RIT L | a
oscillator, this two arms of the differential — the advantage of this new RACAL DANA 1999 COUNTERS 2.6GHZ tested from £400 | BB
alternative \jaxogs output stage cannot remain in the  circuit. H.P. 53131A COUNTERS 3.0GHZ tested from £750 Yve - 4 : ¢
doesn’t suffer same logic state and that the only A rather tedious computation BENCH + RACK POWER SUPPLIES large range qty from £10
from variation time that they are equal in shows that a ratio of R;/R,=2.5 H.P. POWER UNITS 66311B-66312A-66309D in large qgtys from CCLwiltsearch the world fo your hard-o-find, obsolete and alocated electronic componens.
in the potential voltage is when traversing the improves the symmetry error. £250

H.P. 8922 RADIO TEST SETS TYPE G-H-M-M010 with HP83220 A

“;a‘;’;’ccifoi"i‘; loilﬁlggﬁgéﬁaﬁfytﬁi?ﬁia ',gz;(';'ga';; ans OR E GSM CONVERTOR from £500-£1,000 options available
2 e 3 including Spectrum Anz. quantity in stock. St Midkae St
charged. threshold setting circuit that Czech Republic Most previous advertised items available in stock. Telephone: 01676 535340 C | e f,‘dw .Me:r i
ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS, PRICE IS EX WORKS. SAE Facsimile: 01676 535330 T : L
ppine o g nmisio s | R i
c C o AVAILABILITY , . Y L CCL Midands) IR Fostnd
HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS- uter Con pan
Rail Splltter with Dead Band SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC. e
This circuit was developed for a (Even in Australia, solar-powered " Johns Radiog Whitehall Works, 84 Whitehall Road East,
6V gel-cell/solar-powered device.  devices should be energy- e Birkenshaw, Bradford BD11 2ER. ;
The electromechanical loads efficient!) When one or both loads Tel: (01274) 684007. Fax: 651160 WWW.ComPUIQI'ComponeﬂtS.Com
shown on the right are normally arereversed or stalled, there is a 6
connected in series across the momentary need for the splitter to . ; T
rails, half-bridge drivers being source or sink a few hundred mA. H H - HP
drawn as switches for simplicity. Resistors R1, R2, R3 set the dead 4 PrOfeSS|onaI PC B Layo Ut & M Ixed MOde S u Iat'on '
(Other details of the load such as band; R4 and RS, in conjunction ‘ " ' ' ] e
filter capacitors and clamp diodes with the CMOS op-amps' current at C o m p ute r Sto re P rl ces 1 :
are not shown.) Most of the time, limiting, provide short-circuit
the nature of the mechanical load protection. The graph shows
takes care of load-sharing if leftto  typical output V-I characteristics From Only
its own devices. The half-rail for Rl = R3 =33k, R2 =6k2, R4
point typically stays within =R5=06R8. '1 £
250mV or so of nominal, this Peter Horn i N E W Easy-PC V6.0 EqorPC_NunbetOno Systons_P Desn Pioect peb
circuitry drawing minimal current. ~ Katoomba, Australia af ol 4lslE 2
Easy-PC for Windows V6.0 is released with now even more
pchd - time saving features:
® On-line design rules checking
® Single ‘shot’ post processing for all your output files
R4 ® PCB Footprint & SCM Symbol Wizards for fast creation
R1 g ® Import DXF files from your mechanical drawings
!
+ =l ® and many more new features!
= ’ Spice Based Simulator Ll
Easy-Spice is a powerful A/D mixed mode simulator with ;
R2 ; i superior convergence and functionality.
Q3 - 2N4392 [DSC]
U37 - 74HC00 [DIL]
U42-14 [SM]
® Easy-Spice is integrated with Easy-PC Schematics it
t CERLRTE] @® Supplied ready to use with SPICE libraries and models i e
oo f X Wdh ayer i [Not 46 (Abs (547601 | rou
s SRR | @® Easy to learn and use and supplied with a full manual ” y
i § For more information or for a demo copy call us on +44 (0)1684 773662 fax +44 (0)1684 773664
b % or E-mail info@numberone.com
ov or download a demo copy from www.n umberone.com
Number One Systems, Oak Lane, Bredon, Tewkesbury, Glos, GL20 7LR coagit
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CIRCUIT IDEAS

A motorbike’s
electromechanical
indicator system is

fine but it doesn’t
work properly if a
lamp fails — unlike
this circuit, which
remains
functional at
currents down to
10mA.

Electronic indicator for motorbikes

I designed this circuit to replace the
old electro-mechanical indicator on
my motorbike. These old flashers are
designed to work properly only on a
certain load and they give problems
when one lamp bums out.

Instead, the circuit shown in works
perfectly for currents down to 10mA
— though I doubt that you’ll be able to

find SmA lamps. It is based on the
clever ‘series’ topology described in
reference, where Cj, is used both as a
timing element and as a voltage
source for high-side driving.

The availability of the high-side
voltage led me to the use a power
MOSFET as the outputelement, 7r,.
This choice improves duty-cycle

) IRF530

T|'2

symmetry, as the capacitor charges
through Ry, but discharges on
R4/IR3/IRy/IR;. Also, resistor R3 can
be much larger than would otherwise
be the= case.

Note that symmetry can be
impaired by the fact that the turn-on
threshold is determined by R;, and
Ry, while turn off is set by the Vi)
of Tr, 53

Neglecting R3//R,//R;, timing is set
to around 1.5Hz by R4 and C,.
Capacitor C, insures clean turn-off of
the circuit.

The subcircuit on the right can be
added to provide the ‘third wire’ to
drive a dashboard indicator if you
need one.

Paolo Palazzi
Cervignano
Italy

Reference

1. B Van den Abeele, ‘Versatile flasher
circuit’, Electronics World, April 2001,
p. 299.

__£50 winner

example -

On receiving an audio signal ®
above 200mV pk-pk for 60ms Rs
or so, this switch turns on
and stays on for about five
minutes. It can be used to
turn on a piece of electrical
equipment ~ a subwoofer, for
by adding a solid-
state relay at the output.

Audio activated switch

If an audio input is sensed that’s
greater-than 200mV pk-pk for about
60ms, this circuit can cleanly switch
mains to remote amplifiers. Ideally,
the device carrying out the switching
will be a solid-state relay, which isn’t
shown. A simple four-pin, 4A device
is available from Farnell, catalogue
No 722-9082, at about £9.
Alternatively, you could make a
relay up using an opto-isolator, triac
etc.

Sensitivity quoted above applies
between S00Hz and 2500Hz. At
50Hz it is 500mV while at 10kHz
and 20kHz, 400mV and 700mV are

required respectively.

Using a permanent =15V supply,
current drain is about 4mA, making
power required just an eighth of a
watt.

When input at T'ry is greater than
200mV, a comparator triggers to a
saturated output. After rectification,
this signal charges up C; in about
60ms. The second op-amp acts as a

fast trigger to switch the output high.

An emitter follower provides a +5V
signal drive the mains-switching
relay.

The time constant of C3/R;( causes

discharge after five minutes or so to

cleanly switch off the trigger.

Switch §; is provided to
permanently switch the output on,
should that ever be required.

The 60ms requirement prevents
mains spikes from causing false
triggering. Such spikes don’t have
enough energy to charge up Cj.

Note that I don’t claim complete
originality for this design. It is rather
a collection of ideas from others that
I have brought together for a
particular application.

Paul Nelson
Congleton
Cheshire

+15V
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The dawn of a new modem

a low cost
short range

pan European approved ;

Z Sstems Lt

WWW.XLS.CO.UK

Email Sales@xlis.co.uk

Tel: 01883 622778

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 infrared LEDs (gives the same illumination as a smail
torch but is not visible to the human eye) £37.00 + vat = £43.48
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 ‘G’ 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...........cc..cc..... £15.97 + vat =£18.76
VSL4022F 4mm F1.22 63x47 degrees viewing angle... .£17.65 + vat = £20.74
VSL6022F 6mm F1.2242x32 degrees viewing angle... .£19.05 + vat = £22.38
VSLB8020F 8mm F1.22 32x24 degrees viewing angle £19.90 + vat = £23.38
Better quality C Mount lenses

VSL1614F 16mm F1.6 3024 degrees viewing angle.................... £26.43 + vat = £31.06
VWL813M 8mm F1.3 withiris 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 orbitel
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
easily £7.46+vat = £8.77

Please add 1.66 + vat = £1.95 postage & packing per rder
JPG ELECTRONICS

Shaws Row, Old Road, Chesterfield, S40 2RB
Tel 01246 211202 Fax 01246 550959 Mastercard/Visa/Switch

Callers welcome 9:30 a.m .to 5:30 p.m. Monday to Saturday

December 2002 ELECTRONICS WORLD

A QUANTUM LEAP IN
EMBEDDED CONTROLLERS

¢ IrDA, SPI, 12C, Analogue,
Timers/Counters, RTC, etc.

"':.,,1, o Large Memory Capacity:-
% Flash, SRAM, DRAM.
" e Supports:-

Mono & Colour LCD's,
Touch Panels & Keypads

Ve}y Low Power.

w

" ALSO LOW COST

L

Y mTarget easily & quickly.
s F v NSI ‘C’ compiler, assembler
&3 gfr all Windows32 based.
. Source Level Debug.

- Full Driver Support with
] Libraries.

=N "'ﬁ Béal Time Multitasking OS with
Q;ree run time licence.

'm Efee Unlimited email support.

www.cms.uk.com
see our web site for full details
CAMBRIDGE MICROPROCESSOR SYSTEMS LTD

Unit 17-18 Zone ‘D’ Chelmsford Rd. Ind. Est.
Great Dunmow, Essex CM6 1XG

Telephone: 01371 875644

email: sales@cms.uk.com
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N
to the editor

Letters to “Electronics World” Highbury Business Communications,
Anne Boleyn House, 9-13 Ewell Road, Cheam Road, Surrey SM3 8BZ
e-mail j.lowe@highburybiz.com using subject heading ‘Letters’.

Cyril on measurements

While I applaud the attempts to use low cost
measurements whenever they are adequate for
the task in hand, I fear this is not so with the
R. Black attempts to measure speaker cable
distortions.

Before attempting any serious distortion
measurements, especially those planned for
publication, one should first attempt to
quantify the level of distortion that might be
expected. Then add a safety margin. Typically
10dB as an absolute minimum should be
provided.

In like fashion any signal source used must
also be of lesser distortion, since any attempt
to quantify small distortion differences,
swamped by much larger distortions, is
unrealistic.

Researching back publications, in
measurements reported by G. Millard of BBC
engineering, carbon-film resistors typically

Nonsense required
Congratulations! you've certainly found a
way to generate a decent mailbag.

So here's my addition to the heap. Like
many readers, I still remember and even
think of the magazine as ‘Wireless World’.
I always preferred EW in its various
incarnations to the other 'hobby’
magazines, because the latter seemed
aimed more towards readers who wanted
to build things, without necessarily really
understanding what they were doing, or
(worse) how to fix their creations when
they didn't work properly. Trouble is, they
gave me the job. Personally, I generally
prefer to build things I design myself.

I have very much enjoyed the off-the-wall
articles explaining how conventional e-m
theory is fundamentally wrong. Ivor Catt's
nonsense about transmission line theory, the
'ball bearing motors' article, the one about
faster-than-light transmission of e-m pulses,
and lately Dom di Mario's one about
Faraday machines - a good old perpetual
motion machine if ever there was one - all
spring to mind. Yes, I know, they are rot,
but hilarious rot, and the interesting thing is
to puzzle out why they are rot. Doing so
deepens understanding. Really. Rot deepens
understanding. I think I'll designate that one
'personal thought of the week'.

exhibit THD of around -120dB to -130dB,

" mostly third harmonic and intermodulation

around -100 to -120dB.

Using my equipment, I toohave measured
similar values with carbon film, but even with
a dynamic range of -140dB, cannot
satisfactorily measure differences in metal
film resistors. For that much lower distortion
equipment, or a different measurement, is

required.

Surely one must assume that all copper
based cables will produce less third harmonic
distortion than the best resistor? I can find no
statement as to exactly which soundcard or
even test voltages he used. Most modern cards
are 16 bit only but a select few are 20 bit or
better. Dynamic range of an unaided 16 bit
card is not sufficient, which is why I had to
spend time and money developing a notch
filter/preamplifier.

