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THE NEW FORCE IN EDA 
QUICKROUTE 
SYSTEMS 

The brief was clear. To create a next generation CAD system for electronic 
engineers that used state of the art desktop integration and customisability together 
with unrivaled ease of use. 

electronic designSTLJDIQ Thi swh,Ud-.illbilll)Y'Cl'I 
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.. -
From the creators of Ouickroute, Electronic Design 
Studio (EDS) is an entirely new program designed 
for today's EDA performance needs. Integrating 
schematic and PCB design into a powerful design 
S\l,ldio, EDS lets you view and edit all the files in 
your projects, and through OLE2, EDS integrates 
with your desktop letting you drag and drop 
documents into and from your favorite Office 
applications. 
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EDS also includes the n 
CADObjects engine with 
flexibility that approaches 
of desktop publishing syste 
its comprehensive drawing 
shaping tools, professional s 
for True Type fonts (even at 
stage}, high resolution, large igl'I 
size, polygon fill and shaping tools, 
EDS represents a genuine advance 
in EDA price performance. Visit our 
web s ite, or call now to find out how 
EDS can help you. 

• State of the art multiple-document user interface offering unrivalled ease of use and customisability. 
• OLE 2 support including drag and drop, allows integration with your favorite Office applications. 
• Project Wizard and Project Manager make creating and navigating all the documents in your 

projects easy. 
• New heiracial symbol browser, makes creating, editing and managing symbols a breeze! 
• High resolution (1 um} and large design size (up to 2m x 2m) combined with lntell iSNAP makes 

metric/imperial design mixing easy! WORK FASTER 
• Unlimited schematic sheets, with full support for data busses, power rails, etc 
• CADCheck automatically syncronises schematic and PCB designs. No more capture worries! 
• Unlimited Undo/Redo, print preview and a wide range of import/export options including CAD-CAM. 
• Up to 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or annotation layers. 
• New CADObjects engine supp~rts a wide range of graphic objects including professional True Type 

fonts, object shaping and property support, in-situ editing of symbols, high resolution and arbitrary 
rotation/scaling of objects. 

• Unlimited range of pad and track sizes supported. 
• Create flood fills and power planes quickly with the new polyfill tool. 
• Fast fully customisable poly-algorithmic autorouter 

Electronic Design Studio £199 $319 
Electronic Design Studio Cross Grade £149 $239 
Electronic Design Studio LITE £49 $79 

TRY AND BUY TODAY ONLINE 
AT www.guickroute.co.uk 

Prices exclude P&P and VAT where applicable. 
30 DAY MONEY BACK GUARANTEE 

WORK BETTER 
WORK EASIER 

de~gti¥tron ic 
.,s,.: UDIO ~ 

' 

Ouickroute Systems Ltd Regent House, Heaton Lane, Stockport, SK4 1 BS. UK - Tel 0161 476 0202 - Fax 0161 476 0505 
http www.quickroute.co.uk Email info@quicksys.demon.co.uk 

Copyright © 1999 Cuickroute Systems Ltd. All rights reserved. Prices and specifications subject to change without notice. Oversees distributors wanted! 
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Crash avoidance systems are already being 
fitted in some top-end cars. But will they 
catch on? Pete MHchelJ investigates. 

TAN<> CAPACITOR TESTER 
Cyril Bateman has been enhancing his 
tan8 meter with better input protection. 
He's also produced an efficient regulator 
providing ±5V from four AA cells. 

ONE IC STAND-ALONE 
TEMPERATURE LOGGER 
Pei An's simple stand-alone temperature 
logger covers -40 to 85°C, feeding data 
into a PC at the end of a session for 
analysing and storage via, for example, a 
spreadsheet. 

STEREO FROM 
ALL ANGLES 
John Watkinson looks at the 
microphone's role in creating 
the stereo illusion. 

CIRCUIT IDEAS 
• Robust 5-30V, l0A power supply 
• Lead-acid battery operates in situ. 
• 12V or 24V in - 12V out 
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• Novel stepper motor driver 
• Easy programmer for 16byte eeproms 
• Ssb transmission checker _ 
• Efficient thermostat uses 50W bulbs 
• Bring a signal back to 0V base line 
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New product outlines, 
edited by Richard Wilson 

59 TRANSMISSION-LINE 
LOSS AND VSWR 
Joe Carr explains how to ensure that the 
cable connecting an antenna takes as little 
as possible out of the signal. 

62 TRANSFORMERS 
FROM COAX 
Chris Hancock offers easy solutions to 
making baluns and transformers from co
axial cable and microstrip-line structures 
made using commercially-available board. 

66 WIEN OSCILLATORS 
On building two similar Wien-bridge 
oscillators operating at different 
frequencies, a reader asked, "Why are the 
amplitudes different?" Ian Hickman's 
investigation answers the question. 

69 LETTERS 

73 
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Audiotherapy, Musical numbers, 
Mystery waveform. ' 

GaAs TAKES ON SiGe 
The time bas come when major design 
houses are looking at alternatives to GaAs. 
Does SiGe fit the bill to be the key high 
frequency technology for the Year 2000? 
Richard Ball examines the facts. 

USING OTAs 
Transconductance op-amps are 
particularly attractive for applications 
involving high frequencies and 
bandwidths. So why aren't they used more 
often? From Cyril Bateman's searches on 
the Internet, it seems that we use them 
more often than we think. 

Illustration Anna.Louise Barclay 

There was a time when it was predicted that 
OTA technology would become dominant. It 
hasn't, but it is probably used a lot more than 
you think. See page 82. 

l llustrauon Hashim Akib 

This display uses a touch-screen 
technique that involves 
sputtering on to glass. Read 
about it, and a host of other 
new products page 49. 

Small, simple and battery 
operated, this temperature 
logger wakes up from time to 
time to take a reading. When 
it's full, it connects to a PC for 
data uploading. See page 26. 

February issue 
on sale 
4ianuary 



Over50% 
Discount 

Professional Electronics Design 

EDWIN NC 
Over50% 

Discount 

• Genuine, professional EDA software with no limitations! - and you can afford it! 
• EDWin NC comes from Visionics: one of the longest established, most experienced producers 

of professional EDA systems, so it's fully proven in professional work. 
• Now you can have this best-selling non-commercial version of the software at less than 

50% of the normal price, with no limits in its capabilities. 
• It does just about everything you could want! 

Schematics, simulation, PCB layout, autorouting, manufacturing outputs, EMC and Thermal Analysis. 
Many more advanced features are available and it runs in Windows 3.x, 95, 98 or NT. 

• Where's the catch? It's for non-commercial use, 
but companies may order for evaluation purposes. 
Prices start from just £59.00 for the basic system! 

• Super P~:r7u1 32 bit• 
~ ersion for Windows 95• 
~ 9 8 & NTI 

• BSA Don't forget - Phone Today for Your 50% Discount! 

• EDWin NC Basic: Schematics, PCB Layout, Manufacturing Outputs, 
Max. 100 Component Database, 500 Device Library. 

• EDWin NC De Luxe 1: Basic + Professional Database and Libraries, Arizona Autorouter. 
• EDWin NC De Luxe 2: De Luxe I + Mix-Mode Simulation, Thermal Analyser. 
• EDWin NC De Luxe 3: De Luxe 2 + EDSpice Simulation, EDCoMX Spice Model Generator, 

EMC and Signal Integrity Analysers. 
Plus Postage & Packing UK £5.00; Rest of World £10.00 (only one charge per order) 

Order hotline: +44 (0)1992 570006 Fax +44 (0)1992 570220 E-mail: swift.eu@dial.pipex.com 

I enclose: £ .................... total. 

Please Visit Our Web Site http://www.swiftdesigns.co.uk 

Mhuruted! 
We aim to dispatch as soon as we receive payment, 

but please allow 28 days for delivery. Qty. 
Cheque/PO/Credit Card: SubJect Unsolda / , h d w1s to on er: 16 bit 32 bit 16bit/32bit Total(£) 
Visa/Mastercard/Eurocard: No. • EDWin NC BASIC: 

I I I I I I I I I I I I I I I I I 
£59.00 £119.00 

• EDWin NC De Luxe 1: £119.00 £177.00 
I 

Issue Date: I I I I I Expiry Date: I I I I I • EDWin NC De Luxe 2: £155.00 £212.00 

• EDWin NC De Luxe 3: £285.00 £340.00 

Date .................. Signature.............................................. Postage & Packing UK £5.00 

Name: ......................... ............................... ..................... Rest of World £10.00 

Address: .......................................................................... (only one P&P charge per order) Total£ 
DD 

I 
................................................... Postcode ..... .............. . 

Tel.: ................................ Evenings ................. .............. . 
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Swift Eurotech Ltd., 
Twankhams Alley, 160 High Street, 

Epping, Essex, CM16 4AQ, UK. j 

DATE 
Sugar spurns w ireless Internet explosion 
Wireless Internet access devices will 
never be a mass market, says Alan 
Sugar, chairman of Amstrad, in a 
chilling judgement for proponents of 
the 'wireless revolution' . 

"I'm not saying that it's not a 
wonderful achievement to be able to 
send e-mai l from the middle of a 
field," Sugar says, " it's a great 
scientific achievement - but so what? 
In practical terms it's no use 
whatsoever''. 

Sugar's attitude is in marked 
contrast to other electronics industry 
leaders. 

Brian Halla, National 
Semiconductor's CEO, says the 
industry is "undergoing a shift in 
product leadership from PCs to 
wireless communications 

First bidirectional 
semiconductor laser 
Bell Labs has unveiled what it claims is 
the world's first bidirectional 
semiconductor laser. 

The laser emits light at two different 
wavelengths, or colours, depending on 
the direction of current flow through it. 
The direction can be changed by 
switching between negative and positive 
voltage applied across the device. 
Nonnally current can flow in only one 
direction in semiconductor lasers. 

"It's a radically new concept," said 
Federico Capasso, head of Bell Labs 
semiconductor physics research 
department. ''1bis is one laser that 
behaves as if it were two." 

The laser could find use in detecting 

applications and Internet 
infrastructure products". 

Earlier this month, Dr Tsugio 
Makimoto, corporate chief 
technologist of Hitachi told the 
European Electronics '99 conference 
that wireless connectivity would 
spawn a 'Nomadic Age'. 

The UMTS Forum reckoned that a 
big application for 3G (3rd 
generation) mobile phone networks 
would be the provision for travellers 
of "on the pause" access to the 
Internet and e-mail through wireless 
links. 

Moreover Matsushita, Nokia, 
Ericsson and Motorola bave joined 
up with Psion to pursue wireless 
connectivity in portable devices. 

Last month Microsoft and BT 

pollutants in the atmosphere or for 
increasing the capacity of light-wave 
communications systems. 

The lasers are grown by molecular 

joined forces to provide services and 
platforms for wireless Internet 
access, and 3Com announced a 
similar initiative with Nokia to add 
wireless capabilities to the PalmPilot. 

Sugar will have none of it. "It will 
be a niche product for hjghly 
technically literate people, but there 
won't be a mass market for it," he 
said. 

Sugar has a ready explanation for 
all the hype about wireless Internet 
access. 

"It's fashionable to talk about new 
technologies among people driven by 
stock options because then people 
think you' re going to sell hundreds 
of thousands of the product and that 
drives your share price up," said 
Sugar, "the game is to drive your 

beam epitaxy, a crystal-growth 
technology developed at Bell Labs 
which involves building new materials 
one atomic layer at a time. 

Europe is failing to address high-tech skills crisis 
European companies are failing to 
tackle the shortage of ski lied high-tech 
workers, according to US market 
research company IDC. 

Senior analyst Andrew Milroy said 
that the lack of a European strategy for 
resolving the high-tech skills crisis is 
making the situation worse. European 
companies could be hurt by other 
countries which are addressing the 

skills shortage. For example, in the US 
large numbers of foreign workers are 
being allowed to work for local 
companies. 

The shortage of skilled IT 
professionals is predicted to grow 
from five per cent in 1998 to almost 20 
per cent in 2002. The shortage is made 
worse by increasing demand for staff 
with Internet skills as companies focus 

on the Internet for a wide variety of 
management and sales applications. 

"Demand for skilled labour will 
continue to grow year on year," said 
Milroy. "Soon the demand will 
significantly outstrip supply, leading 
to inflated salaries, increasing staff 
turnover, and therefore higher 
operating costs and lower profit 
margins." 

Back and forth ... 
Bell Labs' 
researchers . 
Deborah Sivco (left) 
and Claire Gmachl 
use the 
bidirectional 
semiconductor 
laser. 

PROBLEMS IDENTIFYING EUROPEAN EMC STANDARDS? 

!11~ 
Get the EMC Master Info CD instead of a consultant for only $ 395 
EMC pre{X>mpliance test sets for both radiated and oonducied immunify as well as emISS100 IesIs. LogPer anlenna·s. Tern· 
Cell's RF-amphfie. rs and ESD generators at u.nbealable p,. ices. Sollware controlled Spoctrum Analyser su,table tor bolh US 
and European standalds (June 1998). The unique EMC I.laster Into CD does nol only he\) you lo selact lhe p,ope, European 
EMC standards, 11 also suggests lhe lesl sel-up and requirements. 

Check www.emcmaster.com or call (International: ++31-3569-41774) 
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Innovative EMC Test Set for less 
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West Midlands plans high-tech cluster 
The West Midlands is the latest region to 
catch the high-tech bug in a plan to set up a 
technology cluster of businesses. 

Whether you can create a Cambridge-type 
phenomenon by spending and government 
edict, I don't know but you have to try." 

Referring to a joint scheme between BT 
and Coventry University to promote · 
broadband -communications technologies 
such as ADSL, Advantage West 
Midlands' chauman Alex Stephenson 
said: "We have taken the initiative 
recognising the enormous virtue of an 
enterprise launched here in the West 
Midlands, and backing it to the hilt." 

Advantage West Midlands, the region's 
development agency, has put together a 
plan to inject new life into the area, which 
it will present to deputy prime minister 
John Prescott. 

However, Parish added that the country 
still suffered from a lack of enlrepreneurs 
and a capital market to support them. 

Anthony Parish, director general of the 
Federation ofElectronics Industry (FEn, 
commented: "It is a jolly good idea, there 
is room for a lot more of this kind of thing. 

He said there was also a shortage of 
people coming out of university with the 
right type oftraining. Recently Cadence's 
design centre in Livingston, Scotland cut 
back on recruitment plans because of a 
serious s~ortage of engineers. 

"As a result," Stephenson added, "the 
West Midlands will be at the forefront of 
developments in ADSL." 

Chip transistor size reduction is approaching physical limits 
The semiconductor industry's obsession 
with Moore's Law, doubling transistor 
count every couple of years, is starting to 
cause some real headaches for developers of 
new process technologies. Among these 
developers is IMEC, Belgium's independent 
research organisation. 

"When we want to scale down technology 
further, some very severe roadblocks are 

Tiny tracks ... Getting to 0.13µm features 
using existing 248nm lithography has 
resulted in the use of phase shift masks and 
other complex techniques. IMECs work on 
193nm processing will enable 0.13µm and 
0.1 Oµm without these expensive add-ons. 

coming up," says Luc Van den hove, v-p of 
IMEC's silicon process division. "These are 
scaling optical lithography, a new gate 
stack, and new back end of line." 

New optical lithography means shifting 
from today's 248nm steppers, being used 
today for 0. 18µm chips, to 193nm 
lithography. 

A better gate stack is needed to avoid 
breakdown of the gate oxide material as the 
layer separating the conducting channel 
from the gate gets thinner. 

The new back end of line requires low-k 
dielectric to reduce capacitance between 
metal layers and also copper for 
interconnects. 

"These are major challenges," Van den 
hove warns. 

Reducing optical lithography from 248nm 
to 193nm bas received a lot of attention, and 
IMEC has already started a major 
programme, working with over 20 firms to 
develop the steppers, photo-resists and other 
technologies needed for 193nm processing. 

Likewise, work on low-k dielectric and 
copper interconnect is progressing well. 

However, the ace in the pack, with the 
potential to completely stall the shift to 
0.I0µm (100nm) and beyond, is the problem 
of the gate stack - "of crucial importance" 
describes Van den hove. 

IMEC claims gate oxide thicknesses used 
in a 100nm CMOS process will make 
devices totally unreliable, unless new 
materials can be found. 

"I'm convinced this is the major 
roadblock to further development," says 
Marc Heyns, from the ultra clean processing 
group. 

As silicon manufacturing processes 
shrink, the gate oxide thickness is also 
reducing. At 0.13µm, the insulating oxide 
below the gate is around 2.5nm thick. At 
0.I0µm this drops to·under 2nm - a handful 
of molecules thick. 

While thinning the oxide layer is needed 
to reduce operating voltage, it offers more 
chance of defects in the layer forming a 
conducting path between gate and 
conducting channel. 

According 10 IMEC's data, oxide 

breakdown will make 0.1 0µm devices 
unreliable because of direct wnnelling of 
electrons from the conducting channel to 
the gate. 

"As the oxide gets thinner, tunnelling 
changes from Fowler-Nordheim to direct 
tunnelling. This dramatically increases 
leakage and reduces reliability," says 
Heyns. "Somewhere around the 2.0 to 
2.5nm area we're getting into trouble and 
we need some new materials." 

Leakage current through io the gate needs 
io be reduced by a factor of 100 compared 
with SiO2, Heyns believes. 

Materials such as tantalum pentoxide have 
high enough dielectric constant (high-k), but 
don't work well with conventional CMOS 
processing. 

"These layers need to have a low defect 
density and accurate thickness control -
within one molecule," said Heyns. 

To achieve this, IMEC is working with 
ASM International to deve.lop atomic layer 
CVD (chemical vapour deposition), which 
can lay down layers of material a molecule 
at a time. The team hopes to have a working 
solution within two years. 

However, the problem of breakdown of 
the insulating oxide layer could also affect 
devices made using 0.13µm, some of which 
are starting to appear in pilot lines around 
the world. 

Typical reliability specifications for 
0.13µrn at 1.5V show that circuits can only 
operate up to about 90°C. Above this 
devices become unreliable and might not 
have the required ten year lifetime. 

"It is marginal," admits Herman Maes, 
v-p of silicon technology at IMEC. "It may 
be necessary to retrofit some of the high-k 
results to the 130nm process - not just the 
l0Onm." 

Richard Ball Electronics Weekly 

NEED A GO.OD ESD GUN WITHOUT A BUDGET FIGH ? 
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The aerial consists of an outdoor head unit with a control 
and power unit and offers exceptional intermodulation 
performance: SOIP +90dBM, TOIP +55d8m. For the first 
time this permits full use of an active system around the If 
and ml broadcast bands where products found are only 
those radiated from transmitter sites 
• General purpose professional reception 4kHz-30MHz. 
• -10dB gain, field strength in volts/metre to 50 Ohms. 
• Preselector and attenuators allow full dynamic range to 

be real ised on practical receivers and spectrum 
analysers. 

• Noise - 150dBm in 1 Hz. Clipping 16 volts/metre. Also 
50 volts/metre version. 

* Broadcast Monitor Receiver 150kHz-30MHz. * 
Stabilizer and Frequency Shifters for Howl Reduction * 
Stereo Variable Emphasis Limiter 3 * PPM10 In-vision 
PPM and chart recorder * Twin PPM Rack and Box 
Units. * PPM5 hybrid, PPM9 microprocessor and PPM8 
IEC/DIN -50/+6d8 drives and meter movements * 
Broadcast stereo coders * 

SURREY ELECTRONICS LTD 
The Forge, Lucks Green, Cranleigh, Surrey GUS 7BG. 

Telephone: 01483 275997. Fax: 276477. 

• 
• 
• 
• 
• 
• 

General Designer/ 
General Contractor 

-of turnkey clean room 
production centres 

for all clean room classes in the semi
conductor, pharmaceutical and food 
industry 

Key competences: 
high-purity gases, high-purity media, 

clean rooms 

ROM-Stuttgart 
RUD. OTTO MEYER GmbH & Co. KG 

Motorstrasse 62 • D-70499 Stuttgart 
Tel: +49(0)711-1393-323 
Fax: +49(0)711-1393-340 
E-mail: rom-stuttgart@rom.de 
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HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE'S ALWAYS SCOPE FOR IMPROVEMENT! 
TEKTRONIX 2445 

-

4ch ISOMHzdelaysweep 
cursors readout 

ONLve 

PHILIPS PM3217-
Dual Trace 50MHz Delay 

Vefygood 
oscillosoope 

incl1Jd!ng 2 probes. 
Fwcllan<!Fronl 

-GOULD OS300 Dual 1race 20MHz. Lighlweighl. 
Very good value 

ONLYG) 

THIS IS THE 
BEST CHEAP 

SCOPE 
YOU WILL EVER 

BUY!!! 
GOULD 0S1100 Dual trace, 30MHz 
delay, very brighl Sup~ed wilh ~ 
manual and 2 probes. ~ 

468 Digilal Storage Dual Trace 100MHz Delay ..... £550 
466 Analogue Slo,age ~Trace tOOMHzOelay ... £250 
485 DualTraoo 350MHzOe!aySweep .........••••... £750 
475 Dual Trace 200MHz Delay Sweep ................ £450 
465 Dual Trace 100MHz Delay Sweep ••..........••.. £350 

FLUKE SCOPE METERS 
Models 93/96199. Dual Trace 50MHz 

Un~};:J't~it~i~:~650 

SPECIAL - LIMITED QUANTITY 

~ -MARCONI 2022£ 
SYN AM/FM SIG GEN 10KHz 0 1.01GHz 
Uplo •IOdBm oulpvt, phase mod. LCD arsplay, 

keyboard entry e:c. Small. lighlweighl 

•MJ.iiJ.1,• 
MARCONI 6'.311 Prog Swe<p Gen 100MHz-20GHz .• £3750 
H.P. 8657A Syn Sig Gen IIIOKHz· 1040MHz ......•.... .£2500 
H.P. ll6568 Syn Sig Gen 100KHz-990MHz ........• .. . £1500 
H.P. 8656A Syn Sig Gen IOOKHz·990MHz .•.•..•....... £1250 
GIGATRONIC 7100 Syn Sig Gen 10MHz·20GHz ... £5000 
MARCONI 2017 AM/FM Phase Locl<ed Sig Gen tOKHZ· 
1024MHzGood Si!Jlal Punty .•....•.••.•.••.•...........•..... £1200 
H.P. 8640AAMIFM Sig Gen500KHz-t024MHz .•...... £450 
H.P. 8640A AMIFM Si~ Gen500KHz·512MHz .......... £250 =1

~z\r:4~~~1er. \M'..~ ... 1.~~.~: .-.'.~~~.~'..~ 
MARCONI 6500 Ampfi11Jde Analyser ...... . ............. £1500 
H.P. 4275A LCR Meler 1()1(Hz•10IAHz .......•......•..... £2750 
H.P.4192A Lf lmpedenoe Analyser 5Hz-13Ml-lz .... £5000 
H.P. 8903E Distortion Analyser .•.•.•..•.......•.•.........•....• £750 
MARCONI 230S Mod Meter SOOKHz-2GHz lrom ...... £900 
FARNELL AMM2000 Au1omatic Mod Meter IOHz· 
2.4GHz Unused ......................................................... £950 
WAYNE KERR AMM255 Automalic Mod Mete, AM/FM 
t.5MHz-2GHz 3.5 digtUnosed .............. , .............•.•. £400 
MARCONI 2955 Mollie Ra<lo Test Sel. .................. £2000 
STABILOCK 4015 Radio Comm TeSI Se! ................ £2250 

SPECTRUM ANALYSERS 
H.P. 8562A IKHz-22GHz .................................... £9000 
H.P. 8590A 10KHz-t .8GHz (7Sohms) ................ £2250 
H.P. 85586 with Main lrame tOOKHz· 1 SOOMHz.£1250 
H.P.853A (Dig F<ame) with8559A t00Kl>Z·21GHz •.... 
......................................•..••...•...••...•....•..•....•...... £2750 
H.P.3582A Dual Channel 25KHz .. .................... £1500 
MARCONI 2382100Hz-400MHz High Resotution.£2000 

~1M~~~"f1~i~:.isiiH,::::: :::::::::g~: 
MAR CONJ 2370 30HZ· 110MHz .................. from £500 
HP14 I Systems 8553 1KHz· 110MHz lrom ....•... £500. 
8554 500KHz-1250MHz from £750; 8555 10MHz. 
18GHz................ . ............................ from £1000 

RACAL 9008 Aulomallc 
MoOmeter-
1.SMHz• ~ 
2GHz ._-

GOODWILL 
GVT 427 DUAL CHANNEL AC 
MILLIVOLTMETER 

/~fq~::v 118~,~ mw:s 
Used £100 Unused £ 125 

GOODWILL GFC 80100 ( a::::a::m 
F<equency Counler Range 1 Hz• • •• • • • 
120MHz8~tdisplayt5MV ~ 
RMS sensilrllty Unused ~ 

OSCILLOSCOPES 
H.P. 53508 Freq Coonter 20GHz •.•..•.•..•.••........... : ..• £2000 
H.P. 346B Noise Source 10MHz·18GHz ....•.....•......... £500 PHILIPS PM3092 2t2 Ch.2001\'Jiz OelayTB elc ........ £950 
H.P. t 1692D Dual Dir Coopler 2·18GHz .................. £1600 PHILIPS PM3082 2t2 Ch. lOOMliz Delay elX:····-·······r.soo 
H.P. 11691D Dual Dir Coopler2•18GHz .................. £1250 TEKTRONIX TASat65 DualTrace 100MHz Delay elc ... f.800 
WAYNE KERR Inductance Analyser 3245 .............. £2000 TEKTRONIX 2465 4 Ch.300Mliz Delay eic •..•.....•.•.. £1500 
H.P. 8112A Pulse Genera:0< SOMHz ........................ £1250 TEKTRONIX 2445B Dual Trace 150MHz Delay elc ... £1500 

SPECIAL OFFERS 
FOR ORDERS 

BEFORE 31st JAN 2000 
OR WHILST STOCKS LAST 

-FLUKE MULTIMETER$ 
TYPE 8050A 4½ dig! 2A True AMS ..•.......•...•...••.... £75 
TYPE 8010A 3½ digit 10 Amps ..............................• £50 
TYPE 8012A 3½ digil 2 Amps ................................. £40 

H.P. 5315A Universal Coooter 1GHz 2Ch ............... £SO 
AACAL 9918 Frequency Coonler 10Hz-560MHz .... £SO 

DATRON AuloCal Multime1e1 5:H½ d~it 106511061AI TEKTRONIX 2205 Dual Trace 20MHz ......................... £300 

RA107CIA .. L.··1··gg····8···F·;;;;;·c··;:.·;;,·,·e··r···1·.·~;:H··,···1·E···e··E·· ,.romtc. .. £300-......... £600£400 KTEIKKTROUSUI N611X0024530T~ ~~orageHzOOelayual ' ;:;;:;;·i°SOMH·;-:i:i~ GOULD J38 Sine/Square Oscillalor. 10Hz-lOOKHz, ... , -• ""' ...,.,,. Jualt- low<isrortioo ...... ........................................ Only £95 
MARCONI 2440 Fre Coonler 20GHz ........... .from £tOOO UNUSED OSCILLOSCOPES A Classic Bench Multimeler- SOLARTRON 7045 

MARCONI 2610 • True AMS Voltmeler TEKTRON!XIDS350 0ua1Trace200MHz IGS/Se<:.£1500 
DigitaVAnalogue. As New. ~ TEKTRONIX TAS4a5 4 Cllaooel 200MHz elX: ......•.•... £1100 4½ tf,gil biighl LED, ON~· 

ONLY ~ H.P.546108Dua1TraceSOOMHz20!oVS .................... £2000 wori<ingwilhleads. ~ 

• STEWART of READING li!i!!i!i1 ~fil4~~irace~:iHz1~~·--···········£:: lt'ssocheapyooshouldhaYeh saspare. 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL iMi 1-....;..;.=...;..;.;~..;."""..;.U..;.S_E..;.;_E_Q_U_I;-~·-~~-···~-· ·~-·· G_ U_A_R_A_N-TE_E_D_. M.;..a.;_n_u-at-s-su_p_p_fie_d__; ____ -1 

Telephone: (01 18) 9268041 Fax: (0118) 9351696 This is VERY SMALL SAMPtE OF STOCK. SAE or telephone 1or lists. Please check availability before 
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) ordering. CARRIAGE all units £16. VAT to be added to total of goods and cariiage. 
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Europe edges into world semiconductor big league 
Two European suppliers have made a 
strong showing in the latest world 

handset market. IC Insights predicts 
22 per cent growth for TI this year 
over last. 

World Semiconductor Rankings 

semiconductor ranking. Infineon 
Technologies will grow 34 per cent 
thi~ year to reach No 7 in the world 
semiconductor league, according to IC 
Insights, the Arizona market analysts. 

Philips grew by just 3 per cent, and 
Motorola is the only company in the 
top ten showing zero gro.wth for the 
year. The US company' s second half 
'99 figures are projected to be 11 per 
cent down on its first half. 

1999 
Rank 

Intel 
2 NEC 
3 Tl 
4 Motorola 
5 Toshiba 
6 Samsung 
7 Infineon 
8 Hitachi 
9 ST 
10 Philips 

Revenues 
$bn 

26.14 
8.93 
7.65 
7.34 
6.75 
5.80 
5.24 
5.22 
5.00 
4.53 

99/98 
% Change 

15 
15 
22 
0 
16 
35 
34 
14 
19 
3 

ST Microelectronics is also 
expected to rise fast - a 19 per cent 
rise this year - thanks to the boom in 
flash memories. For the first time in 
its history, ST is expected to crack the 
$5bn barrier this year, climbing to 
No.9 spot one place above Philips. 

Infineon has benefited hugely from 
the stiffening price of DRAM. The 
other big DRAM player in the top ten 
- Samsung - is forecast to grow 35 
per cent this year and is just above 
Infineon in the·league table - at No.6. 

NEC, Toshiba and Hitachi, the three 
Japanese top ten players, are expected 
to grow in the middle teens but much 
of that is because of currency 
fluctuations. If it were not for 
exchange rate factors their growth 
would be in single figures, said IC 
Insights. 

so'urce: IC insights 

Texas Instruments has climbed a 
slot since last year - from four to 
three - by selling its analogue and 
DSP lines into the booming cellular 

At the beginning of the decade the 
threesome inhabited the top ten along 
with Mitsubishi, Fujitsu and 
Matsushita - a sign of how times 
have changed for Japan. 

Green solder gets green light in Europe 
Europe's electronics industry has sent a 
message to US suppliers that it has 
opted for tin/silver/copper alloy as a 
suitable replacement for lead solders. 

The lead-free solder decision also has 
the backing of the UK board makers 
and contract equipment manufacturers' 
trade association, the PCIF, as well as 
solder and materials suppliers. 

The International Tin Research 
Institute (ITRI) made the 
announcement at the opening of its 
Soldertec lead-free soldering 
technology centre. 

Lead and other hazardous materials are 
scheduled to be phased out by the year 
2004, under the EU's Waste from 
Electrical and Electronic Equipment 
Directive, which is still at the 
consultative stage. Because its 
implications are so far reaching, covering 
so many aspects of waste recovery and 
recycling, introduction is expected to be 
pushed back beyond that date. 

./\ 

Soldertec' s director of marketing, 
Dr Jeremy Pearce said: "We are 
expecting a large number of 
enquiries, especially from small to 
medium size electronics 
manufacturers." 

The centre has also opened an 

On yer bike ... A bike hire scheme in the 
German city of Munich is using Densitron 
matrix touch screens to allow authorised users 
to unlock the electric motor assisted cycles. The 
Call-A-Bike scheme uses 2000 cycles, which are 
locked in racks next to telephone boxes. To hire 
a bike the user phones the scheme operator and 
gives credit card details in exchange for a four 
digit PIN. The PIN is entered on the touch 
screen allowing the lock to be released. 

Free of 
lead ... ITRI 
maintains 
that cost is 
not expected 
to bea 
major issue 
in the 
introduction 
of lead-free 
solder. 

interactive Web site (www.lead
free.org). 

Cost is not expected to be a major 
issue in the introduction of lead-free 
solder, rather the adoption of different 
manufacturing practices in the run up 
to 2001. Because lead-free processes 
can be degraded by lead contamination 
from other sources, the changeover has 
to be comprehensive. Flow-solder 
baths and re-work stations, etc., are 
expected to be replaced in the natural 
course of events. 

In a separate move the director of the 
PCIF, Brian Haken, has taken up with 
the EC the issue of the automotive 
industry's temporary exemption for 
lead used in car batteries. • 

Paul Gregg 

WHY BUYOUR PRE-COMPLIANCE EMC TEST SET? 
~r:vnr~ 
0 ?frttefh: 

We are a truly dedicated EMC T&M vendor with unrivaled price/performance. 
EMC r;te compliance test sets tor both radiated and conducled immunity as well as emission tests. Log Per antenna·s. Tern
Celis RF•ampl1t1ers and ESD ge,,erators at unbeatable !)(ices. Soltware coolroled Spectrum Analyser suotable for bolh US 
and EL11opean standards (June 1998) The un~ue EMC Master Info CD does not on~ help you to ~ct lhe proper European 
EMC slanoards. rt also SC99es1s Ire lest set-up and requrrements. 

Check www.emcmaster.com or call (International: ++31-3569-41774) 
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B2 SPICE 2000 -

J I of ju:if Ll praHy Jnfarru 
Accurate results that can be relied on 

Full mixed mode SPICE simulation with a host of new and advanced features. Already a 
favourite with colleges, universities and professional engineers this new release is set to 
break new ground. As always there is no limit on the maximum circuit size. 

For educational users the "Set Defects" option allows a lecturer o r instructor to create 
a circuit or component fault and hide it from students using password protection. 

Other new features include 
• Uses the latest xspice engine for guaranteed accurate mixed 

