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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 

Hewlett Packard 3326A Tuo-Channel Synthesiser £3000 
H.P. 4191A R/F Imp. Analyser (lGHz) £4995 
H.P. 4192A L.F. Imp. Analyser (13MHz) £4000 

Hewlett Packard 4193A Vector Impedance Meter (4-llOMHz) £3000 
Hewlett Packard 4278A lkHz/lMHz Capacitance Meter £3750 

H.P. 53310A Mod. Domain Analyser (opt 1/31) £6750 

Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier £2500 

Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1950 
H.P. ESG-D3000A 3GHz Signal Gen £6995 
Marconi 6310 - Prog'ble Sweep gen. (2 to 20GHz) - new £2500 
Marconi 2032 10Khz-5.4GHz Sig. Gen. £6995 
Marconi 6311 Prog'ble sig. gen. (lOMHz to 20GHz) £2995 

Marconi 6313 Prog'ble sig. gen. (lOMHz to 26.5GHz) £3750 

R&S SMG (0.1-lGHz) Sig. Generator (opts B1+2) £2750 

Fluke 5700A Multifunction Calibrator £12500 

Fluke 5800A Oscilloscope Calibrator £9995 
H.P 3458A DMM (8.5 digits) £3750 
Tek 371A Programmable Curve Tracer £15000 

OSCILLOSCOPES 
Gould 400 20MHz - DSO - 2 channel 
Gould 1421 20MHz - DSO - 2 channel 
Gould 4068 150MHz 4 channel DSO 
Gould 4074 100MHz - 400 Ms/s - 4 channel 
Hewlett Packard 54201A - 300MHz Digitizing 
Hewlett Packard 54502A - 400MHz - 400 MS/s 2 channel 
Hewlett Packard 54520A 500MHz 2ch 
Hewlett Packard 54600A - 1 OOMHz - 2 channel 
Hewlett Packard 54810A 'lnfinium' 500MHz 2ch 
Hitachi V152N212N222N302BN302FN353FN550BV650F 
Hitachi V1 1 OOA - 1 OOMHz - 4 channel 
lntron 2020 - 20MHz. Dual channel D.S.O (new) 
lwatstu SS 5710/SS 5702 -
Kikusui COS 5100 - 100MHz - Dual channel 
Lecroy 9314L 300MHz - 4 channels 
Meguro MSO 1270A - 20MHz - D.S.O. (new) 
Philips 3295A - 400MHz - Dual channel 
Philips PM3070 - 1 OOMHz - 2 channel - cursor readout 
Philips PM3392 - 200MHz - 200Ms/s - 4 channel 
Philips PM3094 - 200MHz - 4 channel 
Tektronix 468 - 100MHz D.S.O. 
Tektronix 2213/2215 - 60MHz - Dual channel 
Tektronix 2220 - 60MHz - Dual channel D.S.O 
Tektronix 2221 - 60MHz - Dual  channel D .S.O 
Tektronix 2235 - 1 OOMHz - Dual chann_el 
Tektronix 2245A - 1 OOMHz - 4 channel 
Tektronix 2430/2430A- Digital storage - 150MHz 
Tektronix 2445 - 150MHZ - 4 channel +DMM 
Tektronix 2445/2445B - 150MHz - 4 channel 
Tektronix 2465/2465A /2465B - 300MHz/350MHz 4 channel 
Tektronix 7104 - 1 GHz Real Time - with 7 A29 x2, 7B 1 O and 7B 15 
Tektronix TAS 475 - 100MHz - 4 channel 
Tektronix TDS 310 50MHz DSO - 2 channel 
Tektronix TDS 520 - 500MHz Digital Oscilloscope 

SPECTRUM ANALYSERS 
Advantest 4131 (10kHz - 3.5GHz) 
AdvantesUTAKEDA RIKEN - 4132 - 100KHz - 1000MHz 
Anritsu MS2613A 9kHz - 6.5GHz Spectum Analyser 
Ando AC 8211 - 1.7GHz 
Avcom PSA-65A - 2 to 1 OOOMHz 
Farnell SSA-1000A 9KHz-1GHz Spee. An. 
Hewlett Packard 182T Mainframe + 8559A Spee.An. (0.01 to 21 GHz) 
Hewlett Packard 853A Mainframe + 8559A Spee.An. (0.01 to 21 GHz) 
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel 
Hewlett Packard 3585A 40 MHz Spee Analyser 
Hewlett Packard 3561A Dynamic Signal Analyser 
Hewlett Packard 8560A (50MHz-2.9GHz) High performance with Tracking 
Generator option (02) 
Hewlett Packard 8567A-100Hz - 1500MHz 
Hewlett Packard 8568A -1 OOkHz - 1.5GHz Spectrum Analyser 
Hewlett Packard 8590A (opt 01, 021, 040) 1 MHz-1.5MHz 
Hewlett Packard 8596E (opt 41, 101, 105,130) 9KHz - 12.8GHz 
Hewlett Packard 8713C (opt 1 E1) Network An. 3 GHz 
Hewlett Packard 87138 300kHz - 3GHz Network Analyser 
Hewlett Packard 8752A - Network Analyser (1.3GHz) 
Hewlett Packard 8753A (3000KHz - 3GHz) Network An. 
Hewlett Packard 8753B+85046A Network An + S Param (3GHz) 
Hewlett Packard 8754A- Network Analyser 4MHz -1300MHz) 
Hewlett Packard 8756A/8757A Scaler Network Analyser 
Hewlett Packard 70001 Al70900A/70906A/70902A/70205A - 26.5 GHz 
Spectrum Analyser 
I FR A7550 - 10KHz-GHz - Portable 
Meguro - MSA 4901 - 30MHz - Spee Anaylser 
Tektronix 492P (opt1 ,2,3) 50KHz - 21 GHz 
Wiltron 6409 - 10-2000MHz R/F Analyser 
Tektronic 2782 (100Hz-33GHz) Spee. An.  

£695 
£425 

£1250 
£1100 

£750 
£1600 
£2750 

£675 
£2995 

from £100 
£750 
£450 

from £125 
£350 

£2750 
£450 

£1400 
£650 

£1750 
£1500 

£500 
£300 
£850 
£850 
£500 
£700 

from £1250 
£850 
£800 

from £1250 
from £1950 

£850 
£750 

£2500 

£3750 
£1350 
£4950 
£1500 

£750 
£1250 
£2000 
£2500 
£1500 
£3000 
£3500 

£5500 
£3400 
£3500 
£2500 
£9950 
£6000 
£5000 
£4995 
£3250 
£6500 
£1500 

from £900 

£7000 
£1750 

£600 
£3500 
£1250 
£9995 

All  equipment is used - with 30 days guarantee and 
90 days i n  some cases 
Add carriage and VAT to a l l  goods. 

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

Radio Communications Test Sets 
Anritsu MT 8801C Radio Comms Analyser 300kHz - 3GHz (opt 1,4,7) 
Hewlett Packard 89208 (opts 1,4,7,11,12) 
Marconi 2955 
Marconi 2955A 
Marconi 29558/608 
Marconi 2955R 
Racal 6111 (GSM) 
Racal 6115 (GSM) 
Rohde & Schwarz CMD 57 GSM test set (opts 81/34/6/7/19/42/43/61 
Rohde & Schwarz CMT 90 (2GHz) DECT 
Rohde & Schwarz CMTA 94 (GSM) 
Schlumberger Stabilock 4031 
Schlumberger Stabilock 4040 
Wavetek 4103 (GSM 900) Mobile phone tester 
Wavetek 4106 (GSM 900, 1800, 1900) Mobile phone tester 

£6500 
£6750 
£1250 
£1750 
£3500 
£1995 
£1250 
£1750 
£7995 
£3995 
£4500 
£2750 
£1300 
£1500 
£2000 
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M ISCELLANEOUS 
Ballantine 1620A 1 OOAmp Transconductance Amplifier 
EIP 545 Microwave Frequency Counter (18GHz) 
EIP 548A and B 26.5GHz Frequency Counter 
EIP 575 Source Locking Freq.Counter (18GHz) 
EIP 585 Pulse Freq.Counter (18GHz) 
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Gigatronics 8541 C Power Meter + 80350A Peak Power Sensor 
Gigatronics 8542C Dual Power Meter + 2 sensors 80401A 
Hewlett Packard 339A Distortion measuring set 
Hewlett Packard 436A power meter and sensor (various) 
Hewlett Packard 438A power meter - dual channel 
Hewlett Packard 3335A - synthesiser (200Hz-81 MHz) 
Hewlett Packard 3457A muli meter 6 1/2 digit 
Hewlett Packard 3784A - Digital Transmission Analyser 
Hewlett Packard 37900D - Signal l ing test set 
Hewlett Packard 34401A Multimeter 
Hewlett Packard 4274A LCR Meter 
Hewlett Packard 4276A LCZ Meter (1 OOMHz-20KHz) 
Hewlett Packard 5342A Microwave F'req.Counter (18GHz) 
Hewlett Packard 5350B 20KHz Microwave Freq.Counter 
Hewlett Packard 5385A - 1 GHz Frequency counter 
Hewlett Packard 6033A - Autoranging System PSU (20v-30a) 
Hewlett Packard 6060A and B Electronic Load 300W 
Hewlett Packard 6622A - Dual O/P system p.s.u 
Hewlett Packard 6624A - Quad Output Power Supply 

£1750 
£1000 

from £1500 
£1200 
£1200 
£1250 

from £500 
£1495 
£1995 

£750 
from £750 

£2000 
£1995 

£850 
£3750 
£2950 

£450 
£2000 
£1400 

£850 
£2000 

£495 
£750 

from £750 
£1250 
£2000 

£695 Hewlett Packard 6632A - System Power Supply (20v-5A) 
Hewlett Packard 8350B - Sweep Generator Mainframe 
Hewlett Packard 8642A- high performance R/F synthesiser (0.1-1050MHz) 
Hewlett Packard 8656A - Synthesised signal generator 
Hewlett Packard 8656B - Synthesised signal generator 

£1500 
£2500 

£750 

Hewlett Packard 8657 A - Synth. signal �en. (0.1-1040MHz) 
���:�n ��g��;� ����g: ����M� s i�i��o6o MHz 
Hewlett Packard 8901 B - Modulation Analyser 
Hewlett Packard 8903A, B and E - Drstortron Analyser 
Hewlett Packard 11729B/C Carrier Noise Test Set 
Hewlett Packard 53131A Universal Frequency counter (3GHz) 
Hewlett Packard 85024A High Frequency Probe 
Keithley 228A Prog'ble Voltage/Current Source IEEE. 
Keithley 237 High Voltage - Source Measure Unit 
Keithley 238 High Current - Source Measure Unit 
Keithley 486/487 Picoammeter �+volt.source) 
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Anal ser 
Marconi 6950/6960/6960A/6970A Power �ters & Sensors 
Philips 5515 - TN - Colour TV pattern generator 
Philips PM 5193 - 50 MHz Function generator 
Phillips PM 6654C System Timer Counter 
Sig. Gen. (100KHz-140MHz) AM/FM/CW 
Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser 
Rohde & Schwarz NRV/NRVD Power meters with sensors ���

t
l��

i
�e;��� 1J:�!�����ncy Response Analyser 

Tektronix 1735 Waveform Monitor 

£995 
£1500 
£3950 
£3950 
£2250 

from £1000 
from £2500 

£850 
£1000 
£2000 
£4500 
£4500 

£1350/£1850 
£1750 
£1100 

from £400 
£1400 
£1350 

£750 
as new £650 

£3750 

Tektronix AM503 - AM503A - AM503B Current Amp's with M/F and probe 
Wavetek 178 Function generator (50MHz) 
Wayne Kerr 3245 - Precision Inductance Analyser 

from £1000 
£2250 
£1150 
£1150 

from £800 
£750 

Bias unit 3220 and 3225L Cal.Coil available if required. 
Wayne Kerr 3260A + 3265A Precision Magnetics Analyser with Bias Unit 
Wayne Kerr 6245 - Precision Component Analyser 
W&G PCM-4 PCM Channel measuring set 

Tel: 02476 650 702 
Fax: 0247 6 650 773 
Web: www.telnet.uk.com 
Email: sales@telnet.uk.com 

£1850 
(P.0.A) 
£5506 
£2250 
£3750 

3 COMMENT 
A to D conversion 

5 NEWS 
• Casio fuel cell for PCs 
e Stamping out optoelectronics 
e Diamonds are a chip's  best friend 

• Intel goes 3D 
e Wake-up to lead-free warnings 

e Power firm has designs on web 
• Fizzle cuts antenna testing costs 
e Tune into Isle of Wight 
•AM/FM radios get DSP injection 
• Germans add new wireless standard 
• Digital storage oscilloscope 
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12 MODERN IMPEDANCE 
MEASUREMENT TECHNIQUES 
Alan Bate plots the demise of the twiddly 
knob bridge 
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RF AUTO-TRANSFORMERS 
LINE DEVICES MODELLED 
USING SPICE 
The concluding part of Nie Hamilton's article 
puts the finishing touches to a SPICE model of 
the RF auto-transformer 

NEW PRODUCTS 
The month's top new products. 

CIRCUIT IDEAS 
• Solid state latching relay 
• Relaxation oscillator 
e Rail Splitter with Dead Band 
• Audio activated switch 
e Electronic indicator for motorbikes 

LETTERS 
• Cyril on measurements 
•Nonsense required 
• Low distortion measuring 
e Budget T&M 
•Very earthy 
• Shaky ground 

CAPACITOR SOUND 
In Cyril Bateman's penultimate article he 
considers the lmF choice - electrolytic or film? 

WEB DIRECTIONS 
Useful web addresses for electronics 
engineers. 
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ADD £2.00 P & P to all orders ( 1• class llecordild �. Next day 
(lnscred £250) £7, Europe £5.00, Rest Of World £10.00). We accept 
all maJw cmlH cards. Make clleques/PO's payable to Quasar 
Electronics. Prices Include 17.5% VAT. IWL ORDER OILY 
FREE CATAUIGUE with order or sent 2 x 1" class stamps (refu11dable) 
for details of onr 150 kits & publlcatloBS. 

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 

• ." · .. .I� 
• I � �-::_�\_�!,�,�-:·, _ _,;; ;:tft. 
;!;�::::;: ·�· :::-� 

certain ATMEL AVR, SCENIX SX 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). 

It .��r:JI ... 
3144KT Enhanced PICALL ISP PIG Programmer £64.95 
AS3144 Assembled Enhanced PICALL ISP PIG Programmer £74.95 
AS3144ZIF Assembled Enhanced PICALL ISP PIG Programmer £89.95 

clw ZI F 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 89C1 051 , 89C205 1 ,  89C4051 ,  89C5 1 , 89LV51 ,  
89C52, 89LV52, 89C55, 89LV55, 89S8252, 89LS8252, 89S53 & 
89LS53 devices. NO special software needed - uses any 
terminal emulator program (built into Windows). 

£29.95 
£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 inp�t data and use the information to control up to 

1 1  physical devices such as motors, sirens, other relays, servo 
motors & two-stepper motors. 
FEATURES: 
• 8 digital Outputs: Open collector, 500mA, 33V max 
• 1 6  Digital Inputs: 20V max.Protection 1 K in series 5 . 1 V 

Zener to ground. ' 
• 1 1  Analogue Inputs: 0-5V, 1 0  bits (SmV/step) 
• 1 Analogue Outputs: 0.2.5V or 0-1 0 V. 8 bit (20MV/step.) 
All components provided including a plastic case (1 40mm x 
1 1  Omm 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. 

3093KT £99.95 
AS3093 £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 

AaC $UA•t he*' 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. 

ABCMINISP ABC MINI Starter Pack 
ABCMINIB ABC MINI Board Only 

Advanced 32-bit Schematic Capture 
and Simulation Visual Design Studio 

* VisualSpice' · ·' ' ;  :: · • 
· .l!!llilEJ 

®" ���<*-il"it ! 1@ � �"i�-�;_2·- �-.. ii--.-�-@)-�-oowr.·-;;��1:�r-;--·-- , 
Nl-� Advanced Schematic Capture & Simulation Software • 
� ·� - - " • , • Advanced Hlerarchal Schematic Capture. Includes Graphical rriSU.11.L Library Browser and Device Searcher, Device Library Editor, C'iilcrJii Spice and PCB Net11st Generation, Over 7000 dOYice models, 
'DOi(ifl :����:9o�

a
��z:�����w;:i,��8�ownload an� import models 

S"iUDiO 
•Advanced 32-blt Analogue. Digital, & Mixed Mode Slmulatlon ����0>;;,.........,,.=;,::::::.:::,i "��':!� :����l������:!����::�':.f.;.:'!��meler 
• Built in 64·Charmel Real· Time Virtual Oscilloscope 
• Built in Digital Logic Analyzer allows you to set b1eakpoints 
• Supports Advanced BSIM3v3, BSIM4, and SOI Models 
' 21 Different analysis types including advanced Monte Carlo/WC 

See web site for_full details and dem� 

Serial Port Isolated I/O 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 
cont�ol 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). 

l•i•h �1--'.:T;'fa ... I L:-.,; � 
3108KT Serial Port Isolated 110 Controller Kit I £54.95 
AS3108 Assembled Serial Port Isolated 110 I £69.95 

Controller 

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

Electronics World is published monthly. 
Orders, payments and general 
correspondence to Jackie Lowe, 
Highbury Business Communications, 
Anne Boleyn House, 
9· 13 Ewell Road, Cheam, 
Surrey, SM3 8BZ. 
Newstrade: Distributed by COMAG, 
Tavistock Road, West Drayton, Middlesex, 
UB7 7QE Tel 01895 444055. 
Subscriptions: Highbury Subscription 
Services, Link House, 8 Bartholomew's Wolk, 

A to D conversion 
I 've had a few letters this month about 

how 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, 1 6-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 ( 1 W) 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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OLSON ELECTRONICS L IMITED 
OLSON HOUSE, 490 HONEYPOT LANE, STANMORE, MIDDX H A7 1JX 
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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, 

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

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 

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 1 0/1 00 Ethernet board around its own 
processor design. Squeezed into the 69x4 7 m m  board are six seria l  ports that 
can alternative l y  be set as up to 52 digital 1/0 l ines .  The on-board processor 
can also be used as the m ain contro l ler in an 
embedded system.  A C  compiler and free TCP/IP 
protoco l  stack are also avail ab l e. 
www. rabbits em i .corn 
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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-

Motoro l a  has used micromachining 
techniques to create a family of 
accelerometers with ranges from 1 .5 to 
8g. 

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

A l l  five devices in the family are single 
axis sensors in 1 6-pin smal l outl ine 
packages. Z-axis sensors come on 1 .5, 
2 . 5,  5 and 8g forms, while there is also a 
1 . Sg x-axis device. 

Typical appl ications include washing 
machines, video game pads, seismic 
detectors, security systems and vehicl e  
roll-over detection. _ 

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 700µm 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 2.5kV. 

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 

electron mobility of 4,500cm2N s, at 
least three times that of silicon, while 
holes at 3 ,800cm2N s 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 cm2Ns 
respectively). 

A maximum electric field strength 
of I07V/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 i s  5 .5eV. 

Above X-lateral g-cel/ 
left Z Axis g-cell 

N ot to be outdone, Analog Devices has 
devel oped a gyroscope that it c l aims is the 
first commercial device to integrate both 
an angular rate sensor and signal 
processing e lectronics.  

The ADXRS is mounted in a 7x7mm bal l 
grid array package, and draws SmA at 5 V. 
The gyro is aimed at applications such as 
car airbags during ro l lover, GPS 
navigation systems, and stabil ising moving 

platforms such as aeropl anes, robots, 
antennas and industrial equipment. 

Two devices are available, capab le of 
measuring angul ar rates of 3 00 or  1 50 
degrees/s. 
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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 team recently unveiled 
Intel' s  approach to the problems of 
scaling with its tri-gate transistor. 

In this layout, the channel between 

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 fi rm 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 l . 85V outputs and 200kHz to 
lMHz switching frequencies. 

In the future the firm expects to 
extend my Power 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. 
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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 
PPG As, 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-11 
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, ang the TPFT 
extends the concept. Both designs are 

AM/FM rad ios 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 

ocon Iler Options: 

II I' II 
llud o 
Pr c \O 

- MCF5249 ror CD WI MP31WMA 
- Standard Motorola MCUs 
- Other vendor micros vaa SPI or PC 

processors (DSPs) alongside 
Motorola's general-purpose 24-bit 
Onyx DSP core. All told the baseband 
chip is capable of l . 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 

A IF ub-carrier radio 

F in to low level audio 
or data out 

- Standard OSP 
Ba eband & Audio 
Proces or 

-Integration of high end 
audio process;ng 

- Sing le and dual tuner 
concepts 

-Sing le reference 
frequency to chlpset 

-Single 8.5 volt supply 

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. 
11TPFT allows the user to define what 
his channel analysis is. 1 1  

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 11• 

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 
to be improved. 

Unfortunately the RF front end 
tuning range is from 200kHz to some 
160MHz, so although UK VHF and 
medium wave bands are covered, half 
the long wave band is not. 

On the plus side, there is room left 
in the baseband chip for audio 
processing. Algorithms are available 
to add volume control, dynamic range 
compression, several types of tone 
control (including a graphic 
equaliser), speaker compensation and 
spectrum analysis . 

Samples are available now, with 
production due in 2003 . 
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The HS801: the first 100 Mega samples p r 

instrument that consists of a MOST (Multi 

Spectrum analyzer and Transient recorder) a 
Waveform Generator). This new MOST port 

measuring instrument can solve almost every 

problem. With the integrated AWG you can genera e e\1ery -signal 

you want. 