For my initial experiments, in August 2001,

But I am only one reader, and that is only
one comment about content, a plea to keep
on including something. I won't include
requests not to include anything, because
other readers may well want just that.
There have been quite a few comments
about what EW should not contain, but few
of us mind skipping uninteresting articles
provided there are enough interesting ones
to read instead. Electronics is such a large
field it seems quite impossible to make all
articles interesting to all readers.

The general view that WW/EWW/EW
rather lost its way between the early 1970s
and now is one I generally agree with,
sadly. What makes people lose interest in
a magazine is finding little or nothing of
interest in it. It seems to me there is only
one way to avoid this, and hopefully to
regain some of EW's former glory. It must
include a wide range of types of articles
covering a wide range of topics within the
general scope of ‘electronics’. This does
mean that the spine really ought to be a bit
thicker than at present, so readers with
very diverse interests can nearly always
find enough to keep them buying it.

Alan Robinson,

York, UK.

Look forward to a bit of ‘nonsense’ next
month — Ed.

Idid try using my Soundblaster 1024 Live
card with the signal generators in ‘Cool Edit’,
to measure capacitors. These signals are far
from distortion free and all attempts failed.
Noise and distortion from the generator far
exceeded and clouded those I was attempting
to measure. I also tried measuring
intermodulation distortion differences, using
these signals. To say the results I found were
utterly confusing would be an understatement.

From my experiences I suspect that Black's
attempts to measure cable distortions using his
system were doomed to failure from the
beginning. Perhaps he also was making the
wrong measurements. Even using the much
vaunted AP test set would not, I believe, be
sufficient to measure distortions in speaker
cables.

Failure to measure differences using a test
method may prove comforting, but it does not
prove that cable distortions or differences will

More nonsense

I first became a regular reader of Wireless
World about 1955 and the articles that
persuaded me to part with hard earned
cash in those days and persuaded me to
become a lifelong reader were the
excellent debates on the theory of
relativity and alternative theories that
seemed to abound in those days. I well
recall an article by P. Pappas and another
entitled ‘Faster than Light’ drawing
about a dozen letters all with a different
theory. I felt sorry for Ivor Catt who
seemed to get a lot of personal abuse
when the perpetrator could not dismiss his
theories. I suggest this is the stuff a good
journal is made of. One that is not afraid
to publish alternative views. Another
attraction was the excellent and affordable
state of the art projects for home
construction and where would we be
without ‘Circuit Ideas? May I suggest
you encourage alternative physics
theories, encourage more projects for the
home constructor especially with popular
microcontrollers such as the Microchip
PIC family, which are inexpensive and
easily programmed.

Gareth Jones

Shrewsbury,

Shropshire, UK
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not be found in more realistic tests.

To paraphrase a sentence from my first
‘Capacitor Sounds’ article "truly audible
differences must be both understandable and
measurable. Understanding in terms of
construction. Measurements may however
require a change in measurement technique."

From my earlier work on speaker cables I
know that audible distortion differences
certainly do occur with change in cable
construction. Measuring them is quite another
matter.

Cyril Bateman
Acle, Norfolk, UK

Low distortion measuring —
not so new

Mr. Bateman's articles are very good and
many of the results are not available
elsewhere. Similar work was done around 50
years ago on components for telephone
carrier multiplex systems, where
intermodulation distortion had to be reduced
to very low values indeed. In those days,
synchronous detection, using heavily
damped mirror galvanometers as the
bandwidth-defining filters, was used. I seem
to remember that measurements were made
down to -145 dB(V). Maybe somebody from
the telecoms business in that era could give
more details. I suppose the measuring signal
was passed through passive filters to reduce
its distortion to even lower levels. But there
is a significant point that needs to be made
about the applied a.c. voltage in Mr.
Bateman's tests. In most applications where
a capacitor is used in the signal chain (i.e.
where its non-linearity, even of very low
proportions, might matter) there is very little
signal voltage across it. The whole point of a
coupling capacitor is to transfer the signal
without loss, i.e. there is next to no voltage
drop across its impedance. The whole point
of a decoupling capacitor is to hold the a.c.
voltage (signal and/or power-supply stuff)
across it to a very low value. So
measurements, such as that shown in Figure
2, with 2V across the capacitor, are not
realistic for most applications. However, in
filter circuits, including tone controls, the -
impedances of the capacitors are NOT
negligible - that's how the circuits give
different frequency responses - and there can
be large signal voltages across them. In
some filter circuits, these voltages can be
much larger than either the input or output
voltage at some frequencies. Barrier-layer
capacitors, which I suspect Mr. Bateman
may have to bear some responsibility for,
during his previous career (just a joke!), and
which is what the text under "The worst
capacitor' refers to, without making that very
clear, are normally identifiable through their
low rated voltage, 6V or 12V usually. They
are definitely to be avoided unless there is
really no alternative. I am surprised that they
are still made.

John Woodgate

UK

Budget T&M

I found this series of articles from Richard
Black very informative regarding the
measurements that can now be done with a
PC & soundcard.

However, I think the choice of cables for
comparison could have been better. Richard
describes Supra Ply 3.4 as a low
capacitance/high inductance cable, which is
the direct opposite of what Jenvings, claims
for this cable. My own measurements on the
smaller version, Supra Ply 2.0, show it to be
a low inductance cable with relatively
uniform impedance up to 20KHz. I am not
familiar with Goertz M1, but I suspect
Richard has compared two cables of similar
properties. Certainly he could have picked
cables with more contrasting impedance
properties. Including a cable with widely
spaced conductors such as DNM's Reson
cable would have made his measurements
more interesting.

I think Richard has also discounted the
influence of cable impedance on both
frequency response and drive unit damping.
Jenving data shows several dBs difference at
20KHz between cables and I have measured
similar differences.

Colin Yallop
Derby, UK

Very earthy

Thank you for publishing my letter (EW
August 2002). Ian Darney has not justified
his view and you seem keen for mail on the
issue, so here is my reply to Ian's article.
Tan's Fig. 1 “Concept of start point
grounding” is a good example of how to
incorrectly wire parts of a circuit.

The problem is not caused by the star point
earth, but the way the wiring has been
routed. If interference is likely to be a
problem then the conductors (signal and
return) need to enclose as little area as
possible. The cure is very simple: twist the
signal wires together with their respective
earth wires. This technique is often used in
domestic electronic equipment. Other
techniques include using shielded cable and
by using pc boards with a ground plane. By
reducing the area enclosed by the signal and
return conductors, the amount of field
coupling the circuits (i.e. by "transformer
action" as Ian describes it) is reduced.

Not only does this reduce interference but it
has the added bonus of getting the signal
from one point to another with less
degradation, i.e. in the complete absence of
interference this is a superior (and
recommended) approach. This has little or
nothing to do with the grounding topology,
but it is another useful ‘tip’ for good EMC.
Surprisingly, this approach will reduce
capacitively coupled interference as well,
although the mechanism is different. By
placing the signal and return conductors
closer together the wiring capacitance
increases, but the capacitance to any
interfering source is unlikely to change. This
looks like a capacitive divider from the
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interference source, so as the cable
capacitance (which is the shunt arm in the
divider) increases the induced voltage is
reduced. This extra capacitance is rarely a
problem that cannot be easily overcome.
Ian's model has an unnecessary earth loop,
which (as he demonstrates) introduces extra
conducted interference. There is no sensible
reason for the two circuits in Ian's model to
be connected to the ‘structure’ at two places,
one each is sufficient. Furthermore, there is
nothing intrinsic to Ian's alternative that will
reduce coupled interference (if anything it's
likely generate more), so there is no reason
for that to change and certainly Ian provides
no explanation of how it might.

There is not a simple single solution to all
interference problems. Earth loops are not
always bad, but in my experience they often
are. Conversely, good lead dress (e.g.
twisting the wires, and routing wiring away
from sources of interference such as power
transformers) and a star or branching ground
system (i.e. without loops) are good design
tips. Simply connecting all grounds to one
point and using the shortest possible wire to
join the required nodes is bad practice,
however the real villain is not the star point
earth but the large areas enclosed by the
signal and return loops (which is not inherent
to star point earths).

Tan has not demonstrated that the star point
ground system is intrinsically bad. In fact Ian
has failed to identify the real problem, failed
to address that problem, and unnecessarily
introduced an extra problem. It may well
generate some mail, but it hasn't advanced
the subject.

Phil Denniss

Darlington, NSW Australia

Shaky Ground

Ian Johnson mounts a stout defence of the
‘star-point ground’ in his letter ‘EMC’. (EW
Sep 02). He takes exception to the opening
paragraphs of an article ‘Designing for
EMC’. (EW Aug. 02).

The ‘star-point ground’ can be defined as a
point to which all return conductors are
routed and to which all system voltages are
referred. At printed circuit board level it
would be implemented by designating a
point near the centre of the board as the
reference point, and by routing all return
conductors to that point.

The components on the PCB would be
arranged in a circle round the star point, and
the signal conductors would be routed
circumferentially. In this configuration,
every signal loop would enclose a segment of
the circle. Strong magnetic coupling would
exist between the loops. The configuration
would suffer a high level of self-induced
interference.

Ian Johnson does not dispute the reasoning
given in the August article. He chooses to
quote his own example - that of a power
amplifier, which had been divided into two
stages, designated ‘low power’ and ‘high
power’. He reasons that, in order to prevent
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unwanted modulation of the low power input
stage by the high power output stage,
separate supply lines should be used with a
star earthing arrangement.

I am all in favour of the concept of
segregation (of system modules), but fail to
see how such segregation can be achieved
with a star point ground. The ground
references of the two stages would be at
different voltages, due to the effect of
currents in the supply conductors.

The problem of transmitting an
interference-free signal from the low power
stage to the high power stage could be solved
by using a twin conductor to carry the signal
and by installing a differential input
amplifier in the high power stage to reject
common-mode interference.

In this new configuration, the ground
reference terminal for the signal-under-review
would be located in the low power section,
adjacent to the signal terminal. It would not
be the terminal designated as the star point
ground. The configuration could no longer be
described as having a ‘star point ground’.

More thoughts

I have been receiving Electronics World in
its present and previous forms for around 30
years. My loyalty has been due to the rich
selection of varied articles which, unlike
some publications, do not shy away from
going into a bit of mathematical detail. For
a professional analogue designer like
myself, it is the only UK publication, which
provides anything like the input that I want.

Thus, I am disturbed by the gradual
reduction in the content of the publication
over the past months, and which has now
become very evident with the changeover
from a glued to a stapled spine.

It cost is an issue, then I would rather pay
25% more for a fuller publication than see it
decline so.

Sadly, the 'Highbury' effect hasnot (yet?)
led to any improvement. Whilst the useful
and well-written articles of experienced
practitioners such Ian Hickman and Cyril
Batemen are always appreciated, we can
well do without such poorly written articles
such as 'An Electronic Universe' by Nigel
Cook in the August issue. Whilst I think
that the subject matter is potentially
interesting (indeed, I still remember Catt et
al's original articles in WW), the writing
style and quality of presentation are awful -
how about a few illustrations to help with
the explanations, for instance.

I am a little concerned about the
introduction of more computer articles, as
you state in your September editorial. One
of the unique attractions and great strengths
of Electronics World is its bias towards the
analogue side of electronics engineering. If
this was not so, I would not buy it. Thus, I
trust you will take care to ensure the
relevance of any computer articles to the
present readership. There are plenty of other

Another defender of the ‘star point ground’
is John Woodgate (EW June 2002). For him,
the term is synonymous with “zero-volt
reference”. He declares that it appears as the
“bottom line” in circuit diagrams drawn with
British conventions. A line is not a point.
How can a point be represented by a line?

It would appear that at least three different
interpretations of the term ‘star point ground’
exist. Those of Ian Johnson, John Woodgate,
and that defined in the article ‘Designing for
EMC”. There are more.

Many words have been written on the topic
of electromagnetic compatibility, and the
language is replete with jargon and
generalisation. ‘Single-point ground’ is but
one example.

It seems odd that we, as engineers, prefer
to use language which cloaks the subject of
EMC with an aura of mystery. Badges
labelled ‘EMC Guru’ have been observed on
thelapels of delegates to EMC conferences.
This treatment is not applied to other aspects
of design, i.e. power consumption, frequency
response, functional performance, size, mass,

publications for people whose main interest
is computers. I thought the idea of a free
‘readers-ads' page, mentioned in the same
editorial, excellent.