mode simulation 

• Parameterised ac sweep 

• Monte carlo analyses 

• Parameterised transient sweep 

• New xspice simulations 

• New noise and distortion analyses 

• Improved features for processing plot families as units 

• New menu items to show local maxima, minima, and zero 

crossings 

,t9 £do 0.-. f,pr,eO-. ~ ~ ~ ~ ~ bllD 

~~~r.~~ 

All libraries included 
B2 SPICE 2000 comes with ALL the manufacturers' libraries. 

No need to pay extra for them. Over 6000 parts as standard. 

• All the log ic families included, CMOS, TTL, ABT, AC, AS, ALS 

• FCT, F, FC, HCT, L, LS, S. 

• Add additional parts as they come out 

• Now you can store a symbol to the database after editing it in 

the workshop, alternativ:ely create your own parts 

• Change a device's symbol quickly and easily 

FiteB.<k-Smal~AC-1 Fr~ (Ht) 
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New Analogue Models and functions 
gain, summer, multiplier, divider, piecewise linear controlled 

source, analogue switch, limiter, zener diode, current limiter, 

hysteresis block differentiator, integrator, s-domain transfer bl?ck, 

slew rote block,inductive coupling, magnetic core, controlled sine 

wave oscillator, controlled triangle wave oscillator, controlled 

square wave oscillator, controlled one-shot, capacitance meter, 
inductance meter, controlled limiter. 

New Digital Models 
There are so many we have not enough room here to list them. 

Please see our web site at www.looking.co.uk/ spice for a full list. 

Research House, Norwich Road, Eastgate, Norwich, NR 10 4HA 
Tel:01603 872331 Fax: 01603 879010 

email - rd. research@paston.co.uk www.looking.eo. uk/ spice 

*Please add £5.00 postage and'packing. 

'applies to users of B2 Spice & B2 Logic. All frodemorks acknowledged. 
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ADSL 
and 
Using the existing 
telephone network to 
provide megabit-per
second data rates, 
ADSL is making high
speed digital 
communications 
accessible even to 
domestic users. Geoff 
Lewis describes ADSL, 
and its offshoots, 
outlining where they 
are at the moment, 
and where they are 
likely to go in the near 
future. 

P roposals for Asymmetrical Digital 
Subscribers Line, or ADSL, first 
appeared during 1989. They 

appeared after it had been recognised that 
data rates in excess of l 0Mbit/s were 
already being achieved over local area net
works using twisted pair cables with simi
lar characteristics to those of the copper 
cables used for the subscriber's final loop 
of the plain old telephone system -
'POTS'. 

By employing frequency-division multi
plex (FDM) using radio frequency carriers 
up to about 1MHz, it was found possible to 
add data modulation on to the basic sys
tem. 

Using FDM, it became possible to pro
vide for a two-way simplex communica
tions system and still provide for the simul
taneous use of the nonnal voice telephone 
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band, including fax, Fig. 1. The term 
'asymmetrical' is applied to this con
cept because the two data streams 
employ different bandwidths and bit 
rates. 

At that time, the concept was seen 
mainly as a means of delivering video
on-demand (VOD) services via the 
existing telephone system. The network 
was expected to act simply as the carri
er for third party programme content. 
Because of the already installed wide
ranging telephone infrastructure, it 
would be possible to bring the concept 
on stream fairly quickly. 

By comparison, the competing cable 
TV companies could only provide such 
a service by using the spectrum wasting 
process of near-VOD (NVOD), where 
five or six carrier frequencies are allo
cated to the same programme but with 
staggered start times. 

Dm;ing the early 1990s many ADSL 
trials were carried out around the world. 
These all proved that the service could 
deliver VOD with adequate image qual
ity using MPEG compressed television 
signals over the existing telephone net
work - and with full VCR type charac
teristics. · 

Many other possible services were 
proposed but the concept failed to influ
ence the broadcasters, the data com
municators or the viewing public. 

To date, a worldwide ADSL Forum 
with more than 200 members has been 
established to drive the system forward. 
This is now supported by more than 
fifty ADSL modem manufacturers. 
Probably the final acceptance oi' the 
digital subscriber's line concept 
depends on its future physical develop
ments. 

During the late eighties, the develop
ing convergence between television and 
computing technology, chiefly in the 
guise of the Internet, provided a new 
impetus for ADSL expansion. Base
band modems for connecting to a stan
dard telephone line are now capable of 
bit rates as high 56kbit/s. This is not far 
short of the best that that can be pro
vided by the ISDN system, of up to 
128kbit/s over the subscriber's final 
loop. 

By using leased lines, the ISDN Basic 
Rate Access (BRA) can ach.ieve a data 
rate of 2.048Mbit/s. By comparison, the 
television system cable modems can 
operate at up to 30Mbit/s - the typical 
capacity of a given spur. However, 

Data, 
ATM. etc.-. 

PSTN--. 

Digital 
subscribers 
line access 
multiplexer 
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since this bandwidth has to be shared 
with other users on the spur, the aver
age is seldom more than 2Mbit/s. 

The maximum bit rate for the ADSL 
system depends chiefly on attenuation 
produced by the resistance of the local 
loop, which increases with distance. In 
addition, the frequency response falls 
off at about -0.75dB/kHz. 

Most importantly for digital signals, 
the group delay over this section of the 
line is practically constant thus produc
ing very linle pulse distortion and hence 
very few bit errors. For a reach of about 
2.5km the bit rate can be as high as 
6.5Mbit/s, falling to about 2.5Mbit/s 
over 5km. 

By 1998 Kingston Communications 
had installed an ADSL system in the 
Hull telephone district to provide the 
first operational public service in 
Europe. This has a customer base of 
some 200000 subscribers. 

By mid-2000, British 
Telecommunications (BT) will have 
completed the installation of ADSL 
equipment in 400 digital exchanges to 
provide a service for up to 6000000 
domestic and business users. Over the 
same period, several networks have also 
been installed in both the USA and 
Australia. 

Up to 1995, most of the standards for 
ADSL were under the management of 
the American National Standards 
Institue (ANSI), with input from the 
European Telecommunications 
Standards Institute (ETSI). 

During the past few months, the 
International Telecommunications 
Union (ITU) has confirmed recom
mendations for a much wider range of 
operations. The systems now appear 
under the global banner of xDSL, 
where x covers a range of options 
which is referred to collectively under 
ITU Recommendation G.990. The 
series describes systems that provide 

Splitter/ 
combiner 

Splitter/ =f 
combin.er 

...._____. ...._____. 

Local 
loop 
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Downstream 
channel 

fig. 1. Asymmetric digital 
subscribers line channel 
structure, not to scale. The 
'asymmetry' of ADSL is in 
the bandwidth of the up 
and downstream channels. 

FrequencyQ 

subscriber upstream control/demand bit 
rates as high as 800kbit/s and data 
downstream at rates of 8Mbit/s. 

The xDSL family 
The sub-division of the DSL group of 
systems depends largely on the use of 
the RF part of the digital spectrum. 

Asymmetrical Digital Subscriber's 
Line (G992.l). ADSL is the original 
format from which all the others have 
been derived. The maximum down
stream bit rate can be as high as 
8Mbit/s, while the subscriber's demand 
channel can attain 800kbit/s. The local 
loop reach ranges from 5km at 2Mbit/s 
up to 8Mbit/s at llan. The services pro
vide for high speed Internet access, e
mail and video on demand. This system 
is targeted at the home worker (tele
working), domestic consumers and 
small businesses. 

DSL Lite (0922.2). This represents a 
simplified version of ADSL whereby 
the subscribers modem contains only 
very limited filtering and is designed 
for user installations. The downstream 
bit rate can attain I .5Mbit/s at about 3 
to 4.5km reach, with up to 64kbit/s of 
user bit rate. 

High speed Digital Subscriber's Line 
(G992. l). HDSLl is designed for busi
ness services using two pairs of leased 
lines to provide El/fl data rates in a 
symmetrical manner, ie, 2Mbit/s in 
either direction. Repeaters are required 
for systems with local loop lengths 
greater than about 5km. 

HDSL2 is a variant designed for use 
in the USA. It is bit-rate adaptive and 
employs a single pair of leased lines. 

ISDN Digital Subscriber's Line. 
IDSL is a variant of HDSL and is cur
rently under development. 

Telephone 
or fax 

~xDSL 
~ data 

fig. 2. High-pass/low-pass 
filter combinations are 
employed at each end of 
the local loop of an ADSL 
net work to combine or 
separate the two services 
with the minimum of 
mutual interference. 
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fig. 3. Basic signal 
processing 

sequence of 
discrete multi

tone modulation -
the favourite of 

threeADSL 
modulation 

methods currently 
under evaluation. 

Digital 
bitstream -

SIPO shift 
register 
2BIQ 

converter 

Multi-Rate Symmetrical DSL 
(G99 l. l). MR-SDSL is a further con
cept evolving from HDSL. It currently 
provides for data rates up to 2.3Mbit/s 
over a single pair cable. It supports 
voice and data, together with video
conferencing using MPEG-2 data com
pression. 

Very high speed DSL. YDSL is an 
asymmetrical system developed for use 
over short length local loops. It is 

Aynchronous transfer mode system - ATM 

The ATM concept was developed for use in 
broadband metropolitan area networks (MANs) and 
optical-fibre systems. Such is its flexibility, it is also 
capable of being interfaced to SONET 
(Synchronous Optical NETwork). ATM 
automatical ly adjusts the network capacity to meet 
the system needs and can handle data, voice, video 
and television s ignals. These are transferred in a 
sequence of fixed-length data units called cells. 

Common standards definitions a re provided for 
both private and public networks so that ATM 
systems can be interfaced to either or both. 

ATM is therefore a wide-band, low delay, packet
like switcliing and multiplexing concept that allows 
flexible use of the transmission bandwidth and is 
capable of working at data rates as high as 
622.08Mbit/s. 

Each data packet consists of five bytes of header 
field plus 48 bytes for user data. The header 
contains data that identifies the related cell, a 
logical address that identifies the routeing, forward 
error control (FEC) bits and bits for priority hand I ing 
and network management functions. Forward error 
control applies only to the header as it is assumed 
that the network medium will not degrade the error 
rate below an acceptable level. 

All the cells of a 'virtual container' follow the 
same path through the network that was 
determined during cal l set-up. There a re no fixed 
time slots in the system so that any use r can access 
the transmission medium whenever an empty cell is 
available. ATM is capable of operating at bit rates 
of 155.52 and 622 .08Mbit/s. The cell stream is 
continuous and without gaps. 

The position of the cells associated w ith a 
particular virtual container is random and depends 
upon the activity of the network. Cells produced by 
different streams to the ATM mu ltiplex are stored in 
queues awaiting cell assignment: 

Since a call is only accepted when the necessary 
bandwidth is available, there is a probability of 
queue overflow. Cell loss due to this forms one 
ATM impairment. However, this can be minimized 
by the use of statistical multiplexers. Bit errors in 
the header which are beyond the FEC capability 
can lead to mis-routeing. 
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bits 

sometimes seen as a replacement for 
the 'last mile' or local loop to provide a 
direct link to optical fibre sections of 
the network. The downstream bit rates 
range from 13 to 52Mbit/s, with up to 
2.3Mbit/s in the return channel. The 
downstream local loop reach ranges 
1.3km at 13Mbit/s down to 300m at 
52Mbit/s. 

Typical ADSL applications 
The loop-length Limited downstream 
bit rate can be employed in a time
division multiplex (TDM) mode. For 
example, by using MPEG-2 digital 
compression with suitable channel 
coding, video signals of various grades 
can transmitted direct to the sub
scriber's home. 

At bit rates of 2Mbit/s, the down
stream channel can provide either three 
video signals of VHS quality together 
with digitally coded stereo sound, or 
with MPEG-2 compression. A rate of 
6Mbit/s can provide video with a qual
ity equal to that of a broadcast trans
mission. At 8Mbit/s even high-defini
tion television images are possible. 

As an example of the ISDN compat
ibility of xDSL, the ·subscriber's 
upstream channel can operate at either 
16kbit/s or 64kbit/s. The downstream 
can be divided into three times 2.048 
Mbit/s, giving 6. 144Mbit/s or four 
times 1.544 Mbit/s, resulting in 6.176 
Mbit/s, to meet either the European or 
North American telecommunications 
standards (El /Tl rates). 

Current ADSL modems are now 
equipped with IEEE 1395 (FireWire) 
and USB (Universal Serial Bus) inter
faces so that the system can readily be 
ex tended to operate throughout the 
home. Used in th.is way, ADSLenables 
corporate LANs to be extended right 
into the home worker's domain. 

Basic organization of xDSL 
As indicated in Fig. 2, high-pass/low
pass filter combinations are employed 
at each end of the local loop of an 
ADSL network in order to combine or 
separate the two services with the min
imum of mutual interference. 

For ADSL-Lite systems, the local 
terminal filtering is minimal to simpli
fy installation for the subscriber. This 
reduced bit rate system can suffer from 
interference and noise from the tele
phone network, often influenced by the 
number of items of equipment coupled 
to the subscriber's network socket. 

Under difficult conditions, it is possible 
to fit small low pass filters inside the 
terminating socket. 

At the exchange end of the system, 
banks of splitter/combiners and 
modems are installed at the main dis
tribution frame together with the 
Digital Subscriber's Line Access 
Multiplexer (DSLAM). 

To minimjse the effects of both radi
ated and induced radio frequency inter
ference, ADSL employs a balanced 
feed of RF signals to the local loop. 

Data-packet structure 
ADSL has a packetised mode of trans
mission with the data contained within 
a frame structure, either in High level 
Data Link Control (HDLC) or 
Asynchronous Transfer Mode format. 
There's more on ATM in the panel 
entitled 'Aynchronous transfer mode 
system - ATM'. A typical frame con
sists of two header bytes and up to 
1600 data bytes, delimited by two flag 
bytes. 

Since ATM is used extensively for 
transporting digital signals within the 
television studio and production areas, 
it is logical that it should be used for 
similar video demands in DSL sys
tems. 

While five 'adaption' layers are 
defined for ATM, each with the prefix 
AAL, only AAL l and AAL5 are 
employed for television distribution. 
Layer AALJ is defined for constant bit 
rate (CBR) production distribution, 
while AAL5 is defined for consumer 
quality VOD variable bit rate (VBR) 
systems. Each MPEG-2 transport 
stream (TS) packet consists of 204 
bytes while each A TM cell contains 
only 55 bytes. There's more on this in 
the separate panel. 

Thus for VOD on DSL using AAL5, 
two MPEG-2 transport-stream packets 
of 408 bytes are loaded into _eight 
ATM cells, with the spare 32 bytes 
being used for cell sequence addressing 
and bit error control in the form of a 
checksum. By comparison, for the pro
duction environment, each single 
MPEG-2 TS packet is loaded into four 
ATM cells, again with the spare bytes 
occupying a control and addressing 
function. 

Modulation methods 
To provide a suitable transmission for
mat, three modulation techniques are 
being evaluated. These are Quadrature 
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Amplitude Modulation (QAM), Carrier 
Amplitude and Phase Modulation (CAP) 
and Discrete Multi-Tone modulation 
(DMT). Only DMT is expected to sur
vive the extensive trials. 

Discrete multi-tone modulation has 
much io common with COFDM, or 
coded orthogonal frequency-division 
multiplex, as used for terrestrial digital 
television. The frequency spectrum 
between 20kHz and about 1.125MHz is 
divided into nominally 256 carriers 
spaced by 4.3kHz. In order to minimise 
interference, not all of these are used. In 
the time domain, each sub-carrier repre
sents a unique symbol period. 

lo order to maximise the channel 
capacity a form of bit-rate reduction cod
ing known as 2BIQ is employed. With 
this, each pair of binary input digits is 
converted into l of 4 quaternary symbols. 

Next, the new bit stream is used to 
modulate the individual carriers during 
the symbol period so that the spectrum 
takes on the appearance of ·a parallel 
transmission bus. The channel capacity 
and signal to noise ratio can now 
approach the Shannon limiting values. 

The number of bits transmitted in a 
given sub-channel can be varied 
dynamically depending on the signal
to-noise ratio on that sub-channel. This 
not only improves the signal quality on 
a particular Line, but also minimises the 
effect of any cross-talk from other 
lines. 

lo the interests of high quality of ser
vice, the system employs forward error 
control in the fonn of Reed-Soloman 
coding with the option for adding inter
leaving to improve the burst error capa
bility. 

Figure 3 shows the basic signal pro
cessing in a DMT modulator. Each 
serial digital input signal is first encod
ed into parallel format and then passed 
through a fast Fourier-transform pro
cessor to <;onvert the frequency-domain 
signals into time domain values with a 
sliding time-window effect. These val
ues are then transcoded into serial for
mat and digital to analogue converted 
before transmission. 

As indicated in Fig. 3, a number of 
prefix bits are added to the bit stream 

Digital 
signal 

processor 

in order to minimize interblock inter
ference. When these bits are dropped in 
the decoder, the bit stream is broken up 
to improve the FFf time window defi
nition. 

Subscriber's transceiver and 
modem 
Figure 4 shows the important opera
tional areas of the subscriber's terminal 
for both transmit and receive modes. 
The rvbri" transformer provides a bal
an i feed between the modem and 
line ..:od helps to minimize cross-talk. 

However, the splitter in the form of 
filters and amplifiers has to separate 
signals of a few teos of volts on the 
voice line from RF signals of the few 
tens of millivolts of the DSL signal. 
Loop-disconnect and dialling pulses 
can be particularly troublesome. The 
high-pass filter section has to contain a 
de block to isolate the ringing tones 
from the DSL section and to prevent a 
DSL fault from short circuiting the 
normal POTS system. 

Digitally-adaptive equalisers are set 
under feedback control to suit individ
ual line conditions and characteristics. 
As well as continuous interference, 
there are temperature and moisture
dependent variable parameters to con
tend with. Provision is made so that at 
each new acquisition, the line amplifi
er and equaliser gains can be reset 
under the control of a short bit pattern 
used as a training sequence to establish 
the maximum quality of service. 

The frequency and power character
istics for each sub-carrier are continu
ally adjusted in both transmit and 
receive paths, through the use of a 
feedback mechanism. This monitors 

1 the near end and far end cross talk 
(NEXT and FEXT) in order to mini
mize inter-carrier interference. 

Line characteristics for each narrow 
sub-channel are practically constant so 
that the minimum of pulse smearing is 
created thus improving signal quality. 
Any impulsive noise that is input as 
interference is spread over many sub
channels by the FFT processor window 
so that this form of interference is less 
likely to create data errors. 
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RF signals transmitted on the stan
dard telephone network are essentially 
analogue. As a result, analogue-to-dig
ital and digital-to-anal0gue converters 
are incorporated in each modem. 

Typically, each modem is based on a 
single highly integrated chip with 
embedded microprocessor (CPU) and 
digital signal processors (DSP). The 
CPU is commonly based on the 
reduced instruction set (RISC) design, 
such as the ARM devices. These not 
only manage the bit framing and error 
control, but also perform the modula
tion and demodulation under software 
control. 

The UTOPIA - or Universal Test 
and Operations Physical Interface for 
A TM - has been developed specifical
ly for such applications. 

The future of DSL 
The last stages of telecommunications 
liberalisation are Likely to occur within 
the next year or two. This is described 
as 'unbundling the local loop' to allow 
third party access to the line sub
scriber's socket. This is Likely to have 
considerable implications for DSL sys
tems because any such third party will 
expect to have access to a wide band
width in order to make a financial suc
cess from providing any new services. 

With such third-party access to the 
network, interference and cross talk 
between the different service providers 
will introduce the neeo for accurate 
monitoring of power levels and spec
trum management. Could this be the 
driver needed to ensure that optical 
fibre is introduced into the local loop as 
a matter of urgency? If so, then the dig
ital subsciber' s line will have at last be 
seen to have arrived. • 
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The UK's congested roads are not only annoying, they can 
be lethal. Just listen to Radio Five Live's traffic update in the 
mornings. Help is at hand though, as the big car 
manufacturers like Jaguar install car crash avoidance 
systems. Pete Mitchell takes the wheel. 

No more bumps? 
I f you believe the adverts on tv, 

motorists spend ail their time 
zooming along deserted lanes or 

across deserts, or parked on cliff tops, 
never another vehicle in sight. Despite 
these fantasies, car makers are 
beginning to consider designing-in 
electronic aids in tended to cope with 
the reality of UK motoring today, 
whether on urban streets or 
motorways: lines of hundreds of 
vehicles, chugging nose-to-tail, only a 
few metres apart. 

Collisions are a perpetual risk in 
these conditions, and there has long 
been talk of adapting the aerospace 
industry's range-finding techniques 
into cheap instruments that can give 
drivers early warning of a dangerous 
situation - or even apply the brakes 
automatically. 

Governments in a Europe of 
increasingly dense traffic flows are 
very keen on this idea. For one thing, 
minimising collisions will help keep 
things moving - accidents are one of 
the principal causes of delay on trunk 

roads. And range-finders will also 
enable cars to employ ' intelligent 
cruise control' , microsystems that can 
adjust the cruising speed of the 
vehicle to the maximum safe level 
depending on the speed and distance 
of cars in front and behind. That 
would smooth out traffic flow, and 
reduce the 'bunching' delays 
regularly seen on heavily used 
motorways like the Ml. 

However, car manufacturers have 
not been convinced that anti-collision 
gadgetry will give them a competitive 
edge that is worth the R&D cost, 
including the risk of market failure. 
To pay for itself, an "extra" has to 
bring in more sales by influencing the 
consumer's choice of vehicle. But 
having a collision detector won' t help 
you much if the driver behind you 
doesn't have one, and doesn't manage 
to brake in time. To be useful, they 
have to become ubiquitous - and so 
they need to be cheap to make and 
based on reliable, standardised 
components. 

Jaguar is to use adaptive cruise 
control with collision avoidance 
on its XKR sports car, shown 
above, starting from next year. 
The system functions either as a 
conventional cruise control or, in 
traffic, maintains a safe distance 
from the car in front. Developed 
by Delphi, the system uses a 
76GHz microwave radar mounted 
in the nose of the car. It calculates 
speeds of vehicles up to 150m 
ahead. As vehicles in front slow 
down, the Jaguar's brakes are 
automatically applied, and audible 
warnings are given to the driver if 
the driver in front does something 
really stupid. 

So the European Commission is 
encouraging manufacturers to get 
together and agree the best 
technologies for collision avoidance, 
rather than develop rival proprietary 
solutions that could fragment the 
market and delay its introduction. 
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The automotive industry is often 
very slow in transferring technology 
from academic to applied research 
and then to the market, according to 
Wolfgang Gessner, of the EC's 
Innovation Relay Centre in Germany. 
"The process is often less linear than 
that in the car industry," he says. So 
IRC has established a conference, 
Advanced Microsystems for 
Automotive Applications, to promote 
collaboration on this and other ideas. 

This year's AMAA, in Berlin, saw 
demos of more than 30 different 
types of microsystem, including one 
of the first laser colJision avoidance 
devices to be offered as a commercial 
product. Developed by the Swiss 
Centre for Electronics and 
Microtechnology (CSEM) in 
partnership with Fiat, the OLMO 
(On-vehicle Laser Microsystem for 
Obstacle detection) was built into a 
Fiat Brava for the AMAA 
demonstration. 

There are various options for range
finding sensors, but the OLMO 
developers opted for laser radar 
(LIDAR) with an ordinary 1550nm 
semiconductor laser. This choice 
means that the device can be not only 
cheap, but also with a very low power 
requirement - only lOmW. It is also 
compact and robust enough to be 
packaged in a simple injection
moulded unit for mounting anywhere 
in the car. For the demo, it was built 
into the left headlamp of the Fiat 
Brava. 

Like all radar, the sensor emits 
electromagnetic pulses, detects their 
reflections and calculates the time of 
llight, making up to 20 
measurements a second. The pulse 
beam is scanned across a 20° field of 
view ahead of the car, using a 
swivelling mirror rotating on a 
special frictionless pivot. 

But there's a problem peculiar to 
automotive range-finding: if there 
are many cars in the neighbourhood 
using a similar device, there is a 
serious danger of crosstalk between 
the scattering of beams from unit~on 
different cars. So the device must also 
ensure that it detects the right 
reflection. 

To do this, the OLMO group 
borrowed a signal processing 
technique from spread-spectrum 
communications systems like GPS. 
The instrument modulates each laser · 

,pulse with a unique binary code, 
generated randomly in real time. The 
back-scattered signal is then cross
correlated with the code sent, 
selectively killing any crosstalk 
present in the back-scatter. 

This initial 'acquisition' step gives 
a coarse measurement of the distance 
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to the scattering surface. The 
instrument then uses this knowledge 
to perform a much more accurate 
'tracking' measurement - only 10cm 
for distances less than 30m. 

These techniques give the device a 
range of 80m in good visibility, 
according to CSEM. In poor 
visibility, the range depends on 
conditions - it is not as good as 
microwave radar, but is about 40 per 
cent better than the human eye, 
claims the team leader Max Monti. 

In fact, Fiat didn't want more than 
this, says Monti: "They have done 
simulations that show it's safest that 
drivers don't have a coJ]jsion warning 
system that is much more sensitive 
than their own eyes, otherwise they 
start to go too fast." 

Microwave radar has been the 
favoured choice so far because of the 
ready availability of components. 
Mercedes' top-of-the-range cars 
already have offer a radar collision
avoidance option, made by ADC. 
But, according to Monti, it has one 
fatal drawback: electromagnetic 
pollution. "Imagine what will happen 
if in ten years' time every car on the 
road is emitting microwave 
radiation", be says, pointing to the 
current worries about the health 
effects of these emissions from 
mobile phone base stations. Whether 
right or wrong, these fears are real, 
and are likely to prompt 
manufacturers to move to optical 
collision avoidance systems, he says. 

However, OLMO has the typical 
limitations of pioneering work. Its 
lifetime, at only six months without 
maintenance, is rather short. It is also 

too expensive, with production cost 
estimated at around £250: the usual 
chicken-and-egg problem of high unit 
costs at low volumes before 
economies of scale are established. 

So will the manufacturers bite at 
such sophisticated 'extras' , as they did 
with anti-lock braking? Only if they 
can see a competitive need: within 
each class of vehicle, there are fewer 
and fewer functional differences 
between the leading car brands, says 
Jaguar technical specialist Paul 
Mulvanney. "They all have four 
wheels and all start and stop reliably. 
Digital technologies create 
opportunities to incorporate entirely 
new features into the basic design". 

A lot depends on the 
manufacturer's public image. Fiat, 
which is evidently committed to the 
collision-avoidance idea, may be 
planning to use it to push a safety
first theme. Monti says that three·car 
manufacturers are interested in his 
LIDAR, and believes the whole 
industry will be offering collision
avoidance systems within two years. 

Other electronic assists, such as 
active suspension using multi-axis 
silicon accelerometers, or 
piezoelectrically driven fuel injection 
jets, may appeal more to the technical 
departments of manufacturers 
obsessed with what Mr Jeremy 
Clarkson calls, "sheer raw 
performance". But it seems unlikely 
that car makers who encourage 
drivers to take blind comers at 
60mile/h, as Alfa Romeo did in a 
recent newspaper advertisement, will 
have collision avoidance instruments 
high on their priorities list. • 

Collision course .. . The 
on-vehicle laser 
microsystem for 
obstacle detection -
OLMO - was 
developed by the Swiss 
Centre for Electronics 
and Microtechnology 
in partnership with 
Fiat. It was first 
demonstrated in a Fiat 
Brava. The range.finder 
uses a {aser radar with 
a 1550nm source. 
Range finding is good 
for 80m, with accuracy 
of 10cm when closer 
than 30m. 
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INSTRUMENTATION 

• 
• • capacitor tester 

Cyril Bateman has been enhancing his tano meter with better pro
tection ·against charged capacitors. He's also produced an efficient 
battery regulator providing :!:SV from four AA cells. 

Recently I measured every board
mounted aluminium electrolytic 
capacitor in a piece of test 

equipment. In just ten minutes, using 
my tan8 meter, I identified 31 capaci
tors with a tan8 in excess of 0.4. 
Capacitors measuring such a high tan8 
are worn out and should be replaced.1 

Aluminium electrplytic capacitors 
are quite different from any other 
capacitor type in their construction and 
failure modes. Usually, the capacitance 
value of a worn out aluminium elec-
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trolytic capacitor is little changed, but 
its series resistance and tan8 will be 
seriously increased. These failure 
modes together with the appropriate 
in-circuit diagnosis methods, were dis
cussed in the May 1999 issue of 
Electronics World.2 

Design and development of a new 
and unique prototype in-circuit capac
itor tano test meter was described in 
the June issue together with the 
schematic drawing of the measurement 
circuit used. 

This self-contained prototype meter 

included a low output impedance 
lOOHz generator, a floating 9V supply 
for the PM128 display meter and a sta
ble ±5 volt battery power supply. 
However, to save space, these addi
tional circuits were not included in the 
June article.3 

Since the original design was pub
lished, I have made various enhance
ments to it. The most notable of these 
is the addition of a further INAl 18 
instrument amplifier, in front of the 
logic channel LM3 l l current sensing 
comparator. Amplification of the tiny 

Fig. 1. Complete 
Tano meter on 
two 
interconnected, 
single-sided 
boards. This view 
shows the final 
design, 
production 
board. The right 
hand or 'bottom' 
board contains all 
the circuitry of 
Fig. 2a). The left 
hand or 'Top' 
board contains all 
the circuitry of 
the Fig. 2b). 
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Fig. 2a) Complete 
schematic, 

including all 
supply line 

decoupling, for 
the right hand or 
'Bottom' board, 
shown in Fig. 1. 

Fig. 2b) is the 
complete 

schematic, 
including the 

floating 9V supply 
for the PM128 

display, the -5V 
converter and all 

supply line 
decoupling, for 
the left hand or 

'top' board in Fig. 
1. 

voltage dropped across the current 
sensing resistors, used to identify the 
phase of the capacitor's current wave
fonn, improves measurement accuracy 
particularly when measuring smaller 
value capacitors. 

I chose a standard OKW V155 
'Shell' case, measuring 158 by 95 by 
45 mm. This uncut case has an exter
nally-accessible battery box taking 

Pl.I 

four AA cells. Smaller cases did not 
provide enough space for the mea
surement circuitry, batteries and 
PM128 display. 

The prototype's 140 by 74 mm print
ed board had to be divided into two 
sub-boards approximately 85 by 
70mm, in order to fit into this case, 
Fig. 1 . Both boards are simply inter
connected using a seven-way, flat 

flexstrip jumper cable. In the picture, 
this cable hides four of the 220µF 
decoupling capacitors, two on each 
board. 

To complement the above cosmetic 
improvements, I decided to enhance 
tano meter's 'charged capacitor' pro
tection. In the event these apparently 
simple changes proved extremely time 
consuming. 

+Sv 
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Analog Channel 
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To Analog 

To L T700 
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Enhanced charged-capacitor 
protection 
With the range of capacitance values 
and working voltages used in equip
ment, it is not possible to provide 
worst-case protection in a small 
portable instrument. The tano meter is 
designed and intended to be used on 
discharged capacitors. There's more 
on this in the panel entitled 'Worst-

Log ic Channe l 

'R ' Channe l 

'X ' Channe l 

case protection'. 
Accidental measurement of charged 

capacitors might however occur so I 
have provided as much protection as 
possible within the board size limita
tions. 

Where other protection is not possi
ble, I have used sacrificial fusible 
resistors. These become open circuit 
when overloaded, limiting the spread 
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100Hz 
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of damaged components and facilitat
ing repairs to the meter. 

Measurement circuit protection 
Examination of the schematic diagram 
will reveal that four I N4 l50 diodes as 
series connected back to back pairs, 
are used across the inputs of IC1 and 
/C3, to limit their differential voltage 
inputs. These ICs are the two Burr-
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Brown INA118 instrument amplifiers 
previously mentioned. Using two 
diodes in series ensures that leakage 
currents do not effect the circuits nor
mal operation, Fig. 2a). 

The INA! 18 amplifiers incorporate 
internal current limiting protection to 
±40 volt inputs, both with and without 
power being applied.4 

Enhanced common-mode input pro
tection is provided by a diac to ground, 
from the junction of a 100n fusible 
resistor and a 3.3kQ resistor in each 
INAl 18 input. These l00n fusible 
resistors become open circuit at around 
lA peak. I evaluated many other pro
tection options, but all were rejected. 
Some failed because leakage currents 
unbalanced the INA118 inputs. In 
other cases, photo-voltaic sensitivity to 
infra-red from mains lighting intro
duced an error hum voltage into the 
INA118. 

If you are unfamiliar with diacs, they 
are four layer devices intended as low
cost triggers for triacs. Being four 
layer they exhibit similar 30V break
down voltages regardless of polarity. 
Diacs have negligible capacitance and 
virtually no measurable leakage cur
rent at the meter's normal working 
voltages. The particular diacs used 
were selected because their blue coat-

ing inhibits the photo-voltaic problem. 
Also they can handle a 2A peak cur
rent. 

These INA118 in-amps are by far 
the most expensive integrated circuits 
used in the meter. The low-cost diacs 
protect the INA 118s by clamping their 
inputs to some 35V maximum. 
Ultimately, they blow open the four 
100n fusible resistors to minimise fur
ther damage should a seriously 
charged capacitor be measured. 

1 OOHz generator protection 
The 10: 1 step-down ratio of the L 1700 
transformer provides the low source 
impedance test current essential when 
measuring high value capacitors. Any 
voltage from a charged capacitor pre
sented to its secondary winding, results 
in a voltage transient on its primary 
windings. Unconstrained, this transient 
could destroy the AD7 l 2 used as the 
lO0Hz push-pull output amplifier. 

To limit such voltage transients, two 
1N4002 diodes D 13_14, are fitted across 
the secondary winding. These do not 
affect normal operation. Two pairs of 
back-to-back 3.9V zener diodes, D1s.1s 
are also used to limit voltages on the 
LT700 primary windings, 

The above measures localise any cir
cuit damage in the event a charged 

Aluminium electrolyt ic capacitors of 
several hundred microfarads a re regularly 
used on rectifi ed 230V AC mains in low
cost switched-mode power supplies. 

ductor transient protection diodes take a 
finite time to turn on and the capacitor 
takes more time to discharge . At the instant 
both test probes contact the charged 
capacitor, that voltage is instantaneously 
transferred to the measurement circuit. 

While fully charged, such capac itors can 
store lethal amounts of energy. This energy 
is re leased almost instantaneously when 
contac ted by the meter's test probes. Peak 
discharge currents eas ily exceed 1 00A. 
Measurement of such high voltage charged 
capacitors must be avoided. 

Aluminium electrolyt ic capacitors a re 
very low impedance devices. They can 
only be measured for impedance, tan6 or 
ESR using low-impedance measuring 
c ircu its. Adding resistance in the test 
circuit to restrict capacitor discharge 
current is simply not possible. 

Using fuses in series with the test leads 
does not help. Even the fastest class 'FF' 
fuses pass a la rge overload current for a 
finite time before they rupture. During this 
time the measurement circuit is unprotect
ed. 

The alternative approach of 'c row
barring' the capacitor voltage to ground 
also does not help. The fastest semicon-

I have experimentally confirmed these 
effects by discharging 1 000µF capacitors, 
charged a t various voltages up to 50 volts, 
into the fusible resistors mounted in a test 
board. Using both se ries 'FF' fuses and 
shunt 5.8V bi-directional l 40A-rated 
transient-diode protectors, the 22Q and 
2.20. 0.5W fusible resistors still become 
open circuit. 

The 2.2Q fusible resistors typically fail at 
20 to 25V, the 22n failing near 50V . 
Similar results were found testing these 
resistors both with and without the series 
fuse and shunt transie nt diode protector 
circuits. 

Using lesser, 57 A-rated transient d iode 
protectors, the high peak d ischarge cur
rents destroyed the protection diode, in the 
process damaging my nickel-plated test 
probes. 

Since these fuse and transient diodes did 
not enhance the charged capacitor protec
tion, they are not used in the final meter 
design. 

capacitor is measured, but the two 
range resistors also the range relay 
contacts, cannot be protected. 

Current sensing range resistors 
The instant a charged capacitor, or a 
live voltage, is contacted by both test 
prods, this voltage appears at PL1,2 and 
hence at one end of R7 and the relay 
contact. The other end is held near 0 
volts, via Rs and the transformer, 
clamped by these 1N4002 diodes. 

The meter defaults to its 'low' range, 
so initially the relay contacts are open. 
When subject to a charged capacitor of 
sufficient capacitance, the sustained 
discharge current causes the meter to 
switch to its 'high' range, closing the 
relay contacts which now protect R7. A 
much increased discharge current pass
es through the relay contacts and Rs. 

In normal use measuring discharged 
capacitors, the highest current passing 
through Rs is 50mA. Practical tests, 
discharging a lOOOµF capacitor, pre
charged to various voltages, directly 
into R7 suggest this 22n resistor fails 
when subject to a single pulse of 2A 
peak. Similar discharge tests into Rs 
indicate failures occurring at 9A peak. 

Using a fuse between PL1 and R7 
does not help. The fastest acting 'FF' 
fuses pass a large overload current for 
a finite time before they rupture. 
During this time, the range resistors 
and relay contacts are unprotected. 
Voltage from a charged capacitor 
causes the range resistors and relay 
contacts to pass many times their nor
mal current. 

Resistors R7,s can become open cir
cuit and the relay contacts weld togeth
er before the fuse acts. The cold resis
tance of a fuse increases the series 
resistance of the generator circuit, 
reducing the maximum capacitance 
that the meter can m<;:asure. 

Using a solid state, bi-directional, 
transient protection diode across PL1-4, 

to quickly discharge the test capacitor, 
also does not help. The resistance of 
the test leads cannot drop significant 
voltage. The charged capacitor voltage 
still appears instantaneously at one end 
of R7 and the relay, even though 
extremely large discharge current 
flows in the test leads. 

Both met.hods have been evaluated 
experimentally using a test board with 
charged capacitors. Resistor Rs failed 
at much the same test voltage level 
with and without these devices. Using 
two resistors in parallel each of double 
value, did not increase the sustainable 
voltage. 

Continued on page 75 ... 
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They are exactly 
the same as big, 

• expensive 
oscilloscopes ... 
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... except they are not big 
and not expensive 

Send for the Pico Technology PC based 
test & measurement catalog and 

T Prices from £59 (+ VAT) 

T Compact & portable units 
software demo disk or visit: 

www.picotech.com 

oscilloscopes data acquisition spectrum analysers 

T 

T 

T 

Up to 16 bit resolution 

Upto100MS/s ,,~,. II 
Easy to use V _ 

T Software included FM 52022 
multimeters signal conditioning temperature monitoring 
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CHELMER VALVE COMPANY 
for High Quality Audio Tubes 

The eve Premium range offers continuity of supply of high grade audio valves. 
Based on the best from world-wide sources, processed by us to suit audio applications. 

Pre-amp types tested/selected lor LOW NOISE. HUM and MleROPHONY. 
Power valves are given controlled BURN-IN to improve stability and to select-out those 

with weaknesses. MAJOR BRANDS also supplied as available. 

A selection of eve PREMIUM Audio Tubes 
PRE-AMP TUBES POWER TUBES POWER TUBES SOCKETS ETC 

ECC81 5.00 EL34G 7.50 (Col'ltl-dl B9A rc...,,u, 1.60 
ECC82 5.00 EL34f1f$W 8.00 6336A 46.00 89A tat..,qGfllil-... 3.00 
£CC83 5.00 El..34 ,.,,-o--, 8.50 6550A 1 1.00 OctalDw,aiJ 1.80 
£CC85 6.00 El.84/68O5 4.10 6S50WA or 'N8 13:.50 Octal tQ.111U,j611iW,... 4.20 
£CC88 5,00 EL509/S19 13.00 7681A 11.00 4Pin ,,.1AJ, ,--.J 3.30 
ECF82 5.00 E84l/7189A 8.50 807 9.00 4 Pin /f"crZAJ. -•Jl"fWill 6.00 
ECL82 5.00 KT66 9,50 811A l1.00 4Pin~~m-i 11,00 
ECL86 5.00 KT77 12.00 812A 34.00 4Pin Jtae/hm--, 
Ef86 5.50 ·Kf88- 12.50 845 30.00 ..,_ 15.00 
E80f~An 10.00 KT88rGalltl~ 21.00 RECTIFIER TUBES SPin t,0111t1J 3.00 
E81CC (id,/,,,,, 6.80 )(,T88 fGqt,t.__"""-P 60.00 7Pln~,ax,,; 4,50 
E82CCtid<ld',,.,,. 8.00 P\.509/519 9.00 EZ80 4.00 9Pin l,..a.,uot.c-crl'Ql;I 5.00 
E83CCGrrilfAll 7.50 2A3~.,,,,..,., 14.50 EZ81 4.50 Scteenirlg Cen 
E88CCGdt/,,.,. 8.00 211 22.00 GZ32 11,00 J/f,,lt:UJffltJ 2.00 
6EV1 6.00 3000 50.00 GZ3:l 9.50 Anode Connect.er 
6SL7GT 4.50 6C33C-B 27.00 GZ34 6.50 "'*'•' 1.50 
6SN7GT 4.50 6LSGC 6.50 GZ37 6.50 Anode Conneciaf 
6922 5.20 6L6WGC/5881 8.00 5U4G 5.00 lrofUOf«I 1.70 
7025 6.50 6V6GT 5.00 5V4GT 4,50 Retainer,.,M'1Mit~.J 2.00 

6080 tt.50 5Y3GT 4.00 
61468 10.50 524GT 4.50 

... and a few '"Other Brands"" (inc. Scarce types). 
5AR41GZ34 ltAAtA.40 20.00 6B4G R.4YTHCON 

5fl4GYACA.S7C: 7.00 681NS.1JMW1 
5R4WGY CHATHAMIJSA 10.00 6BX7 GT SttVANIA 

6U4G8 RCAlll'(;I' 12.00 6CG7t6F07.NVA.M4 
5Y3WGTSltVAMA 5.00 6CL6AOll orGt 
8AS1GRCAorSEJMENS 12.00 6CW4M:o& 
6AU6WCN:v....w.t 3.SO 6SL.7GTsTC 

ASK ABOUT~ TYPES NOr ON THIS UST 

27.00 6SN7GT M&Wt 

5.00 12AT7WAMt.UAF10 
8.50 12AY7 GE..srtv~ 
7 ,50 1 2A2.7 GE 
5.00 128H7AGtiw.llCA 

11.00 12BY7AGt 
5.50 12ft $rt; 

5.50 13eu,c: 
5.00 805 (:(M()N 

7.75 5842Ac;cc; 
7 .50 6080W n.,Yi;;$0(. 

13.00 &S50AG£ 
9.00 614686£ 

12.50 

110.00 
50.00 
15.00 
12.50 
22.00 
17.00 

AU PRICES IN U.K.. l'fJUNOS t 
PfNltG not e c• ,ries,. OJ(lffll .. VAT (EEC only} - wtlGn Ol"dor1ng • uuo if ~tchln11 ,equl,eod (tldd C1.00 .,., tvbe). 

P• ymont by CREDIT CARD (ACCESS, VtSA. M ASTERCARD) o r BANKERS ORA.FT, TRANSFER o r CHEQUE CUK ONLY). 

FAX 0( F>OST y ou, O ROER. We ,&hall li(ln(I PROFOAMA INVOICE If n.c4aH,Y 

Vah-e ,\mJJlifiers sound better still fitted witb eve PREMIUM \1(1/ves! 
Chelmer Valve Compan y. 130 Now London Rood, 

Chelmsford. Essex CM2 ORG England 

n- 44 (0)1245 355296/265865 Fax: 44 (0)1245 490064 
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. LANGREX SUPPLIES LTD 
PHONE DISTRIBUTORS OF ELECTRONIC VALVES FAX 
0181 684 TUBES AND SEMICONDUCTORS AND 1.C.S, 0181 684 
1166 1 MAYO ROAD • CROYDON • SURREY CAO 2QP 

24 HOUR EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS 
3056 

email: langrex@aol.com 

£ p KT66 Special 20.00 524GT 3.00 SUSA 1.50 
AZ31 8.00 KT88 Special 20.00 6AQ5 2.00 6V8G 8.00 
CL33 10.00 N78 8,00 SARS 20.00 6V6GT 500 
E88CC 8.50 OA2 3.00 6AS7G 7.50 6X4 3.00 
E180F 3.50 082 3.00 6AU5GT 4.00 8XSGT 3.00 
E810F 20.00 OC3 3.00 6AU6 2.00 12AT7 3.00 
EABC80 4.00 003 3.00 6AW8A 4.00 12AU7 3.50 
E891 1.50 PCF80 2.00 684G 22.00 12AX7 5.00 
E8F60 1.50 PCL82 2.00 68A6 1.50 12AX7A 7.50 
E8F89 1.50 PCL851805 2.50 68E6 1.50 12AX7WA 6.00 
E8L31 16.00 PCL86 2.50 6BH6 2.00 128A6 2.00 
ECC33 12.00 P0500 8.00 6807A 2.00 128E6 2.00 
ECC35 12.00 PL36 3.00 6BR7 4.00 12BH7 10.00 
ECC81 3.00 PL8 1 2.00 68R8 4.00 12BY7A 7.00 
ECC82 3.50 PL504 3.00 6BW6 4.00 12DW7 15.00 
ECC83 3.00 PL508 3.00 68W7 3.00 12E1 10.00 
ECC85 5.00 PL509/519 10.00 68X7GT 7.50 13E1 85.000 
ECC88 6.00 PL802 4.00 6826 3.00 5728 27.50 
ECC808 15.00 PYSOOA 3.00 6C4 2.00 805 45.00 
ECF80 1.50 PY800/801 1.50 6CB8A 3.00 807 7.50 
ECH35 3.50 QQV02·6 12.00 6DC6G 5.00 811A 25.00 
ECH42 3.50 QQV03·10 5.00 6CL6 3.00 812A 55.00 
ECH81 3.00 QQV03-20A 10.00 6CG7 7.50 813 27.50 
ECL82 3.50 QOV06,40A 12.00 6CH6 3.00 833A 85.00 
ECL86 3.50 U19 8.00 6CW4 6.00 866S 20.00 
ECLL800 25.00 UABC80 1.60 6005 17.50 872A 30.00 
EF37A 3.50 UCH42 5.50 6QQ68 10.00 831A 25.00 
EF39 2.75 UCL82 2.00 6F6G 8.00 2050A 12.50 
EF40 4.00 UCL83 2.00 8F07 7.50 5687W8 6.00 
EF86 10.00 UF89 4.00 6GK6 4.00 5751 6.00 
EF91 2.00 UL41 12.00 6J5G 6.00 5763 8.00 
EF183/4 2.00 UL84 3.00 6J5M 4.00 5814A 5.00 
EL33 15.00 UY41 4.00 6J7 3.00 5842 12.00 
EL34 5.00 UY85 2.00 6JB6A 27.50 6072A 6.00 
EL34G 5.00 VR105/30 3.00 6JE6C 27.50 6080 6.00 
EL36 5.00 VR150/30 3.00 6JS6C 27.50 6146B 15.00 
EL41 350 2759 10.00 6K6GY 4.00 6201 8.50 
EL84 2.25 Z803U 15.00 6L6G 15.00 6336A 35.00 
EL95 2.00 2021 3.50 6L6QC 15.00 6550A 25.00 
EL360 15.00 3828 12.00 6L6WGB 10.00 5883B 15.00 
EL509/519 7.50 4CX2S0B 45.00 607 3.00 7025 7.50 
EM34 25.00 SR4GY 7.50 6SA7 3.00 7027A 26.00 
EM8tl4/7 5.00 5U4G 10.00 6SC7 3.00 7360 26.00 
EN91 7.50 5U4GB 10.00 6SG7 3.00 7581A 15.00 
E260l81 5.00 5V4G 4.00 6SJ7 3.00 7586 15.00 
GZ32 a.so SY3GT 2.50 6SK7 3.00 7587 20.00 
G233/37 10.00 523 5.00 6SL7GT 5.00 Prices correct when 
KT61 15.00 524G 6.00 6SN7GT 5.00 In to ress. 

OPEN TO CALLERS MON-FRI 9AM-4PM. CLOSED SATURDAY 
This is a selection from o ur sl ack of over 6,000 types. Please enquire for types not listed. 

Obsolete items are our speciality, Valves are now mainly orig inal British or American brans. 

- Terme CWO/min order £10 for credit cards. 1,11i1 
P&P 1-3 valves £2.00. 4·5 valves £3.00 , • 