• The versatile software has a user- defined 
toolbar with which over 50 instrument 
settings quick and easy can be 
accessed. An intelligent auto setup 
allows the inexperienced user to perform 

measurements immediately. Through the 
use of a setting file, the user has the 
possibility to save an instrument setup 
and recall it at a later moment. The setup 
time of the instrument is hereby reduced 
to a minimum. 

• When a quick indication of the input 
signal is required, a simple click on the 
auto setup .button will immediately give a 

good overview of the signal. The auto 
setup function ensures a proper setup of 
the time base, the trigger levels and the 
input sensitivities. 

• The sophisticated cursor read outs have 

21 possible read outs. Besides the usual 
read outs, like voltage and time, also 
quantities like rise time and frequency 
are displayed. 

• Measured signals and instrument 
settings can be saved on disk. This 
enables the creation of a library of 
measured signals. Text balloons can be 

added to a signal, for special comments. 

• The (colour) print outs can be supphed 

with three common text Imes (e g 
company info) and three Imes with 
measurement specific information 

• The HS801 has an 8 bit resoiution and a 

maximum sampling speed of 1 00 MHz 
The input range is 0.1 volt full scale to 80 

volt fuH scale_ The record length is 
32K/64K samples. The AWG has a 10 bit 

resolution and a sample speed of 25 

MHz.The HS801 is connected to the 
parallel printer port of a computer. 

• The minimum system requirement is a 
PC with a 486 processor and 8 rylbyte 
RAM available. The software runs in 
Windows 3.xx 19519 8 or Windows NT I 
2000 I XP and DOS 3.3 or higher. 

• TiePie engineering (UK), 28 Stephenson 
Road, Industrial Estate, St. Ives, 
Cambridgeshire, PE 1 7  3WJ, UK 
Tel: 01480-460028; Fax: 01480-460340 

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

The Netherlands 
Tel:+31 51541541 6;Fax+31 51541 8 819 

Web: http://www.tiepie.nl 
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UPDATE 

Nils Jasper, 
Nanotron's head 
of sales. 

1 0  

Germans add new wireless standard 
N anotron 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 l OdBm, 
Jasper said. 

"What 's  even nicer is we have a 
standby current of below 1 QA," he 
added. 11 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 1 W 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. 11  A rat should be about 
2W, thus a rat can generate 580Mips 
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 unve i l ed a digital 
storage osc i l loscope that can 
capture s ignal s with a 6GHz 
bandwidth and 75picosecond 
(ps) r i se t ime. The WaveMaster 
8600A adds to exi st ing 5 and 
3 GHz versions .  By us ing s i l i con 
germanium front end chips, the 
scope can sample data at 
2 0Gsample/s, with trigger ing on 
gl i tches as short as 600ps, the 
fi rm 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 10-3, the same as the Bluetooth 
specification. It could be increased 
to as much as 10-9, 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. 1 1  b guise, 
only manages 4Mbit/s at a range of 
l Om, 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 I 0 
or 20 times faster than commercial 
batteries. 
The firm says that while production 
devices are limited to I C  rates - IA 
charge for a lAh cell - in the lab it 
has achieved 1 OC and 20C rates. 
NTera has been able to speed up the 
chemical process by using smaller 
active particles. Increased surface 
area alJows lithium ions to get into 
and leave the material quicker, it 
said. 
While particles in standard designs 
are around 10 to 30µm 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 l OC, 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 (Li4Ti5012).  
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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INSTRUMENTATION 

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. 

I n the early days, impedance was 
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' 
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 
which 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., 

Rt Ra 
R-,_ = R, 

(which of course is the same as R1R, = R,R, and R, = R. R,f 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 Ra and R, (say) are called the 
ratio arms. If R, is the unknown, to be measured, then R2 should 
be a variable standard resistance. Supposing first that Ra = R,; 
then at balance R, = R.. By varying the ratio Ra : 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. 1  

1 2 

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

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 

(cl.) WHEATSTONE 
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balance detector. This is often a 
sensitive micro-ammeter 'bridged' 
across the two networks, Fig. 1 a. 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 

(e) � 
L .., PQC 
x l + (rwC)z 

r = PQr(wC)2 
x l + (rwC)' 

Lx(p) = PQC 
Rx = Ep. 

tanS "" rwC 

Lx. = PQC 

rx = Ej 
tan S = 1/RwC 

L" = PQC 

rx ... at. 
tan S = 1/PwCr 

Lx = M(1+  d) 

rx = R-Qp R < 
tan§ = R/wM(1 +  �) 
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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 10 000 radians, which 
made the maths simpler! F igure 1 b 
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. 

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 
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Fig. 2. All modern LCR 
measuring instruments and 
automatic test equipment 
use the three-terminal 

Source resistance E Terminal Zunknown I Terminal technique. 

r-1--� 

Generator Ammeter 

.Eutes signal 
sent to 
(jetector ( Two pole change over switch. ) 

Eu signa1 Es tlgnal 
Diferential buffer 
amplifier 

Precision resistor 
Rstd 

The unknown impedance Zu 

improvements all came about at 
once: 

• The result 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 wide range 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 A TE, 
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 i s  perfect, i .e. i t  has 
no shunt resistance, it presents a 
perfect short at terminal /. Hence 
even if a shunt impedance exists from 
terminal I to ground, no reading error 
can occur as the ammeter will 'hog' 
all the current, i.e. provide perfect 
'current guarding' . 

A perfect differential amplifier 
monitors the unknown voltage drop 
across Zu directly at the unknown 
terminals E 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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fig. 4. Essentials 
of a modern LCR 

measuring 
instrument. 

fig. 5. Hewlett 
Packard's 

advanced guard 
amplifier. 

Input 

1 4  

Crystal Clock 

Lfl 

Frequency 
Divider 

ROM 

RAM 

the shunt impedances at terminal E 
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 modem 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, F ig. 3 .  

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

Quad phase reference 
Local OsciUator 

DC Amp 

EuJEs SWitch 
Range 

Range Attenuator Amplifier 

]-

Harmonic Filler p s.o 

Microproccessor 

Reference 
Phase 
Control 

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 
Rstandard· By monitoring the voltage 
drop across the unknown, (Eu) and 
Rstandard (Es) and calculating the 
voltage ratio followed by scaling by 
the standard impedance gives; 

Z _ EU R unknown - E standard 
s 

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

Buffer 

Quad phase reference 
Local Oscillator 

Summer 

22 bit ND 

Basic uP LCR Instrument 

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 
modem 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 it is a 
current dual of a voltage guard 
circuit) ensures that the unknown 
current is passed through the 
reference resistance. 

Signals Eu and Es are monitored in 
tum by the analogue switch. Any 
necessary gain ranging is applied in 
the detector chain circuits in order to 

ELECTRON ICS WORLD December 2002 

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 Eu and Es 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 fi lm 
The accuracy of the whole instrument 

20.00--

15. 00 

5. 00 

I 
... � ) � .. 

' ' 
' ' 

I 
' '  
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Eu/Es signal 
sent to 
detector ( Two pole change over switch. ) 

( Swamp resistor) 
Eu signal 

\ 

Simulated Inductor 
circuit, used to tune out 

Es signal 
Dlferential buffer 
amplifier 

Precision resistor 
Rstd 

the compensation capacitor 
of the Guard Ampllfler 

Integrator 
gain adjust 

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, 
b1:1.lk metal film resistors are a very 

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 I terminal 
gives a serious scalar vector error 
while a shunt impedance between the 

: :-·1 90.00- - ---; - 7" . -� 

fig. 7. Curves a 
and b show 
untuned and 
tuned virtual
earth impedances 
respectively. 

' : > J , : I ' I  
' '  

I 

E' � 60.00 

Tuned virtual earth guard 
amplifier, giving very low 
input impedance at the 
stimulus or drive frequency. 

Q. 
� c::: 
� CJ) .§ 30.00 
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Fifter A 
Filter in stimulus circuit 

Gain dB 

( Min filten"ng positi�) 
�I Max filtering with stimulus 

frequency at the filter corner 

Gain dB 

Total error from all 
harmonics 

I It Range ..,j 
I I 

Total � harmon4 
power 1-1---------•a--.i_ 

Fig. 8. Staggered 
filtering for wide 
frequency range 

harmonic filtering 
of the drive signal. 

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 

40 dB/decade 
slope 

Filter 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 E 
terminal a reasonable looking 
sinwave drive signal. 

• A void 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 
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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 1 OOppm 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 1 5th and 17th. The 
harmonics are reduced to l/15th and 
l/17th or -6dB/octave. 

Hewlett Packard originated a PSD 

( DC reference ) Rf Multyplyfng DAC 

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 l/7th and 119th from the 
fundamental. 

Overall 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 
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Stored Sin values read from 
ROM or processor memory Fig. 10. Digital sine 

wave generator based 
on a look-up table. 

Analogue output 

reduced accordingly. This method 
today could give an eight-level 
sixteen-time-slot sine synthesis at up 
to around SMHz 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-l )  

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. 1 1 . 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. 

PSO output 

L Square wave 
reference :] · l_J . .. . . , _ 

.: :k88 Input signal 

PSD Output 

Square wave 
reference 

Input 
signal 
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Fig. 12. Full-wave 
phase-sensitive 
detector derived 
from a half-wave 
PSD. 

Fig. 13. Charge 
injected by the phase

sensitive detector's fet 
switches add a DC 

offset that grows with 
frequency. 

Fig. 14. Possible 
ripple overload of 
a dual-slope A-to

o converter ramp. 

Half wave PSD switching at 2 Vpk 

+ inverted signal of Vpk = 

Full wave output ofVpk 

also bounded, removing �ny worry of 
the time pointer overflowing. With a 
1024 sample table we can expect the 
quantisation errors to be 60dB below 
full scale. Figure 1 0  outlines a digital 
sine-wave generator. , 

The PSO or analogue multipl ier 
For an LCR instrument, the phase
sensitive detector used needs to be 
ultra linear, with a non-linearity 
below lOppm. This rules out all the 
conventional analogue methods. In 

FET switch Cgs 

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 1 1  a and b). 
This circuit is nothing more than an 
analogue switch, which is driven by a 
square wave, reference signal. 

AID Integrator C 

Integrator 
averages charge 
injection to a de 
offset 

( PSO reference ) 
I •  CdVldt • CW 
Therefore offset proportional to f 

PSD rtpplfl over loads lntegnltDr due to amp/Ifie 
head 100m limit 

t (tntegrate period) ( Stan edge) ,__ ___ ___, 

ov L Jc stop edge) 

If the sampling signal frequency, 
!sample• is 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. 1 1  with the average 
output running from +2.Jpk/n; to 
-2.Ipk/n. 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. 1 4. 

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 Eu and Es 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.• 

Reference 
1 .  Various traditional bridges illustration: 

Page 230, Radio and Electronic 

Laboratory Handbook, M.G. Scroggie 

Bsc MIEE. 7th edition 1 96 1 .  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. OFT /FFT and future 

developments in LCR measurement 

are also discussed and there's a 

review of A-to-D converters. 
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B2 Spice's ease of use and above all , accuracy, is why it is used by 
large numbers of un ivers ities and professional design s in the UK and 
US. B2 Spice delivers simulations that accurately behave l ike the end 
result. This new version contains a plethora of additional features , from 
Rad io Frequency simulation to PCB capabi l ities. 
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Part 2 

RF Auto-transformers -
Transmission Line Devices 
model led using SPIC E 
Nie 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 wil l  be modelling the core and 
winding losses. 

R eferring back to part 1, Rp in Fig 1 represents the 
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 
B62 1 52A8X30 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 

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. lmm and a 0.8mrn hole diameter. The 
data book gives a number of magnetic characteristics for 
size 8 cores, but the one used here is L;l/A=l .78mm- l .  
LI/A i s  the core factor, and i s  given as C1 in some 
manufacturers' data books. 

The core material 's  series permeabi l ity 
N30 grade ferrite is a medium Q MgZn material that is 
intended for use in broadband transformers, and has a high 
initial permeability µi=4300±20%.  I have found this 
material to be among the best for broadband transformers. 
Fig 1 3  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 lMHz would 
have a Q of 1, so would not be much use. At 1 OkHz, 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 

fig. 13. Complex 
series permeability 

spectrum of N30: 
a MnZn ferrite 

material. . 1 ,000 
>.. 1:: E 
� 

Fig. 14. Parallel 
impedance 

spectrum of 
N30 (core 

factor 
normalised to 
C1 =1mm-1). 

g & 1 00 

1 0  

� 1 00 

1 0  0. 1 

l Ok l OOk llvf l Olvf l Ok l OOk I M  1 Olvl 
frequency (Hz) frequency (Hz) 

2 0  ELECTRON I CS WORLD December 2 002 

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 tum 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 
lGHz. 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 1 4  shows the same data as Fig 13 ,  but re-plotted in 
terms of parallel components9. 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 40Q for MgZn and 60Q for NiZn ferrite. 
Both these approaches lead to uncertain results, and 
therefore neither leads to a satisfactory design in the spirit 
of IS0900 1 .  Manufacturers could do more. 

Broadband measurements 
I chose 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 50Q circuit. From these two 
loss measurements, Rp and Xp may be deduced10. I 
repeated the measurement at many frequencies. The 
results are shown in Fig 1 5, which is provided with axes 
that show both measured and normalised values. The 
normalised values assume that there is just one turn of 

1 0  

0 . 1  

l OOk I M  1 01\f l OOM  l G  
frequency (Hz) 

a: loss of a step-down transformer. 
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wire, and that the core 
factor C1 is lmm-1 . In 
this case N=8 turns and 
C1=1 .78mrn-1 , so 
measured and 
normalised values are 
related by N2/ 
C 1=82/1 .78=36. Also 
shown are the values 
from Fig 14 they are 
clearly inaccurate. 

3.20n 8 .SnH 4.4pF 

1 000 

}model for 
N30 grade 
ferrite 

} model for 
the core 
constant 

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 lOOkHz. 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. 

Bui lding 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 
1 6. Xp is modelled by the 3 .7µH inductor, and Rp by the 
82Q resistor. The two series RLC circuits model the dips 
in RP around lMHz and lOOMHz. 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. 

1 0  
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Fig. 15. 
Measured 
spectrum of RP 
and XP due to 8 
turns on an N30 
core. 

Fig. 1 6. Model for a 
862152 AB X30 ferrite 
core (use from 
1 OOkHz to 1 GHz). 

Fig. 17 Simulated spectrum of 
the model in Fig 1 1  with the 
core loss model of Fig 16. 
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b: loss of a step-up transformer. 

l G  

The simulation may be 
compared with the 
measurements shown in Fig 8. 

2 1  



· RADIO 

Fig. 18. Measured 
and simulated 

spectra of RP and 
XP due to 8 turns 

on an N30 core. 

Fig. 1 9. 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 lOOkHz as well as for wide-band 
transformers. While the model in Fig 1 6  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 1 1 ,  and connect the core model of Fig 
1 6. Take two of these models and connect them back-to
back as in Fig 7. The simulation results are shown in Fig 
1 7, 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, I discussed core loss, and Fig 15 showed the 
measured spectra of Rp and Xp for an 8 tum winding. 

1 0  

frequency (Hz) 

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 1 8. 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 Cw 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 smaller than 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 
lOOMHz. Here the measured Xp is l . 83kQ, so Cw is 
1 /wXc=11(2::rtx108xl 800)=0.87pF. The changes in core 
impedance contribute a little towards the overall 
capacitance, so the actual value of Cw must be slightly 
smaller than 0.87pF. Adjusting the SPICE model for best 
fit to the data in Fig 1 8  results in Cw=0.55pF, and this is 
the value used in the simulated results shown as the dashed 
line in Fig 1 8 . However, the actual best HF fit to the data 
occurs at Cw=l .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 Cw at a working impedance greater than 
50Q. 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, Rw in 
Fig 1. I have left it to last for two reasons. Firstly, it is the 
most complex part of the model. Secondly, for the 
transformers I have described, Rw is only important when 
the secondary impedance is lOQ or less. This means that 
the effects of Rw appear in only a small number of graphs. 
However, Rw 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 Rw. 

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. 1 92mm (36 
SWG (British)); this is thick enough to be reasonably 
sturdy and visible. It is also available on small and 
relatively inexpensive reels. At de, the wire has a 
resistance of 0.591 Q/m, so the total de resistance of each 
transformer is 0.049Q, 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 1 2  on these subjects, but 
little of it seems to be applicable to small RF transformers. 

Skin Effect 
The red curves of Fig 1 9  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 36 SWG 
diameter 0 . 1 52mm d iameter 0 . 1 93mm 

R (O) L(nH) R (0) L(nH)  

1 .3 1  86 0.83 90 
5 .8  35 3 .4 36 
1 6.9  1 2  . .  5 9 .9  1 1 . 1 
32 .4 1 .95 22.5 1 .8 1  

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 0.0 1 25mm. 

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'f. 

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 1 9. 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 l GHz, 
and so it is. But in using the model at l GHz, 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 de resistance is essential, all the 
component values in the model must be adjusted by the 
appropriate factor. But for this model, the de resistance is 
not is not necessary, because the SPICE transmission line 
model does not conduct de 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! I ntroducing 
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 16 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 1 OMHz 
using a vector voltmeter and return-loss bridge, and 
performing an open/short/50Q.  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 1 GHz. 

Fig. 2 1  Additional loss 
due to proximity 
effect in a 36SWG 
copper wire in a 
transformer. 

2 3  
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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 
Dowe/I's 

approximation, m=2. 
The 36SWG circuit 

reproduces the upper 
set of curves in fig 

21 .  Useful up to 
1 GHz. 

Fig. 23. Referencing 
the winding loss to 

the transformer's 
secondary 

connection, assuming 
a loss resistance of r 

W/turn. 

I 
I 

� 
�nturns 
Y.ntums 

38 SWG 
d iameter 0 . 1 52mm 

R (0) L(nH) 

1 .00 1 78 
25.3 71 . 7  
79.6 25.5 
1 1 3 0.00 

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 

36 SWG 30 SWG 
d iameter 0 . 1 93mm diameter 0.31 5mm 

R (0) L(nH) R (0) L(nH)  

·' 0.626 227 779 0.328 
1 5.4 93. 1  676 0 .621  
52.0 34. 1 1 1 8  5.75 
76.4 2.59 34.3 20.8 

6.94 72.3 
6 .94 2 1 3  

resistance are within 2 1  % of the free space skin effect 
values. As m is increased, the proximity effect factor 
increases . If m=2 the proximity effect factor at 1 OMHz is 
3.5, and at infinite frequency is 3 .65 . So m=2 is 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 lOMHz. Below lOMHz, 
the skin and proximity effects have not achieved their full 
high frequency gradient. On the other hand, above lOMHz 
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 

0- - - 1 t 8 - - --t2. - - -C. - - :...c - - -C. - - -12. - - --12 .. ..  --t.2.- - - -- - -
comed 1 .3pF tum turn turn turn turn turn turn turn connect - - - - - - - - - - - - - - - - -

Fig. 24. Full SPICE model 
of the auto-transformer. 
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* S i emens B62 1 5 2A8X30 

* :f e rr ite c or e  

• h a s  C1= 1 . 78nm-1 
* mean turn l.ength 

• on :fu.1.1 core� 8 . 9nln.  

. Su.bckt A8X30 Hl N2 
L l  3 4 3 . 7uH  

lU 3 5 69R 

R2 3 4 82R 

L2 5 6 4 . 1uH 
Cl 6 4 8 . 9nF  

R3 3 7 32CJ.R 

L3 7 8 8 . 8nH  

C 2  8 4 4 . 4pF 
R4 4 g luR 

LOKl 1 0  N2 lmH 
LlKl 9 3 1 .  78mH 
Kl LOK1 LllQ. 1 

R5 1 0  Nl luR 

R6 4 0 UR 

. ends 

• model. :for a turn o:f 36StfG wire 

* incl.Uding proximity e:ffect 

• derived :fi.·om d<mel.l. m= 2  
. subckt 1 turn m= 2  n l  n 2  n3 n4 

T1 nl n2
-

12 
-

n4 Z O  = l OOR 

+ F = 2 . 5 e 8  nl. = 0 . 0 09 
• nl.= turn length in met1·es 

Rl 1 2  S . 626R 

Ll s 11 227nH 

R2 1 2  7 1 5 . 4R 

L 2  1 11 9 3 . lnH 

R3 12 8 5 2 . 0R 

L3 8 11 3 4 . lnH 

R4 1 2  g 7 6 . 4R 
L4 9 11 2 . 5 9nH 

LOKl 12 11 lm. 
L1K1 12 nl 0 . 009m 
* LlKl= turn l.ength in metres 

Kl LOK1 LlKI. 1 

. ends 

• model. :for 3 6S'ffG c onnection wire 

* incl.uding skin e:f:f ect 

• Subckt coJmection 111 N2 N3 H4 
T 1  Nl N2 12 H4 Z O  = 150R 

+ F = 2 . 998E8 nl. = 0 . 0 0 9  

• nl.=l.ine l.ength i n  metr e s  
Rl 1 2  S 8 . 3R 

L1 5 11 90nH 

R2 1 2  1 3 . 4R 

L 2  7 11 36nH 
R3 1 2  8 9 . 9R 

L 3  8 11 1 1 . lnH 

R4 1 2  9 2 2 . 5R 

L4 9 11 1 . 81nH 
LOKl 12 11 1mH 
LlKl 12 H3 0 . 0 0 4mK  

• L11<:1=36SWG wir e  l.ength in metre s  

Kl LOK1 L 11<J.. 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 gathered 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 i:ind 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. 