Referring to the September Letters page,
I agree with Mike Harrison's comment that
the inclusion of long software listings in the
publication is unnecessary, but am vaguely
suspicious of the validity of Andy
Emmerson's letter on the basis that it seems
that he might also have written the editorial
for the July edition. Are you sure that he is
really joking when he suggests the
magazine might benefit from 'larger page
count, lower cover price, rename to
Wireless World"?

Whilst few of us would seriously expect
the cover price to fall, I think many of us
would like to see a return to the higher
standards of the past. Since (apparently,
from your August editorial) 70% of us are
electronics professionals, we are looking for
content, which can meet our professional
and intellectual needs. In my view, the
publication has achieved this in the past by
attracting the services of experienced,
knowledgeable and enthusiastic electronics
professionals who have the gift of
conveying useful and appropriate
information, in writing, in an engaging way.

I have a feeling that you might have
received many more emails and letters
criticising the way that Electronics World
seems to be going. For the first time ever, I
find myself wondering whether it is
worthwhile continuing my subscription
when it comes up for renewal. I would
certainly appreciate hearing from you how
you plan to stem the decline and bring the
standard back up to its previous level.

Dr. S.T. Hughes
Southampton UK

reliability, safety, and cost.
Electromagnetism is a branch of science, not
a magical phenomenon.

We have a vast array of analytical tools to
hand. Of these tools, the most useful to
anyone constructing an item of electronic
equipment is the circuit diagram.

The circuit model was a wonderful
invention. On the one hand, it enables
anyone who looks at it to deduce the function
of the hardware it represents. On the other
hand, it provides information for a set of
mathematical equations to be written out.
This set of equations enables the
performance of the equipment to be defined.

Frequency analysis can be used to produce
frequency response graphs. Laplace
transforms can be use to predict the output
waveforms. If the calculations become
onerous, Circuit Analysis software and
Mathematical software are readily available
to ease the task.

Normal use of a circuit model depicts
conductors as lines, and it is assumed that the
voltage at one end of the line is identical to

Now I’'m a few months into my editorship —
[ think I can explain a little about what is
going on. Firstly, we have had a poor
handover to our new distributors (the
previous ones were owned by the old owners
of EW) but we are pretty well on top of that
issue now. Secondly, we’ve had poor
continuity in our ad sales department —
again partly due to a poor handover. We are
now back on track with our new salesman,
Reuben. As this magazine is a business like
any other, it needs a combination of income
from you, the readers and our loyal band of
advertisers to balance the books. As we gain
revenue, the magazine will grow in size and
be able to offer a more diverse selection of
articles. Which will in turn increase
circulation, which will increase revenue etc.

The lack of illustrations for the ‘Electronic
Universe’ article was again down to a poor
handover and was basically down to an
inexperienced me.

I am in no doubt about the fact that you,
the readers, think that computers should
only be mentioned where appropriate. We
will, however, be running some articles on
computing but they will take a different slant
to other magazines and will be tuned to the
needs of the electronic engineer.

Andy Emmerson did indeed write the July
leader and I am certain he was joking when
he suggested a 'larger page count, lower
cover price, rename to Wireless World'? If
the magazine gets more popular, then some
of his suggestions could well be a
possibility, however the name ‘Wireless
World’ is still (unfortunately) owned by the
former owners (Reed). As I too would like to
return the magazine to its former name. - Ed
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the voltage at the other end. However, it is
well known that every conductor possesses
the properties of inductance, capacitance and
resistance.

If these properties were to be represented
by components on a circuit model, then that
model could be used to analyse the coupling
of signals from one part of the system to
another. Further development of the model
would allow the signals in the system to be
related to the electromagnetic field.

As with any filter circuit, the predominance
of inductance and capacitance will result in
resonances. There will be peaks in the
response of the cross coupling of wanted and
unwanted signals, and it is at these peaks that
interference problems occur. One task for the
designer is to ensure that such peaks do not
occur in the bandwidth occupied by the
desired signal.

This task can be undertaken by creating a
circuit model of the configuration-under-
review, analysing it to define the interference
coupling, and then repeating the exercise to
define its response to the desired signal. It is
possible to predict the performance in the
presence of interference, and to predict the
level of interference to be expected from a
particular system.

Intra-system and inter-system interference
problems can be solved by invoking the use
of such models.

Admittedly, it does mean that old
textbooks on electromagnetic theory and
circuit theory need to be dusted down and
reopened, to identify those gems of
information which enable useful circuit
models to be created.
lan Darney
UK

Turn up the audio

Please keep the analogue audio coming
thick and fast, forget all that digital rubbish;
it sounds rubbish. You must know from
your past experience that an old Neve
mixing desk will run rings round any of
these new digital pieces of crap.

Conspiracy theory eh? Not having seen
the article, I presume that this refers to the
fact that the mobile telephone people
manage to cook people’s brains with their
portable microwave ovens. For a great many
years, I have serviced radio microphones.
The standard for these was MPT1345 for
VHF systems, and this allowed an e.r.p. of
2mW for a hand held transmitter, and
10mW for a belt pack. No greater power
was allowed, since it is well understood that
it is dangerous to allow RF energy to radiate
directly into human flesh.

The mobile telephone people suddenly
managed to persuade the regulatory
authorities that they should write their own
standards, and set their own limits. How?
Can I suggest that money had some bearing
on this? We are still limited to miniscule
power levels and these are heavily enforced,;
but the mobile people can use their

| get the message

I'm not normally prompted to put pen to paper,
but correspondence in the October issue
regarding the direction and content of this
magazine evoked feelings that I feel bound to
express. Especially John Jardine's views, almost
all of which I exactly and strongly agree with.
Will you please reprint JJ’s letter in this issue -
IMHO it merits at least one more showing to
give a wider readership the opportunity to reply.
I used to buy WW regularly, but now scan the
front cover then perhaps the index, and buy only
when the content is to my taste.

Unlike Mr. Jardine I am not a qualified
electronics engineer but a, dare I say, advanced
hobbyist and, I suspect, one of a significant
number of such who must feel the same as I.
IMHO EW must gain and retain the respect of
leading professionals and enthusiasts and so
motivate them to submit articles and thereby
contribute to its excellence. Success breeds
success; the converse is true. You choose.

Resist the temptation to include content that is
other than original, leading and bleeding edge or
innovative and ingenious and seriously
interesting or intellectually challenging. For
example, in an era when one can walk into the
local hardware store and buy a programmable
synthesiser tuned FM/Stereo/RDS portable with
all sorts of bells and whistles for £60, or on the
‘net a sophisticated FM-RDS/SW-SSB/MW/LW
set for £140, we need articles on using - or
designing even - the TEA1575, say, and
programming micro-controllers to drive it, from
the people who do it. I will buy EW regularly if
it attains and maintains that high standard of
content.

My desire, as an electronics enthusiast, is to
build, or design and build, that which is not
available commercially or which outperforms in
some way that which is available commercially,

subjective SAR test to push out whatever
power they wish to use — then fiddle the
figures afterwards so that it sounds better.
It was probably a similar thing with the
recent EU directive on Vehicle End Of Life.
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or at the very least to understand what would be
involved in so doing. To that end (and I know I
speak for others) I need you to regard as your
peers and competition not so much other mags
on the news stands, but manufacturers data
sheets, application notes and support forums,
Usenet and other Internet resources. I suspect
that the more loyal readership attracted by this
approach would be willing to pay a significantly
higher cover price (I for one would), and that
‘big name’ advertising revenue might be
attracted, eventually providing you the same
revenue, or more, than from a more ‘popular’
approach.

Finally, and this from an IS professional and
computing enthusiast, I agree with Nigel Cook's
view that content be broad, but absolutely not in
the way that he suggests - sideways into
computing or down into articles aimed at the
novice. There are other mags for that! I have no
problem with discussion of the design of the
electronics in any part of a computer (or audio
or radio or automobile or test-gear or whatever),
nor with intricately associated non-electronics
content, for example the loudspeaker cabinet
construction details in the October issue, or
software design discussion when the electronics
under discussion incorporates a micro-
controller. Source-code listings though, and
perhaps even software design discussion, could
(should?) be made available Web-only. Indeed
might you not gain from making all of the
content available by subscription on the Web
for those for whom that is more convenient?

Be courageous and different and the best.
Bill Allison
UK.

Space this month does not permit me to reprint
JJ’s letter, but your comments are duly noted.
And thank you for them — Ed.

tried to get a thirty-week-old computer
repaired?

Now I have that off of my chest, what
about the proposed changes to the LVD? I

The EU wanted the manufacturers to be
responsible for the recycling of their scrap. I
would imagine the meeting went something
along the lines of “So, you want us to
accept this directive eh. How many free,
and heavily subsidised vehicles do you
receive from us annually?”” End of directive.
What about the WEEE directive? As it
was originally written, each manufacturer
was to be held responsible for recycling
their own scrap. The refrigerator
manufacturers have managed to get out of
this very quickly. I confidently predict that
when this finally comes in, goods will still
be collected at the local refuse point, and
each manufacturer will pay a tax to cover
the recycling costs. The music industry
scraps maybe 0.0001% of goods — I
regularly service 30-year-old product; but
we are going to have to pay the same
amount as computer manufacturers — ever

attended a meeting last month at the DTI, on
behalf of the Music Industries Association.
Basically, the vast majority of Europe wants
toremove the S0V lower limit. Only four EU
members are opposing it, so it will probably
go through. Can you imagine the extra work
this will involve, testing absolutely every
product for electrical safety? For me, no
doubt it will be a re-run of the EMC
directive; I will receive a note from our MD
telling me to sort it out.

Kevin Aston

UK

I feel I know you! For the non-audio mixing
desk experts out there — a certain Mr. Rupert
Neve did indeed design some of best audio
circuits ever. His compressors, EQ designs
and microphone amplifiers are still used in
the poshest recording studios, because they
sound better than the harder ‘digital’
offerings - Ed |
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Many capacitors
introduce distortions
onto a pure sinewave
test signal. In some
instances distortion
results from the
unfavourable loading
which the capacitor
imposes onto its valve
or semiconductor
driver, though more
often, the capacitor
generates the
distortion within itself.
Cyril Bateman
continues his
capacitive
deliberations

pacitor sound

- 1pF choice - Electrolytic or Film?

distortions have been the subject of much

speculation and opinion. Capacitors are
not categorised for distortion in manufacture,
so a distorting capacitor would not be accepted
as reject by its maker, but this can now be
measured. Using my easily replicated test
method, audio enthusiasts can select
capacitors when upgrading their equipment
and designers can select capacitors for each
circuit requirement.

For 100nF capacitance we find the lowest
distortions are generated by choosing either
COG multilayer ceramic, metallised film
Polyphenylene Sulphide (PPS) or double
metallised film electrodes with Polypropylene
(PP) film.!

At 1puF, COG ceramic types are not generally
available, reducing our low distortion choice
to the above two film types or a selected
metallised Polyethylene Terephthalate (PET).
To guarantee low distortion we found that
metallised PET types should be distortion
tested and used with no bias or with modest
DC bias voltages. The PPS and PP capacitor
types produce exceptionally low distortions
but are larger and more expensive. Fig. 1.

To minimise costs at 1uF and above, many
designers elect to use low cost polar
aluminium electrolytic capacitors. We now
explore this option.

F or too long capacitor generated

Electrolytic capacitors

At room temperature and 1kHz, a typical 1uF
63 volt polar electrolytic capacitor can sustain
some 30mA AC current. By measuring its

distortion at 1kHz we obtain a direct
comparison of polar electrolytic distortions
with the film capacitors of my last article.

There are a lot of myths surrounding the
aluminium electrolytic capacitor. As with
other capacitor types, much has been written
about the sound distortions they cause.
However of all capacitor types, electrolytics
are the most complex and the least well
understood. Many myths, specific to
electrolytics have emerged, based more on
speculation than on fact.

a) Aluminium electrolytic capacitor
dielectric has extremely high ‘k’.

b) Electrolytic capacitor distortion is mostly
third harmonic.

¢) For minimum distortion, electrolytic
capacitors should be biased to half rated
voltage.

d) Back to back polarised capacitors, biased
by the supply rail, minimise distortion.

e) High ESR Electrolytics degrade sound
quality, low ESR is always best.

f) Electrolytics are highly inductive at audio
frequencies.

g) High voltage electrolytics sound the best.

A working knowledge of electrolytic
construction combined with careful distortion
measurements, leads to somewhat different
conclusions.