Add 17 .5% VAT to total including P&P 
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Unique reader off er: 
x 1, x 1 0 switchable 
oscilloscope probes, 
only £21.74 a pair, 
fully inclusive* 
* Additional pairs as part of the· same order, only 

£19.24 each pair. 

Please supply the following : 

Probes 

Total ___ _ 

Name 

Address 

Postcode Telephone 

Method of payment (please circle) 

Cheques should be made payable to Reed Business 

Information 

Access/Mastercard/Visa/Cheque/PO 

Credit card no. _ _ ___________ _____ _ 

Card expiry date Signed 

Please allow up to 28 days for delivery 

Seen on sale for £20 each, these high
quality oscilloscope probe sets 
comprise: 

• two x 1, x 10 switchable probe bodies 
• two insulating tips 
• two IC tips and two sprung hooks 
• trimming tools 

There's also two BNC adaptors for using 
the cables as 1 .5m-long BNC-to-BNC 
links. Each probe has its own storage 
wallet. 

To order your pair of probes, send the 
coupon together with £2 1 .7 4 
UK/Europe to Probe Offer, Electronics 
World Editorial, Quadrant House, The 
Quadrant, Sutton, Surrey SM2 5AS. 

Readers outside Europe, please add 
£2.50 to your order. 

Specifications 

Switch position 1 
Bandwidth 
Input resistance 
Input capacitance 
Working voltage 

Switch position 2 
Bandwidth 
Rise time 
Input resistance 
lM!l 
Input capacitance 
Compensation range 
Working vo ltage 

Switch position 'Ref' 

DC to 10MHz 
1 Mn - i.e. oscilloscope i/p 
40pF+oscilloscope capacitance 
600V DC or pk-pk AC 

DC to 150MHz 
2.4ns 
1 0Mn ± 1 % if osci I loscope i/p is 

12pF if osci lloscope i/p is 20pF 
10-60pF 
600V DC or pk-pk AC 

Probe tip grounded via 9MQ, scope i/p grounded 

SMALL SELECTION ONLY LISTED • EXPORT TRADE AND QUANTITY DISCOUNTS • RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK 
HP New Colour Spectrum Analysers LAST FEW ONLY 
HP141T+ 85528 IF+ 85538 RF -1 KHZ -110Mds - £500. 
HP141T+ 8552.B IF+ 8554B RF -100KH? ·1250M • £600. 
HP141T+ 85528 IF+ 8556A RF· 20Hz-300KHz • £400. 
HP141T+ 85528 IF + 8555A 10 MC/S-18GHzS - £1000. 
HP8443A Tracking Gen Counter 100KHz-110Mds - £200 
HP8445B Tracking Preselector OC to 18GH, • f:250. 
HP8444A Tracking Generator • 5-1300Mds • £450. 
HP8444A OPT 059 Tracking Gen • 5-1500Mds - £650. 
HP35601A Spectrum Anz Interface - £300. 
HP4953A Protocol Anz • £400. 
HP8970A Noise Figure Meter+ 346B Noise Head - £3k. 
HP8755A+B+C Scalar Network Anz Pl· £250 + MF 180C • Heads 
11664 Extra - £150 each. 
HP3709B Constellation ANZ £1,000. 
HP11715A AM-FM Test Source · £350. 
FARNELL TVS70MKII PU 0•70V 10 amps· £150. 
MARCONI 6500 Network Scale, Anz • £500. Heads available to 
40GHz many types in stock. 
Mixers are available forANZs to 60GHz. 
HP6131C Oigital Voltage Source+ -lOOV½ Amp. 
HP5316A Univer,al Counter A+B. 
Marconi TF2374 Zero Loss Probe • £200. 
Racal/Oana 2101 Microwave Counter - 10Hz·20GHz • with book 
as new £:2k. 
Racal/Dana 1250·1261 Univer,al Switch Controller+ 200Mds Pl 
ca,ds and other types. 
Racal/Dana 9303 True RMS Level meter+ Head• £450. 
TEKA6902A also A6902B Isolator • £3()().(400. 
TEK CT-5 High Current Transforme, Probe. £250. 
HP Frequency comb generator rype 8406 - £400. 
HP Sweep Oscillators type 8590 A+B + plug-ins from 20Mds to 
18GHz also 18•40GHz. 
HP Network Analyser type 8407A + 8412A + 8601A - 100Kds -
110Mds - £500 - £1000. 
HP 8410·A·B-C Network Analyser 110Mas to 12 GHz or 18 GH, 
- plus most other units and displays used m thit set-up • 8411a• 
8412·8413·8414-8418-8740.8741·8742-8743-8746·8650. From £1k. 
Racal/Dana 9301,\·9302 RF mdlivoltmeter • 1 .5-2GHz • qty in 
stock £250·£400. 
Racal/Dana Modulation Meter Type 9009·9008 • 8Mds • 1.5GHz 
• £150/£250-9009A £350. 
Marconi RCL Bridge type TF2700 • £150. 
Marconi MiCfowave 6600A 1 sweep osc., mainframe with 
6650PI • 18·26.5 GHz or 6651 Pl • 26.5•40GHz.£750 or Pl only 
£600. MF only £:250. 
Gould J3B test oscillator+ manual • £150. 
Marconi 6155A Signal Source-1 to 2GHz •LED • ( 400. 
Barr & Stroud Variable filter EF3 0.1 H?· lOOKd s + high pass+ 
low pass • £150, other makes in stock. 
Racal/Dana 9300 RMS voltmeter• £250 
HP 8750A storage normalizer - £400 with lead + S.A, or N, A 
Marconi mod meters type TF2304 • (250 - TF2305 • ( 1,000. 
Racal/Dana counters-99904-9905-9906-9915-9916-9917•9921· 
50Mds-3GHz - £100 • £400 • all fitted with FX standards. 
HP180TR. HP181T. HP182T mainframes (300 - £500. 
HP432A-435A or 8-436A·power mete,s + powerheads to 60GHz 
• £150 • £1750 • spare heads available. 
HP3586A or C selective level meter - £500. 
HP86222A+8 Sweep Pl -01-2.4GHz + All £1000·£1250. 
HP86290A+B Sweep Pl-2 - 18GHz - £1000 - £1250. 
HP8620C Mainframe · £250. IEEE £350. 
HP8165A Programmable signal source• 1MHZ • 50Mds • (lk 
HP3455/3456A Oigital voltmeter • £400. 
HP5370A Universal time interval counter • £1k. 
HP5335A Univer,al counte, • 200Mds·£1000. 
HP3552A Transmission test set • £350. 
TEKTRONIX 577 Cu,ve tracer+ adaptors • £900. 
TEKTRONIX 1502/1503 TOR cable test set· £400. 
HP86998 Sweep Pl VIG oscillator .01 - 4GHz - ( 300. 86908 MF
£:250. Both £500. 
Dummy Loads & Power att up to 2.5 kilowatts FX up to 18GHz -
microwave parts new and ex equipt - relays• attenuators -
switches - waveguides - Yigs - SMA • APC7 plugs• adaptor, 
etc. qty. in stock. 
B&K ltems in stock - ask for lisl. 
Power Supplies Heavy duty + bench in stock - Farnell • HP -
Weir - Thurlby- Racal etc. Ask for list. large quantity in stock. 
all types to 400 amp • 100Kv. 
HP8405A Vector voltmeter - late colour - £400. 
HP8508A Vector voltmeter - £2500. 
HP8505A NetworkAnz 500KHt-1.3GHz - £1000. 

HP8158B All OPT 002+01113()().1550 £300. 
HP81519A RX DC•400MC/S 550·950 £250. 
STC OFR10 Reflectometer-£250. 
STC OFSK15, Machine jointing+ eye magnifier - £250. 

COMMUNICATION EQUIPMENT. 
Anritsu ME453L RX Microwave ANZ- £350. 
Anritsu ME453L TX Microwave ANZ - £350. 
Anrilsu MH370A Jitter Mod Oscillator- £350. 
Anrilsu MG642A Pulse Pan Gen. £350. 
System MS02A limer & Digital Printer - £500. 
Complete MS65A Error Detector. 
Anritsu ML612A Sel Level Meter - £400. 
Anritsu ML244A Sel Level Meter - (300. 
W&G PCM3 Auto Measuring Set - £300. 
W&G SPM14 Sel Level Meter - £300. 
W&G SPM15 Sel Level Meter -£350. 
W&G PS19 Level Gen - £500. 
W&G DA20+0A1 Data ANZ £400. 
W&G PMG3 Transmission Measuring Set - £300. 
W&G PSS16 Generato, - f300. 
W&G PS14 Level Generator - £350. 
W&G EPM-1 Plus Head Milliwatt Power Meter - £450. 
W&G DLM3 Phase Jitter & Noise - £350 
W&G DLM4 Oata Line Test Set -(400. 
W&G PS10 & PM10 Level Gen. - £250. 

MISCELLANEOUS ITEMS 
HP 3852A Data Acquisition Control Unit+ 44721A !Sch input 
£1,000. 
HP 4261 LCR meter - £650. 
HP 4274 FX LCR meter - £1,500. 
HP 4951A Protocol ANZ - £500. 
HP 3488 Switch Control UJ1it + Pl Boards - £500. 
HP 75000 VXI Bus Controllers+ E1326B-DVM-quantity. 
HP 83220A GSM DCS/PCS 1805-1990MC/S convertor for use 
with 8922A - £2,000. 
HP 1630-1631-1650 logic ANZ's in stock. 
HP 8754A Network ANZ 4• 1300MC/S + 8502A + cables - £1.500. 
HP 8754A Network ANZ H26 4·2600MC/S + 8502A + Cables -
£:2,000. 
HP 8350A Sweeper MF t 83540A Pl 2·B.4GHZ + 83545A Pl 5.9· 
12.4GHz all 3 - £3.500. 
HP MICROWAVE lWT AMPLIFIER 489A 1·2GHZ-30DB - £400. 
HP PREAMPLIFIER 8447A 0.1-400MC/S-£200. Dual -£300. 
HP PREAMPLIFIER 84470 O.OH.JGHZ-£400. 
HP POWER AMPLIFIER 8447E O.OH.3GHZ - (400. 
HP PRE+ POWER AMPLIFIER 8447F 0.01-1.3GHZ - £500. 
HP 3574 Gain-Phase Meter 1HZ·13MC/S OPT 001 Dual - £400. 
MARCONI 2305 Modulation Meter•50KHZ·2.3 GHZ - £1,000, 
MARCONI 2610 True RMS Meter - £450. 
MARCONI 8938 AF Power Mete, (opt Sinad fil ter) - £:250-£350. 
MARCONI 6950-69608 Power Meters+ Heads - £400-£900. 
MARCONI SIGNAL SOURCE-6055-6056-9057-6058-6059 - FX 
Range 4-18GHZ- £250-£400. 
RACAL 1792 COMMUNICATION RX - (500 early - £1,000- late 
model with back lighting and byte test. 
RACAL 1772 COMMUNICATION RX - (4()().£500. 
PLESSEY PR2250 A·G•H COMMUNICATION RX - £500·£900. 
TEK MODULE MAINFRAMES- TM501·502·503·504--506-
TM5003·5006. 
TEK Pl 5010·M1 -Prog Multi Interface - £:250. FG Prog 20MC/S 
Function Gen - £400 - S1 P,og Scanner - £:250-DM Prog 
DMM - £400. 
TEK 7000 OSCILLOSCOPE MAINFRAMES - 7603•7623-7633· 
7834-7B54-7904-7904A-7104 -£150-£1,000. 
TEK 7000 Pl's - 7A11-7A12-7A13-7A18-7A19-7A22-7A24--7A26-
7A29-7A42-7B10.7B15•7B53A•7B80-7B8S.7B92A•7015•7D20. 
TEK 7000 - 7511-7512,7514•7Ml l •Sl•S2·S3A•S4•SS-SS.S51• 
S53-S54. 
HP POWER SUPPLIES - 6521A-6623A·6624A-6632A-6652A. 
Otys available. Also 6000 types CPOA. 

RADIO COMMUNICATION TEST SETS 
BULK PURCHASE ONLY FROM JOHNS RA.DIC 
~ AF Communication Test Sets - Opts available 001-3· 
4-5-7• 11· 12-14-H13-K13. £1,500-£1,750, 
ltPWZ2A with opt 002 Spectrum anz plus tracking generator 
plus opts. 001·3•4•5-11· 12·014 available in part includes syn sig 
generator - digital oscilliscope distortion meter • mod meter• 
RF power meter etc. £2,500. 

TEK491 10MC/S-12.4GHZ + 12.4-40GHZ -£500. 
TEK492 50KHZ·21GHZ OPT 2 - £2,500. 
TEK492P 50KHZ-21GHZ OPT 1·2·3- £3,500. 
TEK492AP 50KHZ·21GHZ OPT 1·2-3 - (4,000. 
TEK492BP 50KHZ·21GHZ - C3,000-£4.000. 
TEK495 100KHZ· 1.8GHZ- £2,000. 
HP 8557A 0.01MC/S•350MC/S - £500 + MF180T or 180C-£150-
182T - £500. 
HP 85588 0.01-1500MC/S-C750- MF180T or ! SOC - (150-
182T -£500. 
HP 8559A 0.01-21GHZ - £1,000-MF180T or 180C -£150 - 182T 
- £500. 
HP 8901A AM FM Modulation ANZ Meter - £800. 
HP 89018 AM FM Modulation ANZ Meter - £1.750. 
HP 8903A Audio Analyzer - £1,000. 
HP 89038 Audio Analyzer - £1,500. 
MARCONI 2370 SPECTRUM ANALYZERS-HIGH QUALITY -
DIGITAL STORAGE-30HZ•1 10MC/S Large qty to clear as 
received from Gov- all sold as is from pile complete or add 
(100 for basic testing and adjustment - callers preferred - pick 
your own from over sixty unfts - dfscount on qtys of five, 
A EARLY MOOEL GREY -horizontal alloy cooling fins - £:200. 
B LATE MODEL GREY - vertical alloy cooling fins - £300. 
C LATE MODEL BROWN- as above lfew only) -£500. 

OSCILLOSCOPES 
TEK 465·4658 lOOMC/S + 2 probes - £250.£300. 
TEK 466 100MC/S storage+ 2 probes - £200. 
TEK 475•475A 200MC/S-250MC/S + 2 probes-£300·£350. 
TEK 2213-2213A-2215-2215A-2224·2225•2235,223S.2245-60• 
100MC/S- f:250·£400. 
TEK 2445 4<h 150MC/S + 2 probes - £450. 
TEK 2445A 4ch 150MC/S + 2 probes - £600. 
TEK 2445B 4ch 150MC/S + 2 probes -£750. 
TEK 468 D.S.O. 100MC/S + 2 probes - £500. 
TEK 485 350MC/S + 2 probes - £550. 
TEK 2465 4ch•300MC/S - £1, 150. 
TEK 2465A 4ch-350MC/S - £1.550. 
TEK 2465ACT 4ch-350MC/S - £1.750. 
TEK D.5.0. 2230 • 100MC/S + 2 probes - (1,000. 
TEK D.S.O. 2430-150MC/S + 2 probes- £1,250. 
TEK D.S.O. 2430A ·150MC/S + 2 probes- (1,750. 
TEK D.S.O, 2440 ·300MC/S + 2 probes - £2,000. 
TEK TAS 475•485 · 100MC/S·20MC/S-4 ch + 2 p,obes - £900-(1.1K. 
HP1740A- 100MC/S + 2 probes - £250. 
HP1741A- 100MC/S storage+ 2 probes - £:200. 
HP1720A -1722A • 1725A - 275MC/S + 2 probes-£300,£400. 
HP1744A-100MC/S storage - large screen- £250. 
HP1745A- 1746A • 100MC/S • large screen-£350. 
HP54100A-1GHz digilizing-£500. 
HP54200A-50MC/S digilizing - £500. 
HP54501A-100MC/S digitizing-(500. 
HP541000-1GHZ digitizing -£1,000. 

MICROWAVE COUNTERS - AU LEO REAOOUT 
EIP 3510 Autohet 20Hz-18GHz - £750. 
EIP 371 Micro Source Locking - 20Hz-18GHz - £850. 
EIP 451 Micro Pulse Counter - 300MC/S-18GHz - 000. 
EIP 545 Microwave Frequency Counte, - 10H,-18GHz - ( 1K. 
EIP 548A Microwave Frequency Counter -10HZ-26.5GHz- £1.5k. 
EIP 575 Microwave Source Locking - 10Hz•18GHz- £1 .2K. 
EIP 588 Microwave Pulse Counter - 300MC/S-26.5GHz - £1.4K. 
SD 60548 Micro Counter 20HZ-24GHZ - SMA Socket - £800. 
SD 60548 Micro Counter 20HZ-18GHZ - N Socket - £700. 
SD 60540 Micro Counter 800MC/S· 18GHz - £600. 
SD 6246A Micro Counter 20Ht·26G~z - (1.2K. 
SD 6244A Micro Counter 20Ht ·4.5GHz - £400. 
HP5352B Micro Counter OPT 010·005·46GHz - new in box - £5k. 
HP5340A Micro Counter 10HZ-18GH, - Nixey - £500. 
HP5342A Micro Counter 10HZ-18·24GHz-£800.£1K- OPTS 
001-002-003-005-011 available. 
HP5342A + 5344$ Source Synchronizer - £1.5K. 
HP5345A 500MC/S 11 Digit LEO Readout - £400. 
HP5345A + 5354A Plugin - 4GHz - £700. 
HP5345A + 5355A Plugin with 5356A 18GHz Head -£1 K. 
HP5385A l GHt 5386A·5386A 3GH, Counter-£1K-£:2K. 
Racal/Oana Counter 1991· 160MC/S - £:200. 
Racal/Oana Counter 1992· 1.3GHz - £600. 
Rao,,1/0ana Counter 9921-3GHz -£350. 

HP8505A + 8502A or 8503A test sets- £1200 • £1500. SIGNAL GENERATORS 
HP8505A + 8502A or 8503A + 8501A normalizer • £1750·£2000. r-- - SPECIAL OFFERS - • i HP8540A-AM-FM 0.5·512·1024MC/S-£:2()().(400. 
Phillips 3217 50Mds oscilloscopes · £150-£250, I MOTOROLA R2600A plus RLN4260A RF Test Set - Cl ,800. HP8640B - Phase locked-AM-FM-0.5·512·1024MC/S - £5()(). 
Wavetek-Schlumberger 4031 Rad,o communication test set MARCONI 2955 RF Test Sets-l OOOMC/S - (1,000 each. ~i::5ff~s ;;J}~t]~~CJS.

520
MC/S- £300. 

LIGHT AND OPTICAL EQUIPMENT ~:~gg~: ~~~ ~~ i::: ~:::::~~~~~ = ~::~: ::~~: HP8656A SYN AM-FM 0.1•990MC/S - £900. 
Anritsu ML.93A & Optical Lead Power Meter - £250. MARCONI 2955A RF Test Sets•lOOOMC/S - Cl,500 each. HP8656B SYN AM-FM 0.1-990MC/S-£1.5K. 
Anritsu ML.938 & Optical Lead Power Meter· £350. MARCONI 2960A RF Test Sets• lOOOMCiS - £l,500 each. HP8657A SYN AM-FM 0.1-1040MC/S -£2K. 
Power Sensor, for above MA96A - MA98A · MA913A • Battery ANRITSU MS555A2 Radio Comm Anz-l OOOM/Cs- £750 HP86578 SYN AM•FM 0.1·2060MC/S- £3K. 
Pack MZSl;A. · each. HP8660C SYN AM-FM-PM-0.01· 1300MC/S•2600MC/S - £:2K. 
Anri1su MW97A Pulse Echo Tester. MARCONI 20l9A SYNTHESIZED SIGNAL GENERATORS _ HP8660D SYN AM·FM-PM-0.01-1300MC/S-2600MC/S-£3K. 
P1 available· MH914C 1.3 · MH915B 1.3 • MH913B 0.85 · 80KC/S·l040MC/S -AM-FM_ c4oo inc. instruction book- HP86730 SYN AM-FM·PM-0.01-26.5 GHz-£12K. 
MH925A 1.3 • MH929A 1.55 · MH925A 1.3GI • MH914C 1.3SM • tested. HP3312A Function Generator AM·FM 13MC/S•Dual-£300. 
£!;00 + one P.I. MARCONI 202lE SYNTHESIZEO SIGNAL GENERATOR_ HP3314A Function Generator AM-FM-VC0-20MC/S - £600. 
Anrilsu MW98A lime Oomain Reflector. lOKC/S-1.0lGHZAM-FM - £500 inc. instruction book- HP3325A SYN Function Generator 21MC/S-£800. 
Pl available· MH914C 1.3 - MH915B 1.3 • MH913B 0.85 · tested. HP3325B SYN Function Generator 21MC/S - £2K. 
MH925A 1.3 • MH929A 1.55 • MH925A 1.3GI • MH914C 1.3SM • R&S APN 62 LF Sig Gen 0.1Hz _ 260KHz ctw book - £250. HP8673-B SYN AM-FM-PH 2·26.5 GHz-£6.5K. 
£500 + one P.I. ._._,__._,;,.,......,_,,..., .... ..,=...,_,....,_,_,;,ii,i,i,....,,1 HP3326A SYN 2CH Function Generator 13MC/S-IEEE - ( 1.4K. 
Anrilsu MZ100A E/0 Converter. WE KEEP IN STOCK HP and other makes of RF Frequency HP3336A·B-C SYN Fun</'Level Gen 21 MC/S - £400-(300-£500. 
+ MG912B ILD 1.35) Llgh1 Source+ MG928 ILO 0.851 doublers which when fitted to the RF output socket of a Racal/Dana 9081 SYN 5/G AM-FM-PH·5-520MC/S-£300. 
Ligh1 Source £350. S/Generator doubles the output frequency EG.5o-130oMC/S to Racal/Dana 9082 SYN 5/G AM-FM-PH• 1.5·520MC/S - ( 400. 
Anrit su MZ118A 0/f. Converter. 50-2600MC/S price from £250 _ c450 each. Racal/Dana 9084 SYN 5/G AM-FM-PH-.001· 104MC/S - £300. 
+MH922A 0.8 0/f. unit+ MH923 A1.3 0/f. unit £350. Racal/Dana 9087 SYN 5/G AM-FM-PH-.001·1300MC/S-£1K. 
Anritsu ML.968 Power Meter & Charger £450. SPECTRUM ANALYZERS Marconi TF2008 AM-FM-Sweep 10KC/S-510MC/S- £200 Fully 
Anrit su MN95B Variable An. 1300 (100. HP 3580A 5HZ-50KHZ _ £750. Tested to £:300, as new+ book+ probe kit in wooden box. 
Photo Dyne 1950 XR Continuous All. 1300 • 1500 £100. HP 3582A Dual 0.2HZ·25.SKHZ - £1,500. Marconi TF2015 AM-FM-10-520MC/S - £100. 
Pho1o Dyne 1800 FA. Att £100. HP 3585A 20HZ-40MC/S- £3,500. Marconi TF2016A AM-FM 10KC/S-120MC/S - £100. 
Cossor-Rl ytheon I08L Optical Cable Fault Locator HP 3588A 10HZ-150MC/S _ £7,500. Marconi TF2171/3 Digital Synchroni, er for 2015/2016A-£50. 
O· lOOOM 0.10kM f:200. HP 8568A 100HZ-1.5GHZ _ £3,500. Marconi TF2018A AM-FM SYN 80KC/S·520MC/S - £500. 
TEK P6701 Optical Converter 700 MC/5-850 (250. HP 8568B lOOHZ-l .5GHZ _ r 4,5oo. Marconi TF2019A AM-FM SYN 80KC/S· 1040MC/S -£650-£1K. 
TEK OF150 Fibre Optic TOR - £750. HP 85908 9KC/S·1.8GHZ- (4,500. Marconi TF2022E AM·FM SYN 10KC/S·1.01GHz- £1 K·£1.2K. 
HP81512A Head 150MC/S 950-1700 £250. HP 85698 lOMC/S t0.01·22GHZl-£3,500. R & S SMPD AM-FM-PH 5KHz-2720MC/S -£3K. 
HP84801A Fibre Power Sensor 600-1200 £250. HP 3581A Signal Analyzer 15HZ-50KHZ-£400. Anri1su MG3601A SYN AM-FM 0.1-1040MC/S-£1.2K. 

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORt<S. 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•TRANSMlmNG AND RECEIVING EQUIPMENT ETC. 

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, e·radford 8D11 2ER. Tel: (01274) 684007. Fax: 651160 
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save 200/o on the price of Tina Pro Industrial or 
Tina Pro Classic powerful circuit simulators 

Tina Pro Industrial 
The new 32 bit Tina Pro is a powerful yet affordable software package for 
designing, simulating and analysing electronic•circuits. It works equally well 
with linear and non-linear analogue, digital and mixed circuits. It contains a 
large library of over 10000 components that you can extend and modify, and a 
wide range of tools including symbolic analysis. Components include an 
extensive range of TTL and CMOS devices, most popular semiconductors and 
interactive models such as displays, keypads and LEDs. Circuits are 
constructed by choosing components, which are conveniently grouped in 
families and connections are made using the mouse and hot keys. 

Tina Pro Classic 
Tina Pro Classic is.identical to Tina Pro Industrial but without some additional 
utilities. These additional utilities include the SPICE library manager, symbol 
designer, and the program which creates models from manufacturers data. 

What's the bottom line? 
Tina Pro Classic - save over £30 
Normal Price £164 
Discounted Price £131 
Fully inclusive Price £165.68 

Tine Pro Industrial - save over £60 
Normal Price £299 
Discounted Price £239 
Fully inclusi~e Price £292.58 

Prices include UK postage, packing and 
VAT. Offer ends 1 March 2000. 

Tina Pro - 32-bit 
advanced mixed-mode 
simulation 
Comprehensive analysis tools 
are included with Tina Pro to test 
circuits. Analysis results can be 
displayed in 'Diagram Windows' 
or in a range of virtual 
instruments. Desk top publishing 
tools and powerful text and 
equation editors can be used to 
produce professional reports and 
presentations. Electronic 
engineers will find Tina Pro an 
invaluable but easy to use high 
performance tool. 

Overseas readers interested in this offer contact Quickroute for details. 
()uickroute Systems Ltd, Regent House, Heaton Lane, Stockport SK4 1 BS. Tel. 
0161 476 0202, fax 0161 476 0505. www.quickroute.co.uk 

r------------------------, Coupon 
Please send me one copy of: 
Tina Pro Classic o 
Tina Pro Industrial• 

Address. __________________ _ 

Postcode ___ _ 
Daytime telephone number _____ _ 

I enclose a cheque for £ __ 
My credit card details are: 
Card type (Visa, Master Card, etc) 

Number _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 
Expiry date _ /_ 
'Note that if you are ordering by credit card, the address you have 
given must be that of the card holder. 
Post this coupon to Quickroute Systems Ltd, Regent House, Heaton Lane, 
Stockport SK4 1 BS. Alternatively, fax it to 0161 476 0505. 

L------------------------J 
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Are you familiar with 
CAD? If not, you may 
think that you still 
need to get involved 
with writing 
unintuitive listings. 
Not so. Drag and 
drop analogue 
components and 
digital /Cs into your 
circuit diagram then 
see how your circuit 
performs using simulated instruments including function 
generator, multimeter, XY plotter, oscilloscope, signal analyser, 
logic analyser and digital signal generator. Once you've found 
yoµ, way around, you'll soon be including things like noise and 
distortion analyses in your summaries. 

Feature outline 
Fully 32bit software for fast performance under Win 95, 98 or NT 
10000+ built in components and 1000+ manufacturer made 

components in SPICE sub-circuit format 
DC analysis includes nodal voltages, DC transfer characteristic 

and temperature analysis 
AC analysis includes nodal voltages, time function, and AC 

transfer characteristic 
Symbolic analysis includes DC and AC result, semi-symbolic DC 

and AC result, AC transfer, semi-symbolic AC transfer, 
Poles and Zeros , and semi-symbolic transient. 

Other analyses include transient, digital step by step, digital 
timing analysis with glitch control, and noise analysis 

Bode plots, Nyquist diagrams, poles and zeros, transient 
responses, temp. sweeps, etc in the diagram window. 

Virtual instruments include function generator, multimeter, XY 
plotter, oscilloscope, signal analyser, logic analyser and 
digital signal generator. 

Enhanced SPICE 3F5 compatible algorithms 
Massive range of component models including resistor, poten

tiometer, capacitor, charged capacitor, inductor, energy 
storing inductor, coupled inductors, diode, Zener, LED, 
lamp, motor, transformer, transmission line, bipolar transis
tor (NPN/PNP), MOS transistor (enhancement and deple
tion mode, N and P channel), JFET (N and P channel), 
thyristor, triac, diac, ideal OPAMP, OPAMP, current source, 
voltage source, current generatm, voltage generator, 
controlled sources (CCCS, VCCS, CCVS, VCVS), and a 
full complement of digital components, AD and DA convert
ers, timers, analogue control blocks, seven segment 
display, keypads, nonlinear coils, transformers, relays, 
darlington transistors, optocouplers and voltage regulators 
and much much more .. 

New sub-circuits can contain both SPICE macros or schematics 
Automatic shape creation for subcircuits 
Schematic symbol editor for creating .custom components 
Customisable component toolbar - add your own components 
SPICE macros can be used directly from Tina's schematic editor 
Parameter extractor program to calculate model parameters · 

from catalogue or measurement data 
Library manager for extending and maintaining manufacturer 

made component libraries 
New multimeter, oscilloscope and signal analyser components 

can be added directly onto schematics 
Average and RMS values for arbitrary periodic waveforms 
Enhanced Fourier analysis with both peak and RMS calculation 
AC analysis now with RMS calculation 
Conversion of symbolic analysis results into code executable in 

the interpreter 
Specify temperature for individual components 
New fault simulation on digital circuits 
Multimedia tutorials demonstrate key concepts and features 
Supplied on CD-ROM with printed documentation. 
Requires Windows 95, 98 or NT with 8M memory or more. 

ELECTRONICS WORLD January 2000 

Subscribe for 3 years, pay for iust 2 
ELECTRONICS 
WORLD 

Get on board the Easy-PC For Windows revolution!! 
Power-Packed PCB Layout for Windows '95/'98/NT at Computer Store Prices!! 

• True 32 bit Windows appl,cabon 
• SchematiC and PCB Design editors as standard 

From • Design in Imperial, Metric or mixed units (no rounding errors) 

£97 • Drawing area up lo 1m x 1m (39' by 39") 

• Design precis,on down to 10• Micron (0.000001mm) 

• Rotat,on to 1/1 Oth degree 
• lntelhgent Cut, Copy and Paste across designs 

• Multi-level Undo and Redo 
• Integrated component Autoplace 

• Integrated shape based Aulorouler (Optional extra) 

• Intelligent buss1ng in schematics 

• Supports SMT, Through-hole and mixed technology 

• Intelligently supports SMT on both sides of the design 
• Unhm,ted number of PCB design layers 

• Cross probing schemat,cs to PCB design and Projects 

• Forward annotation of design changes from schematics 

• Sack annotation of net name/component name changes 
....,. ___ • Dynamic Pan, Zoom In/Out and Frame Views 

~---a • Dynamic drag and drop to/from component bin 

"-<---- • All design elements per design are unhm1ted 
• Graphical Design Rule Checker 

,.. i-..--- • Integrity and Connecl1v1ty Checker 
,.. ___ _ 
... ----

For more information or a demo disk call Number One Systems 
· on 01684 773662 or Fax 01684 773664 

Email info@numberone.com 
Number One Systems, at Sightmagic Ltd, Oak Lane, 

Breden, Tewkesbury, Glos, GL20 7LR. UK 

Visit our WEB site www.numberone.com Now with optional autorouter!! 
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Please enter my subscription for: 
(tick one of the following) 

J 3 years (36 issues) 

] I year ( 12 issues) 

e 

UK 

0 £72 

0 £36 

Detailed circuit diagrams 

New product news 

Europe 

0 £103 

0 £S I 

Informative design-oriented explanations 

CAE software 

Rest of World 

0 £123 I year FREE' 

0 £61 

a s d.. ve ·ed direct to your d, o ~ each month! 

If you're not completely satisfied with Electronics World within 
the first 60 days we'll refund your money in full - no questions 
asked. 

>lease allow 28 days for delivery of your first issue. 

J Please tick here if you do not wish to receive direct marketing promotions from other 

relevant companies. 

Thrl!I! 
1 enclose a cheque for £ __ made payable to Electronics World. 

,r 
Please·charge my Visa/Mastercard/American Express/Diners 

Club/Switch/Delta (please delete as appropriate) 
Card Number 

IL-.JL~ _LI ~IL-...L...I ~__,_____.__.__,QJL...-.JL-_._____...__, 
(Switch/Oeho only) 

Expiry date [lJ1DD Valid from [IJ1DD 

(Switch/De/to only) 

rm 
Issue no D 

Signed Date 

3 Please invoice me/my-company. Purchase Order No. _____ _ 

Name 

Job Title 

Company 

Address 

Tel.No. Fax No. 

E-mail address 

Company VAT registration number 

Return your completed form-co: 
Electronics World Subscriptions, FREEPOST RCC 2619, 
PO Box 302 HAYWARDS HEATH, UK, RH 16 3BR 
Fax: +44 (0) j 444 445447 E-mail: rbi.subcriptions@rbi.co.uk 

1 • ~~= I 2 3 

Tel: +44 (0) 1444 475662 
----- -

VAT. Offer ends 1 March 2000. 
invaluable but easy to use high 
performance tool. 

0IgItaI signal generator. 
Enhanced SPICE 3F5 compatible algorithms 
Massive range of componenl models including resistor, poten

t iometer, capacitor, charged capacitor, inductor, energy 
storing inductor, coupled inductors, diode, Zener, LED, 
lamp, motor, transformer, lransmission line, bipolar transis
tor (NPN/PNP), MOS transistor (enhancement and deple
tion mode, N and P channel), JFET (N and P channel), 
thyristor, triac, diac, ideal OP.AMP, OPAMP, current source, 
voltage source, current generator, voltage generator, 
controlled sources (CCCS, VCCS, CCVS, VCVS), and a 
full complement of digital components, AD and DA convert
ers, timers, analogue control blocks, seven segment 
display, keypads, nonlinear coils, transformers, relays, 
darlington transistors, optocouplers and voltage regulators 
and much much more .. 

Overseas readers interested in this offer contact Ouickroute for details. 
Quickroute Systems Ltd, Regent House, Heaton Lane, Stockport SK4 1 BS. Tel. 
01614760202, fax 016) 476 0505. www.quickroute.co.uk 

r------------------------, 
Coupon 
Please send me one copy of: 
Tina Pro Classic O 
Tina Pro Industrial• 

Address __________________ _ 

Postcode ___ _ 
Daytime telephone number _____ _ 

I enclose a cheque for£ __ 
My credit card details are: 
Card type (Visa, Master Card, etc) 

Number _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Expiry date _/_ 

i 'Note that if you are ordering by credit card, the address you have 
I given must be that of the card holder. 
I Post this coupon to Ouickroute Systems Ltd, Regent House, Heaton Lane, 
I Stockport SK4 1 BS. Alternatively, fax it to 0161 476 0505. 
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New sub-circuits can contain both SPICE macros or schematics 
Automatic shape creation for subcircuits 
Schematic symbol editor for creating .custom components 
Customisable component toolbar - add your own components 
SPICE macros can be used directly from Tina's schematic editor 
Parameter extractor program to calc1,1late model parameters · 

from catalogue or measuremenl data 
Library manager for extending and maintaining manufacturer 

made component libraries 
New multimeter, oscilloscope and signal analyser components 

can be added directly onto schematics 
Average and RMS values for arbitrary periodic waveforms 
Enhanced Fourier analysis with both peak and RMS calculation 
AC analysis now with RMS calculation 
Conversion of symbolic analysis results into code executable in 

the interpreter 
Specify temperature for individual components 
New fault simulation on digital circuits 
Multimedia tutorials demonstrate key concepts and features 
Supplied on CD-ROM with printed documentation. 
Requires Windows 95, 98 or NT with 8M memory or more. 

ELECTRONICS WORLD January 2000 

The new PicBasic Pro Compiler makes it even easier for you to program the fast and 
powerful Microchip Technology PlCmicro microcontrollers. PicBasic Pro convens 
your BASIC programs into files that can be programmed directly into a PJCmicro. 
The PicBasic Pro Compiler features: BASIC Stamp I and II commands, direct and 
library routine access to pins on PORTA, C, D, E, as well as PORTB, arrays, real 
If, .. THEN .. . ELSE and interrupt processing in BASIC. 
The PicBasic Pro Compiler gives you direct access to all of the PICmicro registers -
1/0 pons, ND conveners, hardware serial pons, etc. - easily and in BASIC. It 
automatically takes care of the page boundaries and RAM banks. It even includes built
in commands to control intelligent LCD modules, 12C Read and Write. Serial comms 
to 19.2K, Smart Card routines are available. 
The PicBasic Pro Compiler instruction set is upward compatible with the BASIC 
Stamp II and Pro uses BS2 syntax. Programs can be compiled and programmed 
directly into a P!Cmicro, eliminating the need for a BASIC Stamp module. These 
programs execute much faster and may be longer than their Stamp equivalents. They 
may also be protected so no one can copy your code. 
The PicBasic Pro Compiler is a DOS command line application (it also works in 
Windows) and runs on PC compatibles. It can create programs for the PIC l 2C67x, 
PICl2CE67x, PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x, PIC16F8xx 
and PIC17Cxxx microcontrollers and works with most PICmicro programmers 
including our EPIC l?lus Pocket PJCmicro Programmer. A printed manual and sample 
programs are included to get you started. 
The PicBasic Pro Compiler can also be used inside Microchip's MPLAB IDE. This 
allows programs to be edited and simulated within Windows. 

PIC BASIC (Basic Stamp I compatible) - £49.95 
P/C BASIC + EPIC programmer Inclusive of ut/1/ties suite £84.95 

PIC BASIC PRO (Basic Stamp II compatlble)-£149.95 
PIC BASIC PRO+ EPIC programmer inclusive of utilities £184.95 

Upgrade PIC BASIC to PIC BASIC PRO £99.95 
EPIC PIC PROGRAMMER £49.95 

C ownhill Associates Ltd 
tA'i~ 

.. •!1~ ., 
'.OR.DER via ON-LINE CATALOGUE 

CIRCLE NO. I 1 'i ON Rf PLY CARD 
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•Oscilloscope (DSOJ 
I00kHz bandwidth Slorage scope 
with gr.,.phic LCD display 

•True RMS Multimeter 
Multiple 4000 count display + bargr.,.ph 

•Multi-Function 
AC/DC Voltage/Current, Resistance, 
Capacitance, Frequency, dB, Oury cycle, 
Pulse width, Period, TTL signal generaror; 
Adaprors for RPM, Temperature, %RH, PSI. 

•RS-232 PC Interface 
Windows"'' software (optional) 
to collect and analy,.c dara. 

•Data memory 
Slorc up to 15 waveforms for 
lacer rtta.11/comparison 

•Multl-Featvred 
Min/Max/Average, Glitch caprure, 
pre/poSI Trigger, Data Hold 

• Help Screens 
Guide you rhrough measurement setups 

•Approvals 
UL, CE, IECI0I0-1 IOOOV CAT II 

-OMM 0loplay 

PC Capture of 
Graphic Display 

PC Data Acquisition 

Accesaortes 

Please Contact: Technical & General Ltd., Parkway House, Suite 101, 
Sheen Lane, London, SW14 8LS. Tel: 0208 392 6980. Fax: 392 6999 
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Get on board the Easy-PC For Windows revolution!! 
' ower-Packed PCB Layout for Windows '95/'98/NT at Computer Store Prices!! 

,. 
.., ... 
)M .. 

From 
£97 

~1ta ... ... ... ... ... 

• True 32 bit Windows apph<;abon 
• Schematic and PCB Design editors as standard 
• Design m Imperial, Metnc or mixed units (no rounding errors) 
• Drawong area up to 1m x 1m (39" by 39') 
• Design precision down to 10" Micron (0 000001mm) 
• Rotation to 1110th degree 
• Intelligent Cut, Copy and Paste across des,gns 
• Mulb-level Undo and Redo 
• Integrated component Autoplace 
• Integrated shape based Autorouter (Optional extra) 
• lntelllgent buss1ng in schemabcs 
• Supports SMT. Through-hole and moxed technology 
• lntelllgently supports SMT on both sodas of the design 
• UnUm,ted number or PCB des,gn layers 
• Cross probing schematics to PCB design and Projects 
• Forward annotation of design changes from schematics 
• Back annotation of net name/component name changes 
• Dynamic Pan, Zoom In/Out and Frame v,ews =---• • Dynamic drag and drop to/from component bin 

,... ___ ,. • All des,gn elements per design are unlimited 
..,..,__ ___ • Graphical Des,gn Rule Checker 

..,..,__ ___ • lnlegrity and Connechv1ty Checker 

a----• • Professional manufacturing outputs 

For more information or a demo disk call Number One Systems 
· on 01684 773662 or Fax 01684 773664 

Email info@nt:1mberone.com 
Number One Systems, at Sightmagic Ltd, Oak Lane, 

Bredon, Tewkesbury, Glos, GL20 7LR. UK 

Visit our WEB site www.numberone.com Now with optional autorouter!! 
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I 

A temperature sensing IC 
with digitiser, RTC, 

memory and serial i/o 
makes the hardware 

needed for a stand-alone 
temperature logger 
exceedingly simple. 
Pei An's low-power 

design covers -40 to 
85°C, feeding the dat~ 

into a PC at the end of a 
session so for ana.lysing 

and storage via a 
spreadsheet for 

example. 

One IC stand-alone 
temperature logger 

' . 

Fig. 1. Temperature logging is made simple - and small - using 
a sensor with integral digitising, control and serial i/o. 
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This stand-alone temperature log
ger incorporates a Dallas DS1615 
temperature recorder IC. It c9n

nects to a PC via its RS232 port for ini
tialising and data downloading. After 
initialisation, the logger is disconnect
ed and placed in the environment 
where temperature needs recording, 

i ready to make measurements. 
If measurements do not need to start 

right away, the logger can be pro
grammed to sleep for a while before it 
starts to log temperature. Scanning 
interval can be varied from l minute to 
255 minutes, Up to 2048 temperature 
records can be stored in the on-board 
memory. 

Temperature to be measured is in the 
range -40 to 85°C with an error of 
±2°C. In my version, power is supplied 
by a 3V lithium button cell, which 

should last for three years or so. My 
implementation is shown in F_ig. 1. 

The hardware side 
Figure 2 shows the circuit diagram, 
which includes the DS 1615, two tran
sistors and a number of passive com
ponents. Functionally, the circuit 
divides into two sections, namely the 
data acquisition/storage section and the 
RS232 transceiver section. 

The data acquisition/storage section 
is based on the DS1615. This is an 
intelligent IC, capable of receiving var
ious control commands from its built-in 
universal asynchronous receiver and 
transmitter, or UART, port. Once the 
DS1615 is initialised properly, it 
becomes a stand-alone temperature 
logger. 

The asynchronous port on the 
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DS1615 is a standard UART i/o port. 
Buffering is needed to make the 
UART's inputs and outputs compatible 
with the PC's COM port input and 
output lines. While the unit is connect
ed to the RS232 port during initialisa
tion and data downloading, the PC pro
vides a +SV supply rail to the 
temperature logger circuit. 

Pressing the switch starts temperature 
logging. Diode D4 flashes four times 

once a logging mission is started. An 
optional low-current piezo-electric 
sounder can also gives four beeps to 
signify the start of a logging session. 

In my unit, the on-board battery is a 
CR1616 3V lithium button cell with a 
capacity of typically 50mAh. 

Overview of the DS 1615 
Dallas's DS1615 is a highly-integrated 
single-chip temperature recorder, Fig. 

3a). It comprises a temperature sensor, 
an analogue-to-digital converter, a real
time clock, a non-volatile memory and 
a serial interface, Fig. 3b). 

Temperatures from -40 to 85°C in 
0 .5°C increments are read by the 
device with a measurement accuracy of 
±2°C. The real time.clock/calendar is 
in BCD format and counts seconds, 
minutes, hours, date, month, day of the 
week and year with leap year compen-

n 32.768 kHz - ---u - +5V 

2 
x, 

~--------------..:... Vbat 

Battery ___ +_ 

CR16163VI 
Lithium cell 
with holder 

Rg 
---

5
---i-lNSPEC 

04 
Low 
current 
LED 

----'
6
~-0UTSPEC 

t-----+----l----..c...i
9 - ST 

3 

TX 13 

Tr2 
BC337 

~ Switch 

GND COMSEL 

1 
Fig. 2. Hardware is simple, consisting of a 
D51615 temperature recorder, two transistors 
and a few passive components. The design can 
be constructed on a single-sided board. 

Fig. 3. The D51615 is a 16-pin device as shown in a). Its 
internal block diagram is shown in b). 

- V bat V cc 

X1 COMSEL -
X2 RX -
NC TX -0S1615 - SCLK -

- -OUTSPEC 1/0 -- - INT -AST -
GND -ST -

8 15 

IC1 0S1615 
+5V 

Xl 

• 
X2 

C1 

22µFI 

OSCILLATOR 
ANO 

0IVIOER 

si 
INSPEC 

OUTSPEC 

00 

SCLK 
RST 

110 

COMSEL 
Tx 
Rx 

02 

+5V 

Tr1 
BC557 

0 1 1N4148 

5.1V zener 

SERIAL 
INTERFACE 

INTERNAL RTC 
ANO CONTROL 

REGISTERS 

CONTROL 
LOGIC 

9-pin D-type 
female 

connector 

GND 

TD 
(pin 3) 

RT$ 
(pin 7) 

RD 
(pin 2) 

DTR 
(pin 4) 

GND 
(pin 5) 

MEMOAY 
FUNCTION 
CONTROL 

RTC ANO CONTROL 
REGISTERS 

USER NV RAM 

OPTIONAL 
SERIAL NUM8ER 

Al.ARM TIME STAMP 
ANO DURATION 

LOGGING MEMORY 

HISTOGRAM MEMORY 1-----t~ 

(a) Pin-out 
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TEMPERATURE 
SENSOR 

TEMPERATURE 
LOGGING MEMORY 

(b) Internal block diagram 
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TO=! 
RTC AND CONTROl REGISTERS 

0020H 

T0003FH 
(RESERVED) 

To::1 
USER NV RAM 

0060H 

T00217H 
(RESERVED FOR F\JTURE EXTENSIONS) 

0218H 

T0021FH 
SERIAL NUMBER (OPTIONAL) 

00220H 
ALARM TIME STAMPS ANO DURATIONS 

T0027FH 

0280H 

T007FFH 
(RESERVED FOR FUTURE EXTENSIONS) 

TO=I 
TEMPERATURE HISTOGRAM (63 BINS OF 2 BYTES EACH) 

0880H 
(RESERVED FOR FUTURE EXTENSIONS) 

TOOFFFH 

TO~=I 
TEMPERATURE CATALOG MEMORY (64 PAGES) 

1800H 
(RESERVED FOR FUTURE EXTENSIONS) 

AND HIGHER 

ADDR. err 1 err 6 BITS Brr4 err 3 I err 2 I err 1 I err o 
00 0 10.Seconds Slngle Seconds 

01 0 10 Minutes Single Mlnules 

02 0 12124 10h 10h Single Hours 
NP 

03 0 0 0 0 0 I Day Of Week 

04 0 0 10 Date Single Date 

05 0 0 0 10m. Single Months 

06 10 Years Single Years 

07 M6 1 o Seconds Alarm Single Seconds Alarm 

08 MM 1 O Minutes Alarm Single Minutes Alarm 

09 MH 12124 10 ha. 10h. Single Hours Alarm 
NP aim. 

OA MD 0 0 0 0 I Day 01 Week Alarm 

OB Low Temperature Threshold 

oc High Temperature Threshold 

OD Number Of Minutes Between Temperature Conv8'Sions 

OE EOSC CLR 0 SE RO I TLIE I THIE I AIE 

OF (reads OOh) 

10 (reads OOh) 

11 Current Temperature 

12 Start Delay Register (LSB) 

13 Start Delay Reg lster (MSB) 

14 m MEMCLR MIP SIP LOBAT I TLF I THF I ALMF 

15 Minutes 

16 Hours 

17 Date 

16 Month 

19 Year 

1A Low Byte 

18 Medium Byte 

1C H;gh Byte 

10 Low Byte 

1E Medium Byte 

1F High Byle 

20-3F (Read OOH) 
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PAGEO 

PAGE 1 

PAGE2 

PAGE3 
TO PAGE 16 

(EXCLUDING LAST 
8 BYTES OF 

PAGE 16) 

PAGE 16 
(LAST 8 BYTES) 

PAGE 17 
TO PAGE 19 

PAGES20-63 

PAGE64 
TO PAGE~ 

PAGES 68 -127 

PAGE 128 
TO PAGE 191 

PAGE 192AND 
HIGHER 

FUNCTION 

Real 
llme 
Clock 

Reglslers 

Real 
Time 
Clock 
Alarm 

Temperature 
Alarm 

Sample Rate 

Control 

Reserved 

Reserved 

Temperature 

Start Delay 

SlartDetay 

Status 

Start 
nme 

Stamp 

Current 
Samples 
Counter 

Total 
Samples 
Counter 

Reserved 

sation. It is also year 2000 compatible. 
The device can be programmed to 

start a temperature logging session via 
a push button, or under control of a 
host PC through the serial interface. 
After a session is started, the DS1615 
can be made to wait for a pre-pro
grammable delay ranging from O min
utes to 45.5 days before taking its first 
temperature measurement. 

After the first temperature measure
ment, the IC becomes idle. After a pre
set interval, it wakes up and measures 
temperature again. Up to 2048 temper
ature records can be stored in the on
board non-volatile memory. The device 
also produces a temperature histogram 
in 63 bins with 2.0°C resolution. 

Control functions can also be ca.tried 
out directly by the chip. It has pro
grammable high and low-temperature 
trip points. If the measured temperature 
is outside the pre-set temperature 
range, the device can be made to flag 
an interrupt. 

Communications with the host can 
carried out via a three-wire syn
chronous serial interface or via an 
asynchronous serial interface compati
ble with a standard UART. A 16-bit 
cyclic-redundancy check generator 
(CRC) is also provided to safeguard 
data read from the DS 16 I 5 in the 
UART communication mode. 

Details of the DS1615 can be found 
in the manufacturer's data sheets men
tioned later. 

The 1615 in detail 
Pin name and functions of the 1615 are 
described in Table 1. 

Figure 4a) shows the internal mem
ory organisation of the DS1615. Each 
location is eight bits wide. The com
plete memory locations are from 
000016 to 17FF15 - in total 6144 mem
ory cells. These are segmented into 192 
pages and each page has 32 memory 
cells. 

Memory locations - also called reg
isters - in page O are shown in Figure 
4b). Page O contains a real-time clock, 
control registers, a status register and 
other registers containing operation 
parameters. 

Useful registers are the sample-rate 
register that determines the sampling 
rate; start-delay registers that determine 
a time delay in minutes before the first 
temperature reading is taken after a 
logging mission is started. Cwrent tern-

Fig. 4. The 1615 has 192 pages of 
internal memory. Each page ~onsists 
of 32 memory cells. Figure 4a) shows 
the structure of the memory, while b) 
shows functions of memory cells in 
the first memory page - i.e. page 0. 
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perature is stored in temperature regis
ter at address 1116• 

Page 2 is a user's non-volatile mem
ory area where the user can write an 
identification string up to 32 characters 
long into the logger. 

Temperature histogram bins start at 
page 64 and end at page 67 - in total 
four pages. Temperature records start 
from page 128 and use 64 pages. 

Users can only write to some memo
ry cells in page O and all memory cells 
in page 1. All other memory cells are 
read-only. The DSl615 provides a 
write-a-byte command and a read-a
page command. The former writes a 
single byte into a specific memory 
location. The latter allows a user to 
read a complete page, 32 bytes in one 
go. 

Locations for temperature records. 
Memory at 0011 !6 stores the most
recently measured temperature. 
Locations in pages 128 to 19 I store 
temperature records. The value in each 
8-bit memory cell is converted into 
temperature using, 

Temperature=(0.5xbyte value in a 
memory cell-40tC 

Clock and calendar. Time and calen
dar information is accessed by read
ing/writing the appropriate RTC regis
ters in page 0. The data is in 
binary-coded-decimal form. It is pos
sible to set the clock for either 12-hour 
or 24-hour mode. 

The DS1615 contains a time-of-day 
alarm whose registers are at 0007-
000Ai6- Bit 7 of each alarm register is 
a mask bit. When all mask bits are 
logic 0, an alarm occurs once per week 
when the values stored in time-keeping 
registers 000016 to 000316 match the 
values stored in the alarm registers. 

Control and status. Location OOOE16 
holds the control register, whose bit 
functions are given in Fig. Sa). It is 
used to set up the operating modes. Bit 
functions of the status register at 
001416 are given in Fig. Sb). 

Serial interface. The DS 1615 provides 
two types of serial interface: asyn
chronous and synchronous. 

The asynchronous interface involves 
two data lines, TX and RX, and has a 
standard UART data format. Its bit rate 
is 9600 and it communicates via eight
bit word lengths terminated with one 
stop bit. Parity checking is not used. 

The synchronous serial interface is a 
three-wire bus consisting of - RST, 
SCLK and I/O (data input/output). 
Since this design involves communi-

. eating with a PC's asynchronous COM 
port, the synchronous interface is 
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Msb 

1-EOSC 1 

-EOSC -

CLR 

SE 

RO 

TUE 

THIE 

AIM 

Msb 

TR 

MEMCLR 

MIP 

SIP 

LOBAT 

TLF 

THF 

ALMF 

TR 

CLR 0 SE RO TUE THIE AIM 

1: disable oscillator 0: enable oscillator 

1: enable memory clear 0: disable memory clear 

1: a non-zero value in Sample Register. -ST pin held low 0.5 s to start logging 
0: write a non-zero value to Sample Register to start logging 

1: over write data from beginning if temperature memory is full 
0: Stop logging data after the temperature memory is full 

1: enable temperature low interrupt at -INT pin 0: Disable temperature low interrupt 

1: enable temperature high interrupt at -INT pin 0: Disable temperature high interrupt 

1: enable alarm interrupt at -INT pin 0: Disable alarm interrupt 

(a) Bit functions of the control register 

MEM 
CLR MIP SIP I LOBAT I TLF THF I ALMF I 

1: current temperature is ready in the Current Temp Register. O: not ready 

1: memories are cleared. 0: memory not cleared. 

1: logging mission is in progress. 0: logging mission is not in progress 

1: temperature sampling is in progress. 0: sampling is not in progress 

1: low battery voltage. 0: good battery power 

Temperature low flag 

Temperature high flag 

Alarm flag 

(b) Bit functions of the status register 

1 2 3 4 5 

iollol 
6 7 8 9 

Fig. 5. Bit 
functions of the 
control and status 
registers in 
memory page O. 

(a) 9-pin male socket viewed from the back of the computer 

Fig. 6. Pin-out 
and functions of 
the RS232 port 
ona PC. 

IO -0 I 
14 15 16 17 18 19 20 21 22 23 24 25 

(b) 25-pin male socket viewed from the back of the computer 

Pin functions of the RS232 connectors 
25 pin 9 pin Name Direction Description 

(for PCs) 

1 -Prot Protective ground 
2 3 TD OUTPUT Transmit data 
3 2 RD INPUT Receive data 
4 7 RTS OUTPUT Requesl to send 
5 8 CTS INPUT Clear to send 
6 6 DSR INPUT Data sel ready 
7 5 GND Signal ground (common) 
8 1 DCD INPUT Data carrier detedt 
20 4 DTR OUTPUT Data terminal ready 
22 9 RI INPUT Ring indicator 
23 DSRD 1/0 Data signal rate detector 
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redundant. If you wanted the 1615 to 
talk to a microcontroller though, the 
synchronous interface may well be 
more appropriate. 

Command sets. The DSJ615 con
troller recognises five commands that 
are written into the chip via its serial 
interfaces, Table 2. To write a byte 
into the device, the host PC first sends 
2216 to the controller via the RS.232 
port. An address byte is sent next. 
Finally, the host PC sends a data byte. 

To read a page, the host PC sends 
3316 to the controller. Then most and 
least-significant addresses of the start 
of a page are sent. After the DS1615 
receives these two address bytes, it 
sends back 32 data bytes from the 
selected page plus cycli c redundancy 
check bytes. Bytes are sent continu
ously, i.e. without handshaking. 

To read current temperature, the host 

Table 1. Pin functions of the D51615 temperature recorder. 

Pin 
1 

2 

3 
4 
5 

6 
7 

8 
9 

10 

11 

12 
13 

14 

15 

16 

30 

Mnemonic Description 

Vbat Battery input for a 3V lithium cell. 
When V00>Vbat, the chip is powered 
by Vee· When Vba1>Vcc, it is powered 
by Vbat Note that the serial interface 
is always powered by Vee. 

X1 Connection to a 32.768kHz crystal 
with 6pF internal load capacitance. 

X2 
NC Not used 
- INSPEC Together with Pin 6, signals status of 

the operation of DS1615. 
-OUTSPEC See pin 5. 
-INT 

GND 
-ST 

-RST 

1/0 

SCLK 
TX 

RX 

COMSEL 

Open-drain output, active low, stays 
while a status bit in the status 
register signals an interrupt and the 
corresponding interrupt-enable bit in 
the control register is set. 
Ground 
Start/status button input. When 
enabled as the data-logging start 
control, this pin tells the DS1615 to 
begin recording temperature at a 
regular and pre-set interval. It must 
be held low for 0.5s. It is also used to 
poll the status of logged data on pins 
5 and 6. 
Reset line of 3-wire synchronous 
interface. 
Data inpuVoutput line in the 3-wire 
synchronous interface. 
Clock line in the 3-wire interface. 
Transmit line in the asynchronous 
interface. 
Receive line in the asynchronous 
interface. 
Select Communication Mode. When 
high, 3-wire interface is selected. 
When low, asynchronous interface is 
selected. 
+5V power supply. 

PC sends 5516 first. If the logger is not 
in data logging mode, i.e. MIP==O, tem