December 2 002 ELECTRON ICS WORLD 

0. 1 10  1 00 
frequency (1i[flz) 

b: loss of a step-up transformer. 

0. 1 

. . . 
• ·coi·e . 

• 
• pii1pe1iiei . . . 
. . . . . . . . . . . 

. . 

0. 1 1 0  1 00 
fre<.1uency (::tvlliz) 

b: loss of a step-up transformer. 

Kramers-Kron ig relations 

1 000 

1 000 

RADIO 

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. 

Take a load with res istive and reactive components. Draw an arbitrary graph 
of the variation with frequency of the res ist ive component. Are you now free 
to draw another arb itrary graph for the reactive component? 

If negative res istance is not a l lowed, and i nductors i ncrease in reactance as 
frequency i ncreases, and capacitors do the reverse, it fo l lows that the options 
for the graph of the reactive component are very l i mited. In fact, if  the 
res i st ive component is  known at a l l  frequencies, i t  i s  poss ib le  to ca lcu late the 
reactive component's variation with frequency exactly .  

S im i lar logic constra i ns the frequency and phase response of pass ive fi l ters. 
If i t  were poss ib le  to break the ru les, i t  wou ld be poss ib le  to see i nto the 
future; fi lters cou ld give an output in response to an i nput that had not yet 
been appl ied. So res istive and reactive components of a load have to be 
related in a way that produces a time response that i s  poss ib le .  

Strictly, the Kramers-Kronig relations connect the rea l  and imaginary 
components of the perm ittiv ity of a d ie lectric  1 1 .  But, assuming a fi n ite loss, 
re lationships of the same form exist between the rea l and imaginary 
components of: 

the permeabi l ity of a magnetic mater ia l  
the impedance of a capac itor or i nductor 
any arb itrary impedance. 

I f  an arbitrary impedance obeys the Kramers-Kronig re l ations, it  a l so 
fo l lows that it must be poss ib le to construct an equ iva lent c i rc u it us ing a 
network of pass ive components . 

2 5  
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Fig 2 5  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 3Q 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 1 GHz where the insertion loss 
is 0.2dB . 

How the SPICE model measures up 
In  Part 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 fu, 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 l GHz the 
impedance of the connection wires plays a large part in 

Deriving the values in the skin 
a nd proximity effect models 

To model the skin effect, I used the formulae given by 
Ramo et al l 13. 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 XL against 
frequency and the curve fitter to find the values shown 
in Fig 22. I gave Dowell's internal reactance curves 
very little weight in the curve fitter, because I suspect 
that they are in error. Look at Fig 2 1 .  In the skin effect 
curves, at high frequency XL =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 LL, 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 f0. 

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. 

I 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. • 
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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 

1 6-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 

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 
off set. There are also 1 OOMHz 
versions.  All probes have a high 
common mode voltage rejection 
(±1400V) The current probe is 
specified up to 1 OOA DC 
coupled and is a hall effect probe 
with a frequency range up to 
1 OOkHz. The Ultima 500 is a 
four channel scope with 
sampling speeds of 2Gsample/s. 
The Accura is a lOOMsample/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 A VR-based FPSLIC family 
which integrates a 20MIPS 8-bit 
A VR microcontroller with a 
5,000 to 40,000 gate FPGA, up 
to 36 k-bytes of SRAM, and 
peripherals. FPSLIC devices 

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 IS07816-3;  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, 
which offers a power 
consumption of 4µA in watch 
mode. It is available in a 100-
pin Quad Flat Pack package. 
Hitachi 
Tel: +44(0) 1628 585161 
www.hitachi-eu.com 
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provide programmable logic and 
an A VR microcontroller. The 
add-on board plugs directly into 
an A VR 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 
80C5 1X2 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 80C5 1 family. 
Philips Electronics 
Tel: +44(0) 3140272 2091 
www.semiconductor.philips.com 

Board simpl ifies 1/0 
layout 
Dexdyne has introduced a PlOO 
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 1 OOmm, which 
is similar to that of 3 .5" hard 
disk drive. Power consumption 
is less than 4W at lOOMHz, 
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 xl024 
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 1 28Mbyte 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 

Mi l-STD-1 553 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 (µ-ACE). This is 

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 Xl /Y l  and Xl/Y2 class 
devices in disc packages are up 
to 20 and 15 per cent smaller 
than their respective 
predecessors, said the supplier. 
The KX(Xl/Y l )  range is rated at 
250V AC and offers capacitance 
from 1 OOpF to 4 700pF in disc 
packages with vertical leads and 
diameters ranging from 8 to 
1 5mm. They are intended for 
applications in AC line filter and 
power coupling. The KY 
(Xl /Y2) devices range in 
capacitance from 1 OpF to 

4700pF in disc packages of 
diameters from 7 to 1 Omm. The 
lead spacing is 5mm, which is 
suitable for automatic insertion. 
Both ranges hold IEC384- 14 
UL 1414 approvals. Operating 
temperature range is -25 to 85°C. 
Murata 
Tel: +44(0) 1252 81 1666 
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 
AD835 l 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 
rate is 1 1 .00V /µs. Based on the 
firm's eXtra Fast Comple
mentary Biplolar (XFCB) and 
Silicon on Insulator (SOI) 
manufacturing processes, the 
device draws 1 35mW at full 
bandwidth. The amplifier has a 
noise spectral density of 
2.2nV/=-iHz and 2nd/3rd order 

Lead-free DC-DC with 1 .2V/1 4A output 
Ericsson Power Modules has 
expanded its PKD series of 
single-output, lead-free DC
DC power modules to include 
versions with l .2V /14A, 
1 .5V/14A, 1 . 8V/14A, 
2 .5V/1 2A 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 1 m/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 
(MTBF) is over 590 years at 
75°C. 
Ericsson 
Tel: +44(0) 046 8568 69620 
www.ericsson.com 
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harmonic distortion of -79/-8 1 
dBc at 70MHz. Target 
applications are expected to be in 
3G telecoms infrastructure and 
test systems. The AD835 1 is 
currently �ampling and available 
in a compact 10-pin microSOIC 
package. 
Analog Devices 
Tel: +44(0) 1932 266000 
www.analog. cam 

1 2-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 

a 2-wire serial interface which 
enables sampling rates up to 
22.3ksample/s for high 
bandwidth signals. Active power 
consumption is 175µA with a 
typical standby current of 5nA. 
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) 1 18 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 l .5kV DC, 
models are available with single 
and dual outputs from 3 .3V DC 
to 24 V DC. Four input voltage 
ranges are available: 9 to 36, 1 8  
to 36, 1 8  t o  7 5 ,  and 3 6  to 75V 
DC. Features include magnetic 
feedback for operation up to 
1 10°C, continuous short-circuit 
protection, input-transient 
protection, and lead coplanarity 
within 0. l mm. 
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 
packages. 
Power Integrations 
Tel: 408 414 9200 
www.powerint. cam 
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FREQU ENCY SHIFTER 
FOR HOWL REDUCTION 

1 For public address and sound reinforcement. 

l Provides more gain and greater stability. 

1 5Hz Fixed Shift Board with mains supply. 

• 
lAdvanced Active Aerial 4kHz-30M Hz. 

l Stereo Variable Emphasis Limiter 3.  

1 PPM1 0 In-vision PPM and chart recorder. 

1 Twin PPM rack and Box Units. 

1 PPM5 hybrid, PPM9 microprocessor and 

PPM8 IEC/DIN -50/+6d8 drives and 

movements. 

SURREY ELECTRONICS LTD 
The Forge, Lucks Green, C ranleigh GU6 7BG 
Telephone: 01 483 275997 Fax: 0 1 483 276477 

s.e@ndirect.co.u k  

RADIO. MODEMS 
WIRELESS CCTV 
RADIO MODULES 
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Be The 

Users a l l  over the world are 
discovering Electronic 
Design Studio 3 (EDS 3), 
with it's modem user 
interface a nd 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 a nd 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 unl imited zones, 
cross-probing, heirarchical 
and multi-sheet design, rip 
up and retry routing, 
extensive CADCAM options 
and our new Desk Top 
Manufacturing (DTM) 
system . 

-�-� ·-------· · 
Cal l  us know for a free 
information pack, or try the 
onl ine trial version at 
www.dotqr.com 

Rip up and retry Autorouter 

Alectronic 
..ear," STUDIO 

Send me Price Inc udes U K  P&P and VAT. Other variants available. Pin llmits may apply. 
0 EDS 3 Standard 300 at £65 
0 EDS 3 Advance 1000 at £299 
Name/ Address 

Card Number 

Signature 

D EDS 3 Personal 300 at £91 

0 EDS 3 Ultra at £476 

Expiry 

Phone/FAX 01 422 25501 0/255014 
www.dotqr.com 

Copyright © 2002 Qulckroute Systems. E.&..O.E. QUICKROUTE 
*Price excludes VAT and P&P. S V S T E  M S 
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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 ±50m V input 
range. 
The 880Hz output rate mode, of 
the LTC2440 as it is called, 
achieves 2µ V RMS 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 cycle even if 
there is a change in 
speed/resolution or a change in 
an external multiplexer input 
channel. 
Absolute accuracy (5ppm INL, 
1 ppm offset, I Oppm full-scale) is 
independent of changes in the 
output rate. The L TC2440 comes 
in a 1 6-pin SSOP package in 
industrial and commercial 
temperature ranges. 
Linear Technology 
Tel: +44(0) 1276 677676 
www.linear-tech.com 

1 OOA circuit breaker 
has status 
E-T-A is offering IOOA 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 

3 0  

which i s  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 50A to 
1 OOA. 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 330µH. 
The use of MPP extends 
temperature range from 85°C to 
1 55°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.standexefectronics.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, 
thel 590ZGRP family provides a 
lightwave alternative to die-cast 

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

aluminium enclosures. The seven 
units in the family range in size 
from 80 x 75 x 55mm to 260 x 
1 60 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 8 12812 
www.hammondmfg.com 

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  

Schottky diodes are 
this small 
Rohm Electronics has expanded 
its range of Schottky diodes with 
seven surf ace mount devices that 
are designed for small size. The 
diodes feature forward voltage 
ratings down to 0.28V (at a 
forward current of l mA) and 
reverse current ratings as low as 
0.5µA. All devices are supplied 
in small mould type packages 
with footprints ranging from 2.0 
x 1 .25mm down to 1 .2 x 0.8mm. 
Average rectified forward 
current (lo) for the RB480Y and 
RB48 1 Y is rated at 1 OOmA, 
while all the other devices offer 
an lo of 30mA. At 0.28V, the 
RB48 1 Y diode has the lowest 
forward voltage characteristic of 
the new range, while the 
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Visit our website 
www.distel.co. uk 

GIANT 1 O" 7 SEGMENT DISPLA YS 
A bulk purchase enables us to bring to you these 
GIANT 7 segment digital displays at a now affordable 
price!! The 10" character size gives exceptional read
ability at long distances and enab!e� a host of applica
tions including, score boards, digital clocks, coun
ters event timers etc. As the units are a simple 
eiedomechanical device and operate from 12  V DC, 
simple switching via switches, relays, PIC or PC may 
be used to control single or multiple digits. Units feature 
integral 'Zero Power' memory which greaHy 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 than 31?"/o Only £29.95(B) or 4 1  £99.00(D) 
of makers pnce ! Order RW44 Order PH26 

THE AMAZING TELEBOX 
..-:� .. -;..:.";�':" l: . • -- . 

- -- �- -- � 

TV SOUND & 
VIDEO TUNER 
CABLE COMPATIBLE * 

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 rronitors or AV equipment which 
are fitted with a composite video or SCART input. The composite video output 
will also plug directly into most video recorders. allowing reception of TV 
channels not normally receivable on most television 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 compatibility - 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. 
*For cable I 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 1 V pp video & NICAM hi  Ii stereo sound 
uts. Micro electronics all  on one small PCB only 73 x 

60 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 MYOO. Only £39.95 code (BJ 
See www.distel.co.ukldata_myOO.htm for picture + full details 

HARD DISK DRIVES 2fi" - 14" 
2fi" TOSHIBA MK1 002MAV 1 . 1 Gb Japtop(12 .5  m m  H) New £59.95 
2fi" TOSHIBA MK43 1 3MAT 4.3Gb laptop (8.2 mm H) New £105.00 
2fi" TOSHIBA MK6409MAV 6.1 Gb laptop (1 2.7 mm H) New £98.00 
2fi" TOSHIBA MK1 81 4GAV 18 Gb laptop ( 1 2  mm H) New £149.95 
2fi" to 3fi" conversion kit for Pc's, complete with connectors £15.95 
3fi" COMPAQ 31 3706-B21 ( IBM) 9 gb UL T/SCSl3 New £199.00 
3fi" FUJI FK-309-26 20mb MFM l/F RFE £59.95 
3fi" CONNER CP3024 20 mb IDE l/F (or equiv.) RFE £59.95 
3fi" CONNER CP3044 40 mb IDE l/F (or equiv.) RFE £69.00 
3fi" QUANTUM 40S Prodrive 42mb SCSI l/F, New RFE £49.00 
5" MINISCRIBE 3425 20mb MFM l/F (or equiv.) RFE £49.95 
5" SEAGATE ST-238R 30 mb RLL 1/F Refurb £69.95 
5" CDC 94205-51 40mb HH MFM l/F RFE tested £69.95 
5" HP 97548 850 Mb SCSI RFE tested £99.00 
5" HP C30 1 0  2 Gbyte SCSI differential RFE tested £195.00 
8" NEC 02246 85 Mb SMD interface. New £99.00 
8" FUJITSU M2322K 1 60Mb SMD l/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD l/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 (CJ 

IC's -TRANSISTORS - DIODES 
OBSOLETE - SHORT SUPPLY - BULK 

1 0 , 00 0 , 000 i te m s  EX STO C K  
For MAJOR SAVINGS 

CALL or see web site www.distel.co.uk 

COMPUTER MONITOR SPECIALS 
Legacy prod ucts 

High spec gen u i ne m u ltysync. 
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 
mcxJes, 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. Tilt & Swivel Base £4.75 

VGAcable for lBM PC included. Only £1 29 (E) O�d��:s 

External cables for other types of computers available - CALL 

Generic LOW COST SVGA Monitors 
We choose the make, which includes Compaq, 

Mitsubushi, IBM, etc. Supplied ready to run with all 
cables, Standard RTB 90 day guarantee. 

14" 15" 1 7" 

£59.00 £69.00 £79.00 
order TD84 order TG2 1 order T J66 

Supplied in good used condition. Shipping code (0) 

VIDEO MONITORS 
PHILIPS HCS35 (same style as CM8833) attractively styled 1 4" 
colour monitor with both RGB and standard composite 1 5.625 
Khz video inputs via SCART socket and separate phone 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 I 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 Only £99 00 Dimensions: W14" x H 1 2fl" x 1 5fi" D. • (D) 
PHILIPS HCS31 Ultra compact 9" colour video monitor with stan
dard composite 1 5.625 Khz video input via SCART socket. Ideal 
for all monitoring I security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In  attrac
tive square black plastic case measuring W10" x H 1 0" x 1 3fi" D .  
240 V AC mains powered. Only £79.00 (D) 

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 I 60 hz 70 Watt PSU, a 3 slot ISA passive 
backplane and a Rocky 318 (PC1 04) standard, single board com
puter with 8 MByte NON VOLATILE solid state 'Disk On Chip' 
RAMDISK. System comprises: Rocky 318 (PC1 04) SBC ISA card 
with 40MHz Ali 386SX CPU, 72 pin S IMM slot with 16 Mbyte 
S IMM,  AM I BIOS, battery backed up real time clock. 2 x 9 pin D 
1 6550 serial ports. EPP/ECP printer port, mini D IN 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 B IOS, 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 

fir���TI 0!0�����c��i��i��c�tc Only £99.00 (D) 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS u
t��s�e�t���e�r���·

o�n�� .
in 

MITSUBUSHI FA3445ETKL 1 4" Ind. spec SVGA monitors 
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies 
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy 
KINGSHILL CZ403/1 0-50V @ DC 200 Amps - NEW 
1kW to 400 kW - 400 Hz 3 phase power sources - ex stock 
IBM 8230 Type 1 ,  Token ring base unit driver 
Wayne Kerr RA200 Audio frequency response analyser 
INFODEC 1 U ,  24 port, RJ45 network patchpanels. #TH93 
3COM 1 6670 12 Port Ethernet hub - RJ45 connectors #LD97 
3COM 1 6671 24 Port Ethernet hub - RJ45 connectors 
3COM 1 6700 8 Port Ethernet hub - RJ45 connectors NEW 
IBM 53F5501 Token Ring ICS 20 port lobe modules 
IBM MAU Token ring distribution panel 8228-23-5050N 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE I/O 
ALLGON 8360.1 1 805-1 880 MHz hybrid power combiners 
Trend DSA 274 Data Analyser with G703(2M) 64 i/o 
Marconi 631 0 Programmable 2 to 22 GHz sweep generator 
Marconi 2022C 1 OKHz-1 GHz RF signal generator 
HP1 650B Logic Analyser 
HP3781A Pattern generator & HP3782A Error Detector 
HP6621A Dual Programmable GPIB PSU 0-7 V 1 60 watts 
HP6264 Rack mount variable 0-20V @ 20A metered PSU 
HP541 21A DC to 22 GHz four channel test set 
HP81 30A opt 020 300 MHz pulse generator, GPIB etc 
HP A 1 ,  AO 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 I voltage analyser 
Racal ICR40 dual 40 channel voice recorder system 
Fiskers 45KVA 3 ph On Line UPS - New batteries 
Emerson AP1 30 2.5KVA industrial spec.UPS 
Mann Tally MT645 High speed line printer 
Intel SBC 486/1 33SE Multibus 486 system. 8Mb Ram 

£ 2 4 5  
£995 

£1 850 
£3950 
£POA 

£760 
£2500 

£49 
£69 
£89 
£39 

£POA 
£45 

£550 
£250 

£POA 
£4500 
£1 550 
£3750 
£POA 
£1 800 

£475 
£POA 
£7900 

£550 
£750 

£1 800 
£POA 
£3750 
£4500 
£1499 
£2200 

£945 

HP6030A 0-200V DC @ 17 Amps bench power supply £1 950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1 1 50 
Nikon HFX-1 1 (Ephiphot) exposure control un it £1450 
PHILIPS PM551 8 pro. TV signal generator £1 250 
Motorola VME Bus Boards & Components List. SAE I CALL £POA 
Trio 0-1 8 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041 R 600 LPM high speed band printer £1 950 
Fujitsu M3041 D 600 LPM printer with network interface £1250 
Siemens K4400 64Kb to 1 40Mb demux analyser £2950 
Perkin Elmer 299B l nfrared spectrophotometer £500 
Perkin Elmer 597 l nfrared spectrophotometer £3500 
VG Electronics 1 035 TELETEXT Decoding Margin Meter £3250 
LightBand 60 output high spec 2u rack mount Video VDA's £495 
Sekonic SO 1 50H 18 channel digital Hybrid chart recorder £1995 
B&K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier I recorder £750 
ADC SS200 Carbon dioxide gas detector I monitor £1450 
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set £POA 
R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WIL TRON 66306 1 2 .4 I 20GHz RF sweep generator £5750 
TEK 2445 1 50 MHz 4 trace oscilloscope £1 250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital realtime + colour display etc £51 00 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 60KV XRAY generator & accessories £POA 
VARIACS - Large range from stock - call or see our website 
CLAUDE LYONS 1 2A 240V single phase auto. volt. regs £325 
CLAUDE LYONS 1 ODA 24014 1 5V 3 phase auto. volt. regs £2900 

This month 's special 
33 / 42 / 47 U - H igh Qual ity 

A l l  steel Rack Cabinets 
Made by Eurocraft Enclosures Ltd to the highest pos-

����v:r�·s���� [�a���ensd 
a���te����sns����t

ti��d 
with

6 � 
back doors are hinged for easy access and all • �� -- 
lockable with five secure 5 lever barrel locks. -"':--- ... .f:'� 
The front door is constructed of double walled � ,_ .�- � 
steel with a 'designer style' smoked acrylic front I' ; panel  to enable status ind icators to be seen 1 · 
through  the pane l ,  yet re m a i n  u n obtrus ive .  1 ; I nterna l ly the rack features ful ly slotted rem- , · 
forced vertical fixing members to take the heavi
est of 1 9" rack equipment. The two movable , 
vertical fixing struts (extras available) are pre il 
punched for standard 'cage nuts'. A mains dis- 1 1 
tribution panel internally mounted to the bottom � , ;_ 
rear, provides 8 x IEC 3 pin Euro sockets and 1 x '"...; 
1 3  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 fa ns to the sub p late etc. Other features 
include: fitted castors and floor levelers, prepunched utility panel at 
lower rear for cable I connector access etc. Supplied in excellent, 
sl ig htly used condition with keys. Colour Royal blue. some grey 
available - CALL - Can be supplied in  many other configurations. 