Polar Aluminium electrolytic
construction

To begin to understand an electrolytic
capacitor we must explore how it differs from
other capacitor types including Tantalum.
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Every traditional aluminium
electrolytic capacitor actually
comprises two polar capacitors in
series, connected back to back.?

The dielectric for the wanted
capacitance is a thin aluminium oxide
coating that intimately covers the
‘anode’ foil. The metal core of this
anode foil, acts as one capacitor
electrode. The second electrode is
provided by a conductive electrolyte
surrounding the anode foil.

A ‘cathode’ foil is used to make
electrical contact between this
electrolyte and the lead-out wire. This
cathode foil is covered by a much
thinner, naturally occurring
aluminium oxide, the dielectric for
our second capacitor. Electrically
similar to oxide produced using a 1 to
1.5 volt “forming’ voltage,
capacitance of this cathode is many
times that of the anode.

The effective surface area of the
anode and cathode foils is much
enlarged by mechanical and electro-
chemical etching. Low voltage
capacitor foil areas may be increased
perhaps one hundred times larger than
the foils superficial or visible area. In
this process a myriad of minute
tunnels are created in the aluminium
foils, which become sponge like and
porous.?

An extremely thin layer of
dielectric, aluminium oxide with a ‘k’
of eight,? is electro-chemically
‘formed’ or grown on the surface of
the anode foil. Depending on the
desired end use, a general-purpose
capacitor may be formed at 1.25
times, a long life capacitor to double
its rated voltage.

The thickness of this dielectric
oxide is self limiting, being controlled
by the voltage used in the forming
process. As thickness approaches 14
Angstrom for each forming volt
applied, oxide growth slows down and
almost ceases.”

Because aluminium oxide takes up
more space than the aluminium which
is converted in the ‘forming’ process,
different etching methods are used
according to the intended forming
voltage. For the lowest voltage
capacitors, the most minute tunnels
are etched into both foils.

Formed to 50 volts, oxide growth
would completely fill these minute
tunnels. The etching process is
adapted to produce somewhat larger
tunnels, which can be formed -
perhaps to 100 volts. For higher
voltages, progressively larger tunnels
must be etched.? Becromal (one
supplier of capacitor foils) lists some
fourteen different grades of etched
anode and a bigger selection of
cathode foils.

Ass capacitor rated voltage increases,
less conductive electrolytes and
thicker separator tissues must be used.
To reduce element size and cost,
thinner, lower gain cathode foils may
be chosen.

These changes combine to produce
a near optimum quality, low tand, low
distorting capacitor when rated for 40
to 63 volt working, with notably
poorer qualities above 100 volt and at
the lowest voltage ratings.

Assembly

The required length of anode and a
slightly longer length of cathode foil
are wound together, cathode foil out
onto a small rotating spindle. To
minimise mechanical damage to the
extremely thin dielectric oxide
coating, the foils are interwound
together with soft insulating
separators. Thin ‘Kraft’ or ‘Rag’
tissue paper the most common.

Aluminium has an electro-chemical
potential of +1.66v. To avoid
corrosion, no metal other than
aluminium may be used inside the
capacitor case. The external lead
wires, copper at -0.337V or steel at
+0.44V, must be excluded from all
contact with electrolyte.

Prior to winding the element, thin
aluminium connecting ‘tabs’ are
mechanically and electrically
connected to both foils. The most
common method is ‘eyeletting’, when
a shaped needle pierces both the
connecting tab and its foil. Small
‘ears’ of tab material are turned over
and well flattened down, effectively
riveting both parts together. Fig. 2.

Cold pressure welds, seen in this
photo connecting the aluminium
‘tabs’ to the outer tag rivets, provide
the most reliable, low and linear
resistance, connection of aluminium
to aluminium. By applying pressure
over small areas, metal is forced to
flow between the two items, which
become permanently welded together.
This method is often used to replace
‘eyeletting’ in the best constructed
capacitors. The completed winding is
vacuum impregnated with electrolyte,
which becomes absorbed into both
foils and separator papers. Producing
a low resistance connection between
the anode and cathode foil
capacitances.

Bi-polar Aluminium electrolytic
capacitor construction

A bi-polar electrolytic is made in
exactly the same way as a polar
capacitor, with one significant
difference. In place of the cathode
foil, we use a second anode foil. We
still have two polar capacitances in
series, back to back. Both now the
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Figure 1: Bottom row left 1uF, the best electrolytic, the Bi-
polar, was outperformed by the 470 type 63v metallised PET
capacitor. The SMR capacitor is fourth and the B32653 fifth
from left. Top row 0.1uF, the 50v and 100v SMR capacitors
second and fourth, the B32652 fifth from left.

Figure 2: The ‘eyeletting’ type connections most often used to
connect aluminium lead out tabs to the centres of both
cathode and anode foils. For clarity the outermost anode and
cathode foil turns have been removed. The cold pressure
welds connecting these tabs to the tag rivets can be seen.

same value and working voltage. This
bi-polar capacitor will measure half
the capacitance of either anode foil -
to make the required value, two anode
foils, each double the desired
capacitance, are used.

Aluminium electrolytic capacitor
designers are accustomed to mixing
and matching their available
materials, to suit the capacitor’s end
application. So it should not surprise
that some designs are semi bi-polar,
i.e. they are made using a lower
voltage deliberately ‘formed’ anode
foil as cathode.

Equivalent circuit

Using this constructional background,
we can deduce an equivalent circuit
for a polar aluminium electrolytic
capacitor. Fig. 3

Dielectric Oxide

Aluminium oxide has a ‘k’ of eight,3
similar to that of COG ceramic or
impregnated paper capacitors. It is
rather higher than PET, which at 3.3,
has the highest ‘k’ of commonly used
films. A low value compared to the
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Figure 3: This

‘k’ of several thousand, found in X7R
and Z5U ceramics.*

While the impregnant used in paper
capacitors is an insulator and acts as
the dielectric, the electrolyte used in
electrolytic capacitors is a conductor
so cannot be a dielectric. This
electrolyte is used to provide a low

resistance connection between the two
capacitors. More significant than ‘k’
value is dielectric thickness. Large
capacitance values are possible
because the dielectric of a 50 volt
aluminium electrolytic capacitor is
some 100 times thinner than that used
in a metallised film capacitor. Ref.2

simplified
equivalent Formed v Vr 1.5v Vr
schematic € Electrolyte >
illustrates how Series R /paper Series R
a polar +o—/ 00 ww— AW J—ww J
electroIXtic A P Capacitance Much larger
capacitor capacitance
haves.
b avels For IR of anode IR of cathode
Ci arlty, AAN AN
companeits Anode foil Cathode foil
needed to
account for
dielectric
absorption, are
omitted. Figure 3a: Sectional view of 1 .
anode and cathode foils, Dielectric (AL‘,% )

showing their dielectric
oxide layers and *
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As a result, electrolytic capacitors are
sensitive to dielectric absorption
effects.

The dielectric oxide film has a
measurable voltage coefficient of
capacitance. When DC biased, the
measured capacitance of a 1uF 63 volt
capacitor increased 0.15% at -0.5 volt.
Initially decreasing 0.05% at +0.5
volt, capacitance then increased to
+0.16% at +10 volt.

Voltage effects

We explore these voltage effects by
measuring the distortion produced by
a 1uF 63 volt polar electrolytic
capacitor, subject to different AC test
voltages. Commencing with 0.1 volt,
capacitor distortion was measured at
0.1 voltincrements to 1 volt. Initially
we test with no bias, then with various
DC bias voltages. Remember these
voltages are those measured across the
capacitor terminals and not the
generator set voltage. Small test
voltages reduce measurement
dynamic range. Distortion of the test
capacitor will be compared with those
produced by a near perfect film
capacitor, tested the same as
reference. All tests use my DC bias
buffer and two frequencies,
100Hz/1kHz to observe
intermodulation.

Electrolytic capacitor behaviour
varies with temperature. To minimise
the affect of temperature changes, all
reported tests were performed at
constant room temperature. Unless
otherwise stated, all voltages are
RMS, measured using a DMM.

Without DC bias

Notably larger distortions were
produced by this electrolytic than the
film capacitor, even with a test signal
as small as 0.1 volt, across the

capacitor.

Capacitance of an electrolytic

The high capacitances available in an electrolytic are the result of
the effective surface area of the etched and ‘formed’ anode foil Fig.3
combined with its exceptionally thin dielectric. This effective area
is many times larger than the apparent or visible surface area. The
extremely thin, electro-chemically ‘formed’ dielectric oxide film

has a modest ‘k’ value of eight.3- 6

capacitance = electrode area x ‘k’ x 0.0885

dielectric thickness. in pF/cm.

This increase in area or ‘gain’, is greatest for very low voltage
rated capacitors, reducing with increasing voltage.

The cathode foil is covered by the oxide film which coats all
aluminium surfaces once exposed to air. Some 20 Angstroms
thick, it is equivalent to a 1.5 volt electro-chemically formed
oxide. Much thinner than that ‘formed’ on the anode foil, this
cathode foil oxide creates our second capacitor. It has a small

good capacitor.

capacitor’s anode terminal.

usable voltage and much larger capacitance than the anode foil.?

This naturally occurring, extremely thin, low quality cathode foil
oxide, has increased voltage coefficient than the anode foil. This
cathode capacitor allows an aluminium electrolytic to operate on
small AC voltages, without polarisation. Correctly polarised the
‘formed’ aluminium oxide dielectric on the anode foil is an
excellent insulator. When reverse polarised it becomes a low
resistance as though a diode has been connected in parallel with a

In similar fashion, the naturally occurring cathode oxide film
behaves like a capacitor in parallel with a diode. This diode’s
polarity isin opposition with that of the anode. Because the
cathode oxide is thinner, it produces a more leaky diode. The
capacitor should never be reverse polarised. Any DC polarisation
voltage must be correctly applied with the positive voltage to the
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Tested with a 0.3 voltsignal,
distortion of this typical 1uF 63 volt
polar electrolytic capacitor, dominated
by second harmonic, measured
0.00115% - almost three times greater
than the reference capacitor. Fig. 4.

When the peak of the AC voltage
applied across this unbiased polar
capacitor exceeds some 0.5 volt, the
cathode foil’s voltage dependant
effects increase. Tested at 0.4 volt
RMS, both harmonics increase
relative to the small change in test
signal. Second harmonic voltage has
almost doubled compared to the 0.3
volt test. Distortion is now four times
greater than our reference capacitor.
Fig. 5.

When the peak voltage across this
capacitor exceeds some 0.8 volt,
intermodulation distortions appear.
Tested at 0.7 volt RMS, second and
third harmonic levels have increased
much faster than the test voltage.
Distortion, dominated by the second
harmonic, is now ten times greater
than our reference capacitor. Fig. 6.

When subject to a 1 volt sinewave,
the cathode capacitance varies even
more and its diode may conduct on
signal peaks. Much larger increases of
distortion result, now 22.4 times
greater than measured on the
reference capacitor. Fig. 7

The above voltages apply to this test
capacitor. With other combinations of
anode voltage and cathode foil, these
voltages will vary. With larger
capacitance and lower voltage
capacitors the same effects are
observed, but frequently at smaller
voltages.

Regardless of capacitance, working
voltage or manufacturer, the second
harmonic was the largest distortion
component for every unbiased polar
electrolytic capacitor measured.

Myth
In the past various writers have stated
that electrolytic distortion commences
when a capacitor is subject to 1.4
volts peak, or 1 volt RMS sinewave.
Doug Self once described this 1.4
volts as the voltage “which appears to
be when depolarisation occurs in
practise. Naturally distortion results as
the capacitor dielectric film starts to
come undone.” >

On both counts this is wrong. As we
have seen, significant distortions
occur at much lower voltages.

While the thin aluminium oxide film

Figure 6: At 0.7 volt, with the third
harmonic some -110dB below the test
signal, intermodulation products can
be seen either side of the second
harmonic.
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Figure 7: With a 1 volt test signal and no bias, the capacitor is producing 22.4 times more distortion than
the film reference capacitor. Second and third harmonic components have increased out of all
proportion to the test signal.

is easily mechanically damaged, like
anodised aluminium, electro-
chemically it is extremely robust. It
requires substantial time and/or
energy, to revert the aluminium oxide
structure. Capacitor specifications
permit short-term voltage reversals up
to 1.5 volts, when the capacitor must

remain undamaged.