perature is measured and the value is 
stored in the temperature register in 
page 0. 

To clear on-board memory, the host 
first sends 6416 to the control register, 
sending the CLR bit high. Then the 
host sends the ' clear' command, A516, 
to the controller. After the memory i s 
cleared, the MEM CLR bit in the status 
register goes hi gh. Only after the clear 
command is completed can the sample
rate register be written with a non-zero 
value to start another logging mission. 

Since a temperature measurement 
takes time, it is advisable to poll the 
temperature-ready bit, TR, of the status 
register. This bit being logic high indi
cates that a temperature measurement 
is completed and the value is written 
into the temperature register. I f the 
controller is in the data Jogging mode 
though, i.e. MIP=l, the command is 
simply ignored. 

RS232 transceiver unit 
Pin designations of the PC's RS232 
port are given in Fig. 6. In this design, 
some of the port' s lines are used 

E 
E 
0 
I'-

SWITCH 

I-

BATTERY • • D2 D1 

0 : Q1 D OC.-------'-12 J1 
R3•-0 

IC1 =:......- -1 [fr~ 

0 
R7rn TX 

R9 

R8 

70mm 

R4G-:-
D3 Cl 

C3 

ODDO 
A6 T2 R5 

-I 
Fig. 7. The single-chip temperature logger can be constructed on a single-sided 
board and hopsed in a vented box. This figure shows the component layout of the 
PCB. 

Table 2. The D51615 recognises five commands, written into the chip via one 
of its two serial interface. 

Command 
2215 

A515 

Function 
Write bY1e 

Read page 

Specification test 
Read temperature 

Clear memory 

Description 
Write a single byte into a memory cell in 
pages O and 2 
Read 32 memory cells in a page in one 
go 
Poll temperature extremes 
Measure temperature immediately and 
store it in the current-temperature 
register in page 0. Mission-in-progress bit 
MIP in the status register should be logic 
low. 
Clears temperature record, histogram, 
temperature alarm, current samples, start 
time stamp, start delay and sample rate 
registers. Clear-enable bit CLR in the 
control register should be logic high. 
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List 1. Main program for the temperature logger in Visual Basic 5. 

Ftmction Read_page (AddreSS_MSB AS Byte, Address_LSB As Byte) 
Dim outbyte(lO) As Byte 
outbyte(O) = 51 •read page com.-nand 
MSComml . Output = outbyte 
outbyte (0) = Address_MSB 

MSComml . Output = outbyte 
outbyte (O) = Address_LSB 
MSComml . Output = outbyte 
End Function 
Function Load.,_Data (address As By t e , Data As Byte) 

Dim outbyte (l O) As Byte 
outbyte(O) • 34 •write a single byte into memory command 
MSComml . output .. outbyte 
outbyte(O) ; address 
MSComrol . output • outbyte 
outbyte l Ol • Data 
MSCornml . output s outbyte 
End Function 
FUnction Clear () 
Dim outb yte ( 10) As Byte 
outbyte ( O) = 165 ' clear memory of logger 
MSComml , Output = outbyte 

End Function 
Function BCD (ByVal BIN As Integer) As Integer 

BCD = (BIN' \ 10) ,. 16 + 
0

BIN Mod 10 ·convert a binary byte into 
BCD 

End FUnction 
Function BIN ( ByVal BCD As I nteger) As Integer 

BIN ; ( (BCD And 240) / 16) • 10 + (BCD And 15) ·convert a BCD 
data into a binary byte 

End Function 
Private Sub commandl_Click{) 

•erase memory , set Real Time Clock, set the start method as push 
button start 

Sleep (1000) 
Scan_ioterval = Val (Textl . Text) 
dummy = LoadJ)ata (14 , 6-<I) • set CLR bit in the Centro Register 
dummy = Clear • clear memory command 
Sl eep {10) ' delay a short while 
dummy = Load_Data(14, 16) 'SE bit.:.l, press Start button to start 

logging mission 
dummy = LoadJ)ata{O, BCD(Second(Time))) 'Real Time Clock, 6 bytes 
dummy • Load_Data(l, BCD(Minute(Time))) 
dummy .:. Load_Data(2, BCD(Hour(Time))) 
dummy ; LoadJ)ata (3, BCD(WeekDay(Date))) 
dum.'!1y ; LoadJ)ata (4 , BCD(Day(Date))) 
dummy ; Load_Data(5. BCD(Month(Dat e) l) 
dummy • Load_Data(6 , BCD(Year(Date) • 1900)) 
dummy= Load_Data(7 , 0 ) 'Real time clock alarm, second 
dummy = Load_Oata (8, 0 ) •Real time clock alarm, minute 
dummy = Load_Data(9, 0 ) 'Real time clock alarm, hour 
dummy = Load_Data(lO, 0) ' Real time clock alarm, day of week 
dummy = Load_Data (11, 0) · low temperature limit 
dummy = Load_Data(12 , O) •upper temperature limit 
dummy: Load_Oata(18 , O) 'Del ay nwnber MSB=O , no delay 
dummy = Load_Data(l9, O) 'Delay number LSB-0 , no delay 
dummy: Load_Data(13, Scan_ interval) 'load scan interval in 

DS1615 
DoEvents 
Label2 . Caption = • Initialisation completed. Logger can be 

disconnected for PC. Press Start Button to begin 
temperature logging .. 

End Su b 
Private Sub command2_Click() 
Dim Scan_number As Single 
Dim i As Integer, j As Integer, l As Integer 

Command2 . Enabled = False 
Commandl. Enabled = False 
MSComml. InBufferCount = 0 
'read 1st page 
dummy = Read_page ( 0, O) • r ead page 
Sleep (SO) 
DoEvents 
Logger_second • BIN I Data ( 1 l I 
Logger_minute: BIN(Data (2) ) 
Logger _ hour • BIN (Data ( 3 l I 
Logger_date • BIN(Data(5) I 
Logger_ month • BIN(Data 161 l 
Logger_year : BIN ( Data { 7) ) 

Scan_interval = Data (14) 

St art_minute = 8IN(Data(21 + 1) l 
Start_hour :i BIN(Data(22 + 1)) 
Start_date = BIN(Data (23 + l)) 
S t art.Jllonth • BIN(Data(24 + 1) I 
St art_year "' BIN (Data (25 + 1)) 
Scan__nurnber • Data(29) • 2561 • 256# + Data(28 ) • 256# + Data(27) 
I f Scan_number = 2048 Then Sca.n_number = 2048 
DoEvents 
Label2 .Caption = "Logging mission starts from : "' + 

Str(Start_hour) + " :" + Str(Start,Jtli nute) + " + 
Str(Start_year) + .. _ .. + Str(Start_month) + .. _ . + 

Str(Start_date) + Chr$(13) + "'Number of temper ature 
records stored in memory : .. + Str ( Scan_nwnber) 

•read histogram data 
For i = 1 To 4 
dummy ; Read_page(B , 32 • Ii • 1) l 
Sleep ( 50) 
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OOEVents 
For j 1 To 16 
hist(16 Ii - l) + j) 256 t • Data(2 • j ) + Data(2 • - 1 ) 

Nex t j 
Next i 
• read temperature records 
For i s 1 To B 
Forj•1To8 
dwnrny • Read_page(l5 + i. 32 • (j - lll 
Sleep (50) 
OoEvents 
For l • l To 32 
Tempi (i - l ) • 256 + (i - 1) ' 32 + 1) 

Next 1 
OoEvents 
Labell . Caption = Str( (i - l) • 8 • j) 
Next j 
Next i 
• save data onto hard disk 

0 . 5 • Data(ll • 4 0 

If Text2 . Text = """Then Text2.Tex t ?:Z "c: \ Temp• & Day (oate} & 

& Month (Date} 
filename • 'T'ext2.Text & ".OAT" ' Text2. tex t is the filename 
Open filename For Output As 1 
Print il, • oata is downloaded at (PC time) " ; Tirne; " Date 
Pr int #1 , ""Logger l ocal time 

Logger_second; " : .. ; Logger_minute; . , Logger_hour; 
"; Logger_date; .. _ .. ; Logger_month; Logger_year 

Print 11, "Scan Interval: " 
Print #1, Scan_interval 
Print 11, "Logging start time stamp (minute hour day month year) " 
Print 11, Start_minute; Start_hour; Start_date; Start_month; 

Start_year 
Print #1 , "Total number of temperature records (2048 maximum) .. 
Print Jtl , Scan_number 
' save temperature log data 
Print #1 , "'Temperature records (Log number1 temperature in °C) " 
For i .:. 1 To Scan_number 
Print #1 , i; Temp(i) 
Nex t i 
• save histogram data 
Print ltl, "'Histogram data {temperature bin, number of temperature 

scans in the bin)· 
For i = l To 64 
Print U, -401 + Ii - l) * 2#; hist Ii) 

Next i 
Close fl 
' Label2 . caption .:. "'Data download a nd saved into a file .. 
Command2. Enabled • True 
Comrnandl. Enabled a True 

End Sub 
Private Sub Command3_Click () 
End 
End Sub 
Private Sub command6_Clic k () 
Dim outbyte ( 10) As Byte 
outbyte(O) = 85 • 55h is to read current temp 
MSCom.ml . Output = outbyte 
Sleep 11000) 
dummy • Read_page ( 0, 01 
Label3 .Caption = Format(0 . 5 * Data(18) - 4.01 , "00 . 0 " ) & "<ic• 
End Sub 
Private Sub Form_LOad() 
Cofl\_number = 0 
Do 
CoITLnumber : (InputBoxS ( "Input 1, 2, 3 or 4 co sel ect" & Chr{l3) & 

•COMl , COM2,COM3 or COM4 .. , '"Select a COM port•)) 
If com_number = "' .. Then End 
com_number : Val {Co m_number) 
Loop until Com_number <> 0 
MSCOitL"Til . comm:Port : Com_number • Assign a COM port 
MSCorrcnl. InBufferSize = 3 5 
MSComml. DTREnable = True ' ORT goes high 
MSCoimll .OUtBuffersize = 1 'output buffer s i ze "' l 
MSCormnl . InputMode .:. comi nputModeBi nary ' data format: binary form 
MSComml . RThreshold : 3 2 
MSComml. InputLen ::1 1 • read one by.te a time 
MSContnl . Port.Open = True ' open the port 
End Sub 
Private Sub MSConunl_OnComm() 
• if 32 byte received, read data from the buffer 
I f MSComml . CommEvent ::: comEvRecei ve Then 
For i = 1 To 32 

oata(i) = AscB(MSComml.Input) •read data from i nput buffer and 
ass ign to DATA array 

Next i 
MSComml . InBufferCount "' 0 
End If 
End Sub 

Program list in Module1.bas 
Global CorfL.Ilumber As variant , Scan_interval As Byte 
Global Data (32) As Integer 
Global Temp(2048) As Single 
Global hist ( 64) As Single 
Global Start_minute, Start_hour, Start_day , St.a rt,Jnonth, St a.rt_year 

As Integer 
Global sel As Byte 
Declare Sub Sleep Lib "kernel 32• (ByVal dwMilliseConds As Long) 
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I INSTRUMENTATION 

unconventionally. Transmit data line 
TD sends data from the PC to the log
ger. It is clamped by a zener diode, 
D3, inverted by Tr2 and then fed into 
the receive-data pin, RX, of the con
troller. 

.., Smgle Clup I empet.iture Reco1de1 - l!!I~ £j 

,~-
$canning lrterval 
(1-255 miues) 

~ 
lritiaksation 

Download and Save 
Fie Name: path+name 
(No extenSIOll) r 

Current Temp-

J 25.S'C 

6i!ITt!IIJ¥' I 
tL--=O=ownload=~I I II Qill __ J) 

Label2 

Fig. 8. Screen dump of the Visual Basic 5 demonstration 
software. · 
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Temperature bins (-40 to BIS deg C) 

Fig. 9. Plots of temperature record data and histogram from a 
typical test. Both diagrams are produced using Excel. 

Technical Support 

A complete designer's kit is ava ilable from the 
author. It includes the above-mentioned VBS 
software source code and EXE files . Make your 
enquiry to Dr.Pei An, 11 Sandpiper Drive, Stockport, 
SK3 8UL, UK. Tel/Fax: 44(0)1614779583. E-mail: 
Pan@intec-group.co.uk. 

Data Sheets a nd appl ication notes for the DS1615 
are available from the Dallas web site: 
http://www.dallas.com. 

Silver Birch Marketing Limited is one of the Dallas 
semiconductor's distributors in the UK, telephone 
01480812806. 
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Data from the logger is read by the 
receive data line of the COM port, 
namely RD. The TX pin of the con
troller is fed into a voltage translator 
circuit based on Tr, and the output 
from that circuit is fed into the RD 
line of the RS232 port. 

The DTR line of the RS232 port 
supplies power to the logger. From 
Fig. 2 you can see that voltage at 
DTR is regulated to +SY by D2 to 
generate a power supply for the 
DS1615. The RTS line of the port 
supplies - 9V supply to the RS232 
voltage translator. 

The circuit can be constructed on a 
single-sided board as in Fig. 7. The 
circuit board can be housed in a vent
ed ABS box, Fig. I. The overall size 
of my implementation of the logger is 
70mm by 70mm by 28mm. 

Software control 
Visual Basic 5 software demonstrat
ing how the controller can read is 
shown in List 1 . From Fig. 8, you can 
see that there are four control buttons 
on the screen: 'Initialisation" to ini
tialise the logger, 'Download' to 
download data from the logger, 'Get 
temp' to read current temperature 
when the logger is not in a tempera
ture logging mission, and 'Quit' . 

A scanning interval from 1 to 255 
minutes is keyed into the text box 
above the ' Initialisation' button. 
Before data downloading, a file name 
should be specified in the text box 
above the 'Download' button. 

Visual Basic 5 provides a Microsoft 
COMM 5.0 control routine called 
'MSComm', which is used to control 
a PC's COM port. The serial port 
should be configured for 9600 baud 
with 8-bit word length and one stop 
bit. AJI these parameters can be set in 
the 'Properties' section of the 
MScomm control routine. Other 
parameters are set within the program 
(see 'From_load' procedure in the 
program). 

Initialising the logger 
Initialising the logger is quite simple. 
It consists of the following stages. 

• Enable memory clear - write 6410 
into the control register to set the 
CLR bit. 

• Issue a 'Clear' command. 
• Select start method - start with 

push button or via the host PC. 
This is selected by setting the SE 
bit of the control register. In the 
present program, the push-button 
start is selected. 

• Initialise real: time clock. 
• Write various operation parame

ters into the data logger such as 

temperature limits, start delay, etc. 
• Write a non-zero value lo the 

sample-rate register. 

If the logger is programmed to start 
using the start button, a logging mis
sion will start as soon as the start but
ton is pressed for more than 0.5 sec
ond. If the logger is programmed to 
start under the control of the host PC, 
after the sample rate is written into 
the register, a logging mission starts 
straight away. In both cases, once a 
logging mission is started, the on
board LED flashes four times. 

An example of how the VB5 pro
gram initialises the logger is given in 
the subroutine 'Commandl_Click() ' . 
The logger is programmed to start 
logging once the start button is 
pressed. The start delay is set as 0. 
The first temperature measurement 
begins when the second register in the 
RTC rolls from 59 to 00. The delay 
between two scans can be selectable 
from I to 255 minutes. 

Reading a page from the logger 
consists of the following stages. 

• Issue a 'read-page' command. 
• Send MSB address of the start of 

the page. · 
• Sending LSB address of the start 

of the page. 
• Receive 32 data samples, plus 

CRC bits if appropriate, via the 
RS232 port. 

• Read 32 data bytes, plus CRC 
bytes if appropriate, from the 
RS232 buffers into program vari
ables. 

The subroutine 'Command2_Click()' 
illustrates how to read temperature 
records and histogram data from the 
logger. Reading data from the logger 
does not disturb the current tempera
ture logging mission. 

Temperature log data 
After downloading data from the log
ger, the program saves the data into a 
file. The format of the file is DOS 
text format. Data can be imported into 
Microsoft Excel and other spread
sheet programs. 

Figure 9 shows typical results of a 
temperature logging session. Figure 
9a) shows the temperature history as 
a function of time while Fig. 9b) 
shows the temperature histogram. 
Both were generated by the Excel 
spreadsheet. 

Finally, my thanks to Ian Mcateer 
from Silver Birch Marketing Limited, 
who supplied samples and technical 
support for this project. • 
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Stereo from all 
angles IV 
John W atkinson'$. previous article looked at how 
loudspeakers ·create the illusion of stereo. Now john 
shows how the requirements of that illusion define the role 
of the stereo microphone. 
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T he creation of a convincing 
virtual sound source at some 
point between a pair of 

stereo loudspeakers is possible when 
the loudspeakers reproduce a pair of 
waveforms with sufficient accuracy 
in the frequency, time and spatial 
domains. 

Prior to the shading compensator 
described in my last article, which 
must be considered as part of the 
loudspeaker sy"stem, must be pair of 
signals for each sound source there 
that are identical, except for a dif
ference in amplitude which is a func
tion of the direction. 

A limitless number of these signals 
can be linearly added to produce the 
pair of waveforms fed to the speak
ers. Some of these signals will be 
directly from sound sources, others 
wilJ be due to reflections, reverbera
tion or ambience. 

It follows from the above that the 
job of a stereo microphone is to pro
duce, for each sound source, a pair 
of audio signals that have no phase 
or time differences but whose rela
tive levels are a function of the 
direction of that source. 

Again an arbitrary number of 
sources must be simultaneously han
dled by linear superimposition. My 
next article will discuss the addi
tional constraints on distortion per
formance that linear superimposition 
in stereo causes. · 

Crossed-pair microphones 
A widely used stereophonic tech
nique involves the use of directional 
microphones that ·are coincidentally 
mounted to avoid timing errors 
between the signals but with their 
polar diagrams pointing in different 
directions. T~is configuration is 
kriown variously as a crossed pair or 
a coincident pair. Figure la) show·s 
a stereo microphone constructed by 
crossing ·a pair of figure-of-eight 
microphones at 90°. 

I disc·ussed the actual requirement 
for the variation of relative ampli
tude with source position in my last 
article with the help of Fig. 2. You 
will see that the configuration of Fig. 
1 approaches this requirement. 

Output from the two microphones 
will be equal for a sound source 
straight ahead, because that source 
will be equally off-ax is with respect 
to both microphones, assuming that 
their polar diagrams are identical. As 
the source moves left, it will move 
closer to the axis of the left-facing 
microphone and so the output will 
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increase. At the same time it moves 
further from the axis of the right-fac
ing microphone whose output reduces. 

Consequently, this configuration 
appears to have the trend that Fig. 2 
requires. Assuming that the micro
phones are mounted at 90° to one 
another, when a sound source has 
moved 45° off-axis, it will be in the 
response null of one of the micro
phones and so only one loudspeaker 
will emit sound. Thus the fully left or 
fully right reproduction condition is 
reached at ±45°. 

The angle between nulls in L and R 
is called the acceptance angle, which 
has some parallels with the field of 
view of a camera. 

Note that in most listening installa
tions the loudspeakers will subtend an 
angle of more like 60° to the listener, 
and so a 90° sound stage is being 
shrunk into only 60°. This is techni
cally incorrect, but in practice the 
error is relatively benign. 

Loudspeaker directivity 
In my experience, the better the direc
tivity characteristics of the loud
speakers, the further apart they can be· 
placed without the 'hole-in-the-mid
dle' effect occurring. The closer the 
speakers approach 90° apart, the more 
the listener feels enveloped in the 
ambience of the recording and indeed 
the more important the inclusion of a 
shading compensator becomes. 

In the crossed figure-of-eight micro
phone of Fig. 1, sounds between 45° 
and 135° will result in a pair of sig
nals that are 'out of phase'. The main 
consequence of this is the cancellation 
of low frequencies because the 
woofers are in one another's near 
field. Recording engineers try to avoid 
placing dominant sound sources in 
this region. However, in the rest of the 
audio spectrum, when listening on 
speakers with good time domain 
response and directivity characteris
tics, virtual images can still be formed 
between the speakers. According to 
conventional explanations of intensity 
stereo this should not be possible and 
indeed on poor loudspeakers it isn' t. 

Note that the broadcaster has an 
understandable abhorrence of the anti
phase condition because the mono lis
tener gets nothing! Sounds between 
135° and 225° are back in-phase and 
are mapped onto the frontal stereo 
image. Fig. 1 b) shows how the 360° 
pickup of the microphone is mapped 
into the stereo image between the 
speakers. Note that the side zones fold 
into the centre along the ±45° axes. 
Some experience of origami is useful 
here. 

The all-round pick-up of the crossed 
eight makes it particularly useful for 
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classical music recording, where it 
wi 11 capture the ambience of the hall. 
Listening room reverberation will then 
provide sound from remaining direc
tions. 

Chaotic reverberation 
Although this is obviously not accu
rately portrayed from a spatial stand
point, the chaotic nature of real rever
beration means that different but still 
chaotic reverberation can still be plau
sible. Clearly what cannot be achieved 
with an intensity stereo system is the 
creation of a dominant sound source 
that is not between the speakers. 

Other polar diagrams can be used: 
the crossed cardioid is popular for 
example. There is no obvious correct 
angle at which cardioids should be 
crossed, and the actual angle will 
depend on the application. 

Commercially available stereo 
microphones are generally built on the 
side-fire principle, with one capsule 
vertically above the other. The two 
capsules can be independently rotated 
to any desired angle. Usually the polar 
diagrams of the two capsules can be 
changed. 

While 'mid and side', or M-S, signal 
stereo can be obtained by using con
ventional L, R microphones and a sum 
and difference network, M-S signals 
can be obtained directly using a 
microphone having suitably oriented 
capsules. 'Mid and side' signals were 
discussed in my last article. 

Figure 3 shows M-S microphones 
in which the S capsule musts always 
be a crossed eight. A variety of 
responses other than omnidirectional 
can be used for the M capsule. Note 
that in the M-S microphone, the fully 
left and fully right conditions are 
reached_ where the polar diagrams 
cross over, i.e where M=S and 
M=- S. 

Benefits of the M-S microphone 
The M-S microphone has a number of 
advantages. The narrowing polar dia
gram at high frequencies due to diffrac
tion is less of a problem because the 
most prominent sound source will gen
erally be in the centre of the stereo 
image and this is directly on the axis of 
the M capsule. 

An image-width control can easily be 
built into an M-S microphone. 
Adjusting the gain applied to the S-sig
nal changes the acceptance angle of the 
microphone. A favourite monophonic 
microphone can be turned into an M-S 
microphone simply by mounting a side 
facing ~rossed eight above it. 

The sound-field microphone 
In the sound-field microphone, four 
capsules are fitted in a tetrahedron. By 
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Fig. 1. 
Crossed-eight 
stereo 
microphone 
has two 
capsules at 
right angles, 
a), and 
crossed-eight 
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maps 360° 
sound stage 
into 90° as in 
b). 
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Fig. 2. Apparent position of the virtual sound source is a function 
of the level difference between the channels. This defines the 
characteristics that a microphone must have. 

Fig. 3. Forward and lateral figure-of-eight capsules produce M
S signals directly, a). Forward capsule can be replaced by 
cardioid, as in b). 
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Fig. 4. Spaced 
microphones. 

Time of arrival 
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Fig. 5. 
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shuffler allowed 
spaced 
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produce 
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outputs. 
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adding and subtracting proportions of 
these four signals in various ways it is 
possible to synthesise a stereo micro
phone having any acceptance angle and 
to point it in any direction relative to 
the body of the microphone. This can 
be done using the control box supplied 
with the microphone. 

Although complex, the sound-field 
microphone has the advantage that it 
can be electrically steered and so no 
physical access is needed after it is 
slung. If all four outputs are recorded, 
the steering process can be performed 
in post production by connecting the 
control box to the recorder output. 

The coincident microphone and the 
sound-field microphone both allow 
stereophonic reproduction in that the 
direction from which the reproduced 
sound appears to come parallels that of 
the original. However, these techniques 
require directional microphones. 

Other microphone techniques will be 
found in stereo, such as the use of 
spaced omnidirectional microphones. 
Spaced microphones result in time of 
arrival differences and frequency
dependent phase shifts in the output 
signals. When reproduced by loud
speakers and both signals are heard by 
both ears the intensity stereo mecha
nism simply cannot operate. 

Spaced omnidirectional 
microphones 
With spaced omnidirectional micro
phones the result shown in Fig. 4 is 
obtained. 

Consider an off-axis source well to 
the left. When the source begins to 
emit sound, it will clearly be picked up 
by the left microphone first, and the lis
tener will hear sound from the left 
speaker first. 

However, as the sound continues, it 
will result in two microphone signals 
having a small amplitude difference but 
a large time difference. If initially it is 
assumed that the source frequency is 
such that the path length difference is 
an integer number of wavelengths there 

L + R 

will be no phase difference. This will 
be reproduced by two speakers as a 
source slightly left of centre because of 
the small amplitude difference. 
If the frequency is reduced slightly, 

the wavelength becomes longer and the 
right microphone signal will begin to 
lead in phase, moving the phantom 
image right. If the frequency is 
increased slightly, the wavelength 
shortens and the right microphone sig
nal lags, moving the image left. 

Consequently the apparent location 
of the initial transient is in disagree
ment with the location of the sustained 
sound which is itself highly frequency 
dependent. The result is that all sources 
having a harmonic content appear to be 
very wide. 

Where the distance between micro
phones corresponds to an odd multiple 
of a half wavelength, the two micro
phone signals are.out of phase. As both 
ears hear both loudspeakers, the result 
is a dip in frequency response and no 
image at all. This comb filtering effect 
is a serious drawback of spaced micro
phone techniques and makes mono
phonic compatibility questionable. 

Not stereo, but spacious ... 
A central source will give identical sig
nals that create a central phantom 
image. However, the slightest move
ment of the source off-axis results in 
time· differences that pull the image 
well to the side. The resulting hole-in
the-middle effect is often counteracted 
by a third central microphone which is 
equally fed into the two channels. 

This technique cannot be described 
as stereophonic reproduction because it 
is impossible for the listener to locate a 
particular source. Instead a spacious 
effect is the result. 

As there is no scientific basis for the 
technique it is hardly surprising that 
there is no agreement on the disposi
tion of the microphones. A great many 
spacings from a few centimetres to a 
few metres are used. One rule of thumb 
that has emerged is that the spacing 
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should be no more than a third of the 
source width. 

There is no science to support the 
creation of stereophonic images by 
spaced omni-directional microphones, 
but there certainly is some science to 
suggest why recording engineers would 
want to use omnidirectional micro
phones. Used singly, rather than in a 
stereophonic pair, a directional micro
phone sounds 'drier' than an omnidi
rectional microphone because it tends 
to collect only the direct sound to the 
detriment of the ambient or reverberant 
sound. 

In monophonic working it was then 
logical to use an omnidirectional 
microphone wherever possible. This 
thinking then carried over into stereo, 
where, unfortunately it doesn't apply in 
the same way. This is because the 
microphones point in different direc
tions and one can capture what the 
other doesn't. 

Crossed eight versus 
omnidirectional 
Figure lb) shows that sounds from 
360° are mapped into the output sig
nals when a crossed-eight microphone 
is used. Consequently in theory and in 
practice a crossed-eight stereo micro
phone gives every bit as much ambi
ence as an omnidirectional micro
phone, but with directional information 
as well. 

It should be obvious that a crossed
cardioid microphone will sound drier 
than a crossed-eight, but the recording 
situation which demands a .crossed car
dioid would preclude the use of a 

n omnidirectional microphone. 
Omnidirectional microphones may 

be audibly preferable to directional 
microphones because they can have 
better time-domain response. An omni
directional microphone responds once 
to a pressure step or transient. 

However, a directional microphone 
may obtain its directionality by using 
an acoustic labyrinth to delay the sound 
reaching the rear of the diaphragm. 
This gives the required directivity, but 
with the penalty that there is now a 
multiple path for transients to reach the 
diaphragm. Transients may thus be 
smeared, impairing sound quality. 

Blumlein's shuffler 
In his early experiments, Blumlein 
used omnidirectional microphones out 
of necessity, but he was aware that the 
signals could not be used directly. 
Instead a patented signal processor, 
known as a shuffler, was used, Fig. 5. 

The shuffler converted phase differ
ences in the input signals into the level 
differences required by the intensity 
stereo format. The two microphone sig
nals fed a sum and difference circuit. 

ELECTRONICS WORLD January 2000 

AUDIO 

The difference signal would have an 
amplitude proportional to the angle of 
the source and to the frequency. 
Frequency dependence was removed 
with an integrator, prior to another sum 
and difference unit which produced the 
L- R intensity output. 

The integrator gave a dynamic range 
problem in the signal processor. If the 
microphones are close enough to give a 
moderate phase shift at the highest 
audio frequencies, they will give a 
minute phase shift at the lowest fre
quencies. 

Figure 6 shows the solution. Here, a 
linear array of omnidirectional micro
phones is used. The ce~tre pair is used 
for the highest frequencies, the outer
most pair for the lowest frequencies 
and the intermediate pair for the mid 
range. The dynamic range issue in each 
microphone pair is then solved and the 
three signal bands are combined by 
selective filtering. , 

Because they must allow the overall 
response to be minimum-phase, the 
band-combining filters are critical. In 
many respects the band combining fil
ter is the inverse of a constant voltage 
loudspeaker crossover. 

EMI tried to develop such a micro
phone after WW JI as part of the 

Fig. 6. Multi-band 
microphone places 

capsules at a spacing 
appropriate to the 

wavelength. 
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Stereosonic system, but nothing 
emerged. In my view, the analogue 
technology of the day would not have 
allowed the necessary shuffler to have 
reached the required performance. 

With modem electronics and capsule 
design, this is no longer the case and 
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this approach deserves to be revisited 
with today's components. Incidentally 
the Stereosonic system was the first to 
identify the need for a shading com
pensator; a stage which is conspicu
ously absent from most of today's 
products. • 

Intensity 
stereo 
output 

BASIC Stamps 
_ . , , ,. :·:· · 1 a 

. . ... 
Slill the easiest and fastest woy to 
get your project up and going. 

- .' ",II -~i:~~ry;ir:, 71 

PIC Emulators 
f rom Tech Tools 
Mathias In-Circuit Emulator 
e loC)< to 20MHz 

8 or 16 1/0 pins, eosy-to-reod 
BASIC instr~tions plus on-board 

comms ond simple interlacing lo 
periphera l chips. 

e 16CXX lo 2 5/\\Hz ano c u lt; b,eolpomlS 
• ,i\\,::x~dcr design 
• f,.Je lnfegroted W,ndow• Env ronmeM 
• Supports stondord osse'Oolers 011d co'T'pde·s 
• l,ue Bondoc! Ch ~ set basec 
• Programmers and odoptors olsc ovodoble 
Full de1orls al ·Nww tech-tools ccri 

New to PICs or 
just wanting to learn 
new tricks? 
W stock It e, -di- nt Square l 
se rs f PIC prm .. rs 

o I w.-.1:, _1tP- for conient 
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SX·Key Emulator 
SX chips ore EEPROM bosed, PIC 16C5x pin 
compatible micros wilh up 10 1 OOmips 
peilormance. 
• Full speed debugging on production chips 
• lntegroted Windows environment 
• Softwore configured oscillator 
• 18 lo 52 pin repwgrommoble devices 
• SX 8litz low cost programmer also 

ovailoble. full details ond soflwore of 
www.porolloxinc.com 

CIRCLE NO. 119 ON REPLY CAR/J 

SERIAL LCDs reduce display hassle· 
We stock a range of olphonumern: and graphic displays aH ktled 
w th serial RS2 32 rn1erlo~ boards· 2x 16 to 4x40 and up I 
128.<64 gropr'~ s17 

RS232 data entry termlnal unit alao owrilable 
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Fact: most circuit ideas sent to Electronics World get published 
The best circuit ideas are ones that save time or money, or stimulate the thought process. Th is includes the odd 

solution looking for a problem - provided it has a degree o f ingenuity. 

Your submissions are judged mainly on their original ity and usefulness. Interesting modifications to existing 

circuits are strong contenders too - provided that you clearly acknowledge the circuit you have modified . Never 

send us anything that you believe has been published before though. 

Don't forget to say why you think your idea is worthy. 

Clear hand-written notes on paper are a minimum requirement: disks with separate drawing and text fi les in a 

popular form are best - but please label the disk clearly. 

Lead-acid battery that can operate in situ 
This float charger carries out a constant
current, constant-voltage charging cycle 
and is intended for use where the load is 
always connected, taking power from the 
mains via the charger or from the battery 

I. when mains are absent. The circuit shown 
takes a 6-cell battery of 35Ah capacity 

G) and peak charging current is 16A (C/2). 
C The core of the arrangement is a buck 

C 
regulator with the switching element and 
freewheel diode arranged to make the 

• -~ positive side common, which enables the 
use of an a-channel fet operating in 

· common-source mode; no level shifting is 
IA needed. It has the drawback that the 
.. 6 battery negative is not the circuit negative. 1--.. A UC3842 regulator maintains 14.4V at 
- • 1 20°C across the battery. The voltage 
~ dropped by peak current through R 11 is 

D1 
25A 

compared with error amplifier output on 
pin 1 of the regulator and the on time of 
the cycle adjusted. The components 
Ds,9Rg and the base-emitter of Tr1 clamp 
the error amplifier output so that the peak 
voltage across R11 does not exceed 0.25V 
to limit the charging current to 16A at 
switch-on with a discharged battery. In 
this constant-current part of the cycle, Tr1 
lights the yellow led to indicate the fact. 
Near full charge, error voltage falls and 
charge current decreases, so that the 
clamp circuit is·inactive and the yellow 
led goes out. 

Voltage feedback from the battery is 
divided by the number of cells in R12,13, 14 

to give a mean cell voltage across R 13, the 
voltage across Tr3 collector load being 
used as the feedback to the regul.ator. 

bridge Green Red Red Yellow 

:J~ + 
c, 

D2 D3 D4 22000µ 
40V ~ ~ ~ 

R2 
2k2 

12·0-12V C2 C3 300VA 1000µ 100n 
25V 
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Advantages are that lead length is not a 
factor in battery-voltage sensing and the 
temperature coefficient of the transistor, 
which must be near the battery and away 
from power semiconductors, supplies 
temperature compensation. 

The LM393 op-amps constitute a fault 
detector, so that if battery voltage is 
outside the 10.2-20V area, one of the red 
leds illuminates and charge current is 
switched off. 

Power for the circuit comes from the 
transformer centre tap to prevent the 
circuit draining battery current in the 
absence of mains power. 
Ian Benton 
lfkeston 
Derbyshire 
D64 

1000µ 25V 

R13 
300R 

IC2 

UC3842 Tr3 
BC557B 

3 R10 · 

470R 

R11 
15R 
7W 

(D64) 
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Over the next 12 months, National Instruments is awarding over 

£3500 worth of equipment for the best circuit ideas. 

'=·~ 
t 

Once every two months for the next year, National Instruments is awarding an Nl4050 

digital multimeter worth over £500 each for the best circuit idea published over each two

month period. At the end of the 12 months, National is awarding a LabVIEW package 

worth over £700 to the best circuit idea of the year.* The first winner, selected from this 

issue or the following one, will be announced next month. 

About National Instruments 
National Instruments offers hundreds of software and 
hardware products for data acquisi tion and control, data 
analysis, and presentation. By utilising industry-standard 
computers, our virtual instrument products empower users 
in a wide variety of industries to easily automate their test, 
measurement, and industrial processes at a fraction of the 
cost of traditional approaches. 

Software 
O ur company is best known for our innovative software 
products. T he National Instruments charter is to offer a 
software solution for every application, ranging from very 
simple to very sophisticated. We also span the needs of 
users, from advanced research to development, production, 
and service. Our flagship Lab VIEW product, with its 
revolutionary, patented graphical programming 
technology, continues to be an industry leader. Additional 
software products, such as LabWindows/CVI, 
ComponentWorks, Measure and VirtualBench, are chosen 
by users who prefer C programming, Visual Basic, Excel 
spreadsheets, and no programming at all, respectively. 

Nl4050 

Hardware 
Our software products are complemented by our broad 
selection of hardware to connect computers to real-world 
signals and devices. We manufacture data acquisition 
hardware for portable, notebook, desktop, and industrial 
computers. These products, when combined with our 
software, can directly replace a wide variety of tradi tional 
instruments at a fraction of the cost. In 1996 we expanded 
our high-performance E Series product line in PCI, ISA 
and PCMCIA form factors, shipped our first VXI data 
acquisition products, and 'added remote (long-distance) 
capabilities to our SCXI signal conditioni"ng and data 
acquisition product line. 

Our virtual instrumentation vision keeps us at the 
forefront of computer and instrumentation technology. 
National Instruments staff works actively with industry to 
promote international technological standards such as 
lliEE 488, PCMCIA, PCI, VXI plug&play, Windows 
95/NT, and the Internet. More importantly, we integrate 
these technologies into innovative new products for our 
users. · 

LabVIEW 

; 

The NI 4050 is a full-feature digital multimeter (DMM) for 
hand-held and notebook computers with a Type II PC Card 
(PCMCIA) slot. The NI 4050 features accurate 51/2 digit DC 
voltage, true-rms AC voltage, and resistance (ohms) 
measurements. Its size, weight, and low-power consumption 
make it .ideal for portable measurements and data logging with 
hand-held and notebook computers. 

Lab VIEW is a highly productive graphical programming 
environment that combines easy-to-use graphical development 
with the flexibili ty of a powerful programmjng language. It 
offers an intuitive environment, tightly integrated with 
measurement hardware, for.engineers and scientists to quickly 
produce solutions for data acquisition, data analysis, and data 
presentation. 

\ 

' 
• DC Measurements: 20m V to 250V DC; 20mA to lOA • Graphical programming development environment 

• AC Measurements: 20mV rms to 250V rms; 20mA rms to • Rapid application development 

lOArms; • Seamless integration with DAQ, GPIB, RS-232, and VXI 

• True rms, 20Hz to 2SkHz • Full, open network connectivity 

• Up to 60 readings/s • Built-in display and file I/0 

• UL Listed 
• 51'2 Digit Multimeter for PCMCIA 

• All published circuit i deos that are not eligible for the prizes detailed here will eorn !heir authors a minimum of £35 and up to £ 100. The first 
N l4050 will be awarded next month for the best idea from the December or January issue. 

National Instruments - computer-based measurement and automation 
National Instruments, 21 Kingfisher Court, Hambridge Road, Newbury, Berkshire, RC14 5S}. Tel (01635 523545), Fax (01635) 524395 
info.uk@ni.com www.ni.com. --
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Whether the input to this 
circuit is 12Vor 24V, the 
output is always 12V, with 
no potentially damaging 
delay in switching the output 
to the lower voltage. 

(057) 

12V 

12V or 24V in - 12V out all the time 
I detected a drawback in D M 
Bridgen's circuit in April 1999 
on page 646. For a few 
milliseconds when the input 
reaches 24V, the output is 24V, 
regardless of whether the input is 
12V or 24V. This delay until the 
relay opens could be long 
enough to damage some 
components connected to the 
output. 

In my alternative, a double-coil 
relay prevents that possibility, at 
the expense of a few extra parts. 
The two coils are connected in 
opposition, so that with 24V 

input, the fields cancel and the 
relay opens to provide a 12V 
output. 

With a 12V input, only one 
coil is energised via the Tr2 
constant-voltage source; the 
relay closes, connecting the 12V 
input to the output. The relay 
contact is therefore always open 
unless the input is 12V.The 
resistor Rx is equal to I .3R/12, 
where R is the coil resistance. 
Jean-Marc Brassart 
Saint-Laurent-du-Var 
France 
D57 

Robust 5-30V, 1 OA power supply 

PWRCON_Filter 

GND 

220V 

(061) 
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Although this design has been 
around for some time, it has given 
good service and never failed. It is 
protected against overload and short
circuits. 

After the rectifier and reservoir 
capacitors, the four 3055s are in 
parallel to take a load of up to I OA, 
the series resistors equalising the 
currents. Regulation is by the 
µA78GUJC feedback coming via 

+ + 

Rs.9, Rs being used to adjust the 
output and the minimum output set 
by R11 . 

As regards protection, Tr5 1 take 
care of current limiting. Resistors 
Rs,6 drop a voltage dependent on 
output current and cause Tr5 to 
conduct at high current output, 
cutting off Tr1 and therefore the 
regulator. Switch Sw2 sets the current 
limit. 

Tr1 
2N3055 

Short-circuit protection is by 
means of the thyristor, a drop in 
output voltage cutting off Tr6 when it 
is lower than the zener voltage and 
triggering the thyristor to shut down 
the regulator. Reset is by Sw4, which 
must also be pressed at switch on. 
Jef Collin 
Turnhout 
Belgium 
D61 

Sw2 
5A/10A 

ON/OFF 220V · 240V 
10A ! C1 ~ C2 

KBPC2S·04 0000µ 1 0000µ 

63V 63V 

Rs 
0.12/5W 

Simple, but robust and 
high-powered power 
supply, with full 
protection. It is 
adjustable to give up to 
30Vat 10A. 

Tr7 
TIP3055 

IC1 
uA78GU1C 

1 2 3 4 

R11 
100R 

Sw4 rl 
Reset ~ -

0 

0 

C3I 47n Tr6 
2N1711 

R1s 
2k7 

Tr5 
2N1711 

Output voltage 

Ra Meterrange 15130V 
22k 

R9 
4k7 R10 

20k 
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Stepper motor drive has appeal for analogue 
and digital designers 
A Microchip P/Cl2C508 
rnicrocontroller generates pulses in 
the correct sequences and widths to 
control the speed and direction of a 
four-coil stepper motor. 

The controller outputs the four 
phases, the sequence being 
determined by the status of GP3. The 
built-in RC oscillator sets the pulse 

width and therefore the speed, which 
is controlled by R1,2C., the table 
indicating the result of varying R 
when C 1 is lOOpF and 0.0lµF. 
Yongping Xia 
Torrance 
California 
USA 
D56 

Control software, for generating phase A to phase D pulses via a the 
PIC12C508. 

STATUS equ 0x03 
GPJO equ 0x06 
z equ 0x02 
phase equ 0x07 

org 0x0 
Main clrf GPIO 

movlw 0x28 
tris GPIO 

movlw 0xc0 
option 
clrf phase 

start 
btfsc GPIO, 3 1/2 1/2 
goto forward 2 3 
movf phase , 0 1 3 
btfss STATUS, z 1/2 4/5 
goto next _l 2 6 
movlw 0x03 1 6 
movwf phase l 7 
nop 1 8 
nop l 9 

goto send__pulse 2 11 
next _ l 6 

decf phase, 1 1 7 
nop 1 8 
nop 1 9 
goto send__pulse 2 11 

forward 3 
movlw 0x03 1 4 
subwf phase, 0 1 5 
btfsc STATUS, z 1/2 6/7 
goto nex t_2 2 8 
i ncf phase , 1 1 8 
nop r 9 

goto send__pulse 2 11 
nex t_2 8 

clrf phase 1 9 

goto send__pulse 2 11 
send_pulse 11 

movf phase. 0 1 12 
call find__phase 5 17 
movwf GPIO 1 18 
goto s tart 2 20 

find__phase 
addwf PCL, 1 
retlw 0x0l phase A 
retlw 0x02 phase B 
retlw 0x04 phase C 
retlw 0x10· phase D 

end 
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R2 
510k 

+ V 

R, + C2 

5k1 PIC12C508 
47µ 
10V 

1 Yoo 

2 osc, 
3 GP, 

4_ GP3 

C1 

Dir = +5V 

Yss 
8 

GPo 7 

GP, 6 

GP2 5 

A l____JL_ 

B_jL__ 

c _fl____f 

D Sl___fL 
Dir = 0V 

Driving a stepper motor from the outputs of a PIC 
microcontroller, which varies speed and direction. 

The first National Instruments digital 

multimeter winner, to be selected from the 

December 1999 and January 2000 

issues, will be announced next month. 

These values determine the stepper 
motor microcontroller's pulse widths. 
R1 +R2 Pulse width 

5 .1 k 
lOk 
20k 
5 1k 
lOOk 
200k 
5 10k 

C1=100pF C1: lOnF 
72µ.s 5. lms 
130µs 9.4ms 
260µs 19ms 
6 30µs 47ms 
l .25ms 90ms 
2 .5ms 180ms 
6.3ms 470ms 
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Track your products with an electronic serial number - easily and at negligible cost 
Program a chip using this exceedingly simple PC-based on_e-chip programmer then 
embed the chip into your design. The 32-digit serial number within the chip can then 
be used to, say, track the procuct through manufacture, or to identify it later in its life. 

Easy programmer for 16byte eeproms 
A 16byte eeprom by Microchip, the 24LC00, is 
packaged in a 5-pin SOT-23 and provides up to 32 
digits, used, for example, to generate electrically 
readable serial numbers. 

D3 1N4148 

Shown in the diagram is the interface between the 
pc and the eeprom, in which the two outputs on pins 4 
and 7 generate an I2C sequence to the 24LC00, pin 4 
also providing power to the ic. Diodes D1,4 clamp 
these outputs to 5V and R1,2 are pull-ups for 
SCL/SDA lines. 

SCL 

n-1.:::;.;:.=....:====-=----..... ---1----1--lVSS 
Vee 

The C program initially writes the 32-bit serial 
number at the start, the number increasing by one for 
each device written to. 

D5 1N4148 

SDA ne 

24LCOO 

(D55) 

Yongping Xia 
Torrance 
California 

In devices needing electrically readable serial numbers, the 24LC00 16-byte 
eeprom is tiny and provides a 32-bit number. The circuit shown programs 
the eeprom from a pc's serial port. 

USA 
D55 

Software for programming an EEPROM through· a PC's COM 
port. This C program writes a serial number into the 24LC00. A 
32-iligit initial number is asked when the program is started. 
This number is programmed into the 24LC00 by hitting the 
return key. The serial number is incremented automatically for 
next device. 
#include <stdio. h> 
#include <conio. h> 
#include <dos . h> 
#include <bios . h> 
#define MCR 4 
#define MSR 6 
#define SCL_LOW Oxfe 
#define SCL_HIGH OxOl 
#define SDA_LOW Oxfd 
#define .SDA_HIGH Ox02 
int i , j, id_nwn[32] , out_data , port_add, 
key_num, temp_data, read_ack, 

in_put , read...data, find...err=O , 
base_addl=Ox3f8 , base_add2=0x2f8; 
void get_start_num(void) 
I D number */ 

/ * get an initial 

{ 

printf( "Start ID Number : \n") ; 
for (i=O; i<32; i++) 

{ 

in_put=getche() ; 
if (in_put>Ox39 I I in_put<Ox30) 

i=32 ; 
else 

{ 

for (j=i; j>O ; j-) 
id_num[j)=id...num[j-1] ; 

id...num[O]=in_put & OxOf ; 

void send_control(int control_data) 
byte to device•; 
{ 

for (j=O ; j<8 ; j++J 
( 

if ((control_data&Ox80) l =O) 
out_datal=SDA_HIGH; 

else 
out_data&=SDA_LOW; 

/* send 1 

outportb(base_addl+MCR, out_data) ; 
delay ( 11 ; 
out_datal=SCL_HIGH; 
outportb(base_addl+MCR, out_data) ; 
delay (51 ; 
control_data*=2 ; 
out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data); 
delay ( 1) ; 

out_datal=SDA_HIGH ; 
outportb(base_addl+MCR, out_data) ; 
delay(l) ; 

int get_ack(void) 
acknowledge•; 

/* get 

{ 

out_datal=SCL_ HIGH ; 
outportb(base_addl+MCR, out_data) ; 
delay(5) ; 
read_ack=inportb(base_add1+MSR)&Ox80 ; 
out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data) ; 
delay(l); 
if (read_ack!=O) 

return l ; 
else 

return O; 

int write_ic(void) 

*/ 

out_data=Ox03 ; 
for (i~O; i<l6 ; i++) 

( 

out_data&=SDA_LOW; 
outportb(base_addl+MCR. out_data) ; 
delay(l); 
out_data&:SCL_ LOW; 
outportb(base_addl+MCR, out_data);/* start */ 
delay(l); 
send_control(OxaO) ; 
if (get_ack() !=0) 

return l ; 
send_control(i); / * send address 

read_ack=inportb(base_addl+MSR)&OxSO; 
if (get_ack() !=0) 
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r 
*/ 

return 1 ; 
temp_data=id_ num[i *2+1]*16+id...num[i*2] ; 
send_control(temp_data); / * send data 

if (get_ack() !=0) 
return 1 ; 

out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data) ; 
delay (1) ; 

out_data&=SDA_LOW; 