33U 42U 47U 
Order as BC44 Order as DT20 Order as RV36 

External d imensions External dimensions External d imensions 
mm=1 625H x 635D x mm=20 1 9H 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 23fl" W ) D x 23fl" W ) D x 23fl" W ) 

Only Only Only 

£245 £345 £41 0 
Call for sh ipp ing quotation 

Undoubtedly a miracle of modern technology &��1�1� our special buying power ! A quality product fea-
turing a fu l ly cased COLOUR CCD camera at a 
give away price ! Unit features full autolight sensing for .,. ......... """'!!�:f:Tl"I use i n  low l ight & h i g h  l ight 
I'll applications. A 10 mm fixed focus 

wide angle lens gives excellent focus 
and reso lution from close u p  to long i! ' range. The composite video output will 

_.,, � connect to any composite monitor or TV �� � (via SCA RT socket)  and  most v ideo 
recorders. Unit  runs from 1 2V DC so 
ideal for security & portable applica

IMl'!:l!ll!J--------' tions where mains power not available. 
Overall d imensions 66 mm wide x 1 1 7 deep x 43 h igh .  Suppl ied 
BRAN D NEW & fully guaranteed with user data, 1 00'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 (BJ 

SOFTWARE SPECIALS 
NT4 WorkStatio n ,  complete with service pack 3 
and licence - OEM packaged. ONLY £89.00 (BJ 
ENCARTA 95 - CDROM, 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 3.1 1 +  Dos 6.22 on 3.5" disks £55.00 
Windows 95 CDROM Only - No Licence - £1 9.95 
Wordperfect 6 for DOS supplied on 3fi" disks with manual £24.95 

shipping charges for software is code B 
SOLID STA TE LASERS 

Visible red, 670nm laser diode assembly. U nit 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 
block are 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 I OFF. Many uses for experimental optics, comms & l ightshows 
etc. Supplied complete with data sheet. 

Order as TD9 1 ONL Y £24.95 (A) 

DC POWER SUPPLIES 
Virtually every type of power s upply you 
can imagine. Over 1 0, 000 Power Supplies 

Ex Stock - Call or see our web site. 
RELA YS - 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 

r-· . . . . . . . . : . : ... . : . . . . . . . ALL MAIL TO 1 8  M i l l ion Items On Line Now ! ALL If ENQUIRIES . . . 
�···� 
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�� Years 

Dept W, 29 I 35 Osborne Rd 
Thornton Heath 

S u rrey CR7 SPD, U K  
Open M o n  - F r i  9.00 - 5:30 

Secure Ordering, Pictures, Information �riSigrr www . d iste l . co . u k 
Secure Site email = admin@distel.co.uk 

0208 653 3333 
FAX 0208 653 8888 

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount Minimum order £10. Bona Fide a=unt orders accepted from Government, Schools, 
Universities and Local Authorities - minimum a=unt order £100. Cheques over £100 are subject to 7 walking 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 return to base basis. All rights reserved to change prices I specifications without prior notice. Orders subject to stock. 
Discounts for volume. Top CASH prices paid for surplus goods. All trademalks, tradenames etc acknowledged. ©  Display Electronics 2002. E & 0 E . .  



NEWPRODUCTS 

Please quote Electronics World when seeking further information 

RB75 1S-40 and RB75 1 V-40 
have the lowest reverse current 
ratings at 0.5µA. The forward 
voltage of the RB480Y is 
specified as 0.38V, with the 
RB7 1 5F, RB715W RB73 1XN 
and both the RB75 1 S-40 and 
RB75 1 V-40 all having forward 
voltage ratings of 0.37V. 
Reverse currents are specified as 
1 .0µA for the RB480Y, RB7 15F, 
RB7 1 5W and RB73 1XN. 
Maximum reverse voltages are 
30V or 40V depending on the 
device chosen. 
Rohm 
Tel: +44(0) 1908 282666 
www.rohm.co.uk 

Ceramic fi lters with 
low insertion loss 
Link Microtek has a range of 
microwave dielectric filters and 
duplexers featuring maximum 
insertion loss figures in the 
region of l . ldB .  manufactured 

Bluetooth with memory 
Cambridge Silicon Radio 
(CSR) has launched two chips 
in its BlueCore2 family of 
Bluetooth devices aimed at low 
cost, high-volume applications. 
BlueCore2-ROM and 
BlueCore2-Audio are CSR's  
first Bluetooth devices which 
do not need external non
volatile memory. 
The ROM version is aimed at 
the mobile handset market, 
while the Audio chip is geared 
more towards headsets. The 
latter integrates a 1 5-bit audio 
codec, microphone amplifier 
and speaker drivers . 
Component count is further 
reduced as both devices 
integrate loop filter components 
and a linear voltage regulator. 

32  

by Japanese firm UBE 
Electronics, the filters in the UF 
series include both surface
mount and dielectric devices. 
Typical maximum VSWR is 2.0 
and signal attenuation ranges up 
to 55dB.  
Microtek 
Tel: +44(0) 1256 355771 
www.microtek.co.uk 

Edge connector 
provides backplane 
short-cut 
The HSHM series of high speed 
backplane connectors from 3M 
is designed to off er signal 
shielding when the connectors 
are used at right-angles to each 
other so maintaining isolation 
between differential pairs. As a 
result, said the supplier, 
connectors on on opposite sides 
can be arranged in row and 
column formation respectively. 
This means that telecoms 

The overall footprint for a 
complete Bluetooth system can 
be as little as 64mm2, the 
firmed claimed, using the 
6x6mm ball grid array chips. 
BlueCore2-ROM and 
BlueCore2-Audio are now fully 

switching and line cards can be 
fitted to each side of the card so 
that each switching card can 
interface directly with each line 
card. 
According< to the supplier, this 
can have signal speed and 
integrity benefits over current 
designs where the switching and 
line cards each have to be 
connected to a backplane. As a 
result cards can be positioned 
back-to-back through the mid
plane at a 2mm spacing. Also by 
positioning differential pairs in 
rows instead of columns the 
signal skew that can arise from 
backplane interconnectors can be 
reduced and even eliminated, 
said the supplier. 
3M 
Tel: +44(0) 1344 858000 
www.sendmeone.info/3mhs 

PCB connector for 
video cards 
Hirose 's  DXLM range of 
connectors conform to all the 
requirements of the RC-5237 
EIAJ standard for digital image 
broadcasting. The PCB-mount 
connector is available with 14 
gold plated contacts, in straight 
or right-angle through hole 
versions, that are all capable of 
mounting on a panel up to 3mm 
thick. The outer shell of this 
connector will always ground 
before signal contacts, protecting 
equipment against the effects of 
electrostatic discharge. The 
metal grounding posts also 

qualified between -40 and 
105°C with samples available. 
They will be shipping in 
volume from Q4 2002. 
Cambridge Silicon Radio 
Tel: +44(0) 1223 692000 
www.csr. corn 

double up as PCB retention 
points for additional strength. 
The plugs are supplied 
assembled to the EIAJ 
configuration in 1 .5 or 3 metre 
lengths, and feature side latches 
that give an audible click when 
fully mated. 
Hirose 
Tel: +44(0) 1908 305400 
www.hirose.com 

Shock sensor for 
safety critical 
balancing 
Hamlin Electronics i s  launching 
a range of shock sensors 
available in four different 
sensitivity options, 2G, 2.5, 5 
and 10, and can now be used for 

applications such as low 
sensitivity detection, to sense 
overloading or 'off balance' and 
in security applications to sense 
if a product or package has been 
moved or dropped. The shock 
sensor is particularly suited to 
'safety critical' applications, said 
the supplier. 
Hamlin Electronics 
Tel: +44(0) 1379 649700 

400Mbit/s serial  
interface control ler 
Epson has developed a link 
controller for the high speed 
serial interface standard IEEE 
1 394a-2000 used in multimedia 
networking applications, which 
allows data transfer of up to 
400Mbit/s. 
The SIR72805 incorporates a 
link control function that realises 
the IEEE 1394 interface using 
PHY together with USB 1 . 1  
control function, and bridges 
between an IDE interface. 
Typical application fields are 
PCs and PC peripherals that have 
IEEE 1394 and/or USB 1 . 1  
interface. 
Epson 
Tel: +44(0) 49 89140 054 19 
www.epson-electronics.de 
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4000 Serio• 74HC32 £0. 1 8  74LS107 £0.30 t����N £0.45 1 6c54C04P £l ·49 6A 400V £0.53 BC1 1 4 £0. 1 9 BD140 £0.25 TIP1 47 £1 .07 
40008 £0.27 74HC42 £0.36 74LS1 09 £8.21 LM393N �8:�l 1 6C54BJW £i60 �� f88� �8:*� m m  �8:jl �g�g?c �8:�5 tl�§6§§ �8:�� 4001 8 £0. 16  74HC73 £0.4o 7�L�j 1 § �o·�j LM748CN8 £0.37 1 6C56A-04P £1 .63 SA 200V £1 .00 BC132 £0.36 BD202 £0.70 ZVN3306A £0.32 i88?�s �8:l � jj�g� �8:�! ���m� �g:�� ����l N �a:rg �mt?ri� g:j� �� �gg� R?6 �rn� �8:�� �gm �8j� �����?8� �8:�i 
jg?g�s �8:�� �j��i� �8:�� mm� �8:�� �ii?��S �a:�� � ��m:gri� ��·6? �§� �88� �u� ��]j? �8:�� �8�1�c �8j� �¥rnB6A �8:t� 
�gm �8:l � ����1 g� �8·jg mm� �g·�� LM391 5 Hi6 Yo�· · �§� t88� �l :�� ��lj§ �8:�� �gm� Rm Hrna �2:g 
401 38 £0.1 9  74HC1 25 £0.26 74LS1 33 £0:36 LLMMC1 3666000CN £1 . 1 0  R�u ators 35A 50V £1 .67 BC1 54 £0.36 BD283 £0.61 ZTX451 £0. 1 9 
401 48 £0.30 74HC1 26 £0.

46 74LS1 36 £0.23 LMC60321N £1 .44 7805 £0.24 35A l OOV £1 .57 8C1 57 £0. 1 2  8D284 £0.61 ZTX453 £0.26 
401 58 £0.32 74HC1 32 £0.35 74LS 138 ££00 .. 3236 LP3l l N  £1 .55 7806 £0.24 35A 200V £1 .80 BC1 59 £0. 1 7 8D400 £0.79 ZTX500 £0. 1 6 

· 74LS 139 £0.74 7808 £0.27 35A 400V £1 .62 BC1 60 £0.28 BD437 £0.38 ZTX502 £0. 1 7 jgj �� �g.�g 74HCl 33 £o.34 74LS 145 £0 56 LP324N £0.72 781 2  £0.27 35A 600V £1 .90 BC1 708 £0.1 6  BD442 £0.37 ZTX550 £0.22 
o 8 £0.26 74HCl 37 £0.3o 74LS1 48 £0.64 LP339N £0.75 781 5  £0.27 35A l OOOV £1 .98 BC1 71 B £0. 1 6  BD534 £0.47 ZTX551 £0.22 4 l 8 £0:25 7744

HH
CCl1

3389 £0.29 74LS1 51  £0.29 LT1 01 3CN8 £4.64 78L05 £0.20 Thyrl•tor• BC1 72B £0. 1 3  8D535 £0.50 ZTX600 £0.33 j8�b� £0 26 £0.3l 74LS1 53 £0.38 MAX202CPE £1 .97 78L06 £0.32 2N5060 £0 1 9  8C1 77 £0.23 8D581 £0.62 ZTX6008 £0.35 
4021 8 ro'31 74HCl 5l £0.33 74LS1 56 £0.36 MAX208CN £6.99 78L08 £0.25 2N5061 £0.1 9  BC1 78 £0. 1 8 8D597 £0.92 ZTX605 £0.36 
40228 ro'32 74HC153 £0.3o 74LS 157 £0.22 MAX220CPE £5.06 78L1 2 £0. 1 8 8T1 51 -500R £0.65 BC1 79 £0.1 8  8D646 £0.52 ZTX651 £0.35 
40238 £0. 1 9  74HC1 54 £0.85 74LS1 58 £0'21 MAX222CPE £5.06 78L1 5 £0.26 C1 06Dl £0.36 8C1 82 £0. 1 0  8D648 £0.52 ZTX653 £0.36 
40248 £0:24 �j�§l �� �g-�g 74LS1 60 £0.48 MAX232CPE £1 .82 78L24 £0.39 P01 02AA £0.30 BC1 82L £0.08 BD650 £0.53 ZTX689B £0.36 
40258 £0.20 74HC1 60 £0.64 74LS1 61 £0:32 MMAAXX448835CCPP ££23 .. 01 38 

7788SS01 52 ££00 .. 7730 TIC1 06D £0:49 BBCC118834L ££00 .. 01 80 BBDDXX3323C £1 .78 ZTX690B £0.37 
40268 £0.70 74HCl 6l · 74LS1 62 £0.44 MAX63lACP£4_99 78S15 £0.9S TIC1 1 6D £0.66 BCl S4L £0.56 ZTX705 £0.39 
40278 £o.25 74HC1 62 �8:�� m�1 �� £o.32 MAX635ACP£4.99 7905 £0.25 T1c1 26D £o.77 BC204C �8Jg �gm� �8:�9 H��3? �8:1� jg��� �8:�� 774

4HHCC11664
3 £0.26 74LSl 65 �8:j� MAXl 232CP £2.80 791 2  £0.29 �t,3��500 £O 5 8  BC206B £0.72 BDX54C £0.50 ZTX753 £0.34 

40308 £0. 1 7  74HCl 65 £0.23 74LS1 73 £0.24 MC1458N £0.27 791 5  £0.38 8T1 36_600 £0·50 BC208 £0.72 8F1 80 £0.31 ZTX789A £0.41 
40358 £0.31 74HCl 73 £0.35 74LS174 £0.24 MC1488 £0.40 7924 £0.38 BTl 37 500 £0·65 BC209A £0.72 8F1 82 £0.31 ZTX790A £0.41 
40408 £0 24 £0.38 74LS1 75 £0.30 MC1489 £0.40 79L05 £0. 1 8 BTl 37·600 £0·58 BC21 2 £0. 1 0  8F1 85 £0.58 ZTX851 £0.50 
4041 8 £0.31 74HC1 74 £0.27 74LS 190 £0.60 MC3302 £0.56 79Ll 2 £0.23 BTl 39•500 £l .OO 8C2 12L  £0.08 8F1 94 £0.31 ZTX853 £0.50 
40428 £0:22 jj�§m £0.35 74LS1 91 £0.24 �rnisp �8:22 m�� �8:�8 BT139:600 £1 :20 ��mEc £0. 1 0  BF1 94B �8:1§ Hrn18A £0.54 
40438 £o.35 74HC1 93 �g-�3 m�m �8·�g NE521 N £6.39 ADM666AN £3.44 BTA08-6008 £0.84 BC2 14  �8:M m1i0 £0.34 ZTX105 1A  �8:�� jgm �j� jj�§m �g:33 m�m �g:�j �m�� �8:�� [�g2cv �Hb �t�8g:�88�w�gJ� �gw �8:j g �m�c �8:1g ZTX1053A £0.48 
40478 £0.32 74HC241 £0.37 74LS221 £0.41 NE565N £2.30 L387A £2.72 BTA08-600sw£0.99 8C237B £0.09 8F259 £0.33 4o49B �8:�� 7744HHCC224445 ro'42 74LS240 £0.32 NE567N £0.39 LM2940CT5 £0.96 8TA08-600lW£0.78 BC2388 £0. 1 1 8F337 £0.40 �-Q-u-al-lty-� j8j��8 £0 24 £0.42 74LS241 £0.32 NE592 £0.62 LM317LZ £0.29 BTA1 2-600ew£0.92 8C239C £0. 1 0  8F423 £0. 1 3 Components 
40508 £0.20 74HC251 £0:30 74LS243 £0.30 NE5532N £0 48 LM317T £0 32 BTA1 6.60icw£1 .4� BC250A £0.1 5 BF459 £0.33 No surplus or re-
jgm �8:�� jj�§�3� �8:�5 �mm �8:�� �m�i� �:j§ t��g� ��:is '!l��g8o� ��:�� ��ms �8:15 m�� �8:�* dufr��tl!�di�·g

All 
40538 £0.22 74HC259 £0.57 74LS247 £0.60 OP07CN £0.90 LM334Z £0.96 TIC206M £0·75 8C262B £0.24 BFX84 ££00_.3331 manufactures. 40548 £0.56 74HC273 £0.32 74LS251 £0.24 OP27CN £2.33 LM337T £0.67 TIC226D £O'so BC267B £0.30 BFX85 
40558 £0.34 74HC299 £0.64 74LS257 £0.24 g���w �H1 t�3�g� �N� TIC226M £1 .02 �gnc �8:r n  �m? �8·�� QualltY 40608 £0£0 ..

. 2259 7
7
4
4
H
HC

C
336

6
75
 £0.28 74LS258 £0.24 0 G . 4 LM723 £0.38 TIC246D £1 'oo BC32 £0.08 BFY52 £0.28 Service 40638 £0.25 74LS259 £0.45 P 1 1 3  P £3.4 · TIC246M £i 'OO 7 £o.·2 1  Someday des-40668 £0.20 74HC368 £0.25 74LS266 £0. 1 4  OP1 76GP £2.09 LP2950CZ5.0£0.90 TIC236D £l . l 2  BC327-25 £0.08 BS1 07 £0 20 patch .on all stock 40678 £2.20 74HC373 £0.35 74LS273 £0.32 g��66g� �U8 ���g��� �§:�g Z01 05DA £0:53 �rn� �8:8� �tVoiA £1 .53 items. Friendly 40688 £0. l 6  74Hc374 £0.40 74LS279 �8·�� OP21 3FP £5.20 REF1 95GP £3.77 Dlac BC337-25 £0.08 8U326A £1 :40 helpful staff. 

jg�?r �8:!g �j��m �8:H m�m �8:�1 g�mg� �H? ±�mg �?:�? ����!i:.or•
£0.l

6 �§3��8 �8:12 ��52gA �H� Fast Dollvory 
40728 £0.1 8  74HC563 £0.56 74LS368 £0:2 1  g���5g� ��-�g Diode• 2N1 71 1 £0.26 ��m £0.25 BU508D £0.98 Nfu':dg,r ���\F

e 
40738 £0. 1 7  74HC564 £0 48 74LS373 £0.32 OP297GP M64 1 N91 4 £0.05 2N22 1 8A £0.28 8c441 �8-�a �8¥?YA g-g� (<l kg) orders at 40758 £0. 1 7  74HC573 ro:2s �j[��?� £8·2� OP400GP £1 l .S l  1 N9 16  £0.05 2N2222A £0. 1 8  BC461 £0:46 BUTl l AF £1 : 14  no extra charge. 40768 £0.30 74HC574 £0.38 74LS390 £0. 3 OP495GP £8·69 1 N4001 £0.05 2N2369A £0.43 8c463 £0.29 BUXS4 £0.7S 3 day service for 40778 £0.28 74HC595 £0.29 74LS393 £0.5 RC41 36 £fOO 1 N4002 £0.05 2N2646 £1 .02 BC47l £0.52 BUZl l £0.70 oraers >l kg 40788 £0.20 74HC688 ££00 .. 3641 74LS395 �o·�i SG3524N £0·70 1 N4003 £0.04 2N2904A £0.35 sc478 £0.45 BUZ900P £5 92 4081 8 £0. 1 6  74HC4002 · SG3543 £6·88 1 N4004 £0.04 2N2905A £0.30 8C479 £0.32 BUZ905P £5:92 No Minimum 40828 £0.21 74HC401 7  £0.36 74 Sorlo• SSM2141 P  £3:63 r n188� �8·8i ���bg§A �gj� BC51 6 £0.21 IRF530 £0.45 Order jg��� �8·�� �j�§i8a8 �8·�� 7407 £0.40 SSM21 42P £6. 1 6  1 N4007 £0'05 2N3054 £0 85  8C51 7 £0. 12  I RF540 £0.75 Order what you 
40938 £0. 1 8  74HC4049 £0.31 Unear lC• . SSM21 43P £3.78 1 N4148 £0:03 2N3055 £0:64 8C528 ££00 .. 2200 llRRFF663400 £0.42 need, _ no pac� 
40948 ro:29 74HC4051 £0.40 AD524AD £23 04 T8Al20S £0.72 1 N4149 £0 07 2N3439 £0 62 BC537 £0.63 quantities or mm 
40978 £1 .20 74HC4052 £0.43 AD548JN £i48 n��?8s �8·�� 1 N5400 £0:08 2N3440 £0:50 ��§j�� £8·8g I RF740 £8.9i order value. 
40988 £0.22 74HC4053 ro'3a AD590JH £5.28 TBA820M £0.38 1 N5401 £0.08 2N3702 £0.09 BC546C �0.08 l��g18 �o·�8 Q1 lllY 40998 £0.39 74HC4060 £0:44 AADD559925AAQ

N £4.48 TDA1 1 70S Mao 1 N5402 £0.08 2N3703 £0.1 0 BC547A £0'09 MJ2501 £1 .60 Dluan 1h 45028 £0.32 74HC4075 £0 27 £l 3.92 TDA2004 £i21 1 N5404 £0.09 2N37o4 £O.l l 8C5478 £0.09 MJ3001 £i '80 Avi:tr:c •• 45038 £0.40 74HC4078 £0.
32 AD620AN £9.88 TDA2030AV £i '20 1 N5406 £0. 1 0  2N3705 £0.08 BC547C £0:09 MJ1 1 01 5  £2° 45 ff d ' 4sos9 £l .40 74HC451 1 £0:64 �8�§�j� £l 6·20 TDA2050V £2.28 1 N5407 £0. l O 2N3706 £O.l O BC548A £0.08 MJ1 1 0 1 6  £2:56 ':o�n�s 1�r �sli 45l OB £0.45 74HC45 14  £0.84 AD648JN ��·§3 TDA261 1 A  £, .88 l N54os £O. l O  ����j� fr�1 8C548B £0.09 MJE340 £0.33 items subject to 451 1 B £o.33 74HC4538 £0.41 AD654JN '£i1 8  TDA2822A £0.86 6A05 £0.27 2N3773 £1 .70 8C548C £0.0B MJE350 

££00.3124 quantity required, 451 28 £0.32 74HC4543 £0.90 AD71 1 JN  . TDA2653A £2°99 6Al £0.27 . BC5498 £0.09 MPSA05 . phone, fax or 451 48 £0.77 74LS S.rlH AD71 2JN £l .46 TDA7052A £1 . 27 6A2 £0.27 2N38 1 9 £0.33 8C549C £0. 1 0  MPSA06 £0 1 1  I f i§l �� �g:n ?1C�8? �8:r� �8?��� ��:zg nRW�
DP �:?? ��i �g:�g ��Hg� �g:bi ��§38� �8: 1 ? ����1� �8:?� emai or a quote. 

im� £0:34 7744LLSS0o32 £0.22 AD81 1 N  £6.24 TL06 1CP £0.37 6A10 £0.35 2N3905 £0.1 0  BC556A £0.08 PHP69N03LT £1 .02 
4521 8 £0 62 £0.29 AD81 2AN £6.32 TL062CP £0.60 BA1 57 £0. 1 0  2N3906 £0.08 8C556B £0.08 TIP29A £0.32 
45268 £0.40 74LS04 £0.22 AD81 7AN £3. 1 9  TL064CN £0.72 BA1 58 £0:08 We carry a l!tra• range of capacitors In •tock, lncludlngt 45278 £0:40 jj[�8� £0. 1 4  AD820AN £3.41 TL87��� �8·3� 8Al 59 £0.1 3  Ceramic Mini Disc, D ipped Ceramic Multilayer, DipRed & 8oxecf Poly:ester, 45288 £0.40 74LS09 �8·l § �B���f� �·�? tto?4cN £o·4o BAT41 £0. 1 2  Mylar FilmJ Polxs!yrene, Plastic Film, MKT Poly�ste._r1 Tantalui:n Bead, �ub-min-45298 £0.44 74LS lO  £0·27 · TL081 £0.28 BAT42 £0. 1 0  10fure Radial , 1 05 C Radral Low Leakage Radial, r'lon Polarised Radial & Ax-45328 £0.24 74LS1 l £0· 1 7  �8��9f� �§·�� TL082cN £0:32 BAT46 £0.20 ial, PCB Can Electrolyt1cs, Polxpropxlene & Ceramic Trimmers and Tuning j§3g� g.g9 7 4LSl 2 £o:25 AD9696KN £7'.73 TL084CN £0.42 ��H� �8:Y� capacitors. Full technical aetails available. 