If severely abused by significant
reverse voltage or excessive ripple
current, a conventional aluminium
electrolytic may explode. Not because
the aluminium oxide film has
deteriorated, but simply because these
conditions result in large internal

currents. Hydrolysis releases gases
from the electrolyte and internal
pressure increases until the capacitor
case breaks.

To help interpret the above results, I
converted the 2nd and 3rd harmonic
distortion levels into uV. Plotted
against test voltage, both harmonic
voltages clearly increase ever more
rapidly with increase in test voltage.
Fig. 8

With DC bias

Looking once more at our equivalent
circuit we see the anode and cathode
foil leakage resistances with the
electrolyte, create a DC potential
divider chain. Application of a small
positive DC bias with no AC signal,

. raises the electrolyte voltage above

the negative terminal, see Fig. 3.
However subject to an AC test
signal and DC bias, the anode and
cathode capacitance values with their
respective diodes, modify the
electrolyte’s potential. Tested with
AC only, the electrolyte potential
becomes slightly negative with
respect to the negative terminal,
resulting in an increase of second
harmonic distortion. Subject to a
small DC bias and an AC signal, the
electrolyte potential increases. It can
become zero or even slightly positive
with respect to the negative terminal,

reducing second harmonic distortion.

Dielectric Absorption

In essence two major dielectric
characteristics exist - polar and non-
polar. By polar, | am not referring to an
electrolytic capacitor, but the way a
dielectric responds to voltage stress.
This stress is the voltage gradient
across the dielectric, and not simply
the applied voltage. It is stress in volts
per micron, which matters.

Vacuum and air, are little affected by
voltage stress. Solid dielectrics which
behave in a similar fashion are termed
‘non-polar’. Most solid dielectrics and
insulators are affected to some extent,
increasing roughly in line with their
dielectric constant or ‘k” value. This ‘k’
value is the increase in capacitance
when the dielectric is used to displace
air.

When a dielectric is subject to voltage
stress, electrons are attracted towards
the positive electrode. The electron spin
orbits become distorted creating stress
and a so-called ‘space charge’ within
the dielectric. This stress produces a
heat rise in the dielectric, resulting in
dielectric loss.

Non-polar dielectrics exhibit small
losses but polar dielectrics are much

more lossy. Having been charged to a
voltage, it takes longer for the electron
spin orbits in a polar dielectric to
return to their original uncharged state.
Thin polar dielectrics, such as
aluminium oxide, produce large, easily
measured ‘dielectric absorption’
effects.

Dielectric behaviour with voltage
depends on the voltage gradient in
volts/micron and the characteristics of
the dielectric. Its effects are more readily
apparent at low voltages with thin
dielectric. The dielectric used in low
voltage electrolytics is exceptionally
thin. Consequently we find increased
effects from dielectric absorption when
measuring these types.

Dielectric absorption is measured by
fully charging the capacitor for several
minutes, followed by a rapid discharge
into a low value resistor for a few
seconds. The capacitor is then left to rest
for some time after which any
‘recovered’ voltage is measured. The
ratio of recovered voltage to charge
voltage, is called dielectric absorption.

So how might dielectric absorption
affect the distortion produced by a

capacitor? Many fanciful, even lurid
descriptions can found, describing
smearing, time delays and signal
compression. My capacitance and
distortion measurements do not
support these claims. The main
difference | found which clearly does
relate to dielectric absorption, is the
magnitude of the second harmonic.
This increases with applied voltage,
especially so with electrolytic
capacitors.

My measurements indicate it is the
level of third and odd harmonics
generated by the capacitor that
determines intermodulation products.
These harmonics are little affected by DC
bias on the capacitor. No doubt
intermodulation distortions would
contribute to a muddled or smeared
background sound.

Third harmonic distortion depends on
the peak voltage across the capacitor.
For a given signal level, voltage across
the capacitor will be greatest at the
lowest frequencies. A low frequency,
large signal peak, can trigger
intermodulation distortions, which then
affects higher frequencies.

These changes in electrolyte
potential are easily confirmed by
simulation using our equivalent
circuit. This positive shift has a
beneficial reduction on the AC signal
non-linearity produced by the
capacitor, measurable as a substantial
reduction in second harmonic
distortion. With optimum DC bias, the
second harmonic may become smaller
in amplitude than the third harmonic.
Tested at 1 volt with 6 volt DC bias,
distortion was reduced from 22.4 to
6.5 times greater than the reference
capacitor. Fig. 9

Myth disproved

Only when a polar electrolytic
capacitor is biased near its optimum
voltage does second harmonic reduce,
third harmonic may then dominate.
Optimum bias varies with the applied

Technical Support

Interested readers are free to
build a system for personal use
or educational use in schools
and colleges. Commercial users
and replicators should first
contact the author.

A professionally produced set
of three FR4 printed circuit
boards, with solder resist and
legends, for the 1kHz signal
generator, the output buffer
amplifier/notch filter/pre-
amplifier and the DC bias buffer
network, comprising a ‘with DC
bias, single frequency, distortion
test system’. Complete with
component parts lists and
assembly notes, the setof three
boards costs £32.50.

Post/packing to UK address
£2.50. Post/packing to EU
address £3.50, rest of world
£15,570].

As a service to Non-UK
readers, but only if ordered
together with the above PCB’s, |
can now supply one four gang
potentiometer with each set of
boards, re-tinned and tested, for
an additional £5.00 inclusive of
postage.

Falcon Electronics (EW
September) has these
potentiometers in stock.

Postal Orders or Cheques, for
pounds sterling only, to C.
Bateman. ‘Nimrod” New Road.
ACLE. Norfolk, NR13 3BD,
England.
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Figure 9: Measured as for figure 7 but using a 6 volt DC bias. Notice how the third harmonic and the
intermodulation products remain constant despite the dramatic reduction in second harmonic level with
this DC bias.
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Figure 10: Measured as for figure 7 but with 30 volt DC bias. The capacitor is polarised to one halfits rated
voltage, the ‘myth’ value. Second harmonic has increased dramatically and distortion doubled compared to
no bias figure 7. Intermodulation products and third harmonic are unchanged, from no bias to 30 volt.
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AC signal, capacitor construction and
even from capacitor to capacitor
within a batch. From my tests, it
ranged from less than 1 volt to some
12 volt.

With further increase of DC bias
voltage, the effects of dielectric
absorption outweigh this
improvement. Second harmonic
distortion increases rapidly with bias
voltage. I re-measured this electrolytic
and the reference capacitor at 1 volt
AC with 30 volt DC bias, its
‘mythical’ optimum. Distortions
dramatically increased, now almost 42
times greater than the reference
capacitor. Fig. 10.

These changes in second harmonic
amplitude, tested with and without
DC bias, clearly result from the AC
and DC voltages applied, dielectric
absorption and dielectric
thickness/formation voltage.

Non-linear effects in the
interconnections, the axide dielectric
and the electrolyte/paper combination
contribute third harmonic distortion.
Third harmonic distortion increases
with the applied AC signal. It does not
change with DC bias voltage,
remaining almost constant from zero
to 30 volt DC bias. Figs. 7, 9, 10.

With increasing AC signal, when
third harmonic distortion exceeds
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Figure 11: The bi-polar electrolytic of figure 1, measured unbiased as for figure 7. The bi-polar shows
minuscule harmonic distortions and freedom from intermodulation products, compared to the polar
electrolytic. Why do designers use polar electrolytic capacitors in the signal path of an amplifier?
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Figure 12: Two 2.2pF 63 volt polar capacitors connected back to back and measured unbiased as figure
11, produce less distortion than the polar capacitor. However with intermodulation products and double
the distortion of the bi-polar capacitor, why use two polar capacitors, when one bi-polar is clearly better?

some 0.0003% of the test signal,
intermodulation distortions become
visible above the measurement noise
floor. Any increase in AC signal
results in much increased
intermodulation and harmonic
distortions.

Typically the maximum signal
voltage to avoid intermodulation
distortion with this 1uF polar
capacitor is around 0.5 to 0.6 volt.
However, even at these voltages it
still produces substantial harmonic
distortion. Figs. 5 and 6.

Bi-polar capacitor voltage
effects

This construction provides two near
identical anode foil capacitances, each
subject to half the applied AC signal.
Having no low quality cathode foil
capacitance, it is freed from its non-
linear effects so produces negligible
distortion when unbiased. Distortion
at 0.00017% is ten times smaller than
the single polar electrolytic and just
50% greater than our reference
capacitor. Fig. 11.

A DC bias voltage unbalances a bi-
polar capacitor, resulting in increased
second harmonic distortion. With 6
volt DC bias, second harmonic
increased to -107.5dB and distortion
measured 0.00044%. Little more than
half the polar capacitor’s distortion
with this bias.

Subjected to 30 volt DC bias and a 1
volt test signal, second harmonic
increased to -93dB. Third and higher
harmonics are unchanged. Distortion
at 0.00225% is less than half that of
the 1uF polar capacitor and remains
free from visible intermodulation.

Two Polar capacitors back

to back

Using two polar capacitors each of
2.2uF, connected in series and back to
back, produces a chain of four
capacitors, with a nominal 1pF
capacitance.

With no bias voltage, each polar
capacitor sees half the AC voltage.
Second harmonic is much reduced
and distortion measured 0.00034%.
While substantially less than for the
polar electrolytic, distortion is double
that measured on the Bi-polar
capacitor. Fig. 12.

With 6 volt DC bias, distortion of
our 1uF polar capacitor reduced to
0.00071 %, but more than 60% greater
distortion than measured on the Bi-
polar.

With 6 volt DC bias, second
harmonic distortion of the back to
back pair increased 20dB becoming
dominant and distortion increased
fivefold to 0.00169%. Fig. 13

At 1 volt AC, regardless of bias
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voltage, the single polar capacitor and
the back to back pair both produced
visible intermodulation.

With 30 volt DC bias, second
harmonic distortion for both the single
polar capacitor and the back to back
pair measured -86dB. Both styles
produced intermodulation and similar
harmonic distortions, measuring
0.00461% and 0.00472% respectively.
More than double that of the bi-polar.
Fig. 14.

In every distortion test, the bi-polar
capacitor produced much lower
distortions than measured on similar
value and voltage polar capacitors.

Metallised film/electrolytic
comparisons

To measure distortions produced by
the best film capacitors in my earlier
articles, I needed to use a 4 volt AC
test signal. I then found several ‘bad’
capacitors measuring higher than
normal distortion.

This 4 volt test signal is much too
large when testing electrolytic
capacitors. Measured using 12 volt
DC bias and a 2 volt test signal, all
polar electrolytics produced very high
levels of distortion.

Reducing our test signal to 1 volt
RMS to permit tests with and without
DC bias voltage, which capacitor
produces less distortion. A good
electrolytic or a poor metallised PET
capacitor? Regardless of bias, all
polar electrolytic capacitors I
measured at 1 volt generated
significant levels of intermodulation
distortion. The 1uF Bi-polar types
were intermodulation free at 1 volt
with no bias and to 30 volt DC bias.
Measuring a ‘known’ 1 puF metallised
PET at 1 volt with no bias and to 30
volt DC bias, I found no visible
intermodulation distdrtions. With 30
volt DC bias, second harmonic
distortion was -100dB, distortion was
0.00089%.

The 1uF bi-polar electrolytic, tested
at 1 volt and with 12 volt DC bias,
measured almost identical distortions,
which increased as bias increased.
With 30 volt DC bias, second
harmonic was -93dB and distortion
measured 0.00225%, some 2.5 times
worse than the PET. From these 1 volt
tests the best 1uF electrolytic, the bi-
polar type, was clearly beaten by the
metallised PET.

Much better film capacitors were
listed in my last article but at 1uF, a
metallised PET capacitor provides the
economic choice. For the lowest
possible distortion, especially with
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Figure 13: Measured exactly as figure 9 with 6 volt DC bias, the back to back connection produces more
distortion than our single polar capacitor. The bi-polar type is much better than both. With 6 volt DC
bias it measured just 0.00044 % distortion and no visible intermodulation products.

m f = ; Piot‘rap:jj P!otRanga:::j

Left Channel
7
THD x| ;
0.00472 % B S
ﬂr‘ 100RAK@ 1Y

Options... ]

40k 5Dk B0k 7.0k

30k
Frequency (H2)

References.