outportb(base_addl+MCR, out_data) ; 
delay(l) ; 
out_datal=SCL_HIGH ; 
outportb(base_addl+MCR. out_data) ; 
delay(5) ; 
out_datal=SDA_HIGH ; 
outportb(base_addl+MCR, out_data) ; / * stop*/ 
delay(l) ; 

return O; 

int verify_ic(void) 
( 

*/ 

for (i=O ; i<l6; i++) 

out_data&=SDA_LOW; 
outportb(base_ addl+MCR,· out_data) ; 
delay (1) ; 

out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data);/ * start */ 
delay ( 1); 
send_control(OxaO) ; 
if (get_ack() !=0) 

return 1 ; 
send_control(i); /* send address 

read_ack=inportb(base_ addl+MSR)&Ox80; 
if (get_ack() !=0) 

return 1 ; 
out_data&=SDA_LOW; 
outportb(base_addl+MCR, out_data); 
delay(l >; 
out_datal=SCL_HIGH ; 
outportb(base_addl+MCR, out_data) ; 
delay ( 5) ; 
out_datal=SDA_HIGH ; 
outportb(base_addl+MCR, out_data); 
delay(l) ; 
out_data&=SDA_LOW; 
outportb(base_addl+MCR, out_data) ; 
delay (1) ; 

out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data) ; / * start */ 
delay(l) ; 
send_control(Oxal) ; / * send control */ 
if (get_ack() !=0) 

return 1 ; 
read_data=O ; 
for (j=O ; j<8 ; j++) 

{ 

/ * read device */ 

out_data l=SCL_HIGH; 
outportb(base_addl+MCR, out_data) ; 
delay(5); 
read_data• =2 ; 
if ((inportb(base_addl+MSR)&Ox80) !=0) 

read_data++; 
out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data) ; 
delay(l); 

out_datal=SCL_HIGH; 
outportb(base_addl+MCR, out_data) ; 
delay(5) ; 
out_data&=SCL_LOW; 
outportb(base_addl+MCR, out_data); 
delay(l) ; 
if (read_data!=id_num[i*2+1] *16+id_num[i*2J) 

return l; 
out_data&=SDA_LOW; 
outportb(base_addl+MCR, out_data) ; 
delay(l) ; 
out_datal=SCL_HlGH ; 
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outportb(base_addl+MCR, out_data); 
delay(5); 
out_datal=SDA_HIGH; 
outportb(base_addl+MCR, out_data);/* stop* / 
delay (1); 

return O; 

void init (void) 
{ 

clrscr () ; 
for (i=O; i<32; i++) 

id_num[i]=O; 
outportb(base_addl+MCR, OxOO); 
delay(lOO); 

void increase_id_num(void) / * increase ID number by 1 
* I 
{ 

id_num[i]++; 
if (id_num[i]==lO) 

{ 

id_num[i]=O; 
i++ ; 

else 
i=32; 

)while ( i<32) ; 

i nt ma i n(void) 
{ 

init(); 
get_start_num (); 
clrscr () ; 
printf( "Hit enter to program device, hit q to 

quit\n"); 
for ( ; ;) 

{ 

clrscr () ; 
printf(•\n\n\n\nCurrent ID= " ) ; 
for (i=O; i<32 ; i++) 

printf( "%d" , id_num[31- i]); 
if (find_err==l) 

{ 

printf("\nThere is an error"); 
find_err=O; 

printf(•\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n" ); 
printf(• Push Enter to program the device. Push Q 

to quit• ); 
in_put=getch(); 
if (in_put==0x51 I I in_put==Ox71) 

{ 

clrscr(); 
exit (1); 

else 
{ 

clrscr () ; 
printf("\n\n\n\nCurrent ID= • J ; 
for (i=O ; i<32 ; i++) 

printf 1"%d" ,id_ num [31-i]J; 
printf( " \nProgramming . . . • ) ; 
outportb (base_addl+MCR, Ox03); 
delay (400J; 
if (write_ic () ! =0) 

find_err=l ; 
else 

delay (1 ) ; 
if (verify_ ic(l==O) 

increase_id...num(); 
else 

find...err=l; 

outportb(base_addl+MCR, OxOO); 
delay (10); 
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Two-tone 
generator for 

rapid checking of 
ssb amateur 

transmissions, 
small enough for 
moun_ting inside 

a microphone. 

L, 

Ssb transmission checker fits in 
a microphone housing 
This two-tone generator assists in the 
adjustment of amateur ssb transmis
sions and is compact enough to allow 
its inclusion in the base of a table 
microphone. 

Two similar LC oscillators operate 
on unrelated frequencies: in this 
example, 820Hz and 1950Hz, the tuned 
circuits determining the frequencies. 
Balance is set to obtain equal ampli-

tudes at the output of the LM358. The 
voltage rails are ± I .SY and R1,2 set the 

bias. 
Switching, shown separately for 

clarity, allows each or both oscillator 
outputs by shorting the unused oscilla
tor, this allowing de coupling between 
them. 

Amplitude is within I% with supply 
variation of 1.25-1 .SY or, with a higher 

voltage rail, within 0.05% for a varia
tion of l.5-6Y. 

Transistors are BC147 and the ' long 
tails' are LM334 current sources. To 
guard against rfi, a shielded enclosure 
should be used. 
PI Anderson 
Sydney 
Australia 
D54 

1950 

off 820 820 1950 
o~o o 

Switch functions 

To collector Tr~ r.To collector Tr2 

0
~Top;oa,c, 

-1 .5V 

- 1.5V (D54a) 

+ ___L ~ r----7to all ~oints 

rl 
1.5V0 ~ marked - 1.SV 

T 1.5V ~ 
._ ___ __, (D54a) 

Efficient thermostat uses· SOW bulbs to achieve 
:!: 1 ° temperature environment 

Proportional 
thermostat controls 
a de load to within 

10c. 

This design is capable of running four 
SOW, though greatly underrun, lamps 
used as heaters, maintaining a 
temperature setting to within 1 °. 

The ICM7555, IC2, is used as an 
oscillator running at around 30kHz 
with a 50% duty cycle and driving the 
complementary emitter follower. In 
turn, the follower drives the power fet 
to switch the load; one of the 555 
devices that has a decent amount of 

drive capability might well manage 
without the emitter follower. The diode 
is only needed if the load is inductive. 

An operational transconductance 
amplifier IC1, a CA3080E, has a 
maximum current output dependent on 
the current into pin 5. Resistor R5 has 
just under three times the resistance of 
the oscillator feedback resistor to 
ensure that it will be able to hold the 
555 oscillator high or low to turn the 

r----- --+----------<1~-- --+------4>--+-0 +12V DC 

+ c, 

R, 
2.2k 

10µ 
16v---+-~ 

Th1 
33k at 

25"C NTC 

6 

4 8 

2 

IC2 

6 ICM7555 

3 

Rs 
22k 

Load 

~--------------<._ ___ _._ ____ --4,__ ___ -+---oOV 
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output permanently on or off. 
The variable resistor controls the set 

point between 25°C and 40°C. 
When the temperature is low. the 

CA3080E output is low, the 555 output 
high and the fet on. High temperatures 
reverse this and the fet goes off. 
Between the two extremes, the 3080 
input voltages are about equal and the 
555 oscillates, its duty cycle being 
controlled by the 3080 output current. 
There is therefore a proportional 
control band to minimise overshoot. 

Gain of the 3080 is quite low - an 
advantage here, since too high a gain 
would give too narrow a proportional 
band. As shown, the band is about 1 °C, 
though varyjng the 2.2kQ resistor 
varies the bandwidth; it also prevents 
the differential input voltages 
exceeding SY - not a good idea with 
the 3080. 

The only drawback to the circuit is 
that when the circuit leaves the 
proportional band the frequency drops 
and becomes audible as a whistle if the 
load vibrates. 
Ian Benton 
t/keston 
Derbyshire 
D63 
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• Back annotation from simulator to schematic 
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made easy 
• CAM outputs (printer, plotter, drill and Gerber) 
• Re-use existing PCB layouts with Gerber import 
• Hook up the simulator directly to PCB for the ultimate in design 

validation 
• Upgradeable - buy what you need now and upgrade later 

And much more. To get a better idea of the power of Spicycle, 
visit our web site at http://www.spiceage.com. 

Spicycle - Professional Windows software 
tools for tomorrow's electronic designs. 

Those Engineers Ltd, 31 Birkbeck Road, LONDON NW7 4BP. 
Tel +44 (0) 20 8906 0155 FAX +44 (0) 20 8906 0960 e-mail sales@Those-Engineers.co.uk 
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Radio Data Modu les both in the UK and overseas ! 

Ou r qualified engineers offer full technical support 
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e-mail sales@radtec.demon.co.uk . alternatively 
fax or telephone quoting ref: WWRMI 

Telephone +44(0)1992 576107 
Fax +44(0)1992 561994 

http://www.radio-tech.co.uk ~ adw Tech Radio-Tech Limited 
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PREPROM 
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CIRCUIT IDEAS 

How do I bring this signal back to a OV base line? 
Accepting a ±IOV input, this circuit 
corrects a zero offset of up to ±5V. so 
that the output is an inverted replica of 
the input but referred to zero volts. 

Comparator /C1 detects input polarity 
and determines the polarity of the 
voltage applied to the digital 
potentiometer /C2. If the comparator 
/C13 output goes high, the resistor R1 
is connected to zero volts through the 
pot, so that the potentiometer input is 
around +5V; when the comparator is 
low, the pot input is taken to -5V by 
the comparator pull-down. Voltage at 
the potentiometer wiper is buffered 
and taken to /C3b, where it counters 
the voltage from the input, its output 
being an inverted form of the circuit 
input. Since the comparators are 5V 
devices, attenuators reduce the voltage 
at their inputs, and positive feedback is 

applied to provide hysteresis. 
Momentarily pressing PB1 applied 

the input to /C1a, which senses the 
polarity and Q1 of IC8 goes high to 
allow clock pulses from JC5 to 
increment the potentiometer /C2, 
which ramps up or down depending on 
the control voltage from lC7. The 
initial error, output of IC1c, is 
compared with the polarity of the 
potentiometer input in /C7, which 
selects the direction in which the 
potentiometer ramps to reduce the 
error. As the error passes zero, inputs 
I or 2 of /C4, depending on the 
polarity of the initial error, cause 
positive-going spikes at its output. 
These are cleaned up in /C4 and used 
to reset IC8 to close IC5 and stop clock 
pulses going to /C2. The output is now 
zero ±50m V, the potentiometer having 

+15V 

+15V +5V 

8 input 
±10V 

Taking an input· of 
up to ±10V, this 

arrangement senses 
polarity, corrects for 
a zero voltage offset· 

and produces an 
output equal to the 

input, but centred on 
zero. 
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PB1a 
10k 

+SV. manual 
t:;;ment 

+SV zero L:o_ 
PB1b 

PB2 

100k 

2 
01 

IC8 

R, 
18k 

-.,.,2'---<->-+--'3e.ivH IC2 

X9C103 

U//D 

-5V 2 

1M 

1k 

100k 

10n 

100R 
~--'IA/\/\-~ output 

2M2 

4k7 

4k7 

- 5V 

1M 

Rs.,3~--- 1k 

8 

100 steps maximum. 
/C6 is the 50Hz clock, which allows 

a zeroing time of 2s; a faster process 
could be arranged, but various noise
reducing capacitors have been selected 
for that purpose and would need to be 
reduced for a faster operation. 

Switch PB2 provides a manual 
increment. Dallas Semiconductors 
have the DS1666 variable-sensitivity 
pot., which is compatible with the one 
shown here, the Xicor X9CJ03, 
provides higher resolution. There are 
also the X9C303 logarithmic type, 
needing a variation in R3. and the 128-
step AD5220. No debouncing is 
needed on either switch. 
Ian E Shepherd 
H R Wallingford 
Wallingford 
Oxfordshire 
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PROPAGATION 
FOR WlRtLESS 
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Antennas and Propagation for Wireless 
Communication Systems 
Antennas and propagation are the key factors influencing the robustness and 
quality of the wireless communication channel. This book introduces the basic 
concepts and specific applications of antennas and propagation to wireless 
systems, covering terrestrial and satellite radio systems in both mobile fixed 

contexts. 
Including: 
• Illustrations of the signif icance and effect of the wireless propagation channel 
• Overview of the fundamental electromagnetic principles underlying 

propagation and antennas 
• Basic concepts of antennas and their application to specific wireless systems 
• Propagation measurement modelling and prediction for fixed links, macrocells, 

microcells, picocells and megacells 
• Narrowband and wideband channel modelling and the effect of the channel on 

communication system performance 
• Methods that overcome and transform channel impairments to 

enhance performance using .diversity, adaptive antennas and 
equalisers. 

Antennas and propagation is a vital source of information for wireless 
communication engineers as well as for students at postgraduate or senior 
undergraduate levels. 
Distinctive features of this book are: 
• Examples of real world practical system problems of communication system 

design and operation 
• Extensive worked examples 
• End of chapter questions 
• Topical and relevant information for and about the wireless industry 
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Audio distortion meter 
Vann Draper has introduced a 
Grundig Digimess millivolt meter. The 
MV100 is an audio frequency meter 
for measuring distortion, harmonic 
distortion and levels including 
rectification, RMS, peak, quasi peak, 
noise and interference voltages with a 
range of 5Hz to 88kHz. It does not 
provide a signal source. An adjustable 
time constant and bar graph is 
included and psophometric filters 
allow selective or wideband 
measurement. Weighting to linear 
CCIR 468·3 is standard. 
Vann Draper Electronics 
Tel: 01162 771400 
Enquiry No 501 

Prototyping board 
for FPGAs 
Lockes Digital Developments has 
released the Protoflex-6K prototyping 

board based upon the Altera Flex 
6000 family of programmable logic 
devices. The board provides a Flex 
6000 quad-flat-pack device, onboard 

Touchscreen technique sputters onto glass 
A technique for sputtering Indian Tin Oxide directly onto glass has let 
Densitron produce touchscreens that only require one layer of polyester 
and one layer of glass. Called DensiTouch, they use a single chip controller. 
They can be custom built and, using standard LCDs with integral 
touchscreens, parallax has been eliminated. They suit applications requiring 
0.25 VGA, 128 x 240 and 64 x 240 displays, 
Oensitron 
Tel: 01959 700100 
Enquiry No 502 

January 2000 ELECTRONICS WORLD 

power conversion and two 
prototyping areas. One is a 0.254cm 
matrix area for conventional through 
hole devices and the other an 
uncommitted SOJ area for surtace 
mount devices. Access to all device 
pins is possible via banks of header 
pins. VME, CompactPCI and stand
alone versions of this single Eurocard 
form·factor board can be supplied. 
The 1960 logic elements on the Flex 
EPF6024 give capacity for complex 
logic designs. Designs can be 
downloaded from a PC or blown into 
an onboard EPROM for automatic 
configuration at power-up. A 
customisation service is available. 
Work has begun on a card that uses 
Altera's Apex 20K devices. 
Lockes Digital Developments 
Tel: 01258 821222 
Enquiry No 503 

25/1 SW DC-DC converter 
With UL 1950 recognition to 
operational level, the NPH 25 and 
15W DC/DC converters from Newport 
are for telecoms and industrial 
distributed power systems. Efficiency 
levels are up to 90 per cent and 
power densities up to 1.42W/cm' . 
The 25W units have footprints of 50 
by 35mm and the 15W models 50 x 
25mm. Height for both is 10mm. 
Newport Components 
Tel: 01908 615232 
Enquiry No 504 

Wireless test subsystem 
Blue Wave Systems has combined 
the Comstruct PCI/C6600 OSP board, 
PMC/SB341 O and development tools 
to produce a subsystem for testing 
wireless equipment. 
Newport Components 
Tel: 01908 615232 
Enquiry No 5 18 

Transient voltage 
suppressors 
AVX has introduced a low 
capacitance version of its 
Transguard bidirectional transient 
voltage suppressor. Called 
Antennaguard, it has capacitances 
below 12pF in an 0603 case size or 
below 3pF in 0402 or 0603 case 
sizes. Working voltage is 18V and 
they operate from -55 to + 125°C. 
They can protect high gain FETs on 
output stages of RF sections in 
mobile phones, pagers and WLANs, 
reducing a 15kV air discharge ESD 
strike to a level that can be handled 
by most FETs and preamplifiers. 
AVX 
Tel: 01252 770000 
Enquiry No 505 

418MHz radio 
Low Power Radio Solutions has 
released two radio receiver 
modules based on Micrel MICRF 
ICs. The LPRx2 and 3 are 
complete AM superhet receiver 
modules for upgrading car or 
domestic alarms, They have a 
saw-based front end filter to 
improve selectivity, The LPRx2 is 
available at either 418MHz as per 
MPT1340 or 433MHz to ETS300· 
220. It uses an eight-pin SIL 
outline. 
Low Power Radio Solutions 
Tel: 01993 709418 
Enquiry No 506 

Custom graphics LEDs 
A custom graphics LED capability has 
been announced by Anders 
Electronics for manufacturers of white 
and brown goods. Complex icons, 
different colours and alphanumerics 
can be combined in one module. 
Applications include dishwashers, 
washing machines, microwave ovens 
and air conditioners. 
Anders Electronics 
Tel: 0207 388 7171 
Enquiry No 507 
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Power amplifier 
SiGe Microsystems has introduced a 
version of its Bluetooth power 
amplifier. The silicon germanium amp 
boosts class 11 Bluetooth radios for 
class I, 1 oom range applications. The 
PA2423M has a current rating of 
160mA including the bias network 
current, and better than 45 per cent 
power added efficiency. It produces 
+23.SdBm with 20dB gain and 
includes power down plus output 
power control pins. Supply voltage is 
2. 7 to 3.6V typical and ii operates with 
up to 6.0V applied during battery 
charging. It comes on tape and reel in 
a 3 by 3mm MSOP eight-pin package. 
SiGe Microsystems 
Tel: 001 613 748 1334 
Enquiry No 508 

Surface mount 
thermistors 
Beyschlag Centralab Components 
has introduced negative temperature 
coefficient 0603 surface mount 
thermistors. Resistance values are 
4.7, 10, 47, 68 and 100k.O.. E6 will be 
added soon. Eleclrical tolerance is up 
to 3 per cent on 
resistance values at 2s·c and up to 1 
per cent tolerance on 825 and 885 
values. Devices are packed on a reel 
of punched paper tape suitable for 
pick-and-place mounting.They are 
stable at temperatures up to 1 so·c. 
Applications include battery packs 
and temperature compensation of 
LCDs and TCXOs. 
BC Components 
Tel: 00 3140259 0724 
Enquiry No 510 

Power amplifier 
A dual-stacked smartcard connector 
has been introduced by AMP for use 
in set-top boxes. Distance between 
slots is either 11.4 or 16.2mm and ii 
accepts single-thickness cards. The 

up to SA, 30V AC and 42V DC. The 
connector can be fully polarised with 
two or three contacts, with the three• 
pin version having one leading 
contact for grounding. The PCB 
mounted parts are 7mm deep with a 
meta l cover that provides a snap lock 
mechanism. The two-way plug comes 
as a prepared cable assembly with 
straight cable exit. The three-way is 
available in straight or right angled 
versions and is wired using crimp 
contacts and snap together hoods. 
Hirose 
Tel: 01908 260616 
Enquiry No 512 

GaAs amplifier 
Link Microtek has introduced a 
monolithic power GaAs amplifier that 
achieves a typical third-order intercept 
point of 41 dBm. Made by Stanford 
Microdevices, the SXH· 189 operates 
from 50MHz to 2GHz and is for use 
as a driver device in infrastructure 
equipment for cellular, ISM, narrow 
band PCS and multi-carrier systems. 
The MMIC delivers a typ ical gain of 
22.0 at 50MHz and 13.0 at 2GHz, 
with noise figures of 3.5 and 4.2dB, 
respectively. 
Link Microtek 
Tel: 01256 355771 
Enquiry No 513 

Graphic VFO module 

Dual-channel analogue chipset 
Infineon has introduced 1he Duslic dual-channel analogue termination for 
access network and customer premises applications. For decentralised nodes, 
the software programmable codec SLlC chipset integrates DTMF generation, 
DTMF decoding, FSK generation (caller ID) and three party conferencing. It 
also provides rate adaptive echo cancellation complying with JTU G.165. This 
function eliminates the echo where voice is digitised, so there is no need for 
network based echo cancellation. This suits wireless local loop or voice over lP 
systems. 
Infineon Technologies 
Tel: 00 49 89 234 22767 
Enquiry No 509 

XDSL network 
processor 
Infineon has introduced the Harrier
XT intelligent protocol handling and 
controller IC for xDSL customer· 
premises equipment, including 
integrated access devices supporting 
combined data and voice services. It 
is based on the firm's 32-bit 50MHz 
Tricore unified processor core 
architecture and is tor ATM and 

ATM adaptation layer support, up to 
12B virtual circuits with a p riority and 
WFO scheduling mechanism. 
Infineon technologies 
Te/· 00 49 89 234 22767 
Enquiry No 515 

DC-DC converter 
Micro Call has introduced the Linear 
Technology LT1949 step-up PWM 
DC·DC converter capable of 
generating bias voltages for TFT LCD 
panels. It includes a 1 A, 30V internal 
switch that produces output voltages 
up to 28V using an inductor. Fixed 
frequency operation is at 600kHz. An 
external loop compensation pin lets a 

THE ORIGINAL SURPLUS WONDERLAND! Surplus always 
wanted for cash! THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

THE AMAZING TELEBOX 

TV SOUND& 
VIDEO TUNER 
CABLE COMPA TIBLE. 

Toe TELEBOX is an attracwe fully cased mans powe«,d unit, oontaning aQ 
eledroni:s rea<f,/ to plug nto a host of video mon,ors or AV ~ent "'1<::h 
are filed with a romposite video or SCART i1pul. The composite video output 
w,l also plug directly into mOSI video recorders, alicY,oMg re<>1p000 of TV chan
nel• not normally receivable on most television receivers• (TELEBOX 
MB~ Push button controls on the front panel albw re<>1p000 of 8 fully tuneable 
'cAf ai' UHF colour television chame!s. TEU:BOX MB cove<s vitually al tele1n
sion frequencies VHF and UHF including the HYPERBAND as used by 
most cable TV opemloni. Ideal for deSklop con-.,uter video systems & PIP 
(piotllre n pi:lure) set"'8, For rompete a,mpalbfly - even tor mon!ors wilhoul 
sound • an ntegal 4 watt audio amplifier and low level Hi Fi audio output are 
J:«Md8d as S1andard. Bland new· fuly guaranteed. 
TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with lnt09ral 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/ hyperband signal reception Telebox MB should be con• 
nected t a cable type service. Shipping on all Telebox's, code (8) 

State of the art PAL (UK spec) UHF TV tuner module 
with composite 1 V pp video & NICAM hi fl stereo sound 

· ,->'outputs. Micro electronics all on one small PCB only 73 x 160 
W' ' 52 mm enable full tuning control via a simple 3 wire link to an 
IBM pc type computer. Supplied complete with simple working pro
gram and documentation. Requires +12V & + 5V DC to operate. 

BRAND NEW· Order as MYOO. Only £49.95 code (BJ 
See www.dlstal.co.uk/data_myOO.htm for picture+ full detalls 

FLOPPY DISK DRIVES 2 ½" - B" 
All units (unless stated) are BRANO NEW or removed from ohen 
brand new equipment and are fully tested, aligned and shipped to 
you with a full 90 day guarantee. Call or see our web site 
www.distel.co.uk for over 2000 unlisted drives for spares or repair. 
3½' Mitsubishi MF355C·L 1.4 Meg. Laptops only £25.951B 
3½" Mitsubishi MF355C·D. 1.4 M09. Non laptop £18.95 B 
5¼" Teac FD-55GFR 1.2 M (for IBM pc's) RFE £18.95 B 
5¼" Teac FD·SSF-03-U 720"i{J 40/80 (for BBC's etc) AFE £29.95 B 
5¼" BRAND NEW Mitsubishi MF501B 360K £22.95 B 
Table top case wijh integral PSU for HH 5¼' Floppy / HD £29.95 B 
8" Shugart 800.'801 8" SS refurbished & tested £210.00 E 
8" Shugart 810 a• SS HH Brand New £195,00 E 
8" Shugart 851 a· double sided refurbished & tested £260.00 E 
8" Mitsubishi M2894-63 double sided NcW £295.00 E 
8" Mitsubishi M2896-63-02U DS slimline NEW £295.00 E 
Dual 8" cased drives with integral power supply 2 Mb £499.00 E 

HARD DISK DRIVES 2½" - 14" 
2½" TOSHIBA MK1002MAV 1.1Gb laplop(12.5 mm H) New £79.95 
2½"TOSHIBA MK2101MAN 2.16 Gblaptop (19mm H) New £89.50 
2½' TOSHIBA MK4309MAT 4,3Gb laptop (8.2 mm H) New£105.00 
2½' TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New£190.00 
2½' 10 3Y.i' conversion kit for Pc's, complete with connectors £14.95 
3½" FUJI FK-309-26 20mb MFM 1/F RFE £59.95 
3½' CONNER CP3024 20 mb !DE VF~or equiv.) RFE £59.95 
3½" CONNER CP3044 40 mb IDE 1/F or equiv.) RFE £69.00 
3½' QUANTUM 40S Prodrl ve 42mb CSI 1/F, New RFE £49.00 
S¼' MINISCRIBE 3425 20mb MFM 1/F (or equiv.) RFE £49.95 
S¼' SEAGATE ST-238A 30 mb ALL 1/F Refurb £69.95 
S¼' CDC 94205-51 40mb HH MFM 1/F RFE tested £69.95 
S¼' HP 97548 850 Mb SCSI RFE tested £99.00 
S¼" HP C3010 2 Gbyte SCSI d/lferentla/ RFE tested £195.00 
.a• NEC D2246 85 Mb SMD interface. New £199.00 
8' FUJITSU M2322K 160Mb SMD 1/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD 1/F RFE tested £345.00 
Many other drives In stock - Shipping on all drives Is coda (Ct) 

/C's -TRANSISTORS - DIODES 
OBSOLETE· SHORT SUPPLY. BULK 

10,000,000 Items EX STOCK 
For MAJOR SAVINGS 

CALL OR SEE OUR WEB SITE www.distel.co.uk 

VIDEO MONITOR SPECIALS 
One of the highest specification 

• monitors you will ever see - • 
;.,. At this price - Don't miss it!! ;.,. 
Ml1sublshl FA3415ETI<L 14" $VGA Multisync colour monitor with fne 

028 dot p;tch rube and resolution of 1024 x 768. A 
variety of r1plJIS alows oomedion to a hOSI of a,mput
e,s nciU<Ql IBM PC's n CGA. EGA, VGA & &/GA 
modes, BBC, COMMODORE (ncu:!ing Amiga 12001 
ARCHIMEDES and APPLE. Many features: Etched 

. faceplale, lelCI sv&nng and LOW RADIATION MPR 
specification. Fuly guaranteed, n EXCELLENT little 

used condttion. Order as 
Titt&SWlvel Base £4.75 Only £119 <EJ Mrrs-svGA 
VGA cable fo, IBM PC Included. 
Ex1emal cables fo, -types of con-.,uters available - CALI. 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

Top quality 19' rack cabinets made in UK by 
Optima Enclosures Ltd. Units feature 
designer, smoked acrytic lockable front door 
full height lockable half louvered back doo; 
and louvered removable side panels. Fully 
adjustable internal fixing struts, ready punched 
for any configuration of equipment mounting 
,plus ready mounted integral 12 way 13 amp 
socket switched mains distribution strip make 
these racks some of the most versallla we 

have aver sold. Racks may be stacked side by side and therefore 
require only two side panels to stand singly or in multiple bays. 
Overall dimensions are: 77½' H x 32½" D x 22' W. Order as: 

OPT Rack 1 Complete with removable side panels. £345.00 (G) 
OPT R k2 R ck L 

Over 1000 racks, shelves, accessories 
19" 22" & 24" wide 3 to 46 U high. 

Available from stock!! 
Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro 

monitors, Full multisync etc. I 32U - High Quality - All steel RakCab I 
~-".'""""."F"."u~ll-9_0"."d_a.;y..;;.g_u_a_ra_n_t_e_e._o_n.;ly_£_19_9_._oo....:.(E.;):.,_ _ _,1 Made by Eurocratt Enclosures Ltd to the highest possible spec, 

Just In. Mlcrovltec 20• VGA (800 x 600 res.) colour monitors. rack features all steel construction with removable 
G side, front and back doors. Front and back doors a 

ood SH condition • from £299 • CALL for Info hinged for easy access and all are lockable with 
PHILIPS HCS35 (same stvle as CM8833) attractively styled 14" five secure 5 lever barrel locks. The front door 
colour monitor with b.o.lh RGB and standard composite 15.625 is constructed of double walled steel with a 
Khz video Inputs via SCART socket and separate phono jacks. 'designer style' smoked acrylic front panel to 
Integral audio power amp and speaker for all audio visual uses. enable status indicators to be seen through the 
Will connect direct to Amiga and Atari BBC computers. Ideal for all panel, yet remain unobtrusive. Internally the rack 
video monitoring/ security applications with direct connection features fully slotted reinforced vertical fixing 
to most colour cameras. High quality wijh many features such as members to take the heaviest o f 19" rack 
front concealed flap controls, VCR correction button etc. Good equipment. The two movable vertical foclng struts 
used co_ndition • fully tested· guaranteed Only £99 00 (extras available) are pre punched for standard 
D1mens1ons: W14' x H12¾' x 15½' D. • (El 'cage nuts'. A mains distribution panel internal-
PHILIPS HCS31 Ultra compact 9" colour video monitor with stan- ly mounted to the bottom rear, provides 8 x IEC 3 

pin Euro sockets and 1 x 13 amp 3 pin switched 
dard composite 15.625 Khz video input via SCART socket. Ideal utillty socket. Overall ventilation is provided 
for all monitoring I security applications. High quality, ex-equipment fully louvered back door and double skinned top sectio 
fully tested & guaranteed (possible minor screen burns). In attrac· with top and side louvres. The top panel may be removed for fitting 
tive square black plastic case measuring W10' x H 10• x 13½' D. of Integral fans to the sub plate etc. Other features include: fitted 
240 V AC mains powered~ Only £79.00 (D) castors and floor levelers, prepunched utility panel at lower rear for 
KME 10• 15M10009 high definition colour monitors wtth 0_28• dot cable/ connector access etc. Supplied in excellent, slightly used 
p itch. Superb clarity and modern styling. condition with keys. Colour Royal blue. External d imensions 
Operates from any 15.625 khz sync RGB video mm=1625H x 635D x 603 W. ( 64" H x 25" D x 23¾" w ) 
source, with RGB analog and composite sync Sold at LESS than a third of makers pr/ca II 
such as Atari, Commodore Amiga, Acorn A b b £245 00 
Archimedes & BBC. Measures only 13½" x 12' x super uy at only • (G) 
11

'· Goodusedco
nd

uion. Only £125 (E) 42U version of the above only £345 - CALL 
20" 22" and 26" AV SPECIALS 

Superbly made UK manufacture. PIL all solid state colour monitors, 
complete with composite video & optional sound input. Attractive 
teak style case. Perfect for Schools, Shops, Disco, Clubs, ale.In 
EXCELLENT little used condition with full 90 day guarantee. 

20" .... £135 22" .... £155 26" .... £185 (F) 
We probably have Iha largest range of video monitors In 
Europe, All sizes and types from 4 • to 42" call for Info. 

DC POWER SUPPLIES 
Virtually every type of power 
supply you can , maglne.Over 

10, 000 Power Suppl/es Ex Stock 
Call or see our web site. 

12V BATTERY SCOOP - 60% off!! 
A special bulk purchase from a cancelled export order brings you 
the most amazing savings on these ultra high spec 12v DC 14 Ah 
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15 
featuring pure lead plates which offer a tar superior shelf & guaran· 
teed 15 year service life. Fully BT & BS6290 approved. Supplied 
BRAND NEW and boxed. Dimensions 200 wide, 137 hi~h, 77 deep. 
M6 bolt terminals. Fully guaranteed. Current makers price over £70 

each Our Price £35 each <c> or 4 for £99 <EJ 

RELAYS - 200,000 FROM STOCK 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS 

Save £££E's by choosing r9ur next relay from our Massive Stocks 
covering types such as M,/ffary, Octal, Cradle, Hermetically Sealed, 
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Solid 
State, Printed Circuit Mounting etc. , CALL or see our web site 
www.dlstel.co.uk for more Information. Many obsolete types from 

MITS. J.. FA3445ETKL 14" Industrial spec SVGA monitors £245 HP6030A 0-200V DC@ 17 Amps bench power supply £1950 
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies £995 Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150 
FARNELL AP3080 0-30V DC@ 80 Amps, bench Suppy £1850 Nikon HFX•11 (Ephiphol) exposure control unit £1450 
1kWto 400 kW • 400 Hz 3 phaSe power soun:es-ex stock £POA PHILIPS PM5518 pro. TV signal generator £1250 
IBM 8230 Type 1, Token ring base unil driver £760 Motorola VME Bus Boards & Components List. SAE / CALL £POA 
Wayne Kerr RA200 Audio frequency response analyser £2500 Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 
IBM 53F5501 Token Ring ICS 20 pon lobe modules £750 Fujitsu M3041 R 600 LPM hi9h speed band printer £1950 
IBM MAU Token rin9 distribution panel 8228·23·5050N £95 Fujitsu M3041 D 600 LPM printer with network interface £1250 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 Perkin Elmer 299B Infrared spectrophotometer £500 
ALLGON 8360.11805· 1880 MHz hybrid power combiners £250 Perkin Elmer 597 Infrared spectrophotometer £3500 
Trend OSA 274 Data Analyser with G703(2M) 64 i/o £POA VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 LlghtBand 60 output high spec 2u rack mount Video VDA's £495 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 Sekonlc SD 150H 18 channel digital Hybrid chart recorder £1995 
Marconi 2030 opt 03 10KHz·1.3 Gf-lz signal generator.New £4995 B&K 2633 Microphone pre amp £300 
HP1650B Logic Analyser £3750 Taylor Hobson Tallysurf amplifier / recorder £750 
HP3781A Pattern generator & HP3782A Error Detector £POA ADC SS200 Carbon dioxide gas detector/ monitor £1450 
HP6621A Dual Programmable GPIB PSU 0·7 V 160 watts £1800 BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
HP6264 Rack mount variable 0·20V @ 20A metered PSU £675 ANRITSU 9654A Optical DC·2.SG/b waveform monttor £5650 
HP54121A DC to 22 GHz four channel tesl set £POA ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser £POA 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 ANRITSU ML93A optical power meter £990 
HP A1, AO 8 pen HPGL high speed drum plorters - from £550 ANRITSU Fibre optic characteristic test set £POA 
HP DRAFTMASTER 1 8 pen hiQh speed plotter £750 R&S FTDZ Dual sound unit £650 
EG+G Brookdeal 95035C Precision lock in amp £1800 R&S SBUF·E1 Vision modulator £775 

stock. Sava £££E's 

Undoubtedly a miracle of modern technology & 
our special buying power ! A quality product 1ea· 
luring a fully cased COLOUR CCD camera at a 
give away price I Unit features full autolight sensing for "'1 r, 

use in low tight & high light ' / 
applications. A 10 mm fixed focus <' 
wide angle lens gives excellent focus 
and resolution from close up to long 
range. The composite video output will 
connect to any composite monitor or lV 
(via SCART socket) and most video 
recorders. Unit runs from 12V DC so 
ideal for security & portable appllca· 
lions where mains power not available. 

Overall dimensions 66 mm wide x 117 deep x 43 high. Supplied 
BRAND NEW & fully guaranteed with user data, 100's of applica· 
lions including Security, Home Video, Web TV, Web Cams etc, etc. 

Web ref= LK33 ONLY £99.00 or 2 for £180.00 (BJ 

product can be supplied with a 
standard stack height o r with a raised 
floor that lets components be 
mounted on the PCB beneath the 
conneclor. It is possible to use a 
variable thickness connector as the 
lower part. The connector is 
assembled using clip-on techniques 
and the module's spring contacts. 
AMP 

T he GUBOO module from Itron 
provides a blue-green display in 128 
x 32 and 12B x 64 versions and 
comprises the VFD glass, driver, 
control Asic with integral refresh 
twin screen graphic RAM, and 
interface logic. Models at 160 x 16, 
160 x 32 and 256 x 32 will be 
released later this year. Features 
include operational temperature 
between -40 and +ss·c, B•bit 
parallel interface that is SV CMOS 
compatib le and suitable for 
connection to a host CPU bus, and 
a sv supply. There is a 16-level 
brightness control function with a 
power down facility. 

HDLC network termination, Internet 
connectivity and constant·bit•rate 
services, such as voice and video 
delivery. Full-duplex xDSL sustained 
data throughput rates of 13MbiVs are 
supported. T here is 4Bkbyte of on
chip SRAM. The embedded memory 
supports combinations of instruction, 
data and scratchpad. Network access 
protocols can be downloaded into the 
device for upgrades, modifications to 
service levels, and design-in to similar 
network access devices. The IC 
includes an autosensing Ethernet 
media access controller and a two· 
channel HDLC protocol controller. 
O ther onchip features include T1 and 
El circuit emulation, AAL 1 and AALS 

View Eng. Mod 1200 computerised inspection system £POA WILTRON 6630B 12.4 120GHz RF sweep generalor £5750 
,----------------:::~ Sony DXC.JOOOA High quality CCD colour TV camera £995 TEK 2445 150 MHz 4 trace oscilloscope £1250 

Keithley 590 cv capacitor t voltage analyser £POA TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 NT 4 WorkStation, complete wit h service pack 3 
SOFTWARE SPECIALS 

Tel: 0181 4208250 
Enquiry No 511 

SA power connector 
Hirose's RP34L connector is for use 
in portable equipment. It can handle 

so 

Itron 
Tel: 0845 603 9052 
Enquiry No 514 
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Racal ICR40 dual 40 channel voice recorder system £3750 TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 and licence • OEM packaged. ONL y £89.00 (BJ 
Flskers 45KVA 3 ph On Line UPS· New batteries £9500 TEK TDS524A 500Mhz digital realtime + colour display etc £5100 ENCARTA 95 - COROM, Not the latest. but at this price I £7.95 
Emerson AP130 2.5KVA industrial spec.UPS £2100 HP3585A Opl 907 20Hz to 40 Mhz spectrum analyser £3950 DOS 5.0 on 3V..- disks with concise books c/w QBaslc. £14.95 
Mann Tally MT645 High speed line printer £2200 PHILIPS PW1730l10 60KV XRAY generator & accessories £POA Windows t or Workgroups 3 11+ Dos 6 22 on 3 5• disks £55 oo 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 CLAUDE LYONS 12A 240V single phase auto. volt regs £325 Wordperlect 6 for DOS suppi1ed on 3Y.i.-disks wiih manual £24°.95 
Siemens K4400 64Kb to 140Mb demux analyser £2950 CLAUDE LYONS 100A 240/415V 3 phase auto volt. r09s £2900 shipping charges for software is code 8 

DISTEL on the web I I - Over 16.000.000 items from stock - www.distel.co.ak 
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ALL MAIL TO LONDON SHOP ALL ff ENQUIRIES 
Dept WW, 29/35 Osborne Rd Open Mon • Sat 9:00 • 5:30 

0208 65.1 3333 Thornton Heath 215 Whitehorse Lane 
South Norwood 
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user improve feedback loop 
performance and use low ESR 
ceramic capacitors. It comes in an 
MSOP-8 package. 
Micro Call 
Tel: 01296 330061 
Enquiry No 517 

CPCI backplanes 
APW Electronics has introduced 
PICMG CPCI 2.1 revision 3.0 
specification left and right hand 
system slot backplanes. Revision 3.0 

< 
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PCl-based digital radio 

resolves the conflicts between the 
original core specification and the 
interim hot swap amendment and 
introduces 66MHz operation, 
constrained to five slots in a 3V3 
signalling environment. Mixed 66 and 
33MHz systems are not allowed. On 
the backplane, to reduce signal skew 
and improve clock signal integrity, all 
clock lines must be matched to within 
±lmm, run on inside layers and be 
without vias. For 33MHz eight-slot 
systems, system boards must 
generate seven independent clocks 
and the backplane must route all 
clocks separately. Mixed 32 and 64-
bit operation is allowed. 
APW Electronics 
Tel: 01489 780078 
Enquiry No 519 

55/85W supplies 
Available from Digital Power, the HPS 
85 universal input switched mode 
power supplies are for power network, 
computer peripheral, datacoms and 
telecoms system. They deliver up to 
85W output with forced air cooling or 
55W with natural convection. Single, 
(lual, triple or quad output versions 

. are available, and each incorporates 

Spectrum has introduced a multiprocessor, TMS320C6202-based, digital 
radio. The lngliston is a quad PCI DSP system using four Texas · 
Instruments' 2000Mips, 250MHz, fixed-point C6202 processors. It is suitable 
for multi-channel, multi-function applications such as signal intelligence, 
medical and commercial imaging, and third-generation wireless base 
stations. Each processor contains 3Mbit memory. Also available are 
complementary DSP and 110 hardware, software development kit, system 
management software, and digital radio specific DSP algorithms. The 110 
system has one PMC site, two PEM sites and DSP-Link3, which provides 
access to more than 150 lndustrypack modules. lngliston can also support 
the 300MHz TMS320C6203 with 7Mbit memory. 
Spectrum Signal Processing 
Tel: 001604421 5422 
Enquiry No 534 
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Chip Inductors for EMI shleldlng 
ELJ chip inductors from Panasonic measuring 1.6 x 0.8mm (0603) are for 
use in EMI and RFI shielding designs, high-frequency circuitry and power 
supplies. They suit mobile phones, hand-held instruments and other 
portable equipment. There are 23 devices with values between 1.5 and 
100nH at 100MHz. Maximum typical Q factor at 100MHz is 47, and 
maximum DC current is from 200mA for the lOOnH device to 500mA for the 
1.5nH inductors. Operating temperature is between -40 and +as·c. They 
come in tape-and-reel format for use with automated manufacturing 
systems. Tolerances are ±0.3nH for devices with inductances up to 3.3nH 
and ±5 per cent for the rest. 
Panasonic Industrial 
Tel: 01344 853349 
Enquiry No 518 

BACK ISSUES 
Back issues of Electronics World are available, 
priced at £3.00 UK and £3.50 elsewhere, 
including postage. Please send your order to 
Electronics World, Quadrant House, The 
Q uadrant, Sutton, Surrey, SM2 5AS 

Available issues 
1994 1996 April 

January January May 
Apri l February June 
M ay March July 
July May August 

August June December 
November July/August 
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1 · ~ British Exports Interactive ... 
L _____ - -- -- ------· ---- ----- ------ --- --

If you are looking for British companies 
to do business with, then we can help 
you find them in seconds. 

This powerful business tool contains 

~ Nearly 20,000 of the UK's leading exporting companies 

~ 20,000 product and service headings to choose from 

~ 11 search criteria to help you f ind the exact company 
you need 

·-..,.. The option to search in English, French, German · 
or Spanish 

~ Detailed information on export act ivit ies, trade names, 
agents and agency opportunities 

~ Print ing facility. 

British Exports has been publishing 
qual ity business information for 
over 30 years and brings 
you one of the most 
comprehensive databases 
on UK exporters. 

The site is free to use, so try it today!! 

www.britishexports.com 
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a + 12V fan output. Based on a 7.6 by 
•12.7cm footprint, they can pe 
specified with an optional cover and 
chassis. They meet requirements for 
conducted emissions including 
EN55022 class B. Where power 
factor correction is required, models 
are available that meet EN61000-3-2 
for input line harmonics. 
Digital Power 
Tel: 01722 413060 
Enquiry No 520 

Dual CAN micro 
Dallas Semiconductor has announced 
the OSBOC390 8051 microprocessor 
that integrates two Can bus 
controllers with peripherals. It 
addresses 4Mbyte of external data 

memory and 4Mbyte of external 
program memory. Applicaiions 
include factory automation, marine 
control and navigation, industrial 
control systems, and HVAC control. 
Dallas Semiconductor 
Tel: 001 972 371 3832 
Enquiry No 521 

PC plug-in card 
A plug-in ISA card for a PC provides 
functions to analyse, decode and 
process communications 
transmissions in the HF, VHF, UHF 
and SHF bands. It is available from 
Sight Systems. The Wavecom 
W41 PC provides government bodies, 
telecoms authorities and the military 
with a signals intelligence gathering 
system for radio communications, 
datacomms, fax and pager signals. 

The system may be configured for 
stationary monitoring of one 
transmission with one system or as 
an automated broadband monitoring 
system using a network of 
cooperating systems. 
Sight Systems 
Tel: 01903 504494 
Enquiry No 522 

MPEG-2 decoder cards 
Imagine Graphics has introduced 
MPEG-2 digital Pal and NTSC video 
and audio decoder cards from Visual 
Circuits. As well as composite and S 
video outputs, the Reeltime Plus 
cards have RGB video and balanced 
audio outputs on each channel for 
professional video engineers needing 
to interface to video projection and PA 
systems. There are four and two 
channel versions. Various cable 
assemblies and breakout panels are 
available as options. The MPEG Plus 
card, a half-length PCI card with 
RGB, S video, composite video and 
balanced audio outputs, is also 
available. 
Imagine Graphics 
Tel: 01727 844744 
Enquiry No 523 

3MHz precision 
LCR bridge 
Wayne Kerr's latest range of precision 
component analysers extend the 

.:t Please send me a copy of "Newnes 
Interactive Electronics CD-ROM", normal 
ARP £49.99 DISCOUNTED PRICE only 
£39.99 (postage free) 

I 
Simply return this order to: 
Jackie Lowe, Quadrant House, 
The Quadrant, Sutton, Surrey, SM2 5AS. 

J ·:• . 'I v·,.. I 

~t( : Address (for delivery) 

~ ' . . J 
~ 1·., . . -· --· . . I 

£10 DISCOUNT ~~ ._-·: 
Electronics World is ~!- i' 
delighted to offer you ~;-. 
£1 O off Newnes 1\t 
CD-ROM library of 
Circuits, including 
simulations, from 
leading experts 
around the world. 

Pay by cheque (payable to Reed Business 

Information) 

O Visa O Access/Mastercard O Amex 

Card Number: 

capabilities of previous LCR 
measurement bridges by measuring 
parameters up to 3MHz frequencies 
and supporting for the first time real
lime swept frequency measurements. 
The company claims an industry
leading basic accuracy of 0.02 per 
cent for the 6430A (20Hz • 500kHz) 
and 6440A (20Hz · 3MHz) analysers. 
Significantly, pricing for the 
instruments is less than for previous 
bridges despite higher accuracy and 
frequency specifications. For 
capacitor testing, when dissipation 
factor measurements are carried out 
accuracy is 200ppm. The company 
has also ·added extra measurements, 
such as admiltance, conductance and 
resonant frequency, to the standard 
list of L, C, R, Z, 0, phase and 
dissipation. A real-time swept 
frequency measurement·provided by 
the 6440A provides either linear or 
logarithmic axes and measurement 
functions such as impedance and 
phase. 
Wayne Kerr 
Tel: 01243 825111 
Enquiry No 524 

PCB adapter 
A PCB adaptor has been introduced 
by Harting for the Han 05/0 motor 
interface connector, letting it be 
directly mounted on a PCB. Part of 
the company's Han Drive family, it is 
claimed to help set up decentralised 
motor control with less wiring. The 
ability to mount the connector directly 
on a PCB eliminates the need for 
manual wiring and lets the producti9n 
of the electronic equipment and the 
mechanical components, including 
the cabinet, be separated and 
automated. 
Harting 
Tel: 01604 766686 
Enquiry No 525 

Switching relay 
Teledyne's RF300 to 303 OPOT and 
SPOT switching relays are for RF 
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WATCH SLIDES ON TV 
MAKE VIDEOS OF YOUR SLIDES 

DIGITISE YOUR SLIDES 
(Using a video capture card) 

"Liesgang diatv" automatic Slide viewer .wI1h buitHn high quality colour TV camera 11 
has a composite video output to a phono plug (SCAAT & BNC adaptors are evadable) 
They are tn very good condition with few signs of use ... , ... ... £91.91 + VAT= £108.00 
Board cameras all with 512 x 582 p,xels 8.5mm 113 mch sensor and composite video 
out All need to be housed In your own encl0$ure and have fraglle exposed surface 
mount parts 
They all require a power supply of between 10 and 12v DC 150mA. 
47MIR size 60 x 36 x 27mm with 6 ITTfra red LEDs (gives the same 1llummabon as a small 
lorch bu1 ,snot v1s1ble to the human eye) .... ... ... . ..... .. £50.00 +VAT= £58.75 
40MP s,ze 39 x 38 x 28mm spy camera with a hxed focus pin hole lens for hiding behind 
a very small hole.... ......... . .. . ...•.. ,......... . .................. £50.00 +VAT= £58.75 
40MC size 39 x 38 x 27mm camera for 'C' mount lens these give a much sha1per Image 
than with the smaller lenses ................ .... ... .. . . . ... . .. £38.79 +VAT= £45.58 
Economy C mount lenses all fixed focus and fixed Iris. 
VSL1220F 12mm Fl 6 12 x 15 degrees viewing angle ... ..... £15.97 +VAT= £18.76 
VSL4022F 4mm F1 22 63 x 47 degrees viewing angle..... . ..£17.65 +VAT= £20.74 
VSL6022F 6mm F1.2242 X 32 degrees viewing angle... .. .£19.05 +VAT= £22.38 
VSL8020F 8mm F1 22 32 x 24 degrees vIewIng angle . .. .£19.90 +VAT= £23.38 
Better quality C Mount lenses 
VSL1614F 16m1J1Fl630 x24 degrees viewing angle ............. .. .. . £26.43 + VAT £31.06 
VWL813M 8mm F1 3w,th Ins 56 x 42 degrees viewing angle £77.45 + VAT z £91.00 
Blue and silver recordable CD ROM bulk ........ .... .... ........ . £0.766 +VAT= £0.90 

With jewel case. ·•·•.. ... ... ·············· ... £1.00 +VAT= £1.18 
P6KE103A 130v diode ................. £0.98p +VAT= £1.15 20 for £13.00 +VAT= £15.28 
RC300 Phillps universal remote control 5 for £24.45 + VAT (£4.69 + VAT each)= £27.55 
Konig UHrasonlc remote control clearout, limited quanbtIes Quantity left in brad<ets · 
US8207 (15), US8209 (5), US8220 (4), US8224 (5), US8225 (2), US8232 (3), 
US8233 (2),US8239 (8). US8260 (1), US8264 (124), US8265 (116), US8302 (2), 
US8306 (1), US8309 (1), US8406 (1), US8513 (21). US8514 (40), US8516 (19). 
U$8519 (2), US8535 (82), US8578 (182).... ..... ... ... ... ... .. . .. . .... ..... . ...... . . 

..... ................ £5.50 + VAT each, £22.00 + VAT lor 5, £85.00 + VAT for 25. 
1206 surface mount resistors E12 values 10 ohm to 1m ohm 
. ... .............. .. .... . .. 100 of 1 value £1.00 + VAT, 1.000~1·;··;;;,-i~~·i:s:oo·~ VAT 

Please add £1.66 + VAT• Cl.95 postage & packmg per order 

JPG ELECTRONICS 
276-278 Chatsworth Road, Chesterfield S40 28H 

Tel: 01246 211202 Fax: 01246 550905 
Callers welcome 9.30am to 5.30pm Monday to Saturday 
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For 200 years the 
definitive source of UK 
products & services 

.-·keLLv's· •\ 
• I • \ 

-~. ! .• \ 
. "':,:.-:;:.;- x.. ! 

www.kellys.co.uk 
CALL NOW FOR FURTHER INFORMATION 