, 100 01 one 4541 8 £0.33 74LS 14 £0.25 ADEL2020A £5.06 TL494CN £0.68 BAV21 £0.07 Rosl•tors - PloaM Stalo Yalue R9e1ulrod pe valuo onry 
45438 £0.47 74LS 15 ££00.2247 AADDMM222322AAAH ££33.5555 ttti�1ACP �8·�� 8AW62 £0.07 11sW Carbon Fi lm 5% El 2 Series 1 00-1 MO £0.02 Each, £0.80 per 1 00 45558 £0.32 74LS20 · . · BAX1 6 £0.05 'AW Carbon F i lm 5% E 1 2  Series 1 0-l OM £0.02 Each, £0.60 per 1 00 45568 £0.40 7 4LS21 £0.20 ADM485JN £2. 97 TLC272N £0.60 BYl 27 £0. 1 8 'AW Metal Fi lm 1 % E24 Series 1 00-1 M £0.04 Each, £1 .72 per 1 00 
45848 £0.27 74LS26 ££00.21 57 ADM

M690AN £5. 1 3  TTSS255745C
CNN ££

0
0.5340 8Y1 33 £0.1 0  Y,W Carbon Fi lm 5% E1 2 Series 1 0-l OM £0.02 Each, £0.95 per 1 00 

45858 £0.47 74LS27 . AD 691AN £6.48 · OA47 £0.70 2.5W Wirewound 5% E1 2 Series Onl -2200 £0.23 Each 
47248 £0. 94 7 4LS30 £0.20 ADM695AN £6.48 TUMAP0411 CFPN £5£0.620 QA90 £0.33 l W, 2Wi5W, 20W, 25W & 50W also in stock - s�lected valu'l,s onlY, contact sales dept 
401 068 £0.20 74LS32 £0.21 ADM699AN £3.58 7 . 5 OA91 £0 34 Pro•• Rosl•for• • Plea•• State Ya1uo Roqu1Nd 
401 098 £0.58 74LS37 £0.31 CA747CE £0.39 ULLN22000034A ££00.40 OA200 £0.56 Enclosed, l Omm S�uare Horz I Vert. 1 000 - l MO 0.1 5W £0. 1 2  Each 
401 748 £0.46 74LS38 £0. 1 8  CA3046 £0.42 U N .44 UF4001 £0.08 Skeleton, 1 Omm Dia. Horizonta l .  1 OOO - 1 MO 0.1 W £0.09 Each 
401 758 £0.41 74LS40 £0.1 4 CA3080E £0.60 ULN2803A £0.42 UF4002 £0.09 Sub-min, 6mm Dia, Horizontal E3 2000-1 MO O.l W  £0. 1 2  Eacl1 . 74LS42 £0.42 CA31 30E £0.87 ULN2804A £0.39 UF4003 £0.09 Multiturn, 1 Omm Squar� Top Adjust. E3 1 000-1 MO 0.5W £0.81 Each 
77tH"cM•rl•�0.20 7744LLSS5471 £0.48 CA3140E £0.57 IPROM'• UF4004 £0:09 Multituro, 1 9mm Lon9.... end AQiust. E3 500-1 MO 0.5W £0.59 Each 

£0.24 CA3240E £0.92 24LC08BP £0 73 UF4005 £0 1 0  PotonttomotoH · Plea•• State Value Required 74HC02 £0. 1 6  74LS73 £0.36 DG21 1 CJ £1 .25 24LC l6BP  £0·69 UF4006 £0. 1 0  Single Gang X" Shaft, 25mm Dia. 4700-2M2 Linear £0.56 Each 7744HHCC0034 ££00 .. 2211 7744LLSS7745 £0. 1 8 DG41 l DJ £2.00 24LC32AP £1 .1 4  UF4007 £0: 1 4  Single Gan� ,}"" Shaf!i 25mm ,Dia. 4k7,1 0�47k,1 Gqk,1 M,2M2 Log £0.56 Each 
£0.30 ICL71 06CPL £2.80 2732 £5.51 Zeners 2 7 to 33V Dual GangY4,, Shaft, L0mm D!a. 1 kv-2M2 Linear. £1 .54 Each 74HC08 £0. 1 8  74LS76 £0.40 ICL71 07CPL £1 .92 271 28_200 £3·99 500mW · £0 06 Du?I Gan�X Shaft, 20mm q1a. 1 0k-470k �oganthm1c £1 .54 Each 74HC1 0 £0. 1 6  74LS83 £0 38 ICL71 09CLP £5 76 27256 200 £3.99 1 3W £0.1 0  Switched W' Shaft, 20mm Dia. 1 k0-2M2 Linear £1 .92 Each 74HC1 1 £0.20 74LS85 £0'.48 ICL761 1 DCP £1 :oo 27c64A-l 5F £2°SO · · Switched 'A" S�oft, 20mm Dia. . 4k7-2M2 Logarithmic £1 .92 Each 

74HC14  £0. 1 8  74LS86 £0.25 1CL7621 £0.84 27c2568.l SF£i34 Now Catalo9ue PCB Mount, Spl!ned Shaft, 1 6mm D!a. 4700-l MO linear £0.48 Each 
74HC20 £0.28 74LS90 £0 37 ICL7660SCP £0 80 27c51 2 1 5Fl £2° 55 Out Now PCB Mount.,. Sphned Shaft1 1 6mm Dia. 4700,4k7,.L00k,.LMO Log £0.48 Each 
74HC27 £0. 1 6  74LS92 £0.45 ICL8038 £3.84 27C l00l 15 £3· 1 7  ree with all order Dual PCB, :iplined Shaft, 6mm Dia. l Ok�Okl vvk,5vvk Lin £0.84 Each 
74HC30 £0.22 74LS93 £0:42 · · · · · r via the internet. Dual PCB, Splined Shaft, 1 6mm Dia. 1 0k,50k,1 00k,500k Lo £0.84 Each 

Tel: 01 91 25 1 4363 Fax: 01 9 1 2522296 Emal: •les@esr.co.uk hHp: //www.esr.co.uk 
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Fact: most circuit ideas sent to Electronics World get published 
The best c i rc u i t ideas a re ones that save ti me or mo ney, or sti m u l ate the thought  process . Th i s  
i nc l udes the  odd so lut ion look ing  for a p rob lem L provided it has  a deg ree of i ngenu ity .  
You r  s u b m iss ions  a re j udged m a i n ly on the i r  or ig i n a l i ty and  usefu l ness . I n teresti ng 
modi ficat ions to exi sti ng c i rcu i ts a re stro ng contenders too - provided that you c lea rly 
acknowledge the c i rc u i t you have mod if ied . N ever send us  a nyth i n g  that you be l ieve has  
been pub l ished before thoug h .  
Do n ' t  forget to say why you th i n k  you r  idea i s  worthy.  
Clear h a nd-written notes on paper a re a m i n i m u m  req u i rement :  d i sks with sepa rate d rawi ng 
a n d  text fi les  i n  a popu l a r  form a re best  - but  p lea se la bel  th e d i sk  c lear ly .  Where softwa re 
or f i les  a re ava i la b l e  from us, p lea se e m a i l  Jack ie  Lowe with the c i rc u i t  idea n a m e  as the 
sub ject. 
Send your ideas to: Jackie Lowe, Highbury Business Commun ications, Anne Boleyn House, 
9- 1 3  Ewell Road, Cheam, Surrey SM3 BBZ email ;. lowe@highburybiz. com 

Sol id state latch ing relay 
It is easy to emulate a basic latching relay 
circuit using a single solid-state switch. What 
needs to be done is create a feedback loop to 
maintain the selected state. As with the 
latching relay circuit there are two possible 
configurations. 

The first circuit is a circuit with set priority. +Vee 
15V 

INPUT SELECTOR 
U1A 
CD4 066 

UlB 
CD4066 � O-�'VVV-�+-��-E'.":'3-��-1 6 

UlD 
CD4066 

UlC 
CD406 6  

Rl 
lOOk � 

The resistor in series with the reset button 
disables it when the set button is depressed. 
Placing the resistor in series with the set 
button creates a circuit with reset priority. 

.---����--i::--���-+-���---AAAr-� 5 
As there are four solid-state switches in each 

package it is possible to create a selector with 
-the remainder as shown in the third circuit. 
Here a switch is used as an inverter. 
Bernard Van den Abeele 
Evergem, 
Belgium 

+Vee 
1 5 V  

SET 

RESET PRIORITY 

UlA 
CD4066 

RESE T 

GND 

SET 

Rl R2 
lOk lM 

1� RESET 

GND 

SET PRIOR ITY 

+Vee 
1 5 V  

UlA 
CD4066 

RE SET 

GND 
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• H igh speed 5G$/s dual dlannet oscllfoscope 
e SOMHz, 80CIB dJhatnic range spectrum analyser 
• PicoScope & Picolog software supplied FREE 
• Plug into any desktop or laptop PC 
• H igh resolution • 1 2  bits 
• Large 128K memory 
• 1 % DC accuracy 

• 

�rv ·� 
., 
.. 

� 

Request your FREE 
Test & Measurement catalogue 
and Software & Reference CD, 

or visit our web site: 

Tel: +44 (0) 1480 396395 Fax: +44 (0) 1480 396296 £-mall: post@plcotech.com 

l'AKE YOUR PIC! 

I Parallax BASIC Stamp2 

• Very easy to use 
• No programmer required 
• 500 lines Interpreted BASIC 
• Windows Environment 
• 1 6  I/O lines 
• 4000 lines/ sec 
• 24-pin DIP package 
• Ready-to-go module 
• £39 .00 each 

BASICMICRO ATOM I 
• Easy to use 
• No programmer required 
• Compiled BASIC 
• 99. 99% Stamp2 Compatible 
• Uses l 6F87 6 
• Very fast 
• lnterrupts/PWM/Timers/ ADCs 
• 32 bit Maths-lnt/Floating Point 
• £45.00 each 

I BASICMICRO Compiler 

• Full spec BASIC Compiler 
for PICs 

• Windows Environment 
• 99.99% Stamp2 Compatible 
• Requires programmer 
• We use it! 
• Full Debug facility 
• Supports all 1 4-bit PICs 

(inc 1 6F84/87X/628 etc) 

, vvvvvv. m i l i n s t . c o m  
Milford Instruments Limited, Tel 0 1 977 683665, Fax 0 1 977 68 1 465, sa les@mi l inst.com 
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CIRCUIT IDEAS 

Relaxation oscillator 
As compared to the well-known 
oscillator circuit using one op-

C Unlike the 
common 

relaxation 
oscillator, this 

alternative 
doesn't suffer 

from variation 
in the potential 

to which the 
capacitor is 

charged. 

t 
amp, the circuit as shown here 
eliminates the variation in 
potential to which the capacitor 
C is charged. 

The 74HC04 ensures that the 
two arms of the differential 
output stage cannot remain in the 
same logic state and that the only 
time that they are equal in 
voltage is when traversing the 
logic uncertainty levels. 

varies in accordance with the 
charging voltage applied to the 
tuning capacitor, thus 
automatically compensating for 
any change in charging potential 
- the advantage of this new 
circuit. 

+6V 

R 1  

R2 

R3 

ov 

3 6  

This property permits a 
threshold setting circuit that 

A rather tedious computation 
shows that a ratio of R1/R2=2 .5 
improves the symmetry error. 
Kaimil Kraus 
Rokycany 
Czech Republic 

Rai l  Spl itter with Dead Band 
This circuit was developed for a 
6V gel-cell/solar-powered device. 
The electromechanical loads 
shown on the right are normally 
connected in series across the 
rails, half-bridge drivers being 
drawn as switches for simplicity. 
(Other details of the load such as 
filter capacitors and clamp diodes 
are not shown.) Most of the time, 
the nature of the mechanical load 
takes care of load-sharing if left to 
its-own devices . The half-rail 
point typically stays within 
250m V or so of nominal, this 
circuitry drawing minimal current. 

(Even in Australia, solar-powered 
devices should be energy
efficient ! )  When one or both loads 
are reversed or stalled, there is a 
momentary need for the splitter to 
source or sink a few hundred mA. 
Resistors R l ,  R2, R3 set the dead 
band; R4 and RS , in conjunction 
with the CMOS op-amps' current 
limiting, provide short-circuit 
protection. The graph shows 
typical output V-I characteristics 
for Rl = R3 = 33k, R2 = 6k2, R4 
= RS = 6R8 . 
Peter Horn 
Katoomba1 Australia 

R4 

+3V 

R5 

-1 

Vout 
7V 

6 

5 
4 
3J.------. 

2 

0 +1 A 
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND 
QUANTITY DISCOUNTS - RING US FOR YOU R 

REQUIREMENTS WHICH MAY BE IN STOCK 

Ring for Latest Reduced Prices on this advert 

EXAMPLES OF 
SPECIAL OFFERS 

GOVERNMENT INTENSIF IER N IGHT SIGHTS tested £300 each 

MARCONI TF20 1 9A SIGNAL GENERATOR AM/FM BOkcs-1040 
MCS, off the stack as come and seen untested £1 90 - or tested 
basic working £300 - or normal Johns Radio workshop test with 
warranty £380. All suppl ied with instruction book - qty avai lable. 

TEK 2445A OSCILLOSCOPE - 4 CH - 1 50 MCS with instruction 
book, off the stack as come and seen untested £250 each or 
tested basic working £350 - Johns Radio workshop test with 
warranty plus two probes and instruction book £400 

TEK 2465-2465A-2465B etc avai lable 

RACAL DANA 1 992 COUNTERS 1 .3GHZ tested from £250 

RACAL DANA 1 999 COUNTERS 2.6GHZ tested from £400 

H.P. 531 31A COUNTERS 3.0GHZ tested from £750 

BENCH + RACK POWER SUPPLIES large range qty from £1 0 

H.P. POWER UNITS 6631 1 B-6631 2A-66309D in large qtys from 
£250 

H.P. 8922 RADIO TEST SETS TYPE G-H-M-M01 0 with HP83220 A 
OR E GSM CONVERTOR from £500-£1 ,000 options available 
including Spectrum Anz. quantity in stock. 

Most previous advertised items available in stock. 

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS, PRICE IS EX WORKS. SAE 
FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, 
AVAILABILITY OR PRICE CHANGE, VAT AND CARRIAGE EXTRA. ITEMS MARKED TESTED 
HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-

SYNCROS-TRANSMITIING AND RECEIVING EQUIPMENT ETC. 

Johns Radio, Whitehall Wortcs, 84 Whitehall Road East, 
Birkenshaw, Bradford 801 1 2ER. 

Tel: (01274) 684007. Fax: 651 1 60 

NEW Easy-PC V6.0 
Easy-PC for �indows V6.0 is released with now even more 

time savi ng features : 

• On-l ine design rules checking 
• Single 'shot' post processing for all  your output files 
• PCB Footprint & SCM Sym bol Wizards for fast creation 
• Im port DXF files from your mechanical drawings 
• and many more new features ! 

Spice Based Simulator 
Easy-Spice is a powerful AID m ixed mode simulator with 
superior convergence and functional ity. 

• Easy-Spice is integrated with Easy-PC Schematics 
• Supplied ready to use with SPICE l ibraries and models 
• Easy to learn and use and supplied with a ful l  manual 

RT TROUBLE? 

For more information or for a demo copy call us on +44 (0)1 684 773662 fax +44 (0)1 684 773664 

or E-mail info@numberone.com 

or download a demo copy from www.numberone.eom 
Number One Systems, Oak Lane, Bredon, Tewkesbury, Glos, GL20 7LR 
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CIRCUIT IDEAS 

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 1 OrnA 
- though I doubt that you'll be able to 

find 5rnA lamps. It i� based on the 
clever ' series ' topology described in 
reference, where C2 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 output element, Tr2. 
This choice improves duty-cycle 

Rs 
560 A motorbike's 

electromechanical 
indicator system is 
fine but it doesn't 
work properly if a 
lamp fails - unlike 
this circuit, which 

Tr2 

e-��-t----'<-'1a....11 1 R F530 

remains 
functional at  

currents down to 
1 0mA. 

Indicator direction switch 

� �  
Dashboard 
indicator 

Audio activated switch 
£50 winner If an audio input i s  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 500Hz and 2500Hz. At 
50Hz it is 500m V while at 1 OkHz 
and 20kHz, 400mV and 700mV are 

On receiving an audio signal 
above 200mV pk-pk for 60ms 

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 

example - by adding a solid
state relay at the output. 

R4 
22k 

4.7V 

C1 
1 M  

o--1 m----'VVV�l---+-1 
>200mV 4.

7n BC546 

required respectively. 
Using a permanent ±15V supply, 

current drain is about 4mA, making 
power required just an eighth of a 
watt. 

When input at Tr1 is greater than 
200m V, a comparator triggers to a 
saturated output. After rectification, 
this signal charges up C3 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 Cy!R10 causes 
discharge after five minutes or so to 

R 1 2  C3 
C4 1 0k 47µ + 

2.2µ + 1 6V 
6.3V 

R1 0  
6.8M 

symmetry, as the capacitor charges 
through R4, but discharges on 
R4!/R3//Rzf!R1 .  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 1, and 
R2, while turn off is set by the Vg(on) 
of Tr2. 

Neglecting R3/!R2/IR1 ,  timing is set 
to around 1 .5Hz by R4 and C2. 
Capacitor C1 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 
I . B Van den Abeele, 'Versatile flasher 

circuit' , Electronics World, April 200 1 ,  
p. 299. 

cleanly switch off the trigger. 
Switch S1 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 C3. 

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 

+SV 
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OV 
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WATCH SLIDES ON TV 
MAKE VIDEOS OF 
YOUR SLIDES 
DIGITISE YOUR 
SLIDES 
(using a video capture card) 

'Liesgang diatv" autom.atic 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 
. . . . . . .. . . . . . . . . . . .. .. ... . . . . . . . . . ... .. . .. . . . . . . ... . . . . . . . . ......... . . . .. . . . . . . . . . . . . . . . .. ... . . . . . . . .. . . .  £g1 .91+ vat = £1 08.00 
Board cameras all with 51 2x582 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 arid 1 2v DC 150mA. 
47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small 
torch but. is not visible to the human eye) . . ...... . ...... . . . . . . . . . . . .. . . . . .. . . . . . . .  £37.00 + vat = £43.48 
30MP size 32x32x1 4m m  spy camera with a fixed focus pin hole lens for hiding behind a 
very small hole .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . .. . . . ...... . . . . . . . . . . . ...... .. ... . . . . .  £35.00 + vat = £41 . 1 3  
40MC size 39x38x27mm camera for 'C' 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 1 2mm F1 .6 1 2x1 5 degrees viewing angle . . . . . . . . . . . . . . . . . . . . . .  £1 5.97 + vat = £1 8.76 
VSL4022F 4mm F1 .22 63x47 degrees viewing angle .. . . . . . . . . . . . . . . ..... £1 7.65 + vat = £20.74 
VSL6022F 6mm Fl .22 42X32 degrees viewing angle ..... . . . . . . . . . .. . . . . .  £19.05 + vat = £22.38 
VSL8020F Bmm F1 .22 32x24 degrees viewing angle ... .. . . . . . . . . . . . . . . . .  £1 9.90 + vat = £23.38 
Better quality C Mount lenses 
VSL1614F 1 6mm F1 .6 30x24 degrees viewing angle ... . . . . .. . . . . . . ..... £26.43 + vat = £31.06 
VWL813M 8mm F1 .3 with iris 56x42 degrees viewing angle . . . . . . . .  £77.45 + vat = £91 .00 
1 206 surface mount resistors E 1 2  values 1 o ohm to 1 M ohm 1 00 of 1 value £1 .00 + vat 
1 OOO of 1 value £5.00 + vat 

866 battery pack originally intended to be used with an orbitel 
mobile telephone it contains 1 O 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.n 

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

Shaws Row, Old Road, Chesterfield, 540 2RB 
Tel 01 246 21 1 202 Fax 01 246 550959 MastercardNisa/Switch 

Callers welcome 9:30 a.m . to 5:30 p.m. Monday to Saturday 
December 2002 ELECTRON ICS WORLD 

www.cms.uk.com 
see our web site for ful l  details 

CAMBRIDGE MICROPROCESSOR SYSTEMS LTD 
Unit 1 7-1 8 Zone 'D' Chelmsford Rd. Ind. Est. 
Great Dunmow, Essex CM6 1 XG 

Telephone: 01 371 875644 
ema i l :  sa les@cms. u k .com 
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i i 

i ! 