1. Capacitor Sounds part4
C. Bateman EW November 2002

2. Understanding capacitors -
Aluminium and tantalum
Electronics World June 1998
p-495. C. Bateman

3. Reference Data for Radio
Engineers.Howard Sams & Co.
Inc.

4. Understanding capacitors -
Ceramic.Electronics World April
1998 p.324 C. Bateman

5. Letters page. D. Self.

Electronics World April 1985 p.75

6. Understanding capacitors. C.
Bateman Electronics World Dec

Figure 14: With DC bias increased to 30 volts, the back to
back connected pair produces almost the same distortion and
intermodulation products, as the single polar capacitor of
Figure 10. The Bi-polar capacitor produced 0.00225 %, half
that of the polar or back to back capacitors and no visible
intermodulation products. | repeat my questions.

Additional Information 7

I am currently working to produce a CD ROM which
will contain more capacitor details and figures showing
many more distortion measurements than could be fitted
into this series of articles, together with PDF files able to
print the PCB artwork, assembly notes and parts lists.

I hope to have this CD ROM ready soon after my sixth

increased signal drive or DC bias, the 1997 p.998 and last article in this series is published, say mid

better quality film capacitor styles as December. Updated details in my next, the last article of
shown in figure 1 and recommended this series. Expected cost £15 plus p/p.

in my last article, should be used. B
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terrestrial and satellite sources. We
provide a free planning service for your
R.F. networks, MATV and SMATV etc

LABCENTER

http://www.labcenter.co.uk

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.

PROTELS v SM Models
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The best online selection of magnifiers
and low-vision aids, including hand-
held, hands-free, illuminated,
magnifying stands, fresnel sheets and
inspection loupes.

MAPLIN ELECTRONICS
http://www.maplin.co.uk

: '";“L.‘.;'JEE‘J@-H“

QUASAR ELECTRONICS
www.quasarelectronics.com

Qver 250 electronic kits, projects and
ready built units for hobby,

educational & industrial applications.
TEL: 01279467799, FAX: 07092 203496
or EMAIL:
ewsales@quasarelectronics.com

PHAEDRUS LTD
www.phaedrusltd.co.uk

Manufacturer and supplier oflow cost
general purpose and serial 1/0 digital
modules and accessories. PC based
software for data logging and control
applications.

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

A fully secure and interactive internet
ordering system from Maplin
Electronics, the specialist electronic
retail and mail order company to
business and retail consumers alike.
15,000 products available on line.

MATRIX MULTIMEDIA LTD
www.matrixmultimedia.co.uk

Matrix Multimedia publishes a number of
highly interactive CD ROMs for learning
electronics including: Complete
electronics course, Analogue filter
design, and PICmicro(R) microcontroller
programming (C and assembly).

NORCALL Ltd

http://www.norcall.co.uk

e-mail Norcall@aol.com

Suppliers programmers and repairers
of new and refurbished two-way radio
equipment. Retuning and recrystalling
service available. All types of batteries
chargers and aerials supplied.

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.

RADIO-TECH LIMITED
http://www.radio-tech.co.uk

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

RALFE ELECTRONICS

professional test & measurement

www.ralfe-electronics.co.uk

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.

RD RESEARCH
http://www.spice-software.com

B2 SPICE v New version

Evaluate free for 30 days

B2 Spice offers powerful simulation
software for professional engineers and
education establishments. All the
software is available on a 30 day trial
basis and comes with free technical
support.

SOFTCOPY

http//www.softcopy.co.uk

Asa 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.

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

Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Fliter and
Handset/Base Station Duplexers

TELNET
http://www.telnet.uk.com

SPRCIAL OFFERS
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Top quality second-user Test and
Measurement Equipment
eMail sales@telnet.uk.com

TEST EQUIPMENT
SOLUTIONS

http://www.TestEquipmentHQ.com
Test Equipment for rental or second user

Test Equipment Rental & Second User Sales|

TEST
%OLUTIONS
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sale at the industry’s lowest prices. All
types of equipment from all leading
manufacturers including general purpose,
communications and industrial test. ltems
fully refurbished with 1 year warranty.
Rental rebate given on purchases.

TELONIC
http://www.telonic.uk.com

a0

Phene +44 (0 20 0906 0168
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"Telonic, specialists in laboratory AC &
DC Power Supplies, Electronic AC & DC
Loads, Electrical Safety Testing and
complete test systems. Plus RF Filters,
Attenuators, Diesel Engine Smoke
Measurement, Quartz Crystal
Microbalances.

Tel +44 (0) 118 9786911"

TECHNICAL AND
SCIENTIFIC SUPPLIES

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

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

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

TOTAL ROBOTS
http://www.totalrobots.co.uk

Robot Kits and Control Technology
products, including OOPic the first
Object-Oriented Programmable
Integrated Circuit. Secure on-line
ordering and fast delivery.

ULTRACOM
http://www.ultracom. fi

Ultracom specializes in the design and
manufacture of data radio products
including Radio Modules, Radio
Modems, Filters and Antennas for real-
time 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
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?

VUTRAX PCB DESIGN
SOFTWARE

http://www.vutrax.co.uk

Beyend srdisary PCB CAD.
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Vutrax electronic schematic and pcb
design system for Windows 95/98, ME,
NT, 2000, XP and Linux. Limited Capacity
FREE version downloads available, all
upgradeable to various customised level.

WARWICK WIRELESS LTD

http://www.radiotelemetry.co.uk
Free data on Radio Modems, Radio
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.

WILMSLOW AUDIO

http://www.wilmslow-
audio.co.uk

Wilmslow Audio

View Cart Checkout

"Uk's largest supplier of high quality
loudspeaker kits and drive units.
Comprehensive range of components
and accessories, including damping
products, connectors and grilles
materials. Demonstration facilities
available.

WEB ADDRESSES.

sites.

the difference

WEB DIRECTIONS

Put your web address in front of 21,000 Electronics fanatics.
Electronics World acknowledges your companys need to promote your
web site, which is why we are now dedicating page’s in every issue to

This gives our readers the opportunity to look up your companys name,
to find your web address and to browse the magazine page to find new

We also understand that cost is an important factor, as web sites are an
added drain on budgets. | am sure you will agree these rates make all

FOR 12 ISSUES:

Lineage only will cost £150 for a full year just £12..50 per month. This

includes your companys name, web address and a 25 word description.

Lineage with colour screen shot will cost £350 for a full year

just £29.17 per month. This will include the above plus a 3cm screen
shot of your site, which we can produce if required.

To take up this offer or for more information ring

on 0208 722 6028.

E-mail: r.gurunlian @highburybiz.com

Company Name

Web address
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(to name but a few).

2N 2SA 2SB 2SC 2SD 2P 2S] 2SK 3N 3SK 4N 6N 1740 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF
BFR BFS BET BFW BEX BFY BLY BLX BS BR BRX BRY BS
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CD DX CXA DAC DG DM DS
DTA DTC GL GM HA HCF HD HEF ICL ICM IRF ] KA
KIALLALBLCLDLEF LM M M5MMA MAB MAX MB
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
UAAUC UDN ULN UM UPAUPCUPD VN X XR Z ZN

MC MDA ] MJE

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.

Cricklewood Electronics Ltd

40-42 Cricklewood Broadway, London NW2 3ET
Tel: 02084520161 Fax: 020 8208 1441
www.cricklewoodelectronics.co.uk
E-mail: sales@cricklewoodelectronics.com

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

N

Y
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SPECIAL OFFERS

S|
TEKTRONIX 24454 4 Ch ONLY
150MHz Delay, Cursors etc.

Supplied with 2 Tektronix probes

MARCONI 201 9A

AM/FM synthesised signal
generator 80kHz - 1040MHz

NOW ONLY

TEKTRONIX 2232 Digital Storage Scope. Dual Trace
100 MHz,100m/s with probes. ...........cccvevereeveeencc! £525
H.P. 54501A Digitizing Oscilloscope100MHz, 4Ch £425
H.P. 3312A Function Gen 0.1Hz-13MHz AM/FM
Sweep/Tri/Gate/Burst efc...
FARNELL Dual PSU XA35-2T 0-35V 0-2A Twice QMD
LCD Display. £180
CIRRUS CRL254 Sound LevelMeterwith Calibrator,
80-120dB, LEQ £150
EDDYSTONE 1002  Receiver  150kHz-30MHz  +
Broadcast FM £125
FARNELL AMM255 Automatic Mod Meter 1 5MHz-
2GHz Unused £300
FARNELL DSG1 Low Frequency Syn Sig Gen
0.001Hz to 99.99kHz, Low Distortion TTL/Square/
PUISE OULPULS BLC .....cvvvee e £95
FLUKE 8060A Handheld True RMS DMM 4%/, digit
................................................ As new £150. Used £95
BECKMAN HD110 Handheld 3, digit DMM, 28
ranges with battery, leads and carrying case........... £40

H.P. 3310A Function Gen 0.005Hz-5MHz Sine/Sq/Tri/
£125

MARCONI 893C AF Power Meter, Sinad Measurement.
Unused £100 Used £60

FARNELL DTV 12-14 OSCILLOSCOPE
DUAL TRAGE 12 MHz TV. COUPLING
ONLY

FARNELL LF] 12-14 Sine/Sq OCSILLATOR
10 MHz -1 MHz ONLY

OSCILLOSCOPES

TEKTRONIX TDS350 Dual Trace .200MHz 1G/S
unused £1500
TEKTRONIX TDS320 Dual Trace 100MHz 500M/S..£1200
TEKTRONIX TDS310 Dual Trace 50MHz 200M/S 950
LECROY 9400A Dual Trace 175MHz SG/S ...
HITACHI V(6523 Dual Trace 20MHz

unused

PHILIPS PM3092 2+2Ch 200MHz Delay ..............ccccccoveen.
£800 As New £950

PHILIPS PM3082 2+2Ch 100MHz Delay efc ....................

£700 As New £800

MARCONI 893B - NO Sinad..........cccccoervermriererirmnnnsd £30
MARCONI 2610 True RMS Voltmeter Autorangin 5Hz-
25MHz £195
GOULD J3B Sine/Sq Osc. 10Hz-100kHz. Low distortion

£75-£125
AVO 8 Mk6 in Ever Ready Case, with leads efc ........... £80
Others Avos from £50

GOODWILL GVT427 Dual Ch AC Millivoltmeter 10mV in 12
Ranges Freq 10Hz-1MHz £100-£125
SOLARTRON 7150 DMM 6%/, digit True RMS - IEEE
£95-£150
SOLARTRON )T LU R Y — £200
HIGH QUALITYRACAL COUNTERS
9904 Universal Timer Counter, 50MHz .
9916 Counter, 10Hz-520MHz...
9916 Counter, 10Hz-560MHz, 9-digit.
WAYNE KERR B424 Component Bridge .
RACAL/AIM 9343M, LCR Databridge, Digital...
ements of R.C.L.Q.D.

Ramp/Pulse
FARNELL FLM4 Sine/Sq Oscillator 10Hz-1MHz low
distortion. TTL Output. Amplitude Meter................... £125
H.P. 545A Logic Probe with 546A Logic Pulser
and 547A CUITent TraCET ........covvvemvierierisiinsrencmricnennss £90

FLUKE 77 Multimeter 3"/, digit Handheld £60

HUNTRON TRACKER Model 1000.
MARCONI TF2015 AM/FM sig gen,
FLUKE 8050A 4.5 Digit, 2A True RMS
FLUKE 8012A 3.5 Digit, 2A.

FLUKE 77 SERIES Il........occoconimummmuasscincimsenisnnonssnunsens £70
HEME 1000 LCD Clamp Meter 0-1000A. In Carrying
Case £60

SOLARTRON 7045 Bench Multimeter @
4.5 Digit Bright LED with Leads ONLY

Racal 9008
Automatic - Modulation Meter AM/FM
1.5MHz - 2GHz

Portable Appliance Tester
I £180 J

Datron 1061 @
High Quality 5.5 Digit Bench Multimeter

True RMS/4 wire Res/Current Converter/IEEE

Datron 1061A 2

High Quality 6"/, digit Bench Multlmeter@
True RMS/4 wire/Current Converter

Racal Receiver RA1772

50KHz - 30MHz ) @

LED Display. Basically Working.

Megger Pat 2

H.P.6012B DC PSU 0-60V; 0-50A 1000W.
FARNELL AP60/50 1KW Autoranging
FARNELL H60-/50 0-60V 0-50A....
FARNELL H60/25 0-60V; 0-25A
Power Supply HPS3010 0-30V;
FARNELL L30-2 0-30V; 0-2A
FARNELL L30-1 0-30V; 0-1A
Many other Power Supplies available.