~~~NE 0800 521393 
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Ramco 
GENUINE GOVERNMENT SURPLUS 

We currently have in stock a selection of MOD 
surplus electrical equipment. 

All items are untested and sold as seen. 
Please ring for more details. 

Tektronix 212 Oscilloscope (AC/DC) £99, 
Tektronic 2205 Oscilloscope (20Mhz) £ 199 

Tektronic 2445A Oscilloscope (150Mhz) £399, 
H.P. 1744A Oscilloscope (100Mhz) £75, 

Philips 3217 Oscilloscope (50Mhz) £149, 
Marconi 2305 Modulation Meter £999, 
Solartron J M 1861 Signal Generator £99, 
Datalab DL1080 Transient Recorder £99, 

Wavetek 178 Waveform Synthesiser £599, 
Datron 1041 Voltmeter Multifunction £132, 

Fluke 8800A Multimeter Digital £58, 
Dana 5000 Multimeter Digital £92, 

Philips PM5705 Pulse Generator 0.1 Hz-10Mhz £149 

OFFICIAL SURPLUS CONTRACTORS TO THE 
BRITISH MINISTRY OF DEFENCE 

Church Lane, Croft, Skegness, Li nes PE24 4RW 
(Just off theA52) Telephone 01754 880880 
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e FULL TESTING TO CE MARK FOR EMC 
e COMPETITIVE RATES 
e FREE TECHNICAL ADVICE 

From Design to Compliance 

R. N. Electronics are specialist Wireless Design 
Consultants, this expertise is available to our 

clients when undertaking EMC testing, 
AT NO EXTRA COST. 

Arnolds Court, Arnolds Farm Lane, Mountnesslng, 
Brentwood, Essex. CM13 1 UT 

Telephone: 012n 352219 Facsimile: 01277 352968 
email: sales@rfdesign.co.uk http://wwwrfdeslgn.co.uk 
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switching circuits. To operate from 
DC to 3GHz, with either a 450 or 
200mW coil, the relays provide 
insertion loss repeatability of ±0.1 dB 
from 0.3MHz to 3GHz. Its fully 
welded, hermetically sealed T05 
style metal can ensures that the 
switching path is not subject to RF 
noise disturbances and transient 
impact. 
Teledyne Relays 
Tel: 01634 863494 
Enquiry No 526 

SM antennas 
Philips has introduced two SM 
ceramic antennas that can be 
assembled directly onto a mobile 
phone's PCB using pick-and-place 
equipment and reflow soldering. The 
narrow-band dielectric resonator 
antenna (ORA) suits Bluetooth, Deel, 
PHS and W-LAN, and the wideband 
printed wire antenna (PWA) is for 
GSM, DCS, Amps and CDMA. The 
ORA is shaped like a ceramic block. 
It can also be used as a second 
diversity-antenna to improve the 
quality of voice or data reception. 
The PWA can be used for dual-band 
applications, such as 900 and 
1800MHz GSM phones, and in 
PDAs. 
Philips Components 
Tel: 00 31 40 272 20 91 
Enquiry No 528 

Thin-substrate 
assemblies 
Autosplice has available a knurled 
pin design for use in assemblies 
requiring thin PCB substrates. Knurl 
pins are claimed to provide the 
improved thermal characteristics of a 
thin PCB and high pin-retention 
strength for small DC to DC 
converters. For use with the firm's 
star-pin technology, the knurl pin has 
raised bumps on its surface rather 
than uniform star-shaped star-pins. 
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Dot matrix yellow LED displays at 45° 
A 16 x 32 dot matrix LED display from Rohm combines yellow output with a 
45· viewing angle and 10mm profile. The LUM-512HY350 has a 6mm dot 
pitch and can be stacked vertically and horizontally. The 512 dot modules 
can be used as building blocks for high resolution custom applications such 
as large _passenger information displays and messaging boards. Each unit 
integrates driving and control circuitry into a module measuring 96 by 
192mm and weighing 100g. 
Rohm Electronics 
Tel: 00 49 89 234 22767 
Enquiry No 516 

The irregular spacing of the bumps 
provides a mechanically stable, 
interference contact even when 
inserted into PCBs as thin as 
0.08cm. The knurl pin suits pin· 
throu9h-paste and bottom side paste 
operations typical in double-sided 
assembly operations on thin PCBs 
because the pin protrusion can be 
held to no more than 0.013cm on the 
bottom of the board. The pin is 
inserted into a thin PCB on the top 
side of an SMT assembly where 
SMT components will be applied on 
the bottom side. The pin is not to 
protrude more than 0.013cm out of 
the bottom. The PCB is flipped, the 
bottom side is stencilled with paste, 
the surface mount components 
placed in the paste and then 
reflowed. During rellow the paste 
applied at the areas over the holes 

where the pins were inserted rellows 
and creates a fillet throughout the 
hole and on bottom and top side. 
Designs are available in 0.046, 
0.063, 0.079 and 0.1 cm round 
configurations, with plans to add 0.15 
and 0.21 cm round configurations 
soon. 
Autosplice 
Tel: 001 619 535-0077 
Enquiry No 532 

8-bit micro 
Epson has added the EOC88409 to 
its 8-bit family of microcontrollers. 
The single chip product is based on 
the firm's EOC88 CMOS 8-bit core 
CPU. A built in AID converter 
operates at 2MHz with 10-bit 
resolution and a minimum 
conversion time of 11 µs. The device 

GSM test with 
VQ adjustment 
Two capabilities have 
been added to the IFR 
2935 Phonetest GSM test 
set - an in-channel 
spectrum analyser and 
an 1/0 (a complex 
modulation technique) 
adjustment display. There 
have also been 
improvements in level 
accuracy, VSWR and 
power burst analysis. 
Applications include go or 
no-go test, mobile 
alignment, repair and 
final QA audit 
assessment. Optional 
software provides 
maintenance and 
production facilities. 
/FR International 
Tel: 01438 742200 
Enquiry No 523 

can control up to 4M x 3byte of 
memory with the 22-bit external 
address bus and 3-bit chip enable 
signals. It comes in a QFP15-100 
pin or die. 
Epson Electronics 
Tel: +49 89 1 400 5363 
Enquiry No 529 

Resistors for 
voltage balancing 
Meggitt has released YP resistors to 
fit on the screw terminals of PEH200 
or similar aluminium electrolytic 
capacitors. They are for voltage 
balancing of series connected 
capacitors or capacitor discharge in 
high voltage circuits. Initial values 
are 18, 27 and 47kn but other 
values can be supplied to order. 
Hole centres are 32mm (M5) and 
13W can be dissipated with a hot 
spot temperature of 4o•c. Operating 
temperature is -55 to + 105' C. By 
offsetting resistors, parallel 
connections can double capability. 
Meggi tt Electronic Components 
Tel: 01793 611666 
Enquiry No 530 

Load driver supports 
40V operations 
Temic Semiconductors has launched 
a general-purpose BCDMOS load 
driver. The U68158M can drive 
actuators and lamps in automotive 
and industrial applications. It is 
made on a 0.8µm process to support 
operations up to 40V. It can be used 
in most microcontroller subsystems 
that control up to six high and six 
low-side loads. Applications include 
DC motor control for flaps in air 
conditioning systems, lamp and LED 
drivers, and drivers for valves, 
solenoids and relays. The device 
has a bidirectional serial interface to 
the microcontroller for control and 
diagnostic functions. Each driver 
stage can directly support 600mA 
typically. Several parallel 
combinations are possible. The high 
and low-side outputs are at adjacent 
pins. The intelligent load driver is 
protected against open loads, short 
circuits, over and undervoltage and 
over temperature. The diagnostic 
block reports malfunctions to the 
microcontroller so the system can 
take counter measures. 
Temic 
Tel: 00 33 240 181987 
Enquiry No 531 

SMD crystal 
An SMD ceramic crystal has been 
introduced by Fox Electronics for use 
in portable, wireless and PCMCIA 
card applications. The FX532A 
measures 5.0 by 3.2mm with a profile 
of 1 mm. Frequency range and 
fundamental operating mode are from 
14 to 40MHz. Frequency tolerance is 
±100ppm, frequency stability 
± 1 OOppm and operating temperature 
- 10 to +6o·c. 
Fox Electronics 
Tel: 001 9416931554 
Enquiry No 527 • 
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BOOKT BUY 
Without an engineering degree, a pile of 
money, or an infinite amount of time, the 
revised 289-page Interfacing with C is worth 
serious consideration by anyone interested in 
controll!ng equipment via the PC. Featuring 
extra chapters on Z transforms, audio 
processing and standard programming 
structures, the new Interfacing with C will be 
especialy useful to students and engineers 
interested in ports, transducer interfacing, 
analogue-to-digital conversion, convolution, 
digital filters, Fourier transforms and Kalman 
filtering. Full of tried and tested interfacing 
routines. 
Price £14.99. 

listings on disk - over 50k of C source code 
dedicated to interfacing. This 3.5in PC format 
disk includes all the listings mentioned in the 
book Interfacing with C. Note that this is an 
upgraded disk containing the original 
Interfacing with C routines rewritten for Turbo 
C++ Ver.3 
Price £15, or £7.50 when purchased with the 
above book. 

Especialy useful for students, the original 
Interfacing with C, written for Microsoft C 
Version 5.1, is still available at the price of 
£7.50. Phone 0181 652 3614 for bulk 
purchase price. 

r------------------------------------------------------------,---------------------------------, 
Post your completed order form to:-
Jackie Lowe, Electronics World, Room L333, 
Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS 

How to pay 
0 I enclose a cheque/bank draft for £. _ ___ _ 

(payable to Reed Business Information) 

Please send me Price Qty Total 

Enhanced Interfacing with C book @ £14.99 £ .... ... 

Please charge my crediVcharge card 

0 Mastercard O American Express O Visa o Diners Club 

Credit Card No: Expiry Date: 

Enh. Interfacing with C book @ + disk £22.49 . £ ....... 

I Interfacing with C disk@ £15.00 £ ...... . 
Original Interfacing with C book @ £7.50 £ ...... . 

Signature of Cordholder _ _ ____ ____ _ 

Send my order to: (please use capitols) 

Postage + Packing per order UK £3.50 £ ...... . 
Postage + Packing per order Eur £7.00 £ ... ... . 

Nome. _______________ _ 

Address. _______________ _ 

Postage+ Packing per order UK £12.00 £ ....... 

Total £ ....... Post Code. _ ____ Tel: ________ _ 

Fox: _ ___ ______ _ _ Dote. ____ r 
I 

Please a llow up to 28 days for delivery : 
L ________________ _ ____ _ ___ _ __________________________________ ..J.. ____________ ______ _ _ _____ _ _ ______ J 



BOOK TO BUY 
THE INVENTOR OF STEREO 
The Lifu and Work; of 

AlanDower 

D LI 

108/o DISCOUNT 
Reader price £21 
Post your completed order form to:-
Jackie Lowe, Room L333, Quadrant House, The Quadrant, Sutton, Surrey, SM2 SAS 
Phone your credit cord order: 020 8652 3614 
Fox your completed order form to 020 8652 8111 
Delivery please odd the following to your order to cover delivery of your books. 
UK customers odd £2.50. All other countries odd £3.50 

How to pay 
(Blumlein) 

0 I enclose a cheque/bank draft for£ ___ _ 
(payable lo Reed Business Information) 

Please charge my credit/ cha rge cord 
0 Moslercord O American Express O Visa O Diners Club 

Credil Cord No: Expirey Date: 

Signa ture of Cardholder _____ _ _ __ _ 

Send my order lo: (please use capitols) 

Na me ______________ _ 

Address _ __________ _ _ _ 

Post Code ____ Tel: ________ _ 

This book is the definitive study of the life and 
works of one of Britain's most important 
inventors who, due to a cruel set of 

circumstances, has all but been overlooked by 
history. 

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

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

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

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

Contents 
Earliest days 
Telegraphy and telephony 
The audio patents 
Television 
EMI and the Television Commission 
The high- definition television period 
From television to radar 
The story of radar development 
H2S - The coming of centimetric radar 
The loss of Halifax V9977 
Legacy 
To Goodrich Castle and beyond 

Joe <;arr explains how to make sure that the coaxial cabl.e 

connecting c:in antenna takes as little as possible out of the signal. 

Transmission-line 
loss and VSWR 
A II electrical sources have an internal resistanc·e or 

impedance: batteries, the AC power mains, radio 
transmitters, and signal generators all have some 

value of internal resistance, Fig. 1. 
In transmitters and signal generators that value is usual

ly stated as 'output impedance.' The impedance could be 
any value Zs=Rs±jX, where Rs is the resistive component 
and Xis either a capacitive or inductive reactance. 

In RF circuits other than television the standard system 
impedance is 50+j0, or simply 50Q resistive - i.e. not reac
tive. 

A load will also have some value of impedance: 
ZL =RL±jX. Although transmitters and signal generators 
will control the output impedance so that it is purely resis
tive, and matches the accepted value ·of standard 
impedance - i.e. 50Q, except for TV, which is usually 75Q 
- the load may vary over quit~ a range of values of R and 
X. 

It is rare to find a load connected directly to the output of 
a transmitter or signal generator. Most commonly one 
expects to see a transmission line; Fig. 2, between the 
source and load. The transmission line also has a charac
teristic impedance, which is denoted by Z0 : 

The beauty of matching 
One the fundamental facts about connecting source to load 
is that maximum power transfer occurs when the load and 
source are matched, i.e. when Zs=ZL· If this is not the c11,se, 
then not all of the power is delivered to the load. 

In a transmitter-antenna system, mismatch means not all of 
the available power is radiated as a radio signal. fn a signal 
generator test set-up, it means a possibly erroneous mea
surement - and, rarely, damage to the measuring equipment. 
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The problem becomes m·ore complicated in real situa
tions because of the increased number. of possible mis
matches. It is necessary to match Zs to Zo, and 20 to ZL. 
If a load is not matched to a source, then some of the RF 

power-supplied by the source will not be absorbed in the 
load. It will be reflected back towards the source. Thus, we 
most contend with both the applied, or forward, power PF 
su.pplied by the source, and the reflected power, PR, rejects 
ed by the load. 

Standing waves 
When the forward and reflected waves of an RF signal 
combine in the transmission line, they algebraically add, 
and set up a pattern of standing waves. 

In the case where Zo=ZL, there are no standing waves, 
and such a line is said to be ' flat.' But if Z0 is not equal to 
Zi, then the standing waves emerge, producing a non-zero 
reflected power, and voltage nodes - and current nodes, 
incidentally - along the line. 
. The voltage will vary from a maximum, VMAX to a min
imum, VMIN· The maxima and minima are quarter wave
length apart, and repeated maxima and repeated minima 
are half wavelength apart. One implication of this situation 
is that an impedance connected to the end of a transmission 
line is repeated every half wavelength. 

The reflected wave can be defined in terms of a reflec
tion coefficient r . 

(1) 

The standing waves are defined in terms of the standing· 
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Signal source 

wave ratio, which can be calculated from the reflection 
coefficient, 

SWR = I + ABS(r) 
1- ABS(r) 

The SWR can also be defined in terms of impedances, 

SWR=ZdZo if ZL>Zo 

Or, 

FinaJly, SWR can be defined in terms of power, 

1 ft 

(2) 

(3) 

(4) 

(5) SWR= +ftpF 
1- PR 

PF Note: 
Although SWR can be measured using any of these prop
erties, it is common practice to use the term voltage stand-

Rs 

Fig. 1. In practice, all signal generators have an internal 
resistance, Rs, that affects how much power can be 
delivered to the load, Ri. 

r- ------------- Transmission line Load 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Zo 

I ------------
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Fig. 2. Since it is not usually possible to site a transmitter 
right next to its load, power is normally passed to the load 
via a transmission line with a characteristic impedance, Zo. 

Antenna Fig. 3. One way of reducing transmission line loss problem 
in a receiver is to have a low-noise amplifier at the antenna 
to boost the signal before it is subjected to the loss of the 
transmission line. 

Transmission line 

~----~/----~~- R_e_c_e_iv_e_r~ 

ing wave ratio, or VSWR as synonymous with SWR. That 
usage will be observed herein. 

A scenario 
A young apprentice technician was sent to check out a 
newly installed low-band VHF - i.e. 30-S0MHz - com
munications antenna. He returned and told his boss that 
everything was in order because the VSWR was about 
l.66: 1, which was less than 2: I, so it met specifications. 
The wizened old boss was sceptical. He agreed that a 
VSWR of <2:1 was within the specification. But the boss 
knew that low VSWR sometimes conceals deeper prob
lems. 

The antenna was mounted on a tower, and the tower was 
up on the crest of a hill. Altogether, there was 250ft 
(76.2m) of RG-8/U 52Q transmission line. On further 
questioning, the boss discovered that the particular model 
antenna used on the system had a feed-point impedance of 
300Q resistive. That would infer a VSWR of 
300/52=5.77: 1, not 1.66: I thai the technician measured. 

So what happened? The VSWR should be almost 6: I, 
but it only read <2: l . Why? The solution is in the loss of 
the transmission line. There are two basic forms of loss in 
coaxial cable: copper loss and dielectric loss. The copper 
losses result from the fact that the copper used to make the 
inner conductor and shield has resistance. 

The picture is further compounded by the fact that RF 
suffers skin effect, so the apparent RF resistance is higher 
for any given wire than the DC resistance. Further, the skin 
effect gets worse with frequency, so higher frequencies see 
more loss than lower frequencies. 

The copper loss is due to the !2R when current flows in 
the conductors. When there is a high VSWR at the load 
end, part of the power is reflected back down the line 
towards the transmitter. The effect of the reflected RF cur
rent is to increase the average current in the conductor. 
Thus, PR loss increases when VSWR increases. 

Similarly with dielectric loss. This loss occurs because 
voltage fields of the RF signal cause problems. The sim
plistic explanation is that the voltage fields tend to distort 
electron orbits, and when those orbits return to their normal 
stale some energy is lost. These losses are related to E2IR. 

As with copper loss, the dielectric loss is frequency sen
sitive. The loss factor of coaxial cable increases with fre
quency. Let's look at two examples. 

Cable characteristics 
Table 1 shows a popular, quality brand of two 52Q coax
ial cables: RG-8/U and RG-58/U. Note that the loss for the 
RG-8/U varies from l.8dB/100ft (0.059dB/m) at 100MHz 
to 7.J0dB/I00ft (0.233dB/metre) at 1000MHz. The RG-
8/U cable is larger than the RG-58/U, and has Jess Joss. 

Take a look at the same end points for the smaller cable: 
4.9dB/JO0ft (0.16ldB/m) at 100MHz and 21.S0dB/J00ft 
(0.705dB/m) at 1000MHz. 

Clearly, the selection of the cable type is significant. At 
the FM broadcast band of 100MHz, the smaller cable 
would show l 2.25dB of loss. If a 1 00W signal is applied at 
the transmitter end, the ratio of loss is I Q02-25110l= 16.79, so 
only about 6W is available to the antenna. 

The problem is even worse if the antenna is used for 
900MHz cellular telephones. In that band, the RG-58/U 
cable loss is 20dB/100ft (0.656dB/m), so the overall loss is 
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Table 1. Loss in decibels per 100ft for two popular coaxial cable types. 
Type 100MHz 200MHz 300MHz 400MHz 500MHz 600MHz 700MHz 800MHz 900MHz 

6.70 
20.00 

1GHz 
7.10 
21.50 

RG-8/U 1.80 2. 70 3.45 4.20 4 .73 5.27 5.80 6.25 
RG-58/U 4.90 7 .30 9.40 11 .50 13.33 15.17 17.00 18.50 

a whopping S0dB. The power ratio is IQ(SOIIOJ= 105:J , so 
only about I 0µW makes it to the antenna. 

If RG-8/U cable were used instead of RG-58/U, then the 
losses would be 4.SdB at 100MHz and 16.75dB at 
900MHz. At the cellular frequencies in the 900MHz band 
the loss factor still be high, about 47: 1, so onJy 2W would 
make it through the loss. The rest is used to heat up the 
coaxial cable. 

Fortunately, certain specialty cables are available with 
losses around 2.SdB/100ft (0.082dB/metre) al 900MHz. 
Such cable would produce about 6.25dB of overall loss, or 
a ratio of 4.2: I. That cable would deliver nearly 24W of 
the original I 00W. 

And on the receiving side ... 
The problem is also seen on receiver systems. Suppose that 
a 900MHz receiver is at the end of a 250ft transmission 
line. Further suppose that the signal is a respectable 
lO00µV, which in a SQQ load is -47dBm. A loss of 
6.25dB would make the power level at the antenna termi
nals of the receiver - 47d8m- 6.25dB=- 53.25dBm, or 
about 485µV, which is still a reasonable signal. But if the 
lesser coaxial cable is used (RG-58/U instead of the spe
cialty grade), then the loss is SOdB, and the signal at the 
receiver would be -47dBm- 50dB=--97dBm. This level is 
getting close to the sensitivity limits of some receivers, or 
about 3.2µV. 

The above example was from telecommunications, but it 
can apply equally whenever RF is sent over coaxial cable. 
Cable-tv operators, local-area networkers, and other users 
of strictly land-line RF also see the same loss effect. The 
correction is shown in Fig. 3. Here, a low-noise amplifier, 
LNA, is placed at the head end of the transmission .line to 
boost the signal before it suffers loss. 

Positioning the booster 
On first blush it might seem easier to put the amplifier at 
the receiver end. But that doesn't work out so well because 
of two factors. First, there is an inherent noise factor in any 
amplifier. If the signal is attenuated before it is applied to 
the amplifier, then the ratio of the signal to the internal 
noise of the amplifier is a lot lower than if the signal had 
been applied before attenuation. 

So, while the signal would still be at the same level 
regardless of where the amplifier is placed, the all-impor
tant signal-to-noise ratio is deteriorated if the amplifier is 
at the receiver end. The second reason is that any lossy 
device, including coax_ial cable, produces a noise level of 
its own, 

F. =l + (L - l)T 
N( coa,) 290 

(6) 

Here, FN(coax) is the noise factor of the coax, Lis the loss 
express as a linear quantity, and Tis the physical temper
ature of the cable in kelvin. 

The linear noise factor due to loss can be converted to 
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noise figure, which can be added to the system noise deci
bel for decibel. 

Now let's return to the problem of the technician and his 
boss. The tables from the coaxial cable maker told the boss 
that the loss at 40MHz is l.2dB/l 00ft, so the overall loss is 
3dB - halving the power. This loss is called the matched 
line loss, designated LM. But, you also have to consider the 
total line loss, TLL, which is, 

TLL = JO log[ ;:= ~: )] 
(7) 

Here, B=antilogLM, C=(SWRwAo-1)/(SWRwAo+l ) and 
SWRwAo is the VSWR at the load end of the line. 

The boss knew that the VSWR measured at the load end 
might be considerably higher than that measured at the 
transmitter end of the line. Given that L,1,F3dB, 

B=LOG- 1(3)= 1.995 . 

If VSWRwAo=S.77 , as is the case, then 
C=(5.77- l)/(5.77+ 1)=4.77/6.77 = 0.705. Thus, the TLL is, 

TLL = IOlo [ I.9952-0.7052 ] 
g 1.995(1-0.7052) 

=lOlo [ 3.98 - 0.497] 
g 1.995(0.497) 

= 10 log[ 
3

·
483

] = 10 Jog3.5 l = IO x 0.545 = 5.45dB 
0.992 

The VSWR at the input end of the line, down the hill by 
the transmitter, then is, 

VSWR. = 8 + C = 1.995 + 0.497 
'" B-C 1.995 - 0.497 

= 2.492 = 1.66: I 
1.498 

When he had made the calculations, the boss turned to the 
younger technician, and told him that he had just improved 
his experience level. The lad was on his way to the wisdom 
that real experience provides. 

As the boss headed out to the local honky-tonk* to have 
bis pint and a bowl of gritst , he told the boy: "Now you 
shag your lazy butt back up that hill and impedance match 
that damn antenna!" 

• "Honky-tonk" is from the dialect of the American Appalachian 
section, and translates into real English as "Pub of low repute, 
with country music". Given that the Appalachian dialect is 
ancestrally related to Border Scots English, one wonders where 
this word originated. 
t You don't even want to know what Americans call 'grits' tastes 
like. One noted Englishman likened it to wallpaper paste. 

• 
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Transformers 
from coax 
Chris Hancock offers easy solutions to making baluns and combined 

impedance/voltage transformers from standard co-axial cable and 

microstrip-line structures made using commercially available board. 

N onnaUy, antennas used to 
transmit RF or microwave 
power are fed from an unbal

anced transmission line with an 
impedance of either 500 or 75f.t 

Commonly used transmission line 
structures are microstrip and co-axial 
lines. Microstrip lines are often used 
for hand held transmitters, such as 
those in mobile phones. Co-axial lines 
are used to feed antennas in large 
portable, and permanent transmitters, 
as found in wireless local area net
works, base-stations, broadcast TV, 
radar and local microwave links. 

In most cases, an antenna requires a 
balanced feed with respect to ground. 
This makes it necessary to use a device 
that converts the unbalanced output of 
the feed cable to a balanced output 
required by the antenna. 

Depending on the structure used, 
which is governed by the application, 
the input impedance of the antenna can 
vary drastically. Ideally, the antenna is 
designed to present a purely resistive 
load to the feed line, Table 1. In order 
to get maximum energy into the anten
na, it is necessary to match the 

*Chris Hancock MSc PhD 

Table 1. Typical antenna input impedances1,2 • 

Antenna type Typical input impedance (Q) 
Marconi monopole 3.6 
Turnstile 38 
Hertz - end-fed half-A dipole 73 
Helical beam 100 to 200 
Log-periodic array 200 to 800 
Folded dipole/conical 300 
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impedance of the feed line to that of 
the antenna input. If there is a reactive 
element present, then this should be 
matched at the source. 

At the same time, it is necessary to 
provide an unbalanced to balanced 
condition in order to keep the overaJJ 
system in a balanced state, as men
tioned above. This article presents a 
simple, practical, method of achieving 
both of the above, along with some 
interesting extensions to the solution 
that may be used to give other desir
able effects. 

H ow it works 
Figure 1 presents the basic idea of an 
unbalanced-to-balanced system. You 
can see that.the coaxial feed line has an, 
outer conductor that is grounded. The 
two conductors - outer braid and centre 
irmer - therefore, do not carry signals 
with the same relationship to ground 
potential. Consequently, this line is 
termed an unbalanced line. 

It is necessary to change from this 
unbalanced condition to a balanced 
condition in order to drive a balanced 
load, such as a dipole antenna. If this 
was not done, the antenna lead con
nected to the ground of the feed cable 
would ground that point of the antenna 
and impair operation. 

Standard transformers are of limited 
use in this type of application due to 
excessive losses at high frequencies. 
This limitation can be overcome by 
using either co-axial, or microstrip, half 
wavelength, Ag/2, transmission line 
structures. 

You can see from Fig. lb) that the 
inner conductor of the line is tapped at 

Ag/2 from the end. The tap (far end) 
and the near end of the irmer conductor 
provide two signals of equal amplitude 
but 180° out-of-phase. Neither of the 
signals is grounded, hence providing 
the required condition for balance. 

This unbalanced-to-balanced arrange
ment is known as a balun. It is 
reversible in that it functions equaJJy as 
a balanced to unbalanced converter. 

As well as acting as a balun, this 
arrangement also provides impedance 
and voltage transformation. The prin
ciple of operation is shown in Fig. 2. 

If the load ( antenna, etc) is balanced, 
i.e. Ru=RL2, then Ru is transformed 
by the half wave line to a similar value 
at the junction with the main feed 
cable, where it is paralleled with Ru. 

Current delivered from the feed line, 
i1, must be double that required in each 
of the two resistors, i.e. i,=i1+i2• 

Therefore, the sum, RL1+RL2, is four 
times the impedance seen at the input, 
i.e. Ru+RL2=R0 u1=4R;n• 

Voltages V1 and V2 are equal in 
amplitude and opposite in phase. If it is 
assumed that the ),gl2 transmission line 
is loss-less, i.e. V r= V 2 = V;n, then the 
difference voltage is twice the ampli
tude of the input voltage, i.e. 
Vout= V;n- (- V;n)=2V;n-

Tbe relationship between the current, 
voltage and impedance seen at the 
inputs and outputs of the transmission 
line transformer is thus the same as 
those for a conventional, low frequen
cy, transformer, as given by, 

~'=(~:,J=(t:J (1) 

Two practical applications of this 
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arrangement are given shown in Fig. 3. 
The first shows a son transmitter 
source matched to a 2000 helical
beam or a log-periodic antenna load. 
The second shows a 750 transmitter 
matched to a folded dipole, or conical 
antenna. 

Note that the characteristic 
impedance of the cable used in these 
two arrangements is the same at that of 
the source in order to prevent any mis
match between the transmitter source 
and the unbalanced feed line. 

The connection between the unbal
anced line and the Ag/2 transformer 
should be always such that a co-axial 
environment is maintained with an. 
impedance equal to the characteristic 
impedance of the line and free from 
discontinuities. If this is not the case 
you could get a mismatch at the junc
tion and consequently a VSWR of 
greater than unity on the feed line. 

Benefits of multi-section 
transformers 
lt is possible to extend the network to 
comprise multiple Ag/2 sections in 
order to get some interesting and desir
able results. 

Assume, for example, three sections 
cascaded together as in Fig. 4. The 
source impedance is 500. Provided 
that the characteristic impedance of the 
third section matches the unbalanced 
output impedance of the second sec
tion, the output impedance will be 
matched, to a load of 800n, i.e. 
RL = 16xR;n• The voltage will be four 
times the input voltage. 

Such a transformer provides a 
method of driving a balanced, high
impedance load from an unbalanced, 
low-impedance source at VHF and 
UHF. It does so without material limi
tations experienced using standard iron 
dust and ferrite transformer cores. 

Note that in order to drive the third 
section, an unbalanced condition is 
required, which is achieved by using a 
separate Agf2 section. Transitions start
ing from the source are: unbalanced
balanced-balanced-unbalanced-baJ
anced. 

It is sometimes required to solely go 
from the balanced to unbalanced state. 
This might be the case in the push-puU 
output stage of an amplifier, where it 
may be required to drive a single ended 
unbalanced load. 

This method can be used to produce 
high voltages at very high frequencies 
where only a low-voltage generator is 
available. 

With this method, it is vital to have 
each of the sections contained in the 
network perfectly matched, as in Fig. 4. 
This is because zero mismatch between 
junctions, where r=0=> VSWR=l, 
means that al1 of the transmitted energy 
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wj]] reach the load. 
If there are reflections at the junc

tions then voltage maximums along the 
line may exceed the dielectric strength 
of the cable, causing breakdown. 

Also, at frequencies greater than 
1 GHz, dielectric losses become large. 
A high VSWR can lead to dielectric 
heating at voltage maximums along the 
line. This could lead to overheating at 
these points. 

The existence of reflected waves 
means greater power (f2R) losses. This 
becomes an important issue with long 
feed lengths. 

Finally, a high VSWR leads to 
increased noise and can cause the 
transmission of 'ghosts' when trans
mitting video and data signals3• 

Limitations 
Taking this theory to the limit, Fig. 5 
shows a hypothetical situation where it 
is required to transform a 50n, 50V 
source to J2.8kn, 1600V. 
If a co-axial construction that uses a 

low density PTFE dielectric with a typ
ical permittivity value of 2.2 is consid
ered, then characteristic impedance Z0 

is given by. 