• 
� 

to the ed i tor  
Letters to "E lectron ics World " H i g hbury Busi ness Com m u n ication�, 
An ne Boleyn House, 9- 1 3  Ewel l  Road,  C hea m Road,  Su rrey SM3 8 BZ 
e-ma i l  j . lowe@hig hburybiz. com us ing sub ject head i ng ' 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 
1 OdB 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 ev.en 
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 Maria'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'. 

40 

exhibit THD of around -120dB to - 1 30dB, 
mostly third harmonic and intermodulation 
around -100 to -120dB. 

Using my equipment, I too have measured 
similar values with carbon film, but even with 
a dynamic range of - l 40dB, 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 modem 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. 

I did 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 1 955 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 
j ournal 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, 
Shropsh ire, 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 Gust 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 1 2V usually. They 
are definitely to be avoided unless there is 
really no alternative. I am surprised that they 
are still made. 
John Woodgate 
UK 
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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 Ml ,  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 Ya/lop 
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. 
Ian'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 

LETIERS 

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). 
Ian 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 has not (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 
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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 qiff erent 
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 
the lapels 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 �he 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. 
Ian 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 MPTl 345 for 
VHF systems, .and this allowed an e.r.p. of 
2mW for a hand held transmitter, and 
l OmW 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 
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I 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 /L W 
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, 
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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 
U K.  

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

subjective SAR test to push out whatever 
power they wish to use - then fiddle the 
figures afterwards so that it sounds better. 

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

It was probably a similar thing with the 
recent EU directive on Vehicle End Of Life. 
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 

Now I have that off of my chest, what 
about the proposed changes to the L VD? I 
attended a meeting last month at the DTI, on 
behalf of the Music Industries Association. 
Basically, the vast majority of Europe wants 
to remove the 50V 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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Capacitor sound 5 
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 
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- 1 µ F  choice - E lectrolytic or Fi lm?  

F or too long capacitor generated 
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 lOOnF 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. 1 

At l µF, 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 1 µF and abqve, many 
designers elect to use low cost polar 
aluminium electrolytic capacitors. We now 
explore this option. 

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

distortion at lkHz 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. 

c) 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.2 

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.2 

An extremely thin layer of 
dielectric, aluminium oxide with a 'k' 
of eight,3 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.2 

Because aluminium oxide takes up 
more space than the aluminium which 
is converted in the 'forn1ing' 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.2 Becromal (one 
supplier of capacitor foils) lists some 
fourteen different grades of etched 
anode and a bigger selection of 
cathode foils .  

As 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 tanb, 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 1 µF, 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. 1 µF, the 50v and 1 00v 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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'k' of several thousand, found in X7R 
and Z5U ceramics.4 

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 c�pacitor. Ref.2 

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 1 µF 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. Figure 3: This 

simplified 
equivalent 
schematic 

illustrates how 

inductance 

Formed v Vr 

I R  of anode 

Anode foil 

1 .5v Vr Voltage effects 

I R  of cathode 

Cathode foil 

a polar + 
electrolytic 

capacitor 
behaves. For 

clarity, 
components 

needed to 
account for 

dielectric 
absorption, are 

omitted. Figure 3a: Sectional view of 
anode and cathode foils, 
showing their dielectric 

oxide layers and 
electrolyte/paper function .. 

Dielectric (A�� ) 

We explore these voltage effects by 
measuring the distortion produced by 
a 1 µF 63 volt polar electrolytic 
capacitor, subject to different AC test 
voltages. Commencing with 0 . 1  volt, 
capacitor distortion was measured at 
0. 1 volt increments 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, 
l OOHz/lkHz to observe 
intermodulation. 
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/ Anode Foil. Cathode Foll. 

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 

ElectrOlyte and Paper. 
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 
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' ,  i s  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 

usable voltage and much larger capacitance than the anode foil.2 
Fig.3 

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 
good capacitor. 

In similar fashion, the naturally occurring cathode oxide film 
behaves like a capacitor in parallel with a diode. This diode' s  
polarity i s  i n  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 
capacitor' s  anode terminal. 
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Tested with a 0.3 volt signal, 
distortion of this typical 1 µF 63 volt 
polar electrolytic capacitor, dominated 
by second harmonic, measured 
0.001 15% - 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." 5 

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 - 1 1 0dB below the test 

signal, intermodulation products can 
be seen either side of the second 

harmonic. 

2.0k 3.0k Frequency (ta) 4.0k s.i:nc s.i:nc 
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� 8 r ..ltr 037 Polar .1Jr +ove1as .!lr 100RNK@0.3v 
Options . .. I 

Figure 4: Distortions measured on our 1 pF 63 volt polar capacitor, using a 0.3 volt test signal without 
DC bias. Note how the large second harmonic component dominates all others. 

Figure 5: Both second and third harmonics have increased relative to the 0.4 volt test signal. The second 
much more than the third. Intermodulation components remain buried in the noise floor. 

3.01< Frequency (Hz) s ilk s.ok 1 .ok 
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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 µ V. 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 .  

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. 

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. 

remain undamaged. 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 

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 

Dielectric Absorption 

In essence two major  d i e l ectr ic  
characte r i st ics ex i st - po lar  a n d  non
polar .  B y  po l ar, I a m  n ot referr i ng to  a n  
e l ectro lyt ic  capac itor, but  t h e  w a y  a 
d i e l ectr i c  respo nds to vo ltage stress.  
This stress is  the vo l tage grad ient  
across the d i e l ectr i c, and not  s i m p l y  
t h e  app l i ed vo l tage. I t  i s  stress i n  vo l ts 
per m i cron, w h i c h  m atters . 

Vac u u m  a n d  a i r, a re l i tt l e  affected by 
vo l tage stress .  So l i d  d i e l ectr ics w h i c h  
behave i n  a s i m i l a r  fas h i o n  are termed 
' non-polar ' .  Most so l i d d i e l ectr i cs and 
i n s u l ato rs are affected to some extent, 
i n creas i ng rough ly  in l i ne  with the i r  
d i e l ectr i c  consta nt o r  ' k' va l u e .  T h i s  ' k' 
va l u e  i s  the i ncrease i n  capac i tance 
when the d i e l ectr ic  is u sed to d i s p l ace 
a i r . 

When a d ie lectr ic is subj ect to vo l tage 
stress, e lectrons are attracted towards 
the posit ive e lectrode. The el ectron sp in  
orb its become d i storted creati ng stress 
and a so-ca l l ed 'space charge' wi th i n  
the d ie lectr ic .  T h i s  stress prod uces a 
heat r i se i n  the d i e l ectri c, resu lt i ng i n  
d ie lectr ic  loss.  

Non-po lar  d ie lectr ics exh i b i t  sma l l  
losses but polar d ie lectri cs are much 
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more l ossy. Havi ng been ch arged to a 
vo l tage, it ta kes l o nger for the e l ectro n 
s p i n  o rb its i n  a po lar  d i e l ectr i c  to 
return to th e i r  or i g i n a l  u n c h a rged state. 
Th i n  po lar  d i e l ectr i cs, such as 
a l u m i n i u m  ox ide, produce l a rge, eas i l y 
measu red ' d i e l ectr ic  absorpt ion '  
effects . 

D i e l ectr ic behaviour with vo ltage 
depends on the voltage grad i ent i n  
vo l ts/m i cron a n d  the characteristics of 
the d ie lectr ic .  Its effects are more read i l y 
apparent at l ow voltages with th i n  
d ie lectr ic .  The d ie lectr ic used i n  low 
voltage e lectro lytics is exceptiona l l y  
th i n .  Consequently w e  fi nd i ncreased 
effects from d ie lectr ic absorption when 
measur ing these types. 

D ie lectr ic  absorption i s  measu red by 
fu l l y charg ing the capacitor for several 
m i n utes, fo l l owed by a rap id  d i scharge 
i nto a low va l ue res istor for a few 
seco nds.  The capacitor is then l eft to rest 
for some ti me after which  any 
'recovered' vo ltage i s  measu red. The 
rat io of recovered vol tage to charge 
vo ltage, is ca l l ed d ie lectr ic absorpt ion .  

So how m i ght d i e lectr ic  absorpt ion  
affect the  d i stort ion p rod uced by a 

capac i tor?  Many fa nc i fu l , even l u r id  
desc r i pt ions  can  fo u nd, desc r i b i ng 
smear i ng, t i m e  del ays and s i g n a l  
compress ion . My capac itance and 
d i stort ion measu rements do not 
s u pport these c l a i m s .  The m a i n  
d i fferen ce I fou n d  w h i c h  c l ea r l y  does 
re l ate to d i e l ectr i c  absorpti on,  i s  the 
magn itude of the secon d  harmo n i c .  
T h i s  i n creases with app l i ed vo l tage, 
espec i a l l y  so with e l ectro lyt ic 
capac i tors .  

My measu rements i nd i cate i t  i s  the 
l evel of th i rd and odd harmon i cs 
generated by the capacitor that 
determ i nes i ntermod u l ation products . 
These harmonics are l ittle  affected by DC 
b ias on the capacitor. No doubt 
i ntermod u l ation d i stortions wou ld  
contr ibute to a mudd led or smeared 
background sound.  

Th i rd harmon ic d i stortion depends on 
the peak voltage across the capacitor.  
For a given s ignal  level ,  vo ltage across 
the capacitor wi l l  be greatest at the 
lowest frequencies.  A low freq uency, 
large s ignal  peak, can trigger 
i ntermod u l ation d i storti ons, which then 
affects h igher frequenc ies. 
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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 d isproved 
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 

I nterested readers are free to 
bu i ld a system for persona l  use 
or educational  use in schoo ls  
and col leges. Com merc ia l  users 
and repl i cators should fi rst 
contact the author. 

A profess ion a l l y  produced set 
of th ree FR4 pri nted c i rcu i t  
boards, with  solder res ist and 
legends, for the 1 kHz s igna l  
generator, the output buffer 
amp I ifier/notch fi lter/pre-
ampl  ifier and the DC bi as buffer 
network, compr is ing a 'with DC 
b i as, s i ngle frequency, d i stortion 
test system' .  Complete with 
component parts l i sts and 
assembly notes, the set of th ree 
boards costs £32 .50 .  

Post/packing to U K  address 
£2 .50 .  Post/packi ng to E U  
address £3 .50, rest o f  wor ld  
£5 .5 0. 

As a service to Non- U K  
readers, b u t  on ly  i f  ordered 
together with the above PCB's, I 
can now supply one fou r  gang 
potentiometer with each set of 
boards, re-t in ned and tested, for 
an addit ional  £5 .00 i nc l us ive of 
postage. 

Falcon E l ectron ics ( EW 
September) has these 
potentiometers in stock. 

Postal Orders or Cheques, for 
pou nds sterl i ng on ly, to C.  
Bateman.  ' N i m rod' New Road. 
AC LE.  Norfol k, N R 1 3 3 B D, 
England.  

Harmon ic Distortion - Polar Capacitor 
µV 
25 .-��-.--��----,���--,-��--,-������� 

20 - - - - - - - - - - - - - - - -[ - - - - ------------i- - · · - · -

15 - - - - - - - · - ·· - · - - -[- - - - - - - - - - - - - · · ·L - - - - - · - · · · · - - - -'.- - - - - - - - - - - - - - - -+·- - - - - · - · · - - - - - l - -

' ' ' 
1 0  · · · · · -- - - - - - - - -+- - · - · · · - · · · · · · ·+ - - - · · · · · · · · · · - --1-------- ·---·-·1- - - - · - · · · · · · · · · - -i- · · · · · · - - - · - - - -

5 13rd µV 
o L-=:i::::::::::1======::::::l==::..::___J_�_.___i_�..___L��� 

0 0.2 0.4 0.6 0.8 1 .2 
RMS Test Volts v Capacitor Distortion µV. 

COMPONENTS 

Figure 8: The dB levels in the 
above plots tend to disguise 
distortion increase with test 
voltage. Translating 
measured dB values into µV, 
this plot of distortion versus 
test signal provides a much 
clearer picture of our 
unbiased polar capacitor. 

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. 

3.0k 4.0k Frequency (Hz) s.ok s ilk 1.ok 

� 
8 r JJr 031 Polar lJr + 30¥ eias JJr 1 OORl1 K@IV 

Opti.ons ... f 

Figure 10: Measured as for figure 7 but with 30 volt DC bias. The capacitor is polarised to one half its 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 
1 2  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. 1 0. 

· 

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 oxide 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, 1 0. 

With increasing AC signal, when 
third harmonic distortion exceeds 

Figure 1 1: 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? 

Figure 12: Two 2.2µF 63 volt polar capacitors connected back to back and measured unbiased as figure 
1 1, 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 1 µF 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. 1 1 .  

A DC bias voltage unbalances a bi
polar capacitor, resulting in increased 
second harmonic distortion. With 6 
volt DC bias, second harmonic 
increased to - 1 07.5dB 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 1 µF polar capacitor and remains 
free from visible intermodulation. 

Two Polar capacitors back 
to back 
Using two polar capacitors each of 
2.2µF, connected in series and back to 
back, produces a chain of four 
capacitors, with a nominal 1 µF 
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 far the 
polar electrolytic, distortion is double 
that measured on the Bi-polar 
capacitor. Fig. 1 2. 

With 6 volt DC bias, distortion of 
our 1 µF polar capacitor reduced to 
0.0007 1 %, 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. 1 3  

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. 1 4. 

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

Metall ised fi lm/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 1 2  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 1 µF Bi-polar types 
were intermodulation free at 1 volt 
with no bias and to 30 volt DC bias. 
Measuring a 'known' l µF 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 - lOOdB, distortion was 
0.00089%. 

The l µF bi-polar electrolytic, tested 
at 1 volt and with 1 2  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 1 µF electrolytic, the bi
polar type, was clearly beaten by the 
metallised PET. 

Much better film capacitors were 
listed in my last article but at 1 µF, a 
metallised PET capacitor provides the 
economic choice. For the lowest 
possible distortion, especially with 
increased signal drive or DC bias, the 
better quality film capacitor styles as 
shown in figure 1 and recommended 
in my last article, should be used. • 
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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. 
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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 1 0. The Bi-polar capacitor produced 0.00225 %, half 
that of the polar or back to back capacitors and no visible 
intermodulation products. I repeat my questions. 

Additional Information 

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 PDP files able to 
print the PCB artwork, assembly notes and parts lists. 

I hope to have this CD ROM ready soon after my sixth 
and last article in this series is published, say mid 
December. Updated details in my next, the last article of 
this series. Expected cost £15 plus pip. 
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D I R ECTI O NS 
ANASOFT LTD 
http ://www.anasoft.co . u k  

SuperSpice, the affordable, m ixed-mode 
windows circuit s imulator. Wrote by an 
analogue design engineer for those 
Teletubbies who l i ke keeping things 
s imple. 

BEDFORD OPTO 
TECHNOLOGY LTD 
http ://www.bot.co. u k 
Optoelectronic products UK design 
development manufacture standard and 
custom ,  LED bargraphs, circuit board 
indicators, stand offs, 
transm issive/reflective switches, baseefa 
optocouplers tubular and surfacemount, 
pannel mount LED assem bl ies. 

CHY GWYN 
http://www.chygwyn.com 

ChyGwyn 
Linux ConsuHants an d  Electronic Oeatgnere 

ChyGwyn Limited offers electronic design 
and em bedded software development for 
remote monitoring,  embedded 
appl iances, set-top boxes and simi lar  
devices. We are  experts in  customisation 
of Linux and write device drivers for 
custom hardware. 

CRICKLEWOOD 
ELECTRON ICS 

http ://www.cricklewoodelectronic 
s.co. u k  
Cricklewood Electronics stock o n e  o f  the 
widest ranges of components, especially 
semicond uctors including ICs,  
transistors, capacitors, a l l  at  competitive 
prices. 

COMPONENT KITS 

http ://www.componentkits .com 
..-. 1 - 1 -• ,..• ! �""" 1 - u. 1 c_  ... ,..;..., 

- - -· A --cpmponentkitsocom 
your source fot tomponent .engineering kits 

'110<t.l'lmo°"f l-K °""- .,.., ....... ..... 
lndllfu ALL 
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"Com ponent Kits LLC manufactures and 
distributes Electronic Component Kits 
used for professional engineering design ,  
prototype, University lab ,  and hobbyist 
uses. 

· 

Visit our website to review our current 
product line, request our Free CD-ROM, 
o r  jo in our  newsletter." 

COOKE INT�RNATIONAL 
http ://www.cooke- i nt .com 

i nfo@cooke- i nt .com 

Test & Meas u ring  E q u i p ment 
Operati n g  & Service Manua ls .  

CROWNHILL ASSOCIATES LTD 

http ://www.crown h i l l . co .  u k  

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

DB TECHNOLOGY 

http://www.dbtech nology.co .uk/ 

J9\ dB Tech nc:1.Zc1gy (sifil 
'fak!na the cain out of EMC 

Ex!lftta In EMS Testing and Consultancy 

EMC Testing and Consultancy. 
Anechoic chamber and open area test site. 
• Compl iance Tests 
• Rapid, accu rate pre-compl iance tests . 
• Fixes included.  FCC Listed. 
• Flexib le ,  hou rly booking avai lable. 

DESIGNER SYSTEMS CO.  

http://www.designersystems.co.  
Uk 
E lectro nic p roduct d e s i g n  company with 
over a decade of experience p ro motin g  
i t ' s  o w n  product range and design ing  
and man ufactur ing i n novative prod ucts 
for c l ient compan ies/ ind ividuals .  

EAGLE PCB DESIGN 

SOFTWARE 

http://www.puresoft .co .uk  

�!J�ltD<"'9n.P,1adeEasy l1:CtOdTK.lllfl tlN fJ>twE'AGL£-4.0! 
�S:-?.L�Z:f;.S.?.:::F-=-:. 
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• Professional PCB des ign made easy ! 
• Ful ly functiona l  freeware down load . 
• Schematics, Layout & Autorouti n g .  
• Free t e c h  su pport 

EDAForce 
http ://www.edaforce .co . u k  

EDAForce i s  a division o f  the independent 
specialist recruitment consultancy 
TelecomForce. We specialise in  placing 
engineers and engi neering managers, 
either contract o r  permanent, in  the role 
that is right for them. Visit the web site, 
email  us on ew@edaforce.co.uk or call 
+44(0)1 628 850273 to find out how we 
could help you. 

EQUINOX TECHNOLOGIES 
UK LTD 

http://www.eq u i n ox-tech.com 

Equinox Technologies U K  Ltd . ,  specialise 
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i n  development tools for the embedded 
microcontrol ler  market. 

FELLER U K  

http ://www. fe l l e r-at . c o rn  

Fe l le r  ( U K) Ltd . man ufact u re F u l l y  
a p p roved c o rdsets ( M o u l d e d  m a i n s  
p l u g s  and con nectors) and Power 
Su pply Cables for a l l  i n d u str ial  
Cou ntries to Nationa l  and I nte rnati ona l  
Standards 

FUTURE TECH NOLOGY 
D EVICES I NTL. LTD .  

http ://www.ftd ich i p .com 
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FTDI  designs and sel ls USB-UART and 
US B-FIFO interface i .c. 's. Complete with 
PC drivers these devices simplify the task 
of designing or upgrading USB 
peripherals 

J W HARDY 

COMMUNICATIONS 

http ://www. jwhardy. co.  u k 
__ ,..-.._ .. ____ u __ .,..; _____ ,_ J.w • ...,� ,.,, ,,�,. ... -..1 ... -- ..,_,.._, .. � .... ., ... _ 
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R.F. Network Specialist. 
Shop onl ine - for R.F.network 
components. We su pply a full range of 
TV, radio reception equipment to receive 
analogue/digital signats from both 
terrestrial and satellite sources. We 
provide a free planning service for your 
R.F .  networks, MATV and SMATV etc 

LAB CENTER 
http ://www. labcenter.co . u k  
Download evaluation versions o f  our  
unique Proteus VSM mixed mode SPICE 
and CPU simu lator, and a lso  the  fu l l  
range of  Proteus PCB Design products. 
Register the Proteus Lite shareware 
versions onl ine for as little as £20. 

LOW POWER RADIO 
SOLUTIONS 

http://www. l p rs .co . u k  

LPRS ma rkets l o w  power rad i o  
transm itters, receivers and transceiver 
modu les  man ufactured by o u rselves, 
Rad i o m etrix, C i rcu it  Des igns ,  ROT and 
Micre l .  Appl ications for te l emetry, 
video and rem ote contro l .  