Isolating Transformer 240V In/Out 500VA.................. £40

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL VISA [
Telephone: (0118) 9268041 Fax: (0118) 9351696
www.stewart-of-reading.co.uk

Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

TEKTRONIX TAS465 Dual Trace 100MHz Delay etc ..£750
TEKTRONIX 24658 4Ch 400MHz Delay Cursors etc£1500
TEKTRONIX 2465 4Ch 300MHz Delay Cursors etc...£900
TEKTRONIX 468 Dig Storage Dual Trace 100“%101

Delay
TEKTRONIX 466 Analogue Storage Dual Trace
100MHz £250

TEKTRONIX 485 Dual Trace 350MHz Delay Sweep ...£550
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep ...£350
TEKTRONIX 465B Dual Trace 100MHz Delay Sweep.£325
TEKTRONIX 2215 Dual Trace 60MHz Delay Sweep ...£250
PHILIPS PM3217 Dual Trace 50MHz Delay ...£200 - £250
GOULD 0S1100 Dual Trace 30MHz Delay £125
HAMEG HM303.6 Dual Trace 35MHz CUmponent
Tester. As new. £240
HAMEG HM303 Dual Trace 30MHz Compgn;%rg

Tester
MANY OTHER OSCILLOSCOPES AVAILABLE

MARCONI 2022E Synthesised AM/FM Sig Gen .£525 - £750
10KHz - 1.01GHz LCD Display etc
H.P.8657A Syn 100KHz - 1040MHz Sig Gen ..
H.P. 8656B Syn 100KHz - 890MHz Sig Gen.
H.P. 8656A Syn 100KHz - 990 MHz Sig Gen
R&S APN62 Syn 1Hz - 260KHz Sig Gen
Balanced/Unbalanced Output LCD Display
PHILIPS PM5328 Sig Gen 100KHz - 180MHz With
00MHz. £550
Freq Cou
RACAI L9081 Syn AM/FM Sig Gen 5KHz - 1024MHz .£250
H.P. 3325A Syn Function Gen 21MHz. £600
MARCON | 6500 Amplitude Analyser ...
H.P. 4192A Analyser
H.P. 4275A LCR Meter 10KHz - 10MHz £2750
H.P. 8903A Distortion Analyser........
WAYNE KERR Inductance Analyser
H.P. 8112A Pulse Generator 50MHz.
MARCONI 2440 Freq Counter 20GHz ..
H.P.5350B Freq Counter 20GHz......
H.P. 5342A 10Hz - 18GHz Freq Countet
H.P. 1650B Logic Analyser 80 Channel
MARCONI 2305 Mod Meter 500KHz - 2Ghz.
RADIO COMMUNICATONS TEST S|
MARCONI 2955/2955A ..
Rohde & Schwarz CMT
ger 4040

JUST IN

HP. 60638 DC Electronic Load 3-240V/0-10A 250W
P.

H.P. 66312A PSU 0 - 20V/0-2A
H.P. 66311B PSU 0 - 15V/0-3A
H.P. 663090 PSU Dual 0 - 15V
H.P. 6632B PSU 0 - 20V/0-5A.
H.P. 6623A PSU Triple Output ranging from
0-7V 0-5Ato 0-20V 0-4A
H.P./Agilent 34401A DMM 6/, digit
H.P. 3478A DMM 5/, digit .
FLUKE 45 DMM Dual Displa
KEITHLEY 2010 DMM 7Y/, digi
KEITHLEY 617 Programmable Electrometer .
H.P. 43388 Millic
RACAL Countertype 1999 2 6 GHz..
H.P. Counter type 53131A 3GHz ......
H.P./Agilent 33120A Function Gen/ARB
100microHz - 15MHz
SONY/TEKTRONIX AFG320 Arbitary Function Gen..£1250
H.P.8904A Syn Function Gen DC - 600KHz£1000/£1250
BLACK STAR JUPITOR 2010 Function Gen 0.2Hz - 2MHz
with Frequency Counter ..
H.P. 8116A Pulse Genera
H.P.8657BSyn Signal Gen 0.1-2080MHz
CO-AXIAL SWITCH 1.5GHz
IEEE CABLES

SPECTRUM ANALYSERS

H.P. 8561B 50Hz - 6.5GHz .......
H.P. 8560A 50Hz - 2.9GHz Synthesised
H.P. 8594E 9KHz - 2.9GHz ...........
H.P. 8591E 1MHz - 1.8GHz 75 ohm ..
H.P. 853A with 8559A 100KHz - 21Gl
H.P. 8558B with Main Frame 100KHz -
H.P. 3585A 20Hz - 40MHz ..
H.P. 3580A 5Hz - 50KHz .....
ADVANTEST R4131B 10KHz - 3.5GHz .
EATON/Ailtech 757 0.001 - 22GHz ...
MARCON! 2382 100Hz - 400MHz High Res..
MARCONI 2370 30Hz - 110MHz
H.P. 182 with 8557 10KHz - 350MH
HP. 141T Systems

8553 1KHz - 110MHz
8554 500KHz - 1250MHz
8555 10MHz - 18GHz.
H.P. 8443 Tracking Gen/Count
H.P. 8444 Opt 059...............
B & K 2033R Signal Analyser..
H.P. 8754A Network Analyser 4 z
H.P.3577A Network Analyser 5Hz - 200MH1 ......... EGUOO
HP. 53310A Modulation Domain Analyser Opt

2900/21000

001/003.. £5000
ONO SOKKI Portable FFT Analyser ........cccoeveeeec: £1500
H.P. 8720C Microwave Network Analyser 50MHz-20GHz

£12500

USED EQUIPMENT - GUARANTEED. Manuals supplied.
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage.
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As an advertiser you can be certain that your sales message is

Tel: 020 8722 6028.

going to be read by decision-making electronics professionals
with the power to purchase your products.

The pre-paid rate for semi-display setting is £17 per single column centimetre
(maximum 4cm). Box number £22 extra. Al prices plus 17/:% VAT.
All cheques, postal orders etc to be made payable to Highbury Business
Communications Ltd. Advertisements together with remittance should be sent
to Electronics World Classified, Highbury Business Communications Ltd,
Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey SM3 8DZ.
Fax: 020 8770 2016.

Service

ARTICLES WANTED FOR SALE SERVICES
TOP PRICES PAID

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

1MayoRoad, Croydon, Surrey CR0 2QP
TEL: 0208684 1166  FAX: 020 8684 3056

BEST CASH

PRICES PAID

For all valves
KT88 PX4 and
other audio types

Wide range of
valves and CRT
stocked

Tel:

RF DESIGN
SERVICES

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

| WATERBEACH ELECTRONICS

www.rlaver.dial.pipex.com

= =]

Electronic design ai ¥ the new faillennium:
i s P LJ,%%S

Embedded mdnitoring & confro)

¥ % »

° r ® i telemetry systems
® PSTN'telephones and test equipmen o Au Vidgo'processing
® Datacomiinterfacing, fine driving etc. - 3; GSM telemetry via. SMS
® Switch#Mode & linear PSU.and battery | or data (TGPAB).

management : 75 - ® DYD pldyer control systems
® Gas detection systems : ® GPS positioning systems
® Printed Circuit Board design ® Specialist cablelooms
® T ical d i h i ©® Small, medium & large scale

layout & language translation manufacturing

Email: sales@designersystems.co.uk
TellFax: +44 (0) 1872 223306

http:/iwww.designersystems.co.uk

for more information see our web site @

DESIGNED & MANUFACTURED ;l==| ag ar
© Prototype or poduction quantities Ramm ~ . =
o Fast tomtoundavaitabie. t2222 Circuits
® PCBs designed from circuit diagrams
® Almost all computer files accepted
® PCB assembly - mechanical assembly
© Full product design-manufacture-test-repair
Unit 5, East Belfast Enterprise Park
308 Albertbridge Rd, Belfast BT5 4GX
TEL 0289073 8897 FAX 0289073 1802

info@agarcircuits.com

01403 784961

Billington Export Ltd.
Fax: 01403 783519

Email: sales@bel-tubes.co.uk
Sussex RH14 9EZ
Visitors by appointment

QUALITY USED isolating transformers.
Primary 240v secondary 240v metal cased.
2500va £50 each. Tel: 01934 622006.

SERVICES

Rack Enclosures

New and Used ~ most sizes
16U to 50U side and rear panels
mains distribution
19" Panel mounts
optima eurocraft

Prices from £45 + vat
M&B Radio

86 Bishopsgate Street, Leeds LS1 4BB
Tel. 0113 2702114 Fax. 0113 2426881

P&P
ELECTRONICS

Design of Electronic Systems
by Degree Qualified Engineer

01924 402931

TEL: 01223 862550 Py AN
FAX: 0023440853 | | smenosee (§) BSveremal
PRINTED cmcu" BOARDS pch Conv/PTH/Multi-Layer/Flexible ® UK & Far East production

o CAD Layout e Electronic Design e Assembly (prototype & production)
o SMD m/c assy @ 18,500 cps/hr

Deliveries from

24

Tel: 01635 40347

Newbury Electronics Ltd

Faraday Road Newhury Berks RG14 2AD
Fax: 01635 36143

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

Approvals: IS0 9002/UL
. SEE OUR WEB SITES

Visit -y
www. pcbtrain.com

The low cost source for prototype PCBs
from 1 to 6 layers

POWER SUPPLY DESIGN
Switched Mode PSU
Power Factor Correction
designed to your specification
Tel/Fax: 01243 842520
e-mail: eugen_kus@cix.co.uk

Lomond Electronic Services

WANTED

WANTED Surplus or Obsolete Electronic Components

Turn your excess stock into instant cash!
SEND OR FAX YOUR LIST IN STRICTEST CONFIDENCE
Will collect anywhere inthe UK

COMPONENTS

6a St.Marys St, Bedford, Bedfordshire, MK42 0AS
Tel: 01234 363611 Fax: 01234 326611
E-mail: sales@mushroomcomponents.com
Internet: www.mushroomcomponents.com

g gMushroom

For a FREE consultation on
how best to market your
products/services to a
professional audience
contact REUBEN
on 020 8722 6028

The Peak ALlas

Automatic component :
is analysing. ..

Check your oo |

sem' s o Transistor gain measurement
e MOSFET gate threshold

Two Lerminal
bicolour LED

NFN birolar

component analyser

HiegstRCHaN] ] Darlinston
o PN junction characteristics i _
measurement Diode rFrolection

el 3 5 1. (e
e Shorted Junction identification betuesat E

o Transistor leakage measurement Resistor shunt

fully inclusivefUKSpEice] o Just connect the part anyway betueen B-E

] 3
round and press the button! CORFSEE “aa i

SUpDakte: Hfe=126
Bipolar transistors,
Darlington transistors,
Diode protected
transistors,
Resistor shunted
transistors,
Enhancement mode MOSFETs,
Depletion mode MOSFETs,
Junction FETs,

Low power triacs and thyristors,
Diodes and diode networks,
LEDs (+bicolours)

Er'l harllzef'] E‘IﬁT L. 11 C'dE‘
H-Ch MOSFET

Gate Threshold
1 L}

TRANSISINOIR '
Buy online! f’

U Just plug oneend of your cable intothe Atlas IT and the other into the Atlas (k. IZZPOSSjD'V'er‘
Terminator and press “test”. In seconds the unit will identify the cabl.e type cable (FC-FCO
.2 (straight through, crossover or token ring) and verify every connection. If

Hasit

4= there are any faults then they are clearly explained on screen. 5’;¥";‘i"i£ 1 321 Lows Network cable analyser
Socket testing is possible too thanks to the special patch cables included in ~~ R )

2 the outfit. _Term» 12245673

& Swapped lines, missing lines, shorted lines are all uniquely identified AL1as>36145273

© together with the full connection pattern! Eraer Do
. ] g (0]l JRC=T) =,
What’s more, if you want to know how to make up a special network cable, EiF:IT—.ﬁ-'.t-e- It 4' : =
O the Atlas can instruct you, even down to cable colours! e
The Atlas IT is supplied with 2 non-ID terminators, 2
Q battery, carry case and user guide.
m Also available are ID terminators
%, enabling cable-run identificatio
m together with full connection
mapping and testing.
Up to 24 IDs available

tfully inclusive UK price
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cable (PC—Hub>

minator 1
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las Terminalor
niot. detected,