138 D 
Z., = = log10 -

-..J2.2 d 

Where D is the inner diameter of the 
outer conductor and d is the outer 
diameter of the inner conductor. 

The transformation can be achieved, 
tbeoreticaUy, using nine Ag/2 sections. 
The problem is that in order to attain 
the desired characteristic impedance for 
sections seven/eight and nine, i.e. 
3.2kQ and 6.4kn respectively, the 
ratios for Did are 2.45xl 034 and 
6x1068 respectively! 

A further issue that must be consid
ered in this case is that of the break
down voltage at the final stage; if stan
dard co-axial cable was used then it is 
likely that it would break down at the 

Characteristic 
impedance i,, 

voltage maximum, and would most 
certainly not tolerate a high VSWR. 

And in practice? 
I have made a number of such struc
tures from flexible and semi-rigid co
axial cable and from microstrip Lines. 
The main advantage of using 
microstrip-lines is that the characteris
tic impedance can easily be altered by 
changing the width of the line. 

I should point out though that the 
normal line-impedance range for 
microstrip is between 200 and 12504• 

(a) 

Generator 

(b) 

Generator 

Outer 
conductor 

\ 
Unbalal)ced 

system 

Co-axial line 

Unbalanced 
system 
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inner 
conductor 

Balanced 
system 

-V1r1 

Fig. 1. Unbalanced-to-balanced 
transformers, with the standard 
transformer, a), and high
frequency transmission-line 
solution, b). 

V2 ____ _ 

..._--=-_: ---- :: }~ l v~,. 2v, 

Generator 

Rin 

----- v, 

Unbalanced 

Fig. 2. Principle of impedance and voltage 
transformation. 

Phase 
relationships 
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Problem one. I needed to match a 
1ow impedance son, lO0Y source to a 
load of around 800n, 200V. 
Common-mode current returning back 
to the source had to be minimised so 
that there was no live RF voltage on 
the outer sheath of the co-axial feed 
cable. The frequency involved was 
500MHz. 

A 50cm long length of LFH-316 co
axial cable was used for the first two 
sections. The 'A.gf2 length was accu
rately measured using a Hewlett 
Packard HP4396A, l00kHz to 
1.8GHz network/spectrum analyser. 

A length of cable greater than 'A.gf2 
was connected to the analyser's port 
one. With the Smith chart option 
selected, the Sn scattering parameter 
was measured. The cable length was 
shortened until one complete circum
ference of the Smith chart was tra
versed, i.e. 180n rotation from open 
circuit, towards the generator, and 
back again. 

The line did not exactly follow the 
outer perimeter of the chart due to loss 
in the cable at 500MHz; also the open
circuit line radiates power from the 
end, but is still far more convenient for 

trimming purposes than using a short
ed line.approach 

In this first section, the input from 
the generator was connected to a 
SMA connector at one end. The outer 
sheath was connected locally together, 
hence the balanced output from the 
first section consists of the input SMA 
centre pin and the same centre, but 
'A.gf2 away: compare this with Fig. I. 

The third section was connected 
directly to the second section in the 
same manner and consisted of a length 
of a 'A./2, 200n cable especially made 
for the application. Again, the outer 
sheaths were connected together and 
the two balanced outputs from the first 
section drove the balanced input of the 
second section, providing an unbal
anced output required to drive the 
third section: compare this with Fig. 3. 

Problem two. In instance two, I need
ed to match an unbalanced son 
source to a 200n balanced load at 
2.45GHz and provide good isolation 
between the source and the load. 

To achieve this, three pieces of 
semi-rigid, son RG402/U with an 
outside diameter of 3.58mm and 

Fig. 3. Practical antenna feed arrangements, 
with a son transmitter source matched to a 

2000 helical-beam or a log-periodic 
antenna load on the left and a 75D. 

transmitter matched to a folded dipole, or 
conical antenna on the right. 

-----i----~ 
Rout 
200n 

'Log' periodic 
array antenna 

breakdown voltage l .9kV rms were 
used for the three Ag/2 sections. 

A ')...gf4 microstrip transformer, i.e. 
impedance inverter, with a characteris
tic impedance of 100n, was used 
between the second and third \12 sec
tions to match the 200n output 
impedance from the first section to the 
son of the third section, Fig. 6. 

The 100n microstrip section was 
made using RT Duroid 58805 sub
strate. This is a non-woven glass 
microfibre reinforced PTFE composite 
structure whose permittivity, E,, at 
10GHz is 2.2 ±0.02. Substrate thick
ness chosen was 3.175mm (125rnil), 
giving a line width of 2.81mm 
(11 lmil) for a 100n line impedance. 

All lines were cut using a sharp 
scalpel blade, and the widths were 
adjusted to the desired impedance by 
removing small slivers of copper from 
the, initially oversized, lines. The Ag/2 
and 'A.gf4 line lengths were measured, 
adopting the same method described in 
the previous example, but this time 
using an HP 8753D, 30kHz to 6GHz 
network analyser. 

For the 'A.rf 4 line, a son surface 
mount load resistor was put on the end 

----- +----~ 
I----~ Rout 

300n 

Folded dipole 
antenna 

~~---✓/ __ _,_ ---- ........... ------' / 
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Section Section 
one two 

Zo=SOn 

Section 
three 

Zo=200n 
Zo = son. ------v·~:~ 1ao1:-· - - +---

Zo=50n 
' ; 2V + 180' I In 

\ 

Z0 =200n unbalanced 

Fig. 4. Method of transforming low-impedance source to match high impedance load. 

Rout 
soon 

Zo=75n 

of the line to make sure that the line 
gave a 90° phase shift to traverse half 
way around the Smith chart. It ended 
on the centre line at the point: 
200llij0n. 

Once the 90° 'A./4 length was known, 
the desired characteristic impedance 
was easily found by placing a surface 
mount resistor at the distal end of the 
line and then adjusting the width to 
give the desired impedance at the gen
erator end. 

Problem Three. In the final instance I 
needed to match a SOU source to a 160n 
load at an operating frequency of 
2.45GHz. This was achieved by using 
three low-impedance \f2 sections, made 
from microstrip lines, to provide good 
isolation between the source and load. 

There must be minimal standing 
waves on the lines, hence the VSWR 
must be kept as close as possible to 
unity. The solution adopted is shown in 
Fig. 7. You can see that a Ag/4 
impedance transformer first transforms 
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Section 
one 

Section 
two 

Section 
three 

Section 
four 

Section 
five 

Zo=SOn Zo=200n Zo"' soon 
ii • b . c 
fig. 5. Coaxial transformer converting from son, S0V 

Section 
six 

Section 
seven 

Zo= 3.2kn 

d 

Section 
eight 

Section 
nine 

Zo= 6.4kn 

e 

RF DESIGN 

to 12.81<0., 1600V in simplified form. In practice, 
sections would connect as in Fig. 4 . Interconnects a to 
e should either have very small electrical length or 
1/2 (where source impedance is same as load 
impedance) for a single unbalanced length of coaxial 
cable i.e. Z,=ZJline J../2. 

Semi-rigid cable 

the son source to match a load of 
10n. This is followed by two 10n Ag/2 
sections, feeding a single 400 \f2 
section to transform the output 
impedance to the desired 160n. 

For the impedance inverter, a line 
impedance equal to the geometric 
mean of the source and load 
impedance, i.e. ✓(50x10)=22.4.Q, was 
required. 

The material used for this application 
was an RT/Duroid 6010, non-woven 
glass ceramic filled PTFE composite, 
whose dielectric constant at 10GHz is 
10.2 ±0.25. 

The substrate height found to be 
most suitable was 0.64mm (25 mil). 
Tbe combination of high permittivity 
and small thickness meant that it' was 
possible to fabricate low impedance 
lines using practically realisable line 
widths. The line lengths and widths 
required to achieve the necessary 'A.gf2 
sections and the 'A.gf 4 .transformer are 
given in Table 2. 

In summary 
This article has shown that simple \12 
co-axial and microstrip-line sections 
can be used to provide both voltage 
and impedance transformation at the 
VH and UH frequencies commonly 
used today in advanced communication 
systems. 

The technique has been sus;cessfully 
adopted to provide the unbalanced to 
balanced condition required when con
necting feed cables to various antenna 
structures. I have shown that the tech
nique prevents the wave contained 
within the antenna feed cable from 
tending to 'spill over' the end and trav
el back over the surface of the cable, 
causing the outer sheath to have an RF 
voltage on it. 

Finally, I have shown that these net
works can be used to provide effective 
isolation between high power sources 
and their loads. • 
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of characteristic impedance 
Zo:SOn Fig. 6. Combined coaxial cable and 

microstrip transformer for 
converting an unbalanced son 
source to a 200Q balanced load at 
2.45GHz with good source to load 
isolation. It comprises three son 
?./2 sections and a 100Q ?.g/4 
impedance inverter. 

----- \ 
I 
I 

Connection to 
copper tract 

/ 
Connection to ground plane -------..... '"""'"'""-. 

on the underside of the board I 
Table 2. Microstrip line dimensions for low 
impedance matching/isolation circuit. 
Line impedance (D.) 22.35 10 
Line w idth (mm) 2.25 6.17 

Line length (mm) 
88.Smil 
Ag=38 

243mil 
'AJ2=19 

40 
0.89 
35mil 
'A-/4=8 

Ag/4 

RT Duroid 5880 
substrate 

Copper track of 
characteristic 
impedance 
Zo= 100n 

I\.; 
- - -- - ---~-~ 

1,v, R0 u1=2000 
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Fig. 7. Low-impedance three section transformer to 
provide good input/output isolation. 
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Fig. 1. Basic 
· thermistor

stabilised Wien 
bridge oscillator. 
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Make better 
Wie n OSCI 

• ators 
On building two Wien-bridge oscillators operating at different 
frequencies but otherwise identical, a reader asked, "Why are the 
amplitudes different?" Ian Hickman answers the question, and 
gives tips on how to get the best out of the circuit. 

I recently received a letter from a 
reader who was puzzled by an 
unexplained discrepancy. He had 

designed a two-tone generator for 
himself, the two audio tones being 
summed at the virtual earth input of 
an inverting op-amp stage. This is of 
course the correct way to do it, as it 
avoids the production of any inter
modulation products due to interac
tion between the two sources, and 
switching either tone off has no effect 
on the level of the other. 

The basic circuit. 
Each tone generator consisted of a 
Wien bridge osciUator, the basic cir
cuit of which is shown in Fig. 1. 

Assuming R1=R2=R and C 1=C2=C, 
the frequency is given by J= 1/21tRC 
and the attenuation from op-amp out
put back to the non-inverting input is 
a factor of 3, or 9.54dB. My corre
spondent said that be had seen many 
treatments deriving this figure, and 
with it the operating frequency, but 
none dealing with how to predict the 
amplitude of the output. 

figure 2 is a simplified version of 
the circuit of each of the two oscilla-

Output 

Av 

(A53) 

tors he used. Each could be set for 
one of two pre-set frequencies -
switching arrangements not shown 
here - the output level being sta-. 
bilised as usual with an R53 thermis
tor. 

The problem was that the output 
levels of the two oscillators differed, 
whereas given that the circuitry o'f 
each was identical, the designer had 
expected them to be the same. 

Loop gain 
The open-loop gain of the op-amp he 
was using is S0dB, i.e. around 300x 
at lkHz, and greater still at the lowish 
audio frequencies used in his design. 

So the differential input to the op
amp would be 0.3% or so of the out
put. Thus the input via the Wien net
work at the non-inverting input will 
be virtually identical to that at the 
inverting input via the thermistor 
branch. This amounts to one third of 
the output amplitude, i.e. the closed 
loop gain is x3. As noted above, the 
frequency is (ideally) given by 
f=l/2nRC so, for example, with com
ponents in the Wien network arm 
having exact values of lOkQ, 0.1µ, 
the frequency would be 159Hz 
(l/(21t)=0.159). 

But note that a more exact expres
sion for the operating frequency is, 

/- 1 
- 21t.,JR,RzC,C2 

So if C1 is 10% low but C2 is 10% 
high, say, the frequency will still be 
right. However, the attenuation in the 
Wien network is no longer 3: 1, in fact 
it increases by 0.62dB. So the attenu
ation in the negative feedback arm via 

the thermistor will have to change 
also. This will require a different cur
rent through the thermistor, changing 
its dissipation and hence its tempera
ture, to achieve the appropriate resis
tance. The change in current is 
brought about by a corresponding 
change in output voltage. 

Setting the output frequency 
Note that the adjust-frequency poten
tiometers in Fig. 2 affect only the 
series CR arm. For a Wien bridge 
oscillator, the frequency 1s given by 
f=I/(2nRC) only if the two resistors 
R I and R2 of Fig. 1 are equal, and the 
two capacitors likewise. 

In all other cases, the fu ll equation, 

/- 1 
- 21t.,JR,RzC,C2 

must be used. 
With a potentiometer adjustment in 

the series arm only, as in the circuit 
shown, any adjustment to the fre
quency must necessarily alter the 3 : l 
nominal attenuation through the net
work, and hence also the output !eve.I. 
There are several ways round this, as 
discussed next. 

Figure 3 shows an improved fre
quency adjustment circuit, having 
several advantages. If the track resis
tance of the potentiometer Rru11e does 
not exceed 10% of the reactance of C 
at the operating frequency, adjusting 
it from end to end will result in neg
ligible variation in output amplitude, 
while providing a ±9% tuning range. 

This arrangement has a further 
advantage compared with Fig. 2. For 
a pre-set potentiometer, the sum of 
the resistance from one end of the 
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track to the wiper, plus that from the 
wiper to the other end of the track, 
slightly exceeds the track end-to-end 
resistance. This is due to the wiper 
contact resistance, which is not neg
ligible - except in the case of wire
wound potentiometers. 

The wiper contact resistance is also 
slightly variable, both in the long 
term, contributing frequency drift, 
and in the short term, contributing 
noise. In the circuit of Fig. 3, the 
wiper contact resistance is in series 
with the very high input impedance of 
the o·p-amp, and therefore has virtu
ally no effect. 

Setting output amplitude 
The drive to the thermistor wilJ adjust 
itself to whatever is necessary, name-
1 y to set the attenuation in the nega
tive feedback path to just marginally 
less than that in the positive feedback 
path. So including a potentiometer as 
part of the 270Q at the inverting input 
of the op-amp, Fig. 2, will provide an 
amplitude adjustment, which can be 
used to set the desired output, after 
first setting the frequency. 

The output amplitude of a circuit 
such as that shown is determined by 
the characteristics of the particular 
R53 thermistor used. The nominal 
room temperature resistance of this 
device is S000Q - or 5E3, hence the 
type number - with a ±20% tolerance. 

The maximum recommended oper
ating temperature of the thermistor 
pellet, in its evacuated glass envelope, 
is 220°C, and the device can be used, 
with suitable derating, at ambient 
temperatures up to 175°C. Power sen
sitivity is nominally 62.5°C/mW. 

What value for R3? 
Maximum permitted dissipation at 
20°C is 3m W. T his is sufficient to 
drive the device's resistance typically 
down to 63Q. I generally make R3 
about I 20Q, driving the thermistor 
res istance down to about 240Q, and 
avoiding any possibility of over-dis
sipation. This results in an op-amp 
output amplitude of about 2.5 to 3.0V 
peak to peak. 

Heavier drive to the thermistor can 
be beneficial in some respects, as dis
cussed later. But with R3 at 120.Q, the 
op-amp sees a load at its output of 
3600. Op-amps are generally charac
terised with lOk.Q and/or 2k.Q loads; 
some types also handle a 600Q load. 
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Most op-amps will work happily with 
a 360Q load in this application, as the 
required peak to peak output voltage · 
and current swing is quite modest. 

Current through the thermistor is of 
course the same as that through R3. 
Thus, knowing the alternating voltage 
across the thermistor - circuit design 
should always be such as to avoid any 
DC in it - its dissipation is readily 
determined. 

Don't forget that there is a consid
erable tolerance on R53 thermistors. 
Two different R53s taken at random 
from stock, in a c ircuit as Fig. 1 run
ning at ll0Hz with R3=120Q, gave 
outputs of 2.53V and 2.74V peak-to
peak. 

Running the thermistor harder has 
some advantages. Most obviously, the 
hotter the thermistor, the less varia
tion in output amplitude there will be, 
with change in ambient temperature. 
However, another advantage accrues 
at low frequencies . 

In an audio oscillator covering 
20Hz to 20kHz in the usual three 
ranges, operation at the lowest fre
quency may result in 'amplitude 
bounce' . The thermal ti.me constant of 
the thermistor combines wi th that of 
the circuit to form an underdamped 
level-control loop. Consequently, any 
small adjustment in the frequency 
results in the amplitude oscillating up 
and down at about one cycle per sec
ond, gradually settling to a steady 
value. 

With lower drive levels the effect is 
more pronounced, and in extreme 
cases the level control loop can 
become unstable.· At higher output 
frequencies, the loop is well damped, 
and there is no problem. 

Distortion 
For a thermistor-stabilised Wien 
bridge audio oscillatQr, distortion is 
worst at the lowest freq uency. For at 
20Hz, the half period of the sine wave 
is no longer negligibly short com
pared with the thermal time constant 
of the thermistor pellet. Consequently 
the temperature of the latter tends to 
rise slightly at each peak of the wave
form and fall at the zero crossings. 
This results in distortion, which is 
almost purely third harmonic. 

Running the thermistor cooler -
subject to the level loop stability con
straints mentioned above - can reduce 
the effe.ct. Thus the temperature vari-
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~----------+ To 
>---+--• virtual 

earth 

A2 100A Av 

(A53) 
A3 270A 

Fig. 2. Two circuits like this produced different 
output levels. 

C1 A1 

+ 

Atune 

Av 

C2 A2 

(R53) 

A3 

Fig. 3. A modification permitting z9% 
tuning range, with negligible effect on 
output level. 

ations are less, and so is the distor
tion. It is also possible, with a differ
ent thermistor-stabilised oscillator 
design, to outphase the third harmon
ic component, providing a very low 
distortion output right down to 20Hz. 1 

In summary 
Thermistor-stabilised Wien-bridge 
audio oscillators offer good, though 
not excellent, performance, from a 
simple and economical design. As 
always with circuit design, the theory 
will tell you what you should get, but 
what you actually get is down to 
those all-important tolerances. 

The various measures outlined above 
permit the designer to cope with these, 
finishing up with a circuit tailored to 
the particular requirement. • 
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TiePieScope HS80 l PORTABLE MOST 

ABRITARY WAVEFORM GENERATOR
STORAGE OSCILLOSCOPE

SPECTRUM ANALVZER
MULTIMETER

TRANSIENT RECORDER-

-
- ""''' -

The HS801: the first 100 Mega samples 
per second measuring instrument that 
consists of a MOST (Multimeter, 
Oscilloscope, Spectrum analyzer and 
Transient recorder) and an AWG (abritary 
waveform generator). This new MOST 
portable and compact measuring 
instrument can solve almost every 
measurement problem. With the 
integrated AWG you can generate every 
signal you want. 

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

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

• When a quick indication of the input 
signal is required, a simple click on the 
auto setup button will immediately give a 
good overview of.the signal. The auto 
setup function ensures a proper setup of 
the time base, the trigger levels and the 
input sensitivities. 

C/RClf NO. 131 ON REPLY CARD 

= 

• The sophisticated cursor read outs have 
21 possible read outs. Besides the usual 
read outs, like voltage and time, also 
quantities like rise time and frequency 
are displayed. 

Measured signals and instrument 
settings can be saved on disk.This 
enables the creation of a library of 
measured signals. Text balloons can be 
added to a signal, for special comments. 
The (colour) print outs can be supplied 
with three common text lines (e.g. 
company info) en three lines with 
measurement specific information. 

• The HS801 has an 8 bit resolution and a 
maximum sampling speed of 100 MHz. 
The input range is 0.1 volt full scale to 80 
volt full scale. The record length is 
32K/64K samples. The AWG has a 1 O bit 
resolution and a sample speed of 25 
MHz.The HS801 is connected to the 
parallel printer port of a computer. 

• The minimum system requirement is a 
PC with a 486 processor and 8 Mbyte 
RAM available. The software runs in 
Windows 3.xx / 95 / 98 or Windows NT 
and DOS 3.3 or higher. 

• TiePie engineering (UK), 28 Stephenson 
Road, Industrial Estate, St. Ives, 
Cambridgeshire, PE17 4WJ, UK 
Tel: 01480-460028; Fax: 01480-460340 

TiePie engineering (NL), 
Koperslagersstraat 37, 8601 WL SNEEK 
The Netherlands 
Tel:+31515415416;Fax+31515418819 

Web: http://www.tiepie.nl 

Audiotherapy 
May I congratulate you on your 
comment 'Aromatherapy and 
Audiophools. ' in the October 1999 
issue. It needed saying. 

I remember my good friend, the 
late James Moir, saying to me that 
people seem 10 prefer belief in 

'. magic rather thao a solid scientific 
reality. Aromatherapy I can just 
about accept, as trace elements and 
compounds can interact with our 
body chemistry. But fancy talk I can 
only accept if our hi-fi amplifiers 
generate copious supersonic 
'whiskers' along with their audio 
output. 

After all, our electrical engineers 
who manipulate thousands of 
kilowatts have found that Ohm's 
law satisfies their design problems; 
dielectric losses and skin effect only 
need to be considered at radio 
frequencies, and possibly in circuits 
carrying thousands of amps. Of 
course, if and when all our radio 
and audio circuits are going to use 
exclusively very short pulses at RF 
repetition rates we will have to 
redesign pretty well everything. 
Maybe the cable manufacturers are 
getting ready. 

Meanwhile, as Andrew 
Emmerson says, it is all good for 
business! 
Ralph West 
Devi/lac 
France 

Musical numbers 
None of the critics of the several 
telephone number changes seems to 
realise that any single step 
alternative would have produced 
immense chaos. 

Any change had to consider that 
humans are very much creatures of 
habit and also have a limi ted ability 
to remember long numbers. In the 
UK and elsewhere, telephone 
companies have minimised the 
memory problem by using as few 
digits as possible and then 
systematically divided these 
necessary digits into smaller, logical 
separate, more easily remembered, 
parts. 

The original national number 
system used 'O' plus nine digits. Its 
potential maximum ofup to 800 
million numbers must have seemed 
more than adequate for the long
term needs of a country with only 60 
million people. At that time even 
experts had a limited view of the 
potential of computer technology. 

The new number range of 'O' plus 
ten provides a tenfold increase in 
capacity. Placing the extra digit 
immediately after the initial 'O' 

Letters to "Electronics World" Quadrant House, 
The Quadrant, Sutton, Surrey, SM2 SAS 
e-mail jackie.lowe@rbi.co.uk using the subject heading 'Letters'. 

Mystery waveform 
fn reply to Nick Wheeler's letter about his mystery 
waveform in the letters pages of November's 
Electronics World, the waveform can be produced by 
multiplying a low-frequency triangular wave with a 
high frequency sine wave. 

Output 

AA,/\j _ X Ana logue y _ _ lll!llllllllll!l 
multiplier lllllllllilllll 

100kHz ._ ___ __. 2.3MHz 
s in·ewave 

The d iagram shows 'A=IOµs' but does not show 
where A is, so l cannot be precise about frequencies. 
Looking at the diagram, the high frequency 
component is about 23 times the frequency of the low 
frequency component. If the low frequency triangular 
wave fundamental component was, say, lOOkHz then 
the high frequency sine wave would need ro be 
2.3MHz. The waveform shown can be obtained then 
by multiplying the two in a suitable multiplier stage 
such as an analogue multiplier. 

The block diagram shown is one answer to Nick 
Wheeler's question, "How did I produce the 
waveform shown in the photo?" 

Peter Goodson 
Bracknell 
Berkshire 

amplifier but the limiting factor with this method is 
bandwidth restrictions of the op-amp and gain 
requirements. DSB is closely related to PAM, while 
DSB utilises both phases, PAM utilises just one 
phase. 
Darren Heywood 
Buckley 

Nick Wheeler's wave is a double-sideband 
suppressed carrier, modulated by a 
sawtooth wave. It may be mistaken 

1 ~~ j_llJ.ij,J_ 

Flintshire 

as an AM wave but if you home in 
on its zero crossing, it may be 
noticed that the wave undergoes a 
phase change (as far as I can see 
from the photograph) hence DSB. 

I know of two ways of generating 
such a wave, the first involves the 
use of either one of two mixers. 
Alternatively, DSB may be 
generated using a discrete chopper 

gives the simplest, easily 
remembered, standard number 
change combined with maximum 
future flexibility. Unfortunately the 
existing system had no unused first 
digits. 

Any simple reuse of a digit 
automatically produces many new 
numbers, which more or less 
duplicate the first digits of different 
existing national numbers. Those 
who overlooked the change would 
produce, over several months, 
millions of no tones 'faults' and 
wrong numbers. There would be no 
simple way of interpreting and 
advising misdialled calls. The 
multiple step method avoided this 
problem. The first step, changing 
London to 071 and 08 1 freed the O I 
code, which was given a recorded 
error message. 

After a few years it was safe to use 
0 I instead ofO to precede existing 
area codes. The old area codes were 
then given recorded error messages. 

- 15V I/TTY 

Darren Heywood's solution 
to Nick Wheeler's 
diamond-shaped envelope 
problem. 

After a further few years people 
had forgotten previous area codes. 
Old codes commencing with 02, 03 
etc. became available for other 
purposes. London could again have 
a single national code, 020, and its 
local numbers finally increased to 
the eight digits planned to several 
years previously. 

Why has BT nor explained the 
underlying reasons to the public? In 
my experience, when people know 
all the facts they are much less like! y 
to complain. 

Overall, apart from poor quality 
publicity, BT seems to have found 
an optimum solution to the problem. 
It would be interesting to hear from 
any critic wbo, considering all 
aspects, could suggest a better one. 
RGSilson 
Tring 
Hertfordshire 

Contrary to Andrew Emmerson's 
editorial of December I 999, the 

in 

15V 

ov-1ill-

change of nu)11bers is not due to 
competing operators. It is due to 
the need to correct a mistake made 
in I 995 when an extra digit was 
added to the codes of all UK 
numbers. 

The extra digit should have been 
added to the end of the 
subscriber's telephone numbers 
rather than the begion.ing as it was. 

The extra digit at the front did 
increase the possible numbers by a 
factor of ten, however it did not 
increase the capacity for 
subscribers numbers as next-door 
neighbours cannot have different 
codes - except at area boundaries 
of course. 

The mistake is now being 
corrected by reducing the area 
codes to three numbers and 
moving the digit along to the 
individual subscribers number. • 
Owen Partridge 
Brentwood 
Essex 
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Schottky diode 

FREE 
2.1A 100V 

0.68V drop @1.SA pk 

120A IFSM Interna tional 
IOR Rectifier 

Fast, latest generation 
high-power Schottkv 
diode from 

I nternotiona I 
I\iR Rectifier 

Designers with no Internet access, contact 

International Rectifier European Response 

Centre DBI, 31 Chelsea Wharf, 15 Lots 

Road, London, SWl O OQJ 

Major ratings and characteristics 
Characteristics 
Forward current, IF(DC) 

Reverse voltage, VAAM 

Peak forward current, IFsM 

Rating 
2.1A 

100V 

120A 

0.68V 

With battery-operated and power-efficient circuits in 
mind, International Rectifier has recently launched a 
new Schottky power rectifier diode - the 1 OMQ 1 OON 

. - that exhibits a typical voltage drop of only 0 .68V 
when carrying 1.5A peak. 

Because of this diode's efficiency - i.e. it dissipates 
little heat because of its low voltage drop- it has been 
possible to mount it in a very small package, w ith a 
footprint of just 0. 1 by 0.2in. · 

As a bonus, this 2. 1 A, 1 OOV device is suitable for 
high-frequency power switching. It has a typical 
junction capacitance of just 38pF w ith a reverse 
voltage of 1 OV and a 1 MHz: signal. 

The SMA-packaged 1 OMQ 1 OON is primarily intei,ded 
for high-density surface-mou~t applications, but it 
serves equally well working between two tracks on 
the reverse side of a through-hole board. 

For .a full data sheet and applications ideas, visit 
International Rectifier's web site, www.irf.com. 

with this issue* 

A fast 2. 1 A, 1 OOV Schottky 
diode in a package 
measuring 0 . 1 by 0.2in -
the 1 OMQ 1 OON. . 
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Forward voltage at 1.5Apk, Tj=1 25°C 
Junction temperature . 
Typical junction capacitance, CT 

Maximum thermal resistance 

-40 to 1so0 c 
38pF Maximum 

forward voltage 
drop of the 

10MQ100N. 

160°C/W 

For more details, visit www.irf.com 
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0.1 0 .5 1.5 

Forward voltage drop - VFM (V) 
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CROWNHILL ASSOCIATES LIMITED 
The Old Bakery, New Barns Road, 

Ely, Cambs. CB4 7PW 
Tel: +44 (0)1353 666709 Fax: +44 (0)1353 666710 

Low cost professional quality Smart Card Systems 

CHIPDRIVE 
The intelligent programmer for Smart Cards using the International Standard T =O or T =1 protocols 
also Memory and Secure Memory using l'C, 2-wire _& 3-wire intertaces. From April t 1999.all 
ChipDrives are supplied wi1h software to read and write to most popular secure smart cards, ,nc 
GSM, PAY PHONE and ACCESS CONTROL cards. Drivers are· available for Apple Macintosh, 
Unux, Unix Solaris. Microsoft PC/SC and of course WINDOWS 95198 and NT. 
Suppled with CARDSERVER API for easy development ol SmartCard Applications using Visual 
Basic, Delphi or C++. .. _____,,. 

All Chipdrives are supplied with a Windows API and full documentation. ChipDrives are 
CE Compliant ChipDrives conform lo IS07816, T =O or T =1 @ 3.579MHz, RS232 @ 
9600-11500 bps, Internal Supply/Ni-MH. Under normal conditions power is derived from 
the host Serial Port. Operation is simple, full telephone and email support is provided tor 

Windows developers. 

APP-LOCK 
Protect any Windows applications from 

Unauthonsed access undet Won 95/98/NT 
lndu.lWI of Chlpdrtve lnl9rn, Smart Cllrd 

lllldSoffwa,e. 
m.16 + P&P £5 .xclu•lve of VAT 

CHIPDRIVE Developer Kit 
CDK conalltl of: CD ROM contanng can!Nrwr.dll. Applicabons and Soun:e code examples 
CHIPDRIVE-llllCfO a selection ol Smart Cards offering prolected memory. processor and memory 
cards TypicaJ uses are Cootrol access. Pay Phone cards and Dala transport PIN codes lor the 
canla are Sl4'l)lied along with data sheets and prog,amm,ng data lor use WJth cardserver d1I A 
useful appllca!IOII Wldl source codes shows how the CHIPDRIVE can be used to identJly any 

Smart card inserted. gfv,ng manulac!Urer mlo. and memory map 
d available AjJplicaltOIIS produced Wi1ll the dave1oper kit WIii 
gpe,ate under Windows 3 11195Ml' and are compatible with the 
whole CHIPORIVE larnlly. The CDK uses easy to use 16 bit o, 
32 bit DU.s W1lh just one lunclion cal to the 'CardServe( to 
Identify the card o, carry out any 1nS11UCtion Cardselver ,s a 
~ Badcground task IWIICll reltMs the 8jlpllC8bon 

_... / "' progammer from dew:e and card -lion Featuring 
OC--7 ..-¢' automatic protocol and card type delectton. Alowing se,erat 
..,.,../ appl,cattons to access one t811111Nll dependent only on the 

type ol card Inserted 
Supp/led with CHIPDRIVE micro, 

£69.95 + Smart Cards and Source Code. 
P&P £5 Exclusive of VAT Full Tech Support via Emal/. 

http://www.towitoko.co.uk · 
http://www.crownhlll.co.uk 

http://www.edsim2000.com ---------

ystem 
Access Control. Identification. Payment, Loyalty, Transport ...... 

- Ease'IT the devclopmon1 tool for systems integrators and reader manufac,urers. prov1d1ng 
access to contactless Smar I Card technology a1 an affordable price and with less than one 
weeks in1egra1,on e!fofl 

- Ease'IT ln1egrat1on system contains 10 X con1actless Smart Cards. 1 X contact!ess SV 
Reader Wri1er. 1 X t3 56Mh antenna with conncclor cable. Comprehensive technical 
docull'.en1a11on and a CD ROM conta1n1ng au !he necessary software dnvefS including an 
easy ,a folk)1•11n1egrat,on users guide w1lh detailed examples 

- Commun1ca11on distance of up to 10cm. dala exchange al 106 Kbils per second' 
,. Ease'IT Contac1tess Smar! Card Aeader/Wriler can replace an ex,st1ng Contact Card socke1. 

pm for pin or ,t may ba coMecred directly 10 a PC or an embedded sys1em 
,., Detailed documentation enab!es fast m1egrallon to ex1s11ng systems. allow,ng col'laCUess 

cards 10 be used w11h mos1 cx1s11ng apphcalions 
- F~stest 1ntegra11on 11me to an existing applw:a11on so far . 3 Hrs !!! 
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Prototype PCBs 
from your usual manufacturer for a 

fraction of the cost 

FREE Layout Software 
FREE Dig!!!!l".'..!l.!Jtimeter 
FREE PHONE 0800 389 8560 

Wili • ' OrCAfJ"' II.I 
~ +lS3 (0)61 101170 

MK70ll64 

CIRCLE N0.111 ON REPLY CAR/J 

CAI\-JBRIDGE 

MICRO 
PROCESSOR 

Control Systems 
Custom Design 

Micro-Controllers 
Logic Controllers 

Data Loggers 
Analogue & Digital 1/0 

Units 17-18. Zone ·0·. 
Chelmsford Road Industrial Estate, 
Great Dunmow. Essex 
UK CMG lXG 
Tel: +44 (0) 1371 875644 
Fax: +44 (O) 1371 876077 SYSTEMS LIMITED 

http://www.cms.uk.com 
CIRCLE N0. 1.H ON REPLY CARO 

71 



total jobs.com 

If now's the time to better your career, then now's the time to visit the new website from Reed Business Information. 

Here you'll find thousands of jobs and maybe the answer to all your prayers. We're adding vacancies all the time, 

to make us the UK's leading recruitment website. Our aim is to have more jobs in more markets than ELECTRCfN'ks 
anywhere else. So, if you're looking for a total change, take a look at totaljobs.com and get going. WORLD 

GaAs takes on SiGe 
The once out of favour GaAs technology has given semiconductor 
makers plenty to laugh about lately, but the time has come when the 
maior design houses are looking elsewhere. So does SiGe fit the bill 
to be the key high frequency technology for the Year 2000? 
Richard Ball. examines the.facts. 

T he explosion in the use of 
wireless products such as 

_ mobile phones. in the last 
couple of years has left gallium 
arsenide, or GaAs, semiconductor 
manufacturers laughing all the way 
to the bank. 

At last it seems that GaAs - a 
much maligned semiconductor 
technology - has found favour. 
However, manufacturers and design 
houses realise its lifetime and 
opportunity are finite, and that 
silicon germanium, Si Ge - and 
perhaps even bulk CMOS - will 
ultimately provide a better fit in large 
volume markets. 

Major GaAs design houses and 
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manufacturers, including Anadigics, 
Ml A-COM, RF Micro Devices, _ 
TriQuint and Vitesse are starting to 
use SiGe. 

During September two firms, 
M/A-COM and Anadigics signed 
deals with Temic, the Atmel division 
that manufacturers SiGe chips. 

Using SiGe, Temic introduced a 
DECT RF chipsel last year and GSM 
power amplifiers this year. It started 
shipping in high volume from its 6in 
wafer fab in Germany early this year. 

What is significant about both 
Temic deals is they bring together 
established RF component experts 
with Temic's proven SiGe process 
technology. As Dr Charles Huang, 

cbief technical officer for Anadigics 
describes the move: "Having access 
to Temic Semiconductors' SiGe 
facility and technology provides us 
with an opportunity to complement 
our existing gallium-arsenide and 
silicon programmes." 

US firm Anadigics has been a long 
time proponent of GaAs, but 
introduced its first silicon part, a dual 
frequency synthesiser, in June. The 
Temic deal continues the shift away 
from pure GaAs development. 

Ron Michels, v-p of the cable and 
broadcast segment at Anadigics says: 
"Anadigics is committed to 
identifying, developing, and 
exploiting new process technologies 

COMPONENTS 

SiGe Microsystems 
claims that over 12 
companies have 
bought its low 
phase noise 
transistors for local 
multi-point 
distribution services 
(LMDS), used for 
broadband access 
to the home such as 
cable. Lower phase 
noise reduces bit 
errors and allows 
for increased data 
rates, the firm 
claims. The 
transistors can be 
used to build 
oscillators running 
at up to 20GHz. 
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to provide leading RF solutions for 
our customers." 

M/A-COM, another GaAs stalwart, 
will use Temic's process for devices 
targeting both wired and wireless 
infrastructure especially gigabit data 
rate LANs and the local loop. 

"Both companies agree this joint 
partnership is an excellent 
opportunity to produce silicon 
germanium products for the rapidly 
changing demands of the telecoms 
marketplace," says Rick Hess, a v-p 
at M/A-COM. 

RF Micro Devices, a spin off from 
Analog Devices, is another 
experienced high-frequency design 
firm choosing to use SiGe. It has 
chosen to link up with IBM 
Microelectronics which has one of 
the most advanced SiGe research and 
manufacturing programmes. IBM 
was the first firm to introduce high 
volume SiGe chips this time last year. 

Already using silicon, GaAs and 
heterojunction bipolar transistors, RF 
Micro Devices' access to SiGe will 
fill out its capabilities nicely, 
allowing it to replace GaAs in many 
areas. 

Multi-product wafer service for SiGe 

Why SiGe, not GaAs? 
SiGe offers the economies of scale that you get with conventional 
silicon processing. Producing die on 8in silicon wafers gives much 
cheaper parts than from smaller GaAs wafers. 

Weighed up against this is the claim by GaAs makers that their 
technology is cheaper in terms of mask generation. 

"In semiconductor manufacturing the cost is primarily capital cost, 
and the amount of equipment you need relates to the number of 
masking levels. Our four-level metal process is implemented with 15 
masks; bipolar SiGe requires 25 to 30 masks," claims Vitesse's Chris 
Gardner. 

But, when it comes to the crunch, GaAs just uses too much power to 
be used for anything beyond the low integration parts such as power 
amplifiers - and SiGe can now even be used for that function. With the 
trend towards further integration, power consumption - particularly that 
due to leakage current - is critical. And tl1is is where SiGe triumphs, 
even over silicon. 

The firms plan to develop third
generation mobile phone chips. The 
belief is that using SiGe in the front 
end will reduce power consumption 
and device count. 

"IBM's SiGe technology will 
enable us to design products that 
deliver high performance and low 
power consumption in wireless 

communications applications," says 
William Pratt, chief technical officer 
for RF Micro Devices. 

Vitesse is one of the biggest names 
in GaAs - tlle first to offer 
commercial parts - but even it has 
succumbed to tlle reality tllat SiGe is 
the way forward. 

"We no longer consider ourselves 
technology snobs; we can also write 
cheques," says Chris Gardner, v-p 
and general manager of the telecoms 
division at Vitesse. "If we need SiGe 
we know tlle guys at IBM and we can 
write them a cheque." 

Moreover, during the past year, 
Vitesse has bought three firms that 
deal in silicon. These include 
designers of Sonet/SDH, ATM, fibre 
channel and network processor chips. 
SiGe would offer excellent power 
savings in many of these devices. 

Tri Quint is aqother name. heavily 
associated with GaAs, producing RF 
and microwave modules for mobile 
phones, base-stations and satellite 
systems. The company is reported to 
be looking at silicon development, 
where higher integration makes GaAs 
too expensive. 

Austria Mikro Systeme, a long time developer of silicon germanium technology, is offering a 
multi-product wafer (MPW) service for SiGe. Starting in February, AMS will run seven lots of 
wafers through its fab, the final run in December next year. Untested packaged samples are 
provided after 12 weeks for the SiGe process. The 0 .8µm process is based on the firm's mixed 
signal CMOS process and adds a heterojunction bipolar transistor module. 

Whether GaAs is left to a few niche 
applications, or whether new high 
volume applications come along that 
use frequencies that SiGe cannot 
reach, remains to be seen. 

But for now, the shift towards SiGe, 
and away from GaAs, is well and 
truly under way. GaAs suppliers will 
be hoping that Si Ge is the joker in the 
pack, and keeps the laughter flowing 
during trips to the bank. • 
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• • capacitor tester 
I . 

... continued from page 20 

So just what level of charged capacitor · 
voltage can be absorbed by the meter 
without damage r~sulting? 

As with a fuse, the fusible resistors 
can become open circuit either by a 
large peak current pulse of short dura
tion or a much· smaller current for a 
longer time. The peak current that 

· flows depends on tlle voltage on the 
charged capacitor while its duration 
depends on capacitance value. The 
maximum charged capacitor voltage 
that the meter can withstand varies 
according to the capacitance value. 

It is best to assume the maximum 
safe voltage is zero, usrng the meter to 
measure only discharged capacitors. 

If sufficient charged capacitor volt
age is applied, the ensuing peak cur: 
rent can open circuit the 22.Q and 2.20 
fusible current sense resistors, R1,s, 
and permanently weld tlle range relay 

· contacts closed. 
. Damage to these three components 

has been confirmed by practical exper
iments . using a prototype meter. 
Replacing these compo11ents restored 
normal operation. 

Using all the above protection mea
sures, a capacitor charged to a very 
high voltage might store sufficient 
charge that those integrated circuits 
most directly connected to the test 
capacitor are damaged. 

To facilitate test and repair of a darn
.aged meter, integrated circuits Ui,3&8 

are mounted in low profile, turned pin 
sockets. · 

Battery power supply 
Generating a +SV stabilised supply 
from four AA batteries poses the dif
ficulty tllat with fresh batteries, the cir
cuit must reduce the battery voltage. 
As the batteries discharge, the circuit 
must automatically changeover to 
boosting the battery voltage. 

January 2000 ELECTRONICS WORLD 

For economy of batteries it is desir
able to support an auto-off timer to 
shut down the power supply, and dis
connect the battery load. A low battery 
indication as the batteries become 
exhausted is essential. 

For ease of assembly, I decided to. 
avoid surface _mounted components, 
using only Dll.:integratt!d circuit pack
ages. This was. not'a problem with the . 
measurement circuits or the lOOHz · 
generator. Unfortunately almost all the 
latest power supply circuits are only 
available in minute surface-mount 
packages. 

A secondary problem lay in the 
'shutdown' terminology. Most of the 
power supply circuits I looked at 
claimed a shutdown facility. ln many 
instances, while the power supply chip 
itself shut down, it did not disconnect 
the battery load. The battery continued 
to ·supply voltage a:nd current info the 
tano meter. 

Having tried and rejected a number 
of·power supply circ;,_uits, I found a 
Linear Technology application note 
titled 'Micropower Buck/Boost • 
Circuits' .5 This application note dis
cussed the above four ceils to 5V 
power supply problems and suggested 
a solution. 

This used tlle LT1303CN8 eight-pin· 
DIL integrated circuit as a boost con
verter, followed by · a discrete linear 
post regulator. I had previously reject
ed tllis IC because when used conven
tionally, its shut-down circuits do· not 
disconnect the battery load. Battery 
disconnection is achieved using a post 
regulator circuit. 

This application also claimed a near 
80% conversion efficiency. It used sur
face-mounted diodes, inductors and 
capacitors, but I wanted to use leaded 
components. 

With a lOOQ resis_tive load to simu-

Recognising a damaged tan• meter 

A functioning. tano meter prodi.i'ces around 1 S0mV 
at 1 00Hz across its test probes. If the test probes 
of the meter are touched together, some S0mA of 
test current (lows, the meter displays over-range 

. and the high range LED lights. . 
Il lumination. of the high rangeltD indicates that 

more tban 8rnA is flowing. in the circuit. 
• Note that the current actually measured at the 
test leads depends on the burden of the DMM 

• used. One of my meters measured less than 25mA 
.because of its high AC current burden. A better 
meter measured more than 35mA. · 

With R7 or Ra open circuited, only a small test 
cur'rent can flow, the high range ·LED cannot light 
and the above voltages and currents w ill not be 
measured. 

An ohmmeter measurement of resistors R7 and 
Ra will confirm they have been damaged. · 

If the PMl 28 meter in a tan·o meter·.displays 
abnormal behaviour, the above simple tests 
should confirm normal operation or that the meter · 
has been damaged. 

If damage is indicated, R7, R8 and the range 
relay should all be replaced. 

Repeat the above test also check visually for 
other damage, before re-callbrating t~e meter. 

late tlle tano meter, bread-boarded, this 
prototype supply looked good. It pro
vided a stable output voltage with 
inputs from 3 to 6 volts, using my 
bench power supply. When shut down, 
no power flowed in. this -load resistor. 

I etched a trial PCB and used the cir
cuit with four AA batteries to power a. 
prototype meter. Disaster; switching· 
noise from the supply interfered with 
the accurate zero crossing detection of 
the lOOHz test current waveform. 
Power conversion efficiency -was less 
than 65%. 

My original six AA battery proto
type power supply used a MAX883 
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low drop-out linear regulator. This 
produced little noise and no notable 
switching transients. 