MAGNI FICO 

(The Magnifier Company) 

http ://www. mag n ifyi ngg lasses. 
CO. U k  
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The best o n l i ne se lecti o n  of mag n if iers 
and low-vis ion  a ids ,  i n c l u d i n g  hand
held ,  han ds-free, i l l u m i nate d ,  
mag n ifyi n g  stan ds ,  f resne l  s h eets a n d  
i nspecti o n  lou pes.  

MAPLIN ELECTRONICS 

http ://www.mapl i n .co . u k  

A fu l ly secure a n d  interactive internet 
order ing system from M ap l i n  
E lectro n ics,  t h e  specia l ist e lectron ic 
retail and  mai l  o rder  company to 
bu siness and reta i l  consu m e rs a l i ke .  
1 5 ,000 prod ucts ava i lab le  o n  l i n e .  

MATRIX MULTIMEDIA LTD 
www.matrixm u lt imed ia .co . u k  

Matrix Mu ltimedia publ ishes a number of 
hig hly interactive CD ROMs for learn ing 
electronics including:  Com plete 
electronics course, Analogue filter 
design ,  and P ICm icro(R) microcontroller 
programming (C and assembly). 

NORCALL Ltd 

http://www . n o rcal l . co . u k  
e-mail Norcal l@aol.com 
S u p p l i e rs p rog ram m e rs and repa irers 
of n ew and refurb ished two-way rad io 
e q u i p ment.  Ret u n i n g  and recrysta l l i ng 
se rvice ava i lab le .  A l l  types of batte ries 
chargers and aerials s u p pl ied . 
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QUASAR ELECTRONICS 

www.q uasarelectron ics.com 

Over 250 electronic kits, projects and 
ready bu i lt un its for hobby, 
educational & industrial applications. 
TEL: 01 279 467799, FAX: 07092 203496 
or EMAIL: 
ewsales@quasarelectronics.com 

PHAEDRUS LTD 

www.phaed rusltd .co .uk  

Man ufacturer a n d  suppl ier o f  l o w  cost 
general purpose and serial I/O digital 
m od ules and accessories. PC based 
software for data logging and control 
applications. 

RADIOMETRIX 
http ://www. rad iometrix.co . u k  

Rad iometrix specialises i n  t h e  design 
and man ufacture of VHF & U H F, R F  data 
modu les. We offer a b road range of 
PCB mounted min iature transm it, 
receive and transceiver modu les for 
OEM use. They com ply with Eu ropean 
harmonised standards EN300 220-3 
and EN301 489-3 and are G E  certified 
by an independent Notified Body. 

RADIO· TECH LIMITED 

http ://www. rad io-tech .co. u k  

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

RALFE ELECTRONICS 
p rofess ional  test & measurement 

www. ralfe-electron ics .co .uk 

RIMO·AKD·PP 
http://www.art-decade.com 

We provide the fol lowing services: 
Systems desig n,  test & analysis .  
Software design & coding.  Avionics 
design .  Document technical review, 
authoring & proof reading.  Rig design .  
Hardware design .  

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

s2 SPICE V4 New Version 
Evaluate free for 30 days 

f1u4!!dllltftual nrwl!!W!l• unn 

... 
NewPCSStJpport 

ms,a·stt:-J,it""1l" uttd bydonr!ttl-· -· - lnd u........ds .,� ......... w. tt<.  

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

SOFTCOPY 

http://www.softcopy.co .uk 
A s  a PC data base or hard copy, 
SoftCopy can supply a complete index of 
Electronics World articles over the past 
ten years. Photo copies of articles from 
back issues are also avai lable.  

TEMWELL CORPORATION 
http ://www.temwel l .com .tw 

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

TEL NET 

http ://www.te lnet .uk.com 

Top qual ity second-user Test and  
Measurement Equipment 
eMail sales@telnet. uk.com 

TEST EQU IPM ENT 
SOLUTIONS 

http ://www.TestEqu ipmentHO.com 
Test Equipment for rental or second user 
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sale at the industry's lowest prices. All 
types of equipment from all leading 
manufacturers including general purpose, 
communications and ind ustrial test Items 
fully refurbished with 1 year warranty. 
Rental rebate given on purchases. 

TELONIC 
http ://www.telon ic . u k.com 

·--

fi'l_ 
� :::::::.-----
GRUNDIG dig/mess• 
-==::.:.:=._ 

"Telonic, special ists in laboratory AC & 
DC Power Supplies, Electronic AC & DC 
Loads, Electrical Safety Testing and 
complete test systems. Plus RF Filters, 
Attenuators, Diesel Engine Smoke 
Meas urement, Quartz Crystal 
M icro balances. 
Tel +44 (0) 1 1 8  978691 1 "  

TECHN I CAL AND 
SCIENTIFIC SUPPLIES 

http://www.technicalscientific.com 

Supp l iers of pre-1 985 equ ipment and 
components. 
- Test/Meas u rement equ ipment 
- 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
m ode s imulator, Spicycle PCB design 
tools and Supertilter demo (synthesises 
passive, active, d ig ital filters). Tech 
support, sales l inks and price list. 

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

Robot Kits a n d  Control Technology 
products, inc luding OOPic the first 
Object-Oriented Programmable 
Integ rated C ircu it. Secure on-l ine 
ordering and fast delivery. 

U LTRACOM 

http://www.ultracom.fi 

Ultracom specializes in the design and 
man ufacture of data radio products 
inc lud ing Radio Modu les, Rad io 
Modems, Filters and Antennas for real
t ime data com munication .  I n  addition to 
our standard RF-products we provide 
tai lored solutions for customers wireless 
communications requ i rements. 

WE B D I R ECT IONS  
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 

WEB ADDRESSES. 

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 

sites. 

We also understand that cost is an important factor, as web sites are an 

added drain on budgets. I am sure you will agree these rates make all 

the difference 

Company Name Web address 

� 
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Our  wireless data rad ios are  used in  the 
most varied appl ications: transferring 
environmental data in tropical 
conditions,  locating m oving targets, 
remote-control of cranes, contro l l ing 
pump stations in waterworks, 
monitoring real estates, transferring data 
in  publ ic transportation information 
systems. There are countless 
appl ications,  what are you rs? 

VUTRAX PCB DESIGN 
SOFTWARE 

http ://www. vutrax. co .  u k 

Vutrax electronic schematic and pcb 
design system for Windows 95/98, ME, 
NT, 2000, XP and Linux. L imited Capacity 
FREE version downloads available, al l  
upgradeable to various customised level. 

WARWICK WIRELESS LTD 

http://www.radiotelemetry.co.uk 
Free data on  Radi·a Modems, Radio 
Telemetry, Radio Modu les and Wireless 
Video systems. The l icence exempt 
radios can transmit data from 1 to 20Km 
at baud rates of 1 9.2Kbaud to 1 28Kbaud .  
T h e  U K  based Company c a n  offer 

FOR 1 2  ISSUES: 

customised derivatives of their products 
as well as turnkey RF Systems. 

WILMSLOW AU DIO 

http ://www.wi lmslow
audio .co .uk  

Wi lms low Audio 

BB . . . ... _ ,,, , _ ,. 

� ;·"'"''""'�'"� 
"Uk's largest suppl ier of h igh qual ity 
loudspeaker kits and drive units. 
Comprehensive range of components 
and accessories, including damping 
products, connectors and g ri l les 
materials. Demonstration facilities 
avai lable. 

Lineage only will cost £1 50 for a full year just £1 2 . .  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 £29.1 7  per month. This wil l  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 
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FRUSTRATED! 
Looking for ICs TRANSISTORS . 
A phone call to us could get a 
result. We offer an extensive 
range and with a World-wide , . 

database at our fingertips ,  we are able 
to source even more. We specialise in 
devices with the following prefix 
(to name but a few) .  

2N 2SA 2SB 2SC 2SD 2P 25J 2SK 3 N  3SK 4 N  6N 1 7  4 0  AD 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BFR BFS BFT BFW BFX BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV 
BUW BUX BUY BUZ CA CD DX CXA DAC DG DM DS 
DTA DTC GL GM HA HCF HD HEF ICL ICM IRF J KA 
KIA L LA LB LC LD LF LM M MSM MA MAB MAX MB 
MC MDA f MJE MJF MM MN MP5 MPSA MPSH MPSU 
MRF NJM NE OM OP PA PAL PIC PN RC S SAA SAB 
SAD SA.T SAS SDA SG SI SL SN SO STA STK STR STRD 
STRM STRS SVl T TA TAA TAG TBA TC TCA TDA TDB 
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU tJ UA 
UAA UC UDN ULN UM UPA Ul?C UPD VN X XR Z ZN 
ZTX + many others 
We can also offer equivalents (at customers' risk). 
We also stock a full range of other electronic components. 
Mail, phone, Fax, Credit Card orders & callers welcome. E! - • fJEJ lconnectj 

Cricklewood Electronics Ltd 
40-42 Crlcklewood Broadway, London NW2 3ET 

Tel: 020 8452 0161 Fax: 020 8208 1441 
www.crkklewoodelectr0nics.co.uk 

E•mail: sales@cricklewoodelecttonics.com 

SPECIAL OFFERS 

�TI�I!i 
TEKTRONIX 2445A 4 Ch ONL y 
150MHz Delay, Cursors etc. � 
Supplied with 2 Tektronix probes � 
TEKTRONIX 2232 Digital Storage Scope. Dual Trace 
1 00 MHz,1 00m/s with probes. . . . . . . . . . . . . . .. .  £525 
H.P.  54501 A Digitizing Oscilloscope1 OOMHz, 4Ch £425 
H.P.  3312A Function Gen 0.1Hz·13MHz AMIFM 
Sweep!Tri/Gate/Burst etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £300 
FARNELL Dual PSU XA35-2T 0-35V 0·2A Twice OMO 
LCD Display . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £180 
CIRRUS CRL254 Sound Level Meter with Calibrator. 
80-120dB, LEQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £150 
EDOYSTONE 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 TIUSquare/ 
Pulse Outputs etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .  £95 
FLUKE 8060A Handheld True RMS DMM 41/2 digit 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  As new £150. Used £95 
BECKMAN HD1 1 0  Handheld 31/2 digit DMM, 28 
ranges with battery, leads and carrying case . . . . . . . . . . .  £40 

H.P. 3310A Function Gen 0.005Hz-5MHz Sine/Sq!Tri/ 
Ramp/Pulse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £125 
FARNELL FLM4 Sine/Sq Oscillator 10Hz·1MHz low 
distortion. TIL Output Amplitude Meter . . . . . . . . . . . . . . . . . . .  £125 
H.P. 545A Logic Probe with 546A Logic Pulser 
and 547A C urrent Tracer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . .  £90 
FLUKE 77 Multimeter 3112 digit Handheld £60 
FLUKE 77 SERIES I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  £70 
HEME 1 000 LCD Clamp Meter 0-1000A. In Carrying 
Case ..  . . .  . . . .  £60 

Racal 9008 ONLY � 
Automatic Modulation Meter AM/FM.......,..... 
1 .5MHz - 2GHz 

AM/FM synthesised signal 
generator 80kHz - 1 040MHz 

NOW ONLY � 
MARCONI 893C AF Power Meter, Sinad Measurement 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Unused £100 Used £60 
MARCONI 8938 - No Sinad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £30 
MARCONI 261 0 True RMS Voltmeter Autorangin 5Hz· 
25MHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £1 95 
GOULD J3B Sine/Sq Osc. 1 OHz-1 OOkHz. Low distortion 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £75-£125 

AVO 8 Mk6 in Ever Ready Case, with leads etc . . . . . . . . . .  £80 
Others Avos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  from £50 
GOODWILL GVT427 Dual Ch AC Millivoltmeter 10mV in 1 2  
Ranges Freq 1 OHz-1 M H z  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £100-£125 
SOLARTRON 7 1 50 DMM 61/z digit True RMS • IEEE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £95-£150 
SOLARTRON 7150 PLUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £200 

HIGH QUALITY RACAL COUNTERS 
9904 Universal Timer Counter, 50MHz . . . . . . . . . . . . . . . . . .. £50 
991 6 Counter, t OHz-520MHz . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  £75 
991 6 Counter, 1 0Hz·560MHz, 9-digit.. . . .  £50 
WAYNE KERR B424 Component Bridge . . . . . . . . . . . . . . . . . . .  £125 
RACAUAIM 9343M, LCR Databridge, Digital . . . . . . . . .  £200 
Automeasurements of R.C.LQ.D. 
HUNTRON TRACKER Model 1 000 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £125 
MARCONI TF2015 AMIFM sig gen, 10-520MHz. .. .£175 
FLUKE 8050A 4.5 Digit, 2A True RMS . . . . . . . . . . . . . . . . . . . . . .  £75 
FLUKE 8012A 3.5 Digit, 2A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £40 

Portable Appliance Tester 
Megger Pat 2 ONLY � 

Oatron 1061 . � H.P. 601 28 DC PSU 0-60V; 0·50A 1000W . . . . . . . . . . . . .  £1000 �;�� ����� �·
i;e

o���l��1��:n�i:��e
e���/� FARNELL APS0/50 1 KW Auto ranging . . . . . . . . . . . . . . . . . . . .  £1 OOO 

FARNELL H60-150 0-60V 0-50A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £750 
Catron 1061A � FARNELL H60/25 0-60V; 0-25A . . . . . . . . . . . . . . . . . . . . . . . . . .  .£400 
High Quality 61/2 digit Bench Multimeter� Power Supply HPS3010 0·30V; 0·1 0A . . .  £140 
True RMS/4 wire/Current Converter FARNELL L30-2 0-30V; 0-2A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £80 
Racal Receiver RA1772 FARNELL L30-1 0·30V; 0-1 A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £60 
5DKHz - 30MHz c;m> Many other Power Supplies available. 

LED Display. Basically Working. Isolating Transformer 240V In/Out 500VA . . . . . . . . . . . . . . .  £40 

E 
STEWART OF READ I NG � 

1 10 WYKEHAM ROAD, READING, BERKS RG6 1 PL VISA Telephone: (0 1 1 8) 9268041 Fax: (01 1 8) 935 1 696 
www.stewart-of-reading.co.uk 

Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 
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Labcentre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  
Milford Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Olson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Peak Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .IBC 

Pico Tech . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 
Quasar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Quickroute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . 29 
RD Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9  
Stewart of Reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55  
Surrey Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Telnet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IFC 

Test Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OBC 
Tie Pie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Warrick Wireless . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
West Dev . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
XL Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

FARNELL DTV 1 2-1 4 OSCILLOSCOPE 
DUAL TRACE 1 2  MHz TV. COUPLING � ONLY � 
FARNELL LFI 12-14 Sine/Sq OCSILLATOR 
1 0 MHz - 1  MHz ONLY � 

OSCILLOSCOPES 
TEKTRONIX TDS350 Dual Trace 200MHz 1 G/S 
unused . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £1500 
TEKTRONIX TDS320 Dual Trace 1 OOMHz 500M/S . .  £1200 
TEKTRONIX TDS310 Dual Trace 50MHz 200M/S .. . . . .  £950 
LECROY 9400A Dual Trace 175MHz SG/S . . . . . . . . . . . . . . . .  £750 
HITACHI VC6523 Dual Trace 20MHz 20M/S etc 
unused . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . .  . . .  . . .  . . .  . . . . .  . . .  . . .  .. .. . . . . . . . . . . . .  £500 
PHILIPS PM3092 2+2Ch 200MHz Delay . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £800 As New £950 
PHILIPS PM3082 2+2Ch 1 00MHz Delay etc . . . . . . . . . . . . . . . . . .  . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £700 As New £800 
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 1 00MHz 
Delay . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  £450 
TEKTRONIX 466 Analogue Storage Dual Trace 
1 OOMHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £250 
TEKTRONIX 485 Dual Trace 350MHz Delay Sweep ... £550 
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep ... £350 
TEKTRONIX 4658 Dual Trace 100MHz Delay Sweep.£325 
TEKTRONIX 221 5 Dual Trace 60MHz Delay Sweep ... £250 
PHILIPS PM3217 Dual Trace 50MHz Delay ... £200 - £250 
GOULD OS1 1 00 Dual Trace 30MHz Delay . . . . . . . . . . . . . . . . .  £125 
HAMEG HM303.6 Dual Trace 35MHz Component 
Tester. As new . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £240 
HAMEG HM303 Dual Trace 30MHz Component 
Tester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £200 
MANY OTHER OSCILLOSCOPES AVAILABLE 

MARCONI 2022E Synthesised AM/FM Sig Gen .£525 • £750 
1 0KHz • 1 .01 GHz LCD Display etc 
H.P. 8657A Syn 100KHz • 1 040MHz Sig Gen .£2000 
H.P. 86568 Syn 1 OOKHz • 890MHz Sig Gen . . . . . . . . . . .  £1350 
H.P. 8656A Syn 1 OOKHz - 990 MHz Sig Gen . . . . . . . . . . . .  £995 
R&S APN62 Syn 1 Hz - 260KHz Sig Gen . . . . . . . . . . . . . . . . . . .  £425 
Balanced/Unbalanced Output LCD Display 
PHILIPS PM5328 Sig Gen 1 00KHz - 1 80MHz with 
200MHz. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £550 
Freq Counter IEEE 
RACAL 9081 Syn AMIFM Sig Gen 5KHz - 1024MHz .£250 
H.P. 3325A Syn Function Gen 21 MHz . . . . . . . . . . . . . . . . . . . . . .  £600 
MARCON I 6500 Amplitude Analyser . . . . . . . . . . . . . . . . . . . . . .  £1500 
H.P. 4192A lmpedence Analyser . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £5000 
H.P. 4275A LCR Meter 1 OKHz • 1 OMHz . . . . . . . . . . . . . . . . . .  £2750 
H .P. 8903A Distortion Analyser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £1000 
WAYNE KERR Inductance Analyser 3245 . . . . . . . . . . . . . . .  £2000 
H .P. 81 1 2A Pulse Generator 50MHz . . . . . . . . . . . . . . . . . . . . . .  £1250 
MARCONI 2440 Freq Counter 20GHz . . . . . . . . . . . . . . . . . . . . .  £1 OOO 
H P. 5350B Freq Counter 20GHz . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £2000 
H.P. 5342A 1 0Hz - 1 8GHz Freq Counter . . . . . . . . . . . . . . . . . . . .  £800 
H.P. 1650B Logic Analyser 80 Channel . . . . . . . . . . . . . . . . . . .  £1 OOO 
MARCONI 2305 Mod Meter 500KHz - 2Ghz . . . . . . . . . . . . .  £750 

RADIO COMMUNICATONS TEST SETS 
MARCONI 2955/2955A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .from £1500 
Rohde & Schwarz GMT 0.1 - 1 OOOMHz.. . . . . . . . . . . . . . . . .  £2000 
Schlumberger 4040..... . .  . . . . . . . . . . . . . . . . .  £900 

JUST IN 

H.P. 6063B DC Electronic Load 3-240V/0·10A 250W 
. . . . . . . .  P.O.A. 

H.P. 66312A PSU 0 • 20V/0·2A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £400 
H.P. 6631 1 8  PSU 0 • 1 5V/0·3A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £400 
H.P. 663090 PSU Dual 0 • 15V 0·3A/0-1 2V 0-1.5A . .  £750 
H.P. 6632B PSU 0 - 20V/0-5A.. . . . . . . . . . . . . . . . . . . . . . . . . . .  £500 
H.P. 6623A PSU Triple Output ranging from . . . . . . . . . . .  £850 
O· 7V 0·5A to 0·20V 0-4A 
H. P./Agilent 34401A DMM 61/2 digit . . . . . . . . . . . . . .  £4001£450 
H.P.  3478A DMM 5112 digit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £275 
FLUKE 45 DMM Dual Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £400 
KEITHLEY 201 0 DMM 71/2 digit . . .  . . . . .  £950 
KEITHLEY 61 7 Programmable Electrometer . . . . . . . . .  £1250 
H.P. 4338B Milliohmmeter ...... . .  . . . . . . . . . . .  £1500 
RACAL Counter type 1 999 2.6 GHz . . .  . .  . . . . . . . .  £500 
H.P. Counter type 531 31A 3GHz . . . . .  . .  . . . . . . .  £850 
H.P./Agilent 331 20A Function Gen/ARB . . . . . . . .  £900/£1000 
1 OOmicroHz • 1 5MHz 
SONY!TEKTRONIX AFG320 Arbitary Function Gen . .  £1250 
H.P. 8904A Syn Function Gen DC · 600KHz£1000/£1250 
BLACK STAR JUPITOR 201 0 Function Gen 0.2Hz • 2MHz 
with Frequency Counter . .  . . . . . . . . . . . .  £140 
H.P.  81 1 6A Pulse Generator 1 mH·50MHz... . . . . . .. £1950 
H.P.  86578 Syn Signal Gen 0.1 ·2080MHz . . . . . . . . . .  £2500 
CO-AXIAL SWITCH 1 .5GHz . . . . . . .  £40 
IEEE CABLES . . .  . .  . . . . .  £10  

SPECTRUM ANALYSERS 
H.P. 8561 8 50Hz - 6.5GHz ... . .  .. , . .  £5000 
H.P.  8560A 50Hz - 2.9GHz Synthesised ..  . . . . .  £5000 
H.P.  8594E 9KHz • 2.9GHz . . . . . . . . . . . . . . .  £4500 
H.P.  8591 E 1 MHz - 1 .8GHz 75 ohm . . .  . . . . . . . . . .  £2750 
H.P. 853A with 8559A 1 OOKHz • 21 GHz . . . .  . . . . . . .  £1750 
H.P. 8558B with Main Frame 100KHz - 1500MHz . . . .  £750 
H.P. 3585A 20Hz - 40MHz .. . . . . . . . . . . .  £2500 
H.P. 3580A 5Hz - 50KHz ..  ...£600 
ADVANTEST R4131 B 1 OKHz - 3.5GHz . .  ...£2750 
EATON/Ailtech 757 0.001 - 22GHz . . . . .  . . . . . .  £750 
MARCONI 2382 1 00Hz - 400MHz High Res . . .  . .  . . . .  £2000 
MARCONI 2370 30Hz - 1 1 0MHz.. . . . .  . . . . . . . . . .  from £500 
H.P. 1 82 with 8557 1 OKHz • 350MHz... . . . . . .  £500 
H.P. 141T Systems 
8553 1 KHz - 1 1  OMHz . . .  . . . . . . . .  £500 
8554 500KHz • 1 250MHz . . . . . .  . .  . . . .  £750 
8555 1 0MHz - 1 8GHz. . .  . .  . . . . .  £1 000 
H.P. 8443 Tracking Gen/Counter 11 OMHz... . . . . . . . .  £250 
H.P. 8444 Opt 059... . . . . .  £750 
B & K 2033R Signal Analyser . . .  .. ...£650 
H.P. 8754A Network Analyser 4MHz • 1 300MHz . . . .  £1250 
H.P. 3577A Network Analyser 5Hz - 200MHz .. . . . . . .  £3000 
H.P. 53310A Modulation Domain Analyser Opt 
001 /003 . . .  . . . . . . .. . . . . . . . .  £5000 
ONO SOKKI Portable FFT Analyser . . .  . .  . .  £1 500 
H.P. 8720C Microwave Network Analyser 50MHz-20GHz 

.. £1 2500 

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 £1 6 .  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 
going to be read by decision-making electronics professionals 
with the power to purchase your products. Service 
The pre-paid rate for semi-display setting is £1 7 per single column centimetre 
(maximum 4cm) . Box number £22 extra. All prices plus 1 71/,% VAT. 
Al l cheques, postal orders etc to be made payable to H ighbury Business 
Communications Ltd . Advertisements together with remittance should be sent 
to Electronics World Classified, H ighbury Business Communications Ltd , 
Anne Boleyn House, 9- 1 3  Ewel l  Road, Cheam , Surrey SM3 SDZ. Li n k  
Tel :  020 8722 6028. Fax: 020 8770 201 6. 