[—A . - Buy online! supplied in carry case
Visit www.peakelec.co.uk to dowr
and copies of independent reviews.
You can pay using a cheque, postal order, credit or debit card and :
even pay securely online. Please contact us for overseas or volume
orders - you will be pleasantly surprised.

oad the data sheets, user guides

Also available from
Farnell and Maplin
(Prices may vary)

Atlas House, Kiln Lane
Harpur Ind. Est., Buxton

www.peakelec.co.uk

Derbyshire, K17 9JL, UK Sales@peakelec.co.uk
Tel. 01298 70012 Fax. 01298 70046
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Sale
AMPLIFIERS
Amplifier Research 10W1000B IGHz 10W RF Amplifier 3500
Amplifier Research IW1000 IGHz IW RF Amplifier 1350
HP 83498 2-20GHz 15dB +20dBm Amplifier 2950
HP 84498 26.5GHz Pre-amplifier 5250
ATTENUATORS ]
HP 8498A DC-18GHz 25W Fixed Attenuator 495
Marconi 2187 0-20GHz 0-130dB Programmable Attenuator = 3250
COMPONENT ANALYSERS ‘
HP 16097A Accessory Kit For HP4192A 950
HP 4084B Switching Matrix Controller 3950
HP 4085A Switching Matrix 3950
HP 4085M Switching Matrix 4950
DATACOMMS
Fluke DSP4000 Cat Se/6 LAN Cable Tester 2950
HP 18294A X21 Interface For HP Protocol Analyzer 1150
HP J2294C EI/ISDN SIM Balanced Interface Mod for J2300C = 1150
HP J3446C LAN Fast Ethernet Internet Advisor 8500
Microtest PENTA SCANNER Cat 5 Cable Tester 975
ELECTRICAL NOISE
HP 346A 18GHz Noise Source 1150
HP 89708/020 2GHz Noise Meter 1950
ELECTRICAL POWER
BMI 100G POWERVISA Single Phase Mains Disturb Analyzer = 1950
Dranetz PP4300 Power Quality Analyzer 4950
Kikusui TOS8850 Insulation Tester 1450
Megger RM215/ L/2 Breakdown Leakage Tester 1250
EMC
Chase HFR2000 30MHz Measuring Receiver 950
Chase LFR1000 9KHz To I50KHz Measuring Receiver 1150
Chase MDS2| 1GHz Absorbing Clamp 550
Chase MN2050 30MHz LISN 550
Electrometrics EM7820 25A 100MHz Single Phase LISN 1350
Keytek MZ-15/EC ESD Simulator 2950
R &S E8I00 20MHz-IGHz EMC Test Receiver 2500
Schaffner NSG200E EMC Mainframe 1150
Schaffner NSG222A Pulse Interference Simulator Plug In 915
Schaffner NSG225A Burst Simulator Plug In 915
Schaffner NSG332 Coupling Clamp 350
Schaffner NSG435 ESD Simulator 3450
FREQUENCY COUNTERS
EIP 578 26GHz Microwave Source Locking Counter 2150
HP 53131A 225MHz 10 Digit Universal Counter 850
HP 53131A/030 3GHz Universal Frequency Counter 1350
HP 53181A 225MHz 10 Digit RF Counter 895
Racal 1992/04C 1.3GHz Counter Timer 1150
FUNCTION GENERATORS
HP 33120 15MHz Function/Arbitary Wareform Generator 950
HP 33258 2IMHz Function Generator 3500
Tek AWG2021 250MS/s Arbitary Wavefom Generator 6950
LOGIC ANALYSERS
HP 16500C Logic Analyser Mainframe 2850
HP 16510A 80 Ch Logic Analyser Card 1450
HP 1663C/015 100MHz State 34 Ch Logic Analyser 2150
MULTIMETERS
HP 34401A 6.5 Digit Digital Multimeter 550
Keithley 2400 Digital Sourcemeter 2500
NETWORK ANALYSERS

Anritsu $251B/05 2.5GHz Dual Port Scalar Network Analyser 6950

(GBP) (&

TEST EQUIPMENT

SOLUTIONS

Sale

(GBP) ||
Anritsu §33 1A 3.3GHz Scalar Network Analyser 4750
HP 11500F APC Cable 3.5mm 450
HP 35677A 200MHz 50 Ohm § Parameter Test Set 1895
HP 3577A 5Hz-200MHz Network Analyser 4750
HP 41952A 500MHz Transmission/Reflection Test Set 1850
HP 4195A S00MHz Network/Spectrum Analyser 10500
HP 85044A 3GHz 50 Ohm Transmission / Reflection Test Set 2250
HP 85046A 3GHz 50 Ohm § Parameter Test Set 2950
HP 85131F 3.5mm Flexible Cable Set 1750
HP 8752A/003 3GHz T/R Yector Network Analyser 1500
HP 8753A/010 3GHz Vector Network Analyser 3950
HP 8753B/006 6GHz Vector Network Analyser 8500

HP 8753ES 3GHz ector Network Analyser c/w § Parameter ' 16950

We Have an Unrivalled Global
Sourcing Capability for all your

Test Equipment Needs!!

OSCILLOSCOPES

HP 1152A 25GHz Active Scope Probe 950
Tek A6302 Current Clamp 100
Tek TAS465 2 Channel 100MHz Analeg Scope 595

Tek TDS3054/3FFT/3TRG 4 Ch S00MHz 56§/ Digital Scope = 6500
Tek TD$380/14 2 Channel 400MHz 2GS/S Digitising Scope | 2450
Tek TDS420A/IF/IM 4 Ch 200MHz 100MS/s Digitising Scope ' 3350
Tek TDS460A/IF 4 Channel 400MHz 00MS/s Digitising Scope 3500
Tektronix TDS540A/ IF 4 Ch S00MHz 1GS/s Digitising Scope = 4500
Tektronix THS720 2 Ch 100MHz Handheld DSO with DMM 1650
POWER METERS

HP 436A/022 RF Power Meter With GPIB 650

HP 437B RF Power Meter 1350
HP 84815A SOMHz - 18GHz +20dBm Peak Power Sensor 1050
HP E4412A 10MHz-18GHz 100mW Power Sensor 695

HP E4418A/002 Single Channel Power Meter 1750
HP E4419A Dual Channel RF Power Meter 2500
Marconi 6960/GPIB RF Power Meter 695

R & S NRVD Dual Channel Power Meter 1950
POWER SUPPLIES

HP 66312A 20V 2A DC Source 950

HP 6632A 20V 5A DC GPIB Power Supply 895

HP 6652A 20V 25A DC GPIB Power Supply 815

HP 66534 35V 15A DC GPIB Power Supply 875

Kikusui PCRIOOOL IKVA %ltage/Frequecy Convertor inc IEEE 4250
Kikusui PLZISOW 150W Electronic Load 595

PULSE GENERATORS

HP 8082A 250MHz Pulse Generator 850

HP 8112A 50MHz Pulse Generator 2950

SIGNAL & SPECTRUM ANALYSERS

Advantest R3361A 9KHz-2.6GHz Spectrum Analyser With TG = 6950
Advantest R413IC 3.5GHz Spectrum Analyser 3950
Advantest R9211A 100KHz Dual Channel FFT Analyser 3150
Anritsu M52602A/01/04 100Hz-8.5GHz Spectrum Analyser 9950
Anritsu MS2711A/05 3GHz Handheld Spectrum Analyser 4950
Anritsu MS6108 2GHz Spectrum Analyser 2650
Anritsu MST10C 23GHz Spectrum Analyser 8950

Quality Second User

Test Equipment

With 12 Months Warranty

The Industry’s
Most Competitive

HP 339A 110KHz Distortion Analyser

HP 3562A 100KHz Dual Channel Dynamic Signal Analyser
HP 35660A 102.5KHz Dual Channel Dynamic Signal Analyser
HP 41800A S00MHz Active Probe

HP 70206A System Graphics Display

HP 70900A Local Oscillator Module

HP 70902A 10Hz To 300KHz IF Section

HP 70904A 100Hz To 2.9GHz RF Section

HP 85024A 3GHz Active Probe

HP 8560A/002/H03 2.9GHz Spectrum Analyser

HP 8562A 22GHz Spectrum Analyser

HP 8563A/103/104/H09 22GHz Spectrum Analyser

HP 8592B 22GHz Spectrum Analyser

HP 8594E/010 2.9 GHz Spectrum Analyser With TG

HP 8594E/41/130 2.9GHz Spectrum Analyser

HP 8595E/004/041/105/151/163 6.5GHz Spectrum Analyser
HP 8903B/10/51 20Hz To 100KHz Audio Analyser

HP 8903E 20Hz-100KHz Distortion Analyser

Marconi 2380/83/303G 4.2GHz Spectrum Analyzer (no TG)
Tektronix 2706 Preselector For Tk 2712

SIGNAL GENERATORS

Anritsu MG3633A / 002 10KHz-2.7GHz Signal Generator
HP 8642A/001 IGHz High Performance Synthesised Sig Gen
HP8657A/001 1GHz Synthesised Signal Generator

HP 8657B/001 2GHz Synthesised Signal Generator

HP 8672A 2-18GHz Synthesised Signal Generator

HP E4422B/UNB 4GHz Hi Power Synthesised Sig Generator
R & § SMHU 4.32GHz Synthesized Signal Generator

R &S SMY02 9KHz-2GHz Synthesised Signal Generator
SPECTRUM/SCALAR ANALYSERS

Anritsu §3328 3.3GHz Scalar Network & Spectrum Analyser
TELECOMS

GN Nettest LITE 3000 2M8PS Error & Signalling Analyser
HP 37717C/UK| PDH Transmission Analyzer

HP 3788A/001 2MBPS Error Performance Analyser

Marconi 2840A 2MB Handheld Transmission Analyser
Phoenix 5500A Telecomms Analyzer

Trend AURORA DUET Basic & Primary Rate ISDN Tester
TIC 6000A Communication Analyser

W & G PFA-35 Digital Transmission Analyzer

TV & VIDEO

Calan 3010R/52 Sweep/Ingress Analyser

Minolta CA-100 CRT Colour Analyzer

Philips PM5418TDS +Y/C TV Pattern Generator Y/C + RGB
Tek 1751 PALVectorscope

WIRELESS

Anritsu ME45108 Digital Microwave System Analyser

HP 83220E/010 GSM/PCS/DCS1800 (I710-1900) MS Test Set
HP 8920A/1/4/1/13/14/103 | GHz Radio Comms Test Set
HP 8922M/001/006/010/101 IGHz GSM MS Test Set
Marconi 29558 1GHz Radio Comms Test Set

Marconi 2965/012 1GHz Radio Communications Test Set
Racal 6103/001/002/014/04T GSM/DCS Mob Radio Test Set
R & § CMS52/B1/85/B9/BI5/B28 Radio Comms Test Set
R & § CMTA84 IGHz Radio Comms Test Set

R & § CMD55 Digital Radio Comms Test Set

Schlumberger 4015/IEEE/DUPLEX IGHz Radio CommsSet
Schlumberger 4031 1GHz Radio Comms Test Set

Test Equipment Rental Rates

Sale
(GBP)

1250
3950
3250
95
1500
2000
2000
2500

- 1450

1950
14950
15500
8500
9850
6150
10750
2450
1250
5500
1750

6500
250
1750
3500
4950
5950
9500
4500

1500

1350
2950
1350
1500
2500
3650
4500
3850

4250
2650
2450
3250

12950
2500
4950
6500
3500
5950
6500
5750
5950
6500

' 4500

3500

If you don't see what you want, please CALL!

Flexible commercial solutions available onall products

See our extensive online catalogue at www.TessEquipmentHG.com

FREE

Paim m105 shipped
with every order
over £10K

Prices shown are for guidance in £UK and are exclusive of VAT. Rental prices
are per week for a rental period of 4 weeks. [ree carriage to UK mainland
addresses. This is just a selection of the equipment we have available - If you
don't see what you want, please call. All items supplied fully tested and
refurbished. All manuals and accessories required for normal operation included.
Certificate of Conformance supplied as standard; Certificate of Calibration
available at additional cost. Test Equipment Solutions Terms apply. E&OE.

01753 596000

Fax: 01753 59 6001

www.TestEquipmentHQ.com

email: info@TestEquipmentHQ.com
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