The MAX665CPA on-board - 5V 
converter also produces switching 
transients. These had not troubled my 
linear regulator but interfered with the 
LT1303CN8 control circuits. 

The LT1303CN8 performed much 
better using my bench supply than 
when using four AA batteries, whether 
NiCd or alkaline. Efficiency was 
improved and with less noise. 

Apart from using leaded and not sur
face mounted parts, I had followed the 
suggested component values. After ini
tial unsuccessful attempts to add filter 
capacitance, I decided I needed to 
more closely replicate the performance 

of the specified surface mounted parts. 
Comparative high-frequency mea

surements suggested two problems. I 
needed more and lower ESR capaci
tors, together with a larger value 
switching inductor, and a better power 
supply PCB layout. The 5V power 
supply board was redrawn to minimise 
ground impedances. Capacitor decou
pling was improved by using four ter
minal connection paths, Fig. 3. 

Of the capacitors I measured, Oscon 
types performed well but were expen
sive and physically much larger than 
the PCB space I had available. Certain 
low-ESR capacitors failed to meet 
their claims. Others were too tall. In 
the end I chose the lowest cost of those 
measured, the Rubycon YXF. These 

the capacitors reactance, Xe, For very small angles, tan6 
and cos0 have similar values, 
but a quick pocket calculator 
check will confirm that they 
d iverge quickly. As the loss 
angle increases cose can 
never exceed unity, but tan6 
has no upper limit. 

The quality of many high
frequency components, such 
as RF inductors and very
low-loss capacitors, is often 
defined by thei r 'Q' factor. Q 
is the result of dividing a 
components measured AC 
reactance by its AC resistive 
losses. 

The reciprocal of 'Q' is 
tan6, which is defined as the 
capacitors AC resistive 
losses, i.e. ESR, d ivided by its 
capacitive reactance, Xe, at 
that frequency.6 

Tann is used to describe 
the quality of almost all 
general purpose capacitors. 

tan8 = ESR 
Xe 

where, 

X ::f: _ l _ 
C 21tfC 

Alternative ly ESR=Xetan6 and 
tan6=£S/?x21tfC. 

As you can see, tan6 has no 
upper limit. It can - and 
frequently does - exceed 
unity. Particula rly at high 
frequency, £SR can exceed 

Tan6 is sometimes con
fused with the o lder term 
'power factor'. Power factor 
is defined as the cos(90-6), 
w hich is the same as sin6 or 
the cos0. 

Hence power factor is, 

ESR 
cos0 =--

IZI 

where IZI is the capacitor's 
measured impedance magni
tude. For aluminium elec
trolytic capacitors, IZI is 
always much greater than Xe. 

ESR 

Xe 121 

Table 1a). Typical tanc values of new stock capacitors measured at 100Hz -
low capacitance values. 
Capacitor · 1 µF 
50V bipolar Al. 0.05 
63V polar Al. 0.04 
450V polar Al. 0.1 

2.2µF · 
0.05 
0.04 
0.1 

4.7µF 
0.05 
0.035 
0.08 

10µF 
0.05 
0.035 
0.05 

22µF 
0.05 
0.035 
0.05 

47µF 
0.05 
0.045 
0.05 

1001JF 
0.06 
6.04 

Table 1b). Typical tanc values of new stock capacitors measured at 100Hz -
high capacitance values. 
Capacitor 1000µF 
25V polar Al. 0.06 
63V polar Al. 0.03 

2200µF 
0.075 
0.05 

4700µF 
0.09 
0.06 

100001JF 
0.1 
0.07 

All capacitors exhibit a 
variety of losses including a 
small DC leakage current, 
resistance of their metallic 
conducting surfaces, together 
with resistive dielectric 
losses. Combined, these 
dissipate some of the applied 
energy as heat. 

Such losses reduce the 
theoretical 90° phase differ
ence between the applied 
current and the capacitors 
voltage. At 1 kHz for exam
ple, the phase angle of a 
typical 1 OOOµF 25V radial
lead e lectrolytic capacitor 
measured 67° - substantially 
less than the theoretical 90° 
of phase. 

This phase angle could be 
reproduced in a circuit by 
using a high value resistor in 
paralle l with the capacitor, or 
a much smaller value resistor 
in series with the capacitor. 
Aluminium electrolytic 
capacitor specifications use 
this equ ivalent resistor in 
series w ith the capacitor. 

The series resistance for the 
above 1 OOOµF 25V capacitor 
was measured at 1 kHz and 
found to be 71 mn , Xe was 
169mQ and tan6 was 0.42. 

Measured at 1 OOHz, the 
series resistance of th is 
capacitor was 1 04mfl, Xe 
was 1 .620 and tano was 
0 .064. 

performed far better than claimed and 
fitted into space available. 

Using these capacitors in the new 
printed board layout, I wound and test
ed various inductors. Doubling the 
original 22µH value to 47µH, 
improved conversion efficiency and 
reduced switching noise. 

To further reduce +5V supply noise 
and isolate the -5V converter's noise 
from the LT1303CN8 control circuit, I 
added an extra capacitor, decoupled 
using a small VHF inductor. 
Connection of this +5V supply to the 
main boards is via a bucking mode, 
bifilar-wound, twelve-tum inductor, 
wound on a small high permeability 
toroidal core, Fig. 4. 

The - 5V supply uses a MAX665 

This series resistance is the 
equivalent-series resistance, 
or £SR, of the capacitor.7 

A capacitor's reactance 
reduces in proportion to its 
actual capacitance value and 
not its specified o r low 
frequency value and mea
surement frequency. 

With inc reasing frequency, 
the actual measured capaci
tance value of an aluminium 
electrolytic capacitor is much 
reduced. I tested a 1 OOµF 
capacitor that measured less 
than SOµF at 1 OOkHz. 

Being a combination of 
fixed and variable losses, ESR 
also reduces with frequency, 
but to a lesser extent. Having 
reached a minimum value, 
ESR then increases at higher 
frequency. 

The measured tan6 of an 
aluminium electrolytic 
capacitor depends on mea
surement frequency. Tan6 for 
aluminium electrolytic 
capacitors increases with 
increase of frequency. Tan6 
has no upper limit and can 
exceed unity, especially for a 
worn out capacitor, Table 1. 

Aluminium electrolytic 
capacitor tan6 increases 
rapidly as the capacitor 
wears o ut. It provides a 
sensitive, easily interpreted 
measurement. At 1 OOHz, 
tan6 for typical good board
mounted capacitors should 
be less than 0 .1. Devices 
with a tan6 of more than 0.2 
should be replaced to ensure 
ongoing and reliable equip
ment operation. Capacitors 
having a tan6 or more than 
0.4 are worn out.1 
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eight pin OIL, DC-to-DC converter in 
high-frequency mode, to minimise its 
switching noise. To further reduce 
high-frequency noise from this - 5V 
supply, I added two extra capacitors, 
decoupled using a second small 4.7µH 
inductor. 

In total four 220µF lOV, low-ESR 
decoupling capacitors are used for the 
+5V supply and three for the -5V con
verter. These changes ensure very low 
supply line noise levels on both the 
analogue and logic boards. 

In addition to reducing noise from 
the power supply, these changes much 
improved the conversion efficiency, 
achieving around 80% with 4.5 to 5V 
input. This is the median voltage when 
using four AA alkaline or Ni-Cad 
cells. 

Auto-off timer 
This device that turns the meter off 
automatically after a delay is an 
ICM7242. It is essentially a 7555 timer 
combined with a divide-by-2 and 
divide-by-128 counters. This arrange
ment permits very long time periods 
using only modest timing component 
values. A small sub-board is config
ured as a universal stand-alone timer. 

One gate of an HEF4093B ensures 
that the timer counters are reset, and 
hence trigger correctly, when power is 

Parts and assembled meters 

Cyril can supply kits or fully-assembled meters together with a bound 
24 page user manual. This includes schematic draw ings, board 
layouts, calibration instructions and parts list. This manual is supplied 
w ith each pre-assembled tan6 meter. In additio n, for those who 
purchase printed boards or kits of parts, a fu rther 22-page assembly 
manual with full instructio ns and drawings is included. 
A tano refere nce capacitor, name ly a 1 Oµ F ±5% 63V metallised PET 
type manufactured by Evox-Rifa and designated MMK22.S 106K63L4 
is also available. E-mail Cyril at cyrilb@ibm.net or write to him via 
the editorial offices, marking 'Tan-delta meter' clearly on your enve
lope. 

y 
Vin RC 
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STRAP 

Fig. 3. Final design 
of the small sub
board used for the 
four AA batteries 
to +SV power 
supply. Note the 
four-terminal 
capacitor 
connections now 
used. The 220µF 
capacitors are 
placed along one 
board edge, to fit 
between the 
battery box and 
the PM128 display 
meter. 

Shut down Timer 
Approx 9. 5 minutes 

To -SKJN 

1/266 TRIO 

NRX. l0f72't2 
TB 1/0 

OIi) 

Fig. 4. Battery power supply, including shut
down timer circuitry, as ·used for the final tanc 
meter design. The above circuits are contained 
on two small sub-boards, 30 by 47mm, which 
fit into the wasted space each side of the OKW 
battery box. To reset this timer, C 12 must first 
be discharged. 
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input 4 AA Batteries 
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Tanl5meter 
measuring tan/5 of 
a capacitor in-situ 
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How the tan& meter works 

applied. The LT1303CN8 requires its 
shut-down pin be pulled high to tum 
the power supply off. Since other 
power-supply circuits shut down when 
pulled low, two gates of the 
HEF4093B are used. One buffers the 
other to invert the ICM7242 timed out
put. 

Circuit design revisions 
The final measurement circuit 
schematic is little changed from that 
published in Electronics World June 
1999.3 Apart from the additional 
INA118 in-amp already .mentioned, 
the most significant change concerned 
the lnF and l0nF capacitors. These 
were originally specified as 1 % 

The circuit works by sampling the voltage developed across the capacitor terminals at two dis
crete time intervals which are separated by exactly 90° of the test waveform. 

The voltages developed across the capacitor terminals and· the range resistors R7,8 are first 
amplified to a usable level using two Burr-Brown INA 118 instrument amplifiers. 

The 'R' channel is sampled coincident with the peak of the capacitor's current waveform. 
The 'X' channel is sampled exactly 90° later. . 

Each channel voltage_ is sampled using one of two sample-and-hold integrated circuits. The 
voltage output from each sample and hold is then ratioed by the modified display meter and 
the resultant tano value is displayed, Fig. 5.3 

Both sampling times are controlled by the circuits 'logic' channel. This channel's trigger 
voltage is initiated by sensing the phase of the capacitor current waveform using a comparator 
to detect the zero crossing of this current. Comparator output is frequency doubled, then 
halved using a CMOS 4046 phase- locked loop and 4018 divider. This results in two equal 
mark:space ratio square waves. One is at 1 00Hz and phase locked to the test capacitor cur
rent waveform. The second at 200Hz having rising edges coincident w ith-the 1 00Hz wave-
form transitions. · 

Application of some decoding logic provides the triggering needed, to generate the two 
80µs-wide sampl ing pulses used to-control the sampling of the 'R' and 'X' channels. 

mpl e pulse ·x· se / i 

_,.,; \ ~~ 
' \ I ' 
j (41 686m,195 .721m) : (44 . 186m, 489 .31\ml / J 

:Samp l ed Capac1 tor ESR vo l tage _Samp led Capaci t or ~ vo l tage . _/ : 

i 'R' and 'X' C~annels Sampled Voltages. ·, . ,,/ i 
-1. «+--------------___ T ___ - --- - ------ - - -,- --- - -- - - -- - - - - - --.---- - ~-....... ·~---------•-- •---- • 
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40ns 42ms 44i:1s 46As 1.181!15 50111s 
a U(19) l(Rcurrentdetect) • 0(2) 0(1)- 0(2) o 0(1) + 0(3) • 0(6) ·u,.. 

Fig. 5. Sample-and-hold control pulses from the logic circuit, superimposed onto the test capacitor's 
current and voltage waveforms. The phase angle between the capacitor current and the voltage 
developed acro~s its reactance remains precisely at 90°, or 2.Sms, at 100Hz. The meter design relies 
on this relationship. 

polystyrene or polypropylene to avoid 
all possibility of dielectric absorption 
affecting performance, Fig. 2a). 

Following careful comparison tests, I 
found that with the small circuit volt
ages involved, 250V or 400V rated 
5%-tolerance Philips 470 series met
allised polyester capacitors, used with 
1 % metal film resistors performed 
equally well. 

The gains for the two INA118 
instrumentation amplifiers and the 
meter attenuator resistors have been 
revised. The logic drive level to the 
sample and hold stage has been adjust
ed. These changes optimise the linear
ity of the sample and hold circuits, Fig. 
2b). 

Some component values have been 
revised in the lO0Hz generator to 
ensure repeatability and assist selection 
of the five 0.5% capacitance values 
needed. I find I can usually select these 
to better than 0.5% from the quantity 
of 0.1 µF and 1 0nF capacitors required 
to build a meter. Used with 0.5% E48 
vaiue resistors, these capacitance val
ues ensure the specified lOOHz gener
ator output voltage and JOOHz fre
quency. 

Main PCB design 
Accommodating the various circuit 
updates has required a total of six 
printed board iterations. The bottom 
board that houses all the added pro
tection components is now quite 
densely populated. The range relay 
had to be changed from a DIL to a SIL 
version to make more space available. 

I have now assembled a good num
ber of tano meters and all have per
formed to specification using the cali
bration adjustments. • 
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Hands-on Internet 

Using OTAs 
Transconductance op-amps have properties that make them particularly 
attractive for a pplications involving high frequencies and bandwidths. 
So w hy aren't they used more often? From Cyril Bateman's searches on 
the Internet, it seems that we use them more often than we think. 

I n the October and December issues, I 
discussed circuits involving opera
tional transconductance amplifiers, or 

OT As. The particular schematics I high-
1 ighted demonstrated particular design 
functions that would be more difficult to 
implement using traditional voltage-out
put op-amps. 

While similar to a- conventional op
amp, a transconductance amplifier 
accepts a voltage input to produce a cur-

Where to look ••• 
1. IE 5 Bug Parade Continues 

rent output. Its gain can be set by alter
ing its transconductance &m or its load 
resistance. 

An OT A can perform most of the cir
cuit functions that are possible with nor
mal op-amps, and makes some functions 
easier to implement. For example, a dif
ferential input instrumentation amplifier 
with good common-mode rejection can 
be made without needing the carefully 
matched resistor networks found in the 

conventional three op-amp circuit. It was 
this property that first prompted my 
investigation. 

A transconductance amplifier offers 
other interesting properties. Used to 
drive rectifying diodes or optocouplers, 
it can provide a much increased working 
bandwidth, compared to that using a 
voltage-output amplifier. Using a 
MAX435, the Universitat Politecnica de 
Catalunya, at Barcelonia increased the 

2. Circuit widens optocoupler's response to 1 MHz 
httpJ/www.bugnet.com/alerts/bugale rt_ 102199.html 
httpJ/www.ednmag.com/reg/1995/122195/26di l.htm 
CF.Wheatley, HAWittlinger, NEC Proc, Dec. 1969. 
httpJ/www.semi.com.tw 

3. 'OTA Obsoletes Op Amp' 
4. G lobal Semiconductor Datasheet Library 
5. Analog Devices Inc 
6. Linear Technology Corporation 
7 .. Maxim Integrated Products 
8. Burr-Brown Corporation 
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COMMUNICATIONS 

normal 80kHz bandwidth of a 4N25 
optocoupler up to 250kHz2. 

When first introduced in 1969, some 
writers expected the OT A could even 
become the dominant technology3. 

Consequently one might expect that a 
variety of transconductance amplifier 
integrated circuits would be commer
cially available by now, but from 
memory I found I could name only a 
few part numbers. 

Searching the Taiwan Global 
' Datasheets site4 for 'transconductance' 

revealed only a short listing of devices. 
I repeated this search at AJtaVista, 
Google and Northern Light as well as 
those semiconductor makers sites, who 
I knew manufactured transconductance 
amplifiers, with similar results. 

One possible reason for this lack of 
components is that many integra.ted 
circuits that incorporate transconduc
tance amplifiers, are ·not classed as 
such. In some instances this is because 
the output from the transconductance 
stage is not externally accessible, in 
others because the final amplifier out
put is voltage not current. 

Here I review·three such exampl~s, 
each used to design a IO MHz band
width amplifier. 

Video difference amplifier 
In the October issue I briefly men
tioned the AD830 from Analog 
Devices5. This circuit is described as a 
high speed video difference amplifier 
and is specified for both ±5V and 
±15V supplies. It provides extremely 
good signal processing from DC to 
10MHz and above, producing a 60dB 
common mode· rejection at 4MHz. 

This design uses two identical 
transconductance input amplifiers, hav-

120 
WITH CIRCUIT TRIMMED 
USING EXTERNAL 2k0 

al 
"; 100 

POTENTIOMETER 

~ 

ing a fixed &m· Their output currents 
are summed in their common load, 
which is a capacitor shunted with a 
resistor. One amplifier acts as the sig
nal input channel, the other the feed
back signal channel. Being identical, 
their functions can be exchanged com
pared to the figure, with no change in 
performance. Simply apply the signal 
to pins 3 and 4 and feedback to pins I 
and 2. 

The final unity gain output amplifier, 
simply follows the summed voltage 
which develops across this capacitor. 
When powered from a ±SV supply or a 
single 12V supply as in the figure, at 
least ±3.2V drive into 150n, is guar
anteed. As can be seen, this AC cou
pled circuit provides a superb 10MHz 
performance, Fig. 1. 

INPUT 

-~~::L .:~• 
~ M 1--e----+-~ 

10µF 

. 10k0 

10k.O 

10kQ 

High-frequency amplifier 
The LT1228 integrated circuit from 
Linear Technology6 is described as a 
100MHz current feedback amplifier 
with gain control. 

Signal amplification again passes 
through two distinct circuit stages. The 
first is a transconductance stage having 
its gain or &m controlled by an external 
current, in similar fashion to the 
CA3080 illustrated in my October arti
cle. This transconductance amplifier 
produces a 75MHz peak bandwidth. 

The second stage is a wide band cur
rent feedback amplifier designed to 
drive low impedance, coaxial cable 
loads. With a 100MHz bandwidth and 
slew rate of IO00V/µs, this output 
stage is well matched to the transcon-
ductance stage. · · 

+12V 

AD830 

•OPTIONAL TUNI.NG FOR 
IMPROVING VERY LOW 

FREQUENCY OMR. 

1N4736 6 .8V 

Fig. 1 Schematic circuit of an AC coupled, differential line receiver, using Analog Devices AD830 
integrated circuit. As can be seen this 'Video Amplifier' uses two OTA internally, with a unity gain 
voltage bu ffer as final output. 
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Fig. 1 a). Using conventional components, this level of common
mode rejection would be almost impossible. 
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FREQUENCY - Hz 

Fig. 1 b). Showing the excellent 0. 1 dB flatness response from 1 OHz to 
10MHz for this AC coupled line receiver. 

83 



COMMUNICATIONS 

Fig. 2. Gain of this 
10MHz 

bandwidth 
differential input + 

amplifier, is 
directly VIN 

proportional to 
the current 
through R5. 

R3A 
10k 

R2A 
10k 2 

15V 4.7µF 

+ ri 

-15V--4t----9 t1sET 

R5 
10k 

Fig. 2a). Varying the current 
through Rs by 20d8, from 1 mA 
to 100µA, produces this 20d8 
reduction in gain and retains 
the 10MHz frequency response. 

R3 
1000 

R2 
1000 +_[ 

6 

3 11 ~I 
Vs=±15V 
RL = 1000 

0 ,__ lsET = 1 mA " ' -3 

CD 
-6 \ 

1 
::!::.. 

-9 z 
< 

-12 (.!:) 
Iser= 300µA ,~ 

-15 
11 

-18 

-21 
Iser= 100µA 

, 

' 
-24 

100k 

5V 

Fig. 3. Easily 
implemented, this 
deceptively simple 
circuit produces a 
1GHz gain 
bandwidth 
product. With 
values shown, 
gain is 40d8 with 
a -3d8 response 
of 10MHz. The 
circuit can drive 
up to ±3.3 volts 
into a back 
terminated 75!:2 
coaxial cable. 
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1111 ' 1M 10M 100M 

FREQUENCY (Hz) 

Vout 

R2 R1oad 
10k 150 
1% 

R3 \ 100 
1% 

The data sheet provides a range of 
applications, including RF levelling, 
voltage-controlled state-variable filters 
and video DC restoring circuits. The 
circuit I chose is a variable-gain dif
ferential-input amplifier having a con
stant 10MHz bandwidth over a 20dB 
change of gain, Fig. 2. 

Variation of the fse1 resistor Rs varies 
the 8m, or gain, of the transconductance 
stage. The resistor used to convert the 
first stage output current into a voltage 
input for the second stage, namely R1, 
determines the amplifier's bandwidth. 
Values larger than the 2700 shown act 

4.7µF 
R1 
2700 

L T1228 

with the capacitance at pin one, the 
input to the current feedback amplifier, 
to form a pole, further reducing band
width. 

This circuit's gain can be controlled 
both by current or an external voltage. 
These can be provided digitally using a 
voltage output d-to-a converter and 
voltage to current converter, or more 
simply by using a digitally controlled 
potentiometer to replace R5. 

High-gain 10MHz bandwidth 
amplifier 
One difficult design area is attaining 
high gain over moderate bandwidths 
and with a high input impedance. You 
would need such performance for an 
active oscilloscope probe for example. 

The MAX457 is a dual CMOS video 
amplifier offering a very high 
impedance low capacitance input stage 
and 70MHz bandwidth. It was 
designed for use as a low gain 750 
cable driver for video distribution 
amplifiers and is unity gain stable. 

It is pin compatible with normal 
eight pin dual op-amps, so with suit
able component changes could be used 
to upgrade many circuits. ft provides a 
72dB isolation between amplifiers at 
5MHz and differential phase and gain 
of 0.2° and 0.5% respectively. 

While Maxim 7 does not promote it 
as a transconductance amplifier, output 
current is proportional to the difference 
voltage at its inputs, with a Gm of 
0.6A/V. Unlike the MAX435 and 436 
transconductance amplifiers, discussed 
in the December issue, the gain for the 
MAX457 uses the normal non-invert
ing op-amp two resistor closed loop 
feedback method. Using a lill resistor 
to ground from the i.nverting input pin, 
the data sheet Lists values of feedback 
resistor by desired gain and load 
impedance. 

Its gain bandwidth product, while 
specified for a 750. load, increases 
with increased load impedance. With 
unity gain and a 750 load, its output is 

6 
>--t..-- Vour 

HIGH INPUT RESISTANCE 
EVEN WHEN POWER IS OFF 
-18d8 <GAIN< 2dB 
V1N S3VRMS 

-3 dB at 70MHz. At a gain of two and 
a 1500 load, bandwidth becomes 
50MHz. Increase this load impedance 
to 7500 and amend the feedback net
work to give a gain of ten; output is 
now -3 dB at 25MHz, representing an 
increase in gain bandwidth product 
from 70 to 250MHz. 

As described in A0317.PDF this fea
ture has been used to design a com
posite amplifier having a gain band
width product of 1GHz. This amplifier 
provides a 10MHz bandwidth at 40dB 
gain and can drive ±3.3V into a 1500 
load, i.e. a back-terrninated 750. coax
ial cable, Fig. 3. 

Operating with no DC load, the first 
stage produces its maximum possible 
voltage gain, around 660VN. The sec
ond amplifier, which drives the 1500 
load, has an open-loop voltage gain of 
65VN. This results in a total open
loop gain for the composite amplifier 
of92dB. 

Feedback components shown, 
together with the phase compensation 
components R I and C3, ensure the 
required 40dB gain and bandwidth. 
However without these phase com
pensation components, the circuit can 
oscillate. Download A0317 .PDF from 
Maxim's site for full details. 

Perhaps by now you might think that 
transconductance amplifiers are always 
targeted to high frequency use. Not so, 
my next application by comparison is 
almost DC. 

Current-sense amplifier 
A current sensing amplifier from 
Maxim, the MAX4172, takes advan
tage of the transconductance amplifier 
benefits already mentioned.7 It uses a 
differential measurement of the voltage 
dropped across an external sense resis
tor to measure the unknown current. Its 
output is a current proportional to the 
voltage drop being measured. 

The device has a common-mode 
input range of 32V, regardless of the 
chip's supply voltage which can be as 
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As Windows 2000 - previously known 
as NT5 - is announced for release to 
computer makers in December and the 
shrink w rapped version planned for 
February, yet another Internet Explorer 

w ithin the space of a month. This latest 
uses the 'JavaScript Redirect' function 
with a little domain redirection, to trick 
IE5 into exposing the files on your 
computer, Fig. A. 

5 security bug has been uncovered. In 
the December issue, I reported that 
Georgi Guninski of Bulgaria had d iscov
ered an 'ActiveX' security hole that 
al lowed hostile code buried in a Web 
page or in an e-mail, to ru n on a com
puter without the user's knowledge. 
Disabling the option 'Active Scripting' 
prevents this. Alternately a patch can 
now be downloaded from Microsoft. 

Normally, should an Inte rnet server 
request access to your data fi les, IE5 w ill 
prevent access. However following 
suitable domain redirections, ownership 
of your files can be made unclear and 
IE5 does not then prevent access. 

This access wi ll be ' read only' so your 
files wi ll remain intact, but their contents 
will have been exposed. Microsoft plans 
to post another software patch, but in the 
meantime it recommends users should 
disable Active Scripting in their 'Interne t 
Options'.1 

Now Guninski has reported yet 
another IE5 bug, making a total of three 
IE5 security holes he has reported 

Jjttle as 3V. It has an 800kHz band
width when measuring a voltage drop 
of l00mV, reducing to 200kHz at 
6.25mV. 

A ground referred output is provided, 
which represents the •floating current 
passing through the sense resistor. By 
suitable choice of load resistance, the 
subsequent output voltage can be 
scaled to suit your needs, Fig. 4. 

In December, I highlighted Burr
Brown's OPA660 amplifier8. 
Sometimes called the 'perfect transis
tor', this transconductance amplifier 
provides the highest gain bandwidth of 
the transconductance amplifiers found 
in my searches. So perhaps it is fitting 
to end this exploration of transconduc
tance amplifiers by introducing their 
dual version. 

Two 'perfect transistors' 
By omitting the buffer voltage ampli
fier part of the OPA660, Burr-Brown 
has been able to provide a dual 
transconductance amplifier in a ·six
teen-pin package. The OP A2662 is 

fig. 4. Able to sustain a 32V common mode 
voltage at its input terminals with a supply 
voltage as low as 3 V, this circuit outputs a 

current proportional to the voltage dropped 
across R,ense· 

developed from two of these 'perfect 
transistors' . In the process, output cur
rent bas been increased to ± 75mA for 
each amplifier, but bandwidth bas 
reduced lo 370MHz. 

In addition, each OT A can be turned 
off in 30ns and on in 200ns using TTL 
level logic provided in the sixteen pin 
package. These changes result in a 
device that is particularly suited to 
applications like analogue/digital video 
tape head driving, LED and laser diode 
driving and high-density disk drives 
reading and writing Fig. 5. 

To facilitate your appraisal of this 
device, the company details a suitable 
two channel demonstration board, 
together with nine other application cir
cuits, in the data sheet. • 

INPUT 

V+ 

GIIID 

+Vex; +Vcoour Voltage compliance 
across the load: SVp-p 

- Vee 

lour• :t75mA 

Q 

Data Equalization 
±1V GND 

10 
[> 

TTL Reoord/Play 
Selection i------~ OPA2862 11 

8 9 

-Vex; -Vccour 
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I Jw:i.li!LTeS1$Con/n.. r 
I IE S Bug Parade Continues wilh 1 
I Redirect Danger 

/Jf Badlt'f F. SAlm11llil 

O cTOBER IS THE CRUELEST MONTH for 
Mic:rosnft and Internet Explorer (l"E) 5, compliments of 
one Geore:i Ctmiruii the noted hacker from Bulgaria. 
Exposing no fe-wr-.r th:lll tl1crc s:curitv holt:i 0 vu the 
last 30 days, CW1iru:ki has reccnlly uncovered yet one 
more privacy Haw in IE s · tht ·•Jp. ... !!$gjpt Bcdirne1or" 

This Latest vulnerability employs some JavaScript 
I sleight of hand and a little domain redirection to trick IE 

S in!o ex-po!_ingl_~I files. Buic_alb'J w.r_o~ doen could 
•J - ~ -, , 
:Ii~~- ~ Q 

Fig. A. If you use Explorer 5 to access 
Internet, review your IE 5 Internet 
ActiveX Scripting settings. 

150 
CURRENT 

MIRROR 

flsENSE ILCII.D .. 

.MAXIAI 
MAX4172 

lour= 50 IRGl ____., 

+ 

VTH 

fig. 5 . Particularly suited 
to inductive loading, the 
OPA2662 provides a 
250MHz large-signal 
bandwidth. With its 'EN' 
inputs grounded, both 
outputs become high 
impedance so 
record/playback head 
mechanical switches are 
not needed. 

OUT 

PG 
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SUPPLIER OF QUALITY USED 

. TEST INSTRUMENTS 

Cooke lnternati·onal 
Unit Four, Fordingbridge Site, Barnham, 

. Bognor Regis; West Sussex, PO22 0HD, U.K. 
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 

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

· catalogue available 
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Cooke International 
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Tel: 0181 6523620 CLASSIFIED Fax 0181 652 8938 

ARTICLES WANTED 
TOP PRICES PAID 

For all your valves, 
tubes, semi conductors 

and IC's. 

Langrex 
Supplies 
Limited 

1 Mayo Road, Croydon 
Surrey CR0 2QP 

TEL: 0181 684 1166 
FAX: 0181 684 3056 

WANTED 
Valves & Semiconductors 

All types e.g. Discrete & IC's 
Good Rates Paid 

CHELMER VALVE CO. 
130 New London Road 

Chelmsford, Essex 
Tel: 01245 265865 
Fax: 01245 490064 

WANTED. Oemslar Video+ Plus+ programmer 
model VJP- 185 (preferably). Must be in good 
working order. Instructions n01 required. 01736 
367100. 

WANT E D TO BUY. Used Ncutrik chart 
recorder system. Fax USA 702/565-4828 
Franklin Miller. Email fjm@anv.net 

I/All/ES WANTED 
All types considered 

Wanted list on request. 
eg ECC83, KT88. PX4 

Avo Valve Tester VCM 163 

VALVES SUPPLIED 
Ask for our free catalogue, eg 

4CX250B, 4CX I OOOA, 6C33CB, 300B, 
6156, 6550B. CV2 I 3 I 

CRT and valves for transmitting, 
industrial. audio. Many obsolete types. 
Competitive prices. Helpful service. 

BILLINGTON EXPORT LTD 
Billingshurst, Sussex 

Tel: 01403 784961 Fax: 01403 783519 

VISITORS PLEASE PHONE FOR 
APPOINTMENT 

Wanted to Buy. Component Da1a. books/sheets, 
any age. Emai l list 10: i nfo@sentient• 
systems.co.uk. Fax list to: 0 1202 884420. 

WANTED: Brue) & Kjaer type 2606 or later 
measuring amplifier in good working condilion . 
Manuals elc nol necessary. All reasonable offers 
considered. M. Edinger, Bjaelkevangen 108, dk-
2800, Lyngby, Denmark. Con1aci: Email: 
Musiklab@image.dk, phone +45 45 874977. fax 
+45 45 874976. 

Wanted: Working P.S.U. for satellite receiver. 
Amsirad SRO 2000. S1a1e price. Hughes, 5 I 
S1andard View, Ynyshir, Rhondda. Mid•Glarn 
CF39 OHR. Phone 01443 685044. 

ADVERTISERS 

PLEASE 

NOTE FOR ALL 

YOUR ENQUIRIES ON 

ADVERTISING RATES 

PLEASE CONTACT 

LINDA PAYNE ON 

TEL: 0181 652 3620 

FAX: 0181 652 8938 
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"W' ~ .. ..-a::: a> ~ 
DEAD OR ALIVE P.M.R. RADIOS 
* ALL MAKES OF RADIO EQUIPMENT HAND PORTABLES OR MOBILES* 

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

CALL: P.M.R. 2000 
ON: 01502 531212 / 0142 693 4804 

OR FAX US YOUR µST ON: 01502 53.1111 

ARTICLES FOR SALE 
RF DESIGN 
SERVICES 

All aspects of RF 
hardware development 

considered from 
concept to production. 

I WATERBEACH ELECTRONICS I 
TEL: 01223 862550 
FAX: 01223 440853 

POWER SUPPLY DESIGN 
Switched Mode PSU 

Power Factor Correction 
designed to your specification 

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

Lomond Electronic Services 

'COP 8 Microcomputer' evaluation and 
programming unit including simulator/emulator. 
All you need to start. NEW. Half price - £50. 
Tel: 0 1737 844420. 

SHORTWAVE BROADCASTERS 
Monitor reception from within your 

target area 

GOVERNMENT AGENCIES 
Control radio receivers/transceivers 

worldwide 

Radphone 2000DX from 
www.pca.cc 

lntel+61-2-98889m 
Fax+61 ·2·98050253 

HP54111 D Colour D50 
500MHz BW, lG S/ sec, 2+2Ch, 

4 Ch logic trigger, 
2 x HP10430A 6pF probes, full 
set of manuals, £2,000 + VAT 

HP1630D Logic Analyser 
43 Ch, 100MHz, £450 + VAT 

steve@csys.demon.co.uk 

For Sale: Wireless Worlds. Sep, 1945-Jan I 986 
- Offers. Tel: 0 I 8 I 874 8231 (South West 
London). 

'Wireless \Vorlds' Copies in good condi1ion for 
the years 1949-1979, available for disposal. 
Collection from Great Malvern, Worcs by 
arrangement. For dclails phone Peter Lloyd, 
0 1684 574534. 

Rack Enclosures 
New and Used most sizes 

16U to 50U side and rear panels 
mains distribution 19" Panel mounts 
optima eurocraft. Prices from £45 .~., 

M&B Radio 
86 Bishopsgate Street Leeds LS1 48B 
Tel. 0113 2702114 Fax. 0113 2426881 

SERVICES 
From 

Concept 
To 

Production 
~ 
C 

~ 
6 
" .; 

Elteltonic design and •ngineenng service$ E 
for the new millenium: ,! 
• Embedded contrql 
• TelecommunfcatJot1 products 
• Oatacommunkalfon products 
• lnlerface conwnt0n 
• Wireless ttan~ 
• Audio _proc:tseing 
• V1de0 products 
• T•lelHt de-coding 
• pe'e de:lk)n 
• Schemauc tayout--.nd re.dtawing 

>, 

~ ., 
Cl)C 
~.2> ... .. ., 
J '.E 
f R 
IE 

• TKhnicaJ documentation & tran~1on 

Tel/Fax: +44 (0) 1872 223306 \ 
Em,11: designer.systems@btintemet.com 

PRINTED CIRCUITS production from CAD 
design. To obtain delails including costs to make 
PCB's wrile to; Mr Bell, 5 Velde n Way, 
Mill Road, Market Rasen, Lines LN8 3HO 
(including an SAE). 

PRINTED CIRCUIT BOARD SERVICE. 
Phone Mr Bell for details (01673 842338). 

Printed C ircui t s manufacturing service. 
Production from Artwork out of Magazine or 
CAD design. Single- or double-s ided boa.rds. 
Quantities and one.offs. For details telepho1le Mr. 
Bell on 0 1673 842338. 

COURSES 
Sponsored Postgrad 
Research Positions in 

Future Radio Networks 
at 

Trinity College Dublin 

Open to CS/Eng, graduates 
with an interest in radio, 
software radio, Internet 

technology and Mobility. 
More details from 

http ://ntrg .cs. tcd . ie 
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ADVERTISE FREE OF CHARGE 
Subscribers* to Electronics World can advertise their 

electroni~s and electrical equipment completely free of charge 
Simply write your ad in the form below, using one word per box, up to a maximum of twenty words. 

Remember to include your telephone number as one word. 
. You must include your latest mailing label with your form. 

• This free offer aRplies to private subscribers only. Your ad will be placed in the first available issue. · 
This oHer applies to private sales of electrical and electronic equipment only. . _ 

Trade advertisers - call Joannah Cox on 020 8652 3620 · 
All adverts will be placed as soon as possible. However, we are unable to guarantee insertion dates. We regret that 

We are unable to enter into correspondence with readers using this service, we also reserve the right to reject adverts 
which do not fulfil the terms of this offer. · 

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

T RIOE:~T DISPLAYS 

A W O R L D OF LCD .. . 

r::] , 
;; · 

The widest range of colour LCDs, LCD 
monitors and plug and play kits 

available in the UK, all in one easy to 
use brochure, is now available FREEi 

It includes information on products 
ranging from 2.9" monitors to 16.1" 

colour LCD screens, mono/colour STN 
TFTs and touch screen technology 

from the world's leading 
manufacturers. 

Phone TRIDENT today for your free 
copy. 

TEL: 01737 780790 
FAX: 01737 771908 
OR VISIT OUR WEBSITE: 
www.tridentdisplays.co.uk 

C/RqE NO.139 ON REPLY CARD 

Toolworld Ltd 
Call now for the TW Catalogue 
featuring thousands of quality brand 
name products. 

• Adhesives, Aerosols & Cleaning 
Supplies 

• Datacom/Telecom, Cables & 
Connectors 

• Test & Measurement 

• Cutting & Polishing Tools 

• Toolkits, Cases & Bags 

TWLtd 

Tel: 01249 822100 

Fax: 01249 821919 

CIRCLE NO. 141 ON REPLY CARD 

...... -... ·------ .... -~- ----- ------- ...,...._ 

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

Phone 01635 523545 
Fax: 01635 524395 
E-mail: info.uk@ni.com 
Website: www.ni.com/uk 

CIRCLE NO. I ~O ON Rf PLY CARD 

... _____ _ 
_ ............ _........., __ _..iw,.._.....,_ .. 

~~------

Video On-Screen Display 
Products 

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

For the simple solution to your On
Screen Display requirements c·a11 
LSdeslgns today 

Tel: 0115 932 4488 
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SUBSCRIPTION CARD 
Please en1er my subscription to ELECTRONICS WORLD. I enclose Cheque/Eurocheque 
lo lhe value ol £ _ ___ made payable 10 Reed Business Information 
Please charge my 
Mas1ercardNisa/ 
Amex accoun1 

With£ Expiry Date 

Signature 

Name 

Job Title 

Address 

Postcode 

Tel: Country 

SUBSCRIPTION RATES Post to: 

UK 1 year £36 ELECTRONICS WORLD 
UK 2 years £58 P.O. Box 302 
UK 3 years £72 
Student rate (proof required) £21.30 

Haywards Heath, 

Airmail West Sussex RH 16 30H UK. 

Europe 1 year £51 
Europe 2 years £82 CREDIT CARD HOTLINE 
Europe 3 years £103 Tel: +44 01444 445566 
Rest of the world 1 year £61 Fax: +44 01444 445447 
Rest of the world 2 years £98 
Rest of the world 3 years £123 Please tick here 1f you do not wish 10 
Surface mail 1 year £41 receive d,recl mar1cetong,l)romo11on lrom 
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1. WEFAX / HF Fax 
2. Packet Radio for HF and VHF 
3. Aircraft Addressing and Reporting System (ACARS) 
4. Audio Oscilloscope, real time Spectrum Analyzer with 

calibration cursors 
5. Squelch-controlled AF Recorder 
6. DTMF, CTSS decode and analyse 

The D8P applet provkled wllh the 
WR3100I spectrum monitor ISA card 
(£995+VAT) allows continuous control of 
audio bandwidth and other signal 
conditioning functions. 

ONLY £81.07 inc vat 
(requires SoundBlaster 16 compatible sound card) 

WiNADiO™ PC RECEIVERS NEW EXTERNAL MODELS - -
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Available as either an internal !SA card 
that slips inside your PC, or as an external 
(portable) unit. WiNRADiO combines the 
power of your PC with the very latest, and 
greatest, synthesised receivers. 

EXTERNAL WiNRADiO™ "It's software is excellent.. more versatile and less idiosyncrat ic 
We are now able to offer you a 
complete range of stand-alone 
WiNRADiO comms systems: 

than that of the lcom IC-PCR1000" 

YOU CAN USE WiNRADiO™ SCANNING 
PC COMMUNiCATION RECEIVERS FOR: 
Broadcast, media monitoring, professional & 

amateur radio communications, scanning, 
spot frequency, whole spectrum monitoring, 
instrumentation surveillance and recording. 

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

• WR1 OOOe- £359 INC VAT 

• WR15O0e - £429 INC VAT 

• WR31O0e- £1169 INC VAT 

Each stand-alone unit connects 
to your PC through either the 
basic RS232, or through an 
optional PCMCIA adapter (for 
high speed control). 

WRTH 1999 Review 

"Five stars for its 
mechanical design" 
WRTH 1999 Review 

"Most Innovative 
Receiver" 
WRTH 1998 Awards 

The units are powered through J(...,""!!li:---.. 
either your existing 12v -
supply, or through an 
(entirely optional) NiMH 
rechargeable 12v battery 
pack. 

WR-1000 WR-1500 WR-3100 Model Name/Number 
Construction of internals 
Construction of externals 
Frequency range 

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

Modes 
Tuning step size 
IF bandwidths 

0_5-1300 MHz 0.15-1500 MHz 0.15-1500 MHz 

AM,SSB/CW,FM-N,FM-W 
100 Hz (5 Hz BFO) 
6 kHz (AM/SSB), 

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

17 kHz (FM-N), 230 kHz (W) 17 kHz (FM-N), 230 kHz (W) 

PLL-based triple-conv. superhet 
1 O ch/sec (AM), 50 ch/sec (FM) 
200mW 200mW 

8 cards 
65 dB 

8 cards 
65 dB 

no ±2 kHz 
no - use optional DS software 
no no 

yes yes 

yes yes 
yes yes 

£299 inc vat £369 inc vat 

£359 inc vat £429 inc vat 

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

17 kHz (FM-N), 230 kHz (W) 

200mW 
3-8 cards (pse ask) 
85dB 
±2 kHz 
YES (ISA card ONLY) 
yes (tor ISA card) 

yes 
yes , 
yes (also DSP) 
£1169.13 inc 
£ 1169 .13 inc (hardware DSP only internal) 

PCMCIA Adapter (external): £69.00 inc when bought with 'e' senes unit (otherwise: £99 inc) 
PPS NiMH 12v Battery Pack and Charger: £99 inc when purchased with 'e' series .unit (otherwise: £139 inc) 
The WiNRADiO Digital Suite: £74.99 inc when purchased with a W1NRADiO receiver (otherwise: £81.05 inc) 

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

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

E&OE WiNRADiO and Visltune are trademarks of WiNRADiO Communications - copyright Broadercasting Communications Systems 

CIRCLE NO. /OZ ON Rf PLY CARD 



5vE1y nc:. 5,n'y someone some•:.here 
na; '.:2'. e ooed a oortao•E programmer that 
nas 2 . e~ ~1o'e features, even greater 
ife:,·o'ii:/ a~c s e1.er better value for mone)'. 

t .c:ually, no. 8~, don't take our word for 
i:. Use t~2 featu~e summary belo'.'I to see ho1.·1 
c:~2: ':lan1.,fac:Jrers' products compare. 

• Plugs s,raight into parallel port of PC or 
lap;op 

• Prog~ams and verifies at 2, 2.7, 3.3 and SV 
• True no-adaptor programming up to 48 pin 

OIL devices 
• Free universal 44 pin PLC( 

adaptor 
• Built-in world standard PSU • 

for go-anywhere 
programming 

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

• Optional EPROM emulator 

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

Dataman S4 
• Programs 8 and 16 bit EPROMs, EEPROMs, 

PEROMs, 5 and 12V FLASH, Boot-Block 
FLASH, PICs, 8751 microcontrollers and 
more 

• EPROM emulation as standard 
• Rechargeable battery power for total 

portability 
• All-in-one price includes emulation leads, 

AC charger, PC software, spare library ROM, 
user-friendly manual 
Supplied fully charged and ready to use 

S4 GAL module 
• Programs wide range of 20 and 24 pin logic 

devices from the major GAL vendors 
• Supports JEDEC files from all popular 

compilers 

Still as unbeatable 
as ever~ 
Beware of cheap imitations. Beware of false 
promises. Beware of hidden extras. 
If you want the best, there's still only one 
choice - Dataman. 
Order via credit card hotline . phone today, 
use tomorrow. 
Alternatively, request more detailed 
information on these and other market
leading programming solutions. 

·;~ . ~ '_) 

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

(' a r· 
GUARANTEE 

Support 
• 3 year parts and labour guarantee 
• Windows/DOS software included 
• Free technical support for life 
• Next day delivery• always in stock 
• Dedicated UK supplier, established 1978 

~. 
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Dataman Programmers Ltd, Station Road, 
Maiden Newton, Dorchester, Dorset, DT2 OAE, UK 

Telephone +44/0 1300 320719 
Fax +44/0 1300 321012 

885 +44/0 1300 321095 (24hr) 
Modem VJ4N.FC/V.32bis 

Home page: http:/A-'1ww.dataman.com 
FTP: hp.dataman.com 

Email: sales@dataman.com 
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