ARTICLES WANTED 
TOP PRICES PAID 

For a l l  your valves, 
tubes, semi conductors 

and ICs. 
Langrex Supplies Limited 
1 Mayo Road, Croydon, Surrey CRO 2QP 
EL: 020 8684 1 1 66 FAX: 020 8684 3056 

BEST CASH 
PRICES PAI D  

For a l l  va lves 
KT88 PX4 and  

other aud io  types 
Wide range of 

valves and CRT 
stocked 

Te l :  
01 403 784961 

B i l l i ngton Export Ltd .  
Fax: 01 403 78351 9 

Emai l :  sales@bel-tu bes.co . u k  
Sussex RH14 9EZ 

Visitors by appointment 

Rack Enclosures 
New and Used - most sizes 

16U to SOU side and rear panels 
mains distribution 
1 9 •  Panel mounts 
optima eurocraft 

Prices from £45 + vat 
M&B Radio 

86 Bishopsgate Street, Leeds LS1 488 
Tel. 0113 2702114 Fax. 0113 2426881 

FOR SALE 
RF DESIGN 
SERVICES 
All aspects of RF 

hardware development 
considered from 

concept to production. 
WATERBEACH ELECTRONICS 

www.rlaver.dial.pipex.com 
TEL: 01223 862550 
FAX: 01223 440853 

PRINTED CIRCUIT BOARDS 
DESIGNED & MANUFACTURED mH agar : '::i������

o
�f;������7

e 
quantities !m! Circuits 

• PCBs designed from circuit diagrams 
• Almost an computer files accepted 
• PCB assembly - mechanical assembly 
• Full product design-manufacture-test·repair 

Unit 5, fast Belfast Enterprise Park 
308 Alber/bridge Rd, Belfast BT5 4GX 
TEL 028 9073 8897 FAX 028 9073 1802 

info@agarcircuits.com 

QUALITY USED isolating transformers. 
Primary 240v secondary 240v metal cased. 
2500va £50 each. Tel: 01 934 622006. 

SERVICES 

P&P 
ELECTRONICS 

Design of Electronic Systems 
by Degree Qual ified Engineer 
0 1 924 40293 1 

WANTED 
WANTED Surplus or Obsolete Electronic Components 

T�rn your excess stock into instant cash! 
SEND OR FAX YOUR LIST IN STRICTEST CONFIDENCE 

Will collect anywhere in the UK 

Ga St.Marys St, Bedford, Bedfordshire, MK42 OAS 
Tel: 01234 36361 1  Fax: 01234 32661 1 

E-mail: sales @mushroomcomponents.com 
Internet: www.mushroomcomponents.com 

• 
• 
• 

SERVICES 
.:.:: ::s 
0 c.> 
u) ©l E  ��  .. >-1 1!?  ... Q) :s c  

I � .2' 
. .9ootrotisystems � � 

, • GAs. 1lioning f�ems _g -c 
• �pecialist cabfe loofns � � 
• Small, medium & large scale � ;: ,,}- manufacturing '.E 3: 

Email :  sales@designersyste�s.co.uk �� 
Tel/Fa>;c: +44 (0) 1872 223306 , i� 
�M l� -Designe� 

CooJ�S9s;!:'.1�·• ;�rfl g Sy��§!.!::!J§� 

POWER SUPPLY DESIGN 
Switched Mode PSU 

Power Factor Correction 
designed to your soecification 

Tel/Fax: 01243 842520 
e-mail: eugen_kus@cix.co.uk 

Lomond Electronic Services 

Service 
Link 

For a FREE consultation on 
how best to market your 
products/services to a 
professional audience 

contact REUBEN 
on 020 8722 6028 

component analyser 

Check your : Automatic component 
identification 

Pinout identification 
• •  semi s • Transistor gain measurement 

• MOSFET gate threshold 
measurement 

• PN junction characteristics 
measurement 

• Shorted Junction identification 

The Peak Rt. l as 
i s  ar1a l �s i r1i:i • • •  

Two t.err'1 i r1a 1 
b i co l o1..-1r LED 

NPN b i Po l ar 
Dar 1 i no:i ton 

D i ode Protect i on 
beti..Jeen C-E 

• Transistor leakage measurement Res i stor sh1...int 

• Just connect the part anyway be t.1.iJeen B-E 

round and press the button! 
Current i:ia i n  

Supports: Hf"e= 1 26 

Bipolar transistors, 
Darlington transistors, 

Enhancer'1er1t rric•cle 
t�-Ch MOSFET 

Diode protected 

Buy onl inel 
UI Just plug one end of your cable into the Atlas IT and the other into the Atlas 01< Cro::.s-01.,•ec· 

C Terminator and press "test". In seconds the unit w i l l  identify the cable type c . . :sb l e  ( PC-PC J 

0 (straight through crossover or token ring) and verify every connection. Jf -. . ·- ' J I · d Lonnect i on 
.... there are any faults then they are clear y exp ame

_ 
on screen. 

. . clet.a i l s  fo l l oi...• � Socket testing is poss.ible too thanks to the special patch cables mcluded m 
network cable analyser 

C the outfit. T err<1> 1 23456 78 

C Swapped lines, miss ing l ines, shorted l ines are all uniquely identified Rt l as> 36 1 45278 

O together with the full connection pattern ! .-.. .. _ _ t _ _  1 1 . _ <= 
k . 1 k bi :::>r ••-•t · _.i::·•� l t  1e_. 

What's more, if you want to know how to ma e up a spec1a networ ea e, 
clete•:.t.ecl : 4 &: 5 

the Atlas can instruct you, even down to cable colours ! 

The Atlas IT is supplied with 2 non-ID terminators, 2. ���""""" ... 
\\) battery, carry case and user guide. 

LC) Also available are ID terminators 
enabling cable-run identificatio 

an together with full connection 
mapping and testing. 

f-- Up to 24 IDs available 

< \J 

OK St.r.::i i i:iht t.hr1.A 
c.::ib l e  < PC-H1Jb ) 

.. l as Terr't i na .o 
not detected . Buy onl ine. supplied in carry case 

Farnell Visit www.peakelec.co.uk to �o oad the data sheets, user guides ] } � I 
and copies of independent reviews. :E � :, • 

You can pay using a cheque, postal order, credit or debit card and � � e 
even pay securely onl ine. Please contact us for overseas or volume � � -� 
orders - you will be pleasantly surprised. � :  � 

��:J 



TEST EQU I PM ENT Quality Second User 
Test Equipment 

SO LUTIONS w 11 1  t Warranty 
The Industry's 

Most Competitive 
Test Equipment Rental Rates 

Sale - Sale Rent 
AMPLIFIERS 

(GBP) ( BP (GBP) (GBP 
Amplifier Research I OW I OOOB I GHz I OW RF Amplifier 3500 l l3 Anritsu S33 IA 3.3GHz Scalar Network Analyser 4750 1 89 HP 339A 1 1  OKHz Distortion Analyser 1 250 55 
Amplifier Research IW IOOO I GHz I W  RF Amplifier 1 350 65 HP I I 500F APC Cable 3.5mm 450 17 HP 3562A I OOKHz Dual Channel Dynamic Signal Analyser 3950 1 78 
HP 8349B 2-20GHz I SdB + 20dBm Amplifier 2950 1 20 HP 35677A 200HHz 50 Ohm S Parameter Test Set 1 895 15 HP 35660A I 02.5KHz Dual Channel Dynamic Signal Analyser 3250 1 25 
HP 8449B 26.5GHz Pre-amplifier 5250 . ,, HP 3577A 5Hz-200HHz Network Analyser 4750 265 HP 4 I 800A SOOHHz Active Probe 950 55 
ATIENUATORS HP 4 I 952A SOOHHz Transmission/Reflection Test Set 1 850 85 HP 70206A System Graphics Display 1 500 78 
HP 8498A DC- I 8GHz 25W Fixed Attenuator 495 lO HP 4 I 95A SOOHHz Network/Spectrum Analyser ! 0500 J98 HP 70900A Local Oscillator Module 2000 85 
Marconi 2 1 87 0-20GHz 0- 1 30dB Programmable Attenuator mo I J9 HP 85044A 3GHz 50 Ohm Transmission I Reflection Test Se 2250 89 HP 70902A I OHz To 300KHz IF Section 2000 85 
COMPONENT ANALYSERS HP 85046A 3GHz 50 Ohm S Parameter Test Set 2950 1 25 HP 70904A I OOHz To 2. 9GHz RF Section 2500 99 
HP 1 6097 A Accessory Kit For HP4 I 92A 950 45 HP 85 1 3 1  F 3.5mm Flexible Cable Set 1 750 72 HP 85024A 3GHz Active Probe 1 450 65 
HP 4084B Switching Matrix Controller 3950 149 HP 8752A/003 3GHz T/R ll!ctor Network Analyser 7500 295 HP 8560A/002/H03 2.9GHz Spectrum Analyser 7950 m 
HP 4085A Switching Matrix 3950 149  HP 8753A/O I 0 3GHz ll!ctor Network Analyser 3950 1 7 5  HP 8562A 22GHz Spectrum Analyser 1 4950 573 
HP 4085H Switching Matrix 4950 1 89 HP 8753B/006 6GHz ll!ctor Network Analyser 8500 m HP 8563A/I 03/1 04/H09 22GHz Spectrum Analyser 1 5500 575 
DA'aCOMMS HP 8753ES 3GHz ll!ctor Network Analyser dw S Parameter 1 6950 695 HP 8592B 22GHz Spectrum Analyser 8500 l65 
Fluke DSP4000 Cat Se/6 LAN Cable Tester 2950 I JS HP 8594E/O I 0 2.9 GHz Spectrum Analyser With TG 9850 398 
HP I 8294A X2 I Interface For HP Protocol Analyzer 1 1 50 65 

We Have an Unrivalled Global 
HP 8594E/4 1 / 1 30 2.9GHz Spectrum Analyser 6750 269 

HP J2294C E l /ISDN SIM Balanced Interface Hod for JBOOC 1 1 50 65 HP 8595E/004/04 l / 1 05/l 5 1 / 1 63 6.5GHz Spectrum Analyser 1 0750 455 
HP J3446C LAN Fast Ethernet Internet Advisor 8500 328 

Sourcing Capability for all your 
HP 8903B/ I 0/5 1 20Hz To I OOKHz Audio Analyser 2450 1 3 5  

Hicrotest PENTA SCANNER Cat 5 Cable Tester 975 5 1  H P  8903E 20Hz- I OOKHz Distortion Analyser 1 250 19 
ELECTRICAL NOISE 

Test Equipment Needs/I Marconi 2380/83/303G 4.2GHz Spectrum Analyzer (no TG) 5500 ns 
HP 346A I 8GHz Noise Source 1 1 50 45 Tektronix 2706 Preselector For ik 27 1 2  1 750 78 
HP 8970B/020 2GHz Noise Heter 7950 299 SIGNAL GENERATORS 
ELECTRICAL POWER OSCILLOSCOPES Anritsu HG3633A I 002 I OKHz-2.7GHz Signal Generator 6500 275 
BHI I DOG POWERVISA Single Phase Hains Disturb Analyzer 1 950 " HP I 1 52A 2.5GHz Active Scope Probe 59 HP 8642A/OO I I GHz High Performance Synthesised Sig Gen 2250 ., 
Dranetz PP4300 Power Quality Analyzer 4950 1 95 Tek A6302 Current Clamp 36 HP8657A/OO I I GHz Synthesised Signal Generator 1 750 .. 
Kikusui TOS8850 Insulation Tester 1 450 1S Tek TAS465 2 Channel I OOMHz Anal<g Scope 42 HP 8657B/OO I 2GHz Synthesised Signal Generator 3500 1 55 
Hegger RM2 I 5/ U2 Breakdown Leakage Tester 1 250 SS Tek TDS3054/3FFT/3TRG 4 Ch SOOMHz SGS/s Digital Scope 256 HP 8672A 2- l 8GHz Synthesised Signal Generator 4950 225 
EMC Tek TDS380/1 4  2 Channel 400HHz 2GS/S Digitising Scope 2450 1 1 8 HP E4422B/UNB 4GHz Hi Power Synthesised Sig Generator mo 269 
Chase HFR2000 30MHz Measuring Receiver 950 52 Tek TDS420A/ I F/ I M  4 Ch 200MHz I OOHS/s Digitising Scope 3350 1 65 R & S SHHU 4.32GHz Synthesized Signal Generator 9500 389 
Chase LFR I OOO 9KHz To I SOKHz Measuring Receiver 1 1 50 48 Tek TDS460A/ I F  4 Channel 400MHz I OOMS/s Digitising Scope 3500 l 7S R & S SHY02 9KHz-2GHz Synthesised Signal Generator 4500 1 7 5  
Chase MDS2 I I GHz Absorbing Clamp 550 n Tektronix TDS540A/ IF 4 Ch SOOHHz I GS/s Digitising Scope 4500 1 95 SPECTRUM/SCALAR ANALYSERS 
Chase MN2050 30MHz USN 550 31 Tektronix THS720 2 Ch I OOMHz Handheld DSO with DMM 1 650 " Anritsu S3328 3.3GHz Scalar Network & Spectrum Analyser 7500 m 
Electrometrics EM7820 25A I OOH Hz Single Phase USN 1 350 57 POWER METERS TELECOMS 
Keytek HZ- 1 5/EC ESD Simulator 2950 1 26 HP 436A/022 RF Power Heter With GPIB 650 45 GN Nettest UTE 3000 2H8PS Error & Signalling Analyser 1 350 7S 
R & S E 8 1 00 20MHz- I GHz EMC Test Receiver 2500 1 1 0 HP 437B RF Power Meter 1 350 55 HP 377 I 7C/UKJ PDH Transmission Analyzer 2950 1 35 
Schaffner NSG200E EMC Mainframe 1 1 50 49 HP 848 1 SA SOM Hz • I 8GHz + 20dBm Peak Power Sensor 1 050 65 HP 3788A/OO I 2MBPS Error Performance Analyser 1 350 as 
Schaffner NSG222A Pulse Interference Simulator Plug In 975 4 1  H P  E44 1 2A I OMHz- 1 8GHz I OOmW Power Sensor 695 J I  Marconi 2840A 2MB Hand held Transmission Analyser 1 500 " 
Schaffner NSG225A Burst Simulator Plug In 975 4 1  H P  E44 I 8A/002 Single Channel Power Meter 1 750 1S Phoenix SSOOA Telecomms Analyzer 2500 1 35 
Schaffner NSG332 Coupling Clamp 350 20 HP E44 I 9A Dual Channel RF Power Meter 2500 1 06 Trend AURORA DUET Basic & Primary Rate ISDN Tester 3650 1 55 
Schaffner NSG435 ESD Simulator 3450 1 )8 Marconi 6960/GPIB RF Power Meter 695 31 ITC 6000A Communication Analyser 4500 1 99 
FREQUENCY COUNTERS R & S NRVD Dual Channel Power Meter 1 950 85 W & G PFA-35 Digital Transmission Analyzer 3850 1 52 
EIP 578 26GHz Microwave Source Locking Counter 2750 1 55 POWER SUPPLIES TV & VIDEO 
HP 53 1 3 1  A 225MHz I 0 Digit Universal Counter 850 59 HP 663 I 2A 20V 2A DC Source 950 58 Calan 30 I OR/52 Sweep/Ingress Analyser 4250 1 85 
HP 53 1 3  IA/030 3GHz Universal Frequency Counter 1 350 72 HP 6632A 20V SA DC GPIB Power Supply 895 55 Minolta CA- I 00 CRT Colour Analyzer 2650 1 27 
HP 53 1 8  IA 22SHHz I 0 Digit RF Counter 895 59 HP 6652A 20V 25A DC GPIB Power Supply 875 55 Philips PM54 1 8TDS +Y/C TV Pattern Generator Y/C + RGB 2450 99 
Racal I 992/04C 1 .3 GHz Counter Timer 1 1 50 48 HP 6653A 35V I SA DC GPIB Power Supply 875 55 T ek 1 75 1  PAL Vectorscope 3250 145  
FUNCTION GENERATORS Kikusui PCR I DOOL I KVA iltage/Frequecy Convertor inc IEEE 4250 l 7S WIRELESS 
HP 33 1 20A I 5MHz Function/Arbitary Wa'eform Generator 950 3 9  Kikusui P ll  I SOW I SOW Electronic Load 595 49 Anritsu HE45 I 08 Digital Microwave System Analyser 1 2950 Sl5 
HP 33258 21 MHz Function Generator 3500 1 55 PULSE GENERATORS HP 83220E/O I O  GSH/PCS/DCS l 800 ( 1 7 1 0- 1 900) MS Test Set 2500 1 40 
Tek AWG2021 250MS/s Arbitary Wavefo1111 Generator 6950 285 HP 8082A 250MHz Pulse Generator 850 55 HP 8920A/l /4/7/ 1 3/14/ 1 03 I GHz Radio Comms Test Set 4950 225 
LOGIC ANALYSERS HP 8 1 1 2A SOMHz Pulse Generator 2950 1 27 HP 8922M/OO I /006/0 I 0/ 1 0  I I GHz GSM MS Test Set 6500 325 
HP 1 6500( Logic Analyser Mainframe 2850 1 35 SIGNAL & SPECTRUM ANALYSERS Marconi 29558 I GHz Radio Comms Test Set 3500 1 78 
HP 1 65 1  OA 80 Ch Logic Analyser Card 1 450 70 Advantest R336 I A  9KHz-2.6GHz Spectrum Analyser With TG 6950 289 Marconi 2965/0 1 2  I GHz Radio Communications Test Set mo 250 
HP I 663C/O 15 I OOMHz State 34 Ch Logic Analyser 2 1 50 99 Advantest R4 I 3 IC 3.5GHz Spectrum Analyser 3950 1 7 5  Racal 6 1 03/00l /002/0 1 4/04T GSM/DCS Mob Radio Test Set 6500 286 
MULTIMETERS Advantest R92 I I A I OOKHz Dual Channel FFT Analyser 3750 1 70 R & S CMS52/B l/85/B9/B l 5/B28 Radio Comms Test Set 5750 255 
HP 3440 1 A  6.5 Digit Digital Multimeter 550 )8 Anritsu MS2602A/O 1/04 I OOHz-8.SGHz Spectrum Analyser 9950 )95 R & S CMTA84 I GHz Radio Comms Test Set 296 
Keithley 2400 Digital Sourcemeter 2500 99 Anritsu HS27 I IA/05 3GHz Handheld Spectrum Analyser 4950 209 R & S CMD55 Digital Radio Comms Test Set 286 
NETWORK ANALYSERS Anritsu HS6 I 08 2GHz Spectrum Analyser 2650 1 25 Schlumberger 401 5/IEEE/DUPLEX I GHz Radio CommsSet 1 85 
Anritsu S25 I B/05 2.5GHz Dual Port Scalar Network Analyser 6950 278 Anritsu HS7 I OC 23GHz Spectrum Analyser 8950 Schlumberger 403 1 I GHz Radio Com ms Test Set 145 

See our extensive online catalogue at www.TestEquipmentHQ.com Flexible commercial solutions available on all products 

Prices shown are for guidance in £UK and are exclusive of VAT. Rental prices 
are per week for a rental period of 4 weeks. Free carriage to UK mainland 
addresses. This is just a selection of the equipment we ha1e 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. 

01 753 596000 
Fax: 01 753 59 6001 
w w w . T e s t E q u i p m e n t H Q . c o m  
email: info@TestEquipmentHQ.com 
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