
150MHz RF signal generator - 15% off 

INCORPORATING WIRELESS WORLD 

February 1997 £2.25 

SUBWOOFER 
FLAT TO 15HZ 
Zeros in 

• pictures 

-Is coaxial best 
for speaker 
cable? 

Beyond Marconi 

CAD software 
on the Net 

FPGA design 

Wow and 
f I utter meter 

Speaking 
monitor 

Austria Asch. 6S.00 
Denmark DKr. 66.00 
Germany DM 15.00 

Greece Dra.1D00.00 
Holland Dfl. 11.50 

Italy L. 8500.00 
Malta Lm. 1.45 

IR £3.30 
Singapore 5512.60 

Spain Pis. 800 
USA $S.50 

A REED BUSINESS PUBLICATION 
SOR DISTRIBUTION 

9 770959 833028 



-wl<-ward 

BCEMS? 
No Time 

SOLUTION! 
PIC based TOOLS to help you realise your project : 
from single applications to full sca le p roduction 

BASIC STAMPS ® 
PIC based BASIC Stam ps are perfect for one-off and low volume applications. \ 
Their easy to learn but powerful BASIC syntax (with familiar instructions such as GOTO, foR ... NEXT, 
and IF ... THEN as well as i.nstructions for serial 1/0, p ulse measurement, button debounce, DTMF, X-10 
etc) will get your app lication up and running in hours. Once programmed, the Stamp runs independantly 
of your PC and p rograms are stored in non-volatile EEPROM so they can be changed at w il l. Detailed 
manuals cover;nany commonly needed routines and the Stamp is well supported by a growing list of 
custom application kits to cut development time even further. Available in two formats: 

:.. ... ·-·: .. · I 
Yoo Vo vu PJW 080 oe, 062 083 

"' -~• B AS IC 
Stamp 2 (BS2-IC) 
16 1/0 Lines 

BASIC 
Stamp I (BS I-IC) 

8 1/0 Lines 
up to 80 p rogram lines 

Comms to 2400 baud 
35xl0mm size 

£29 single price 

up to 500 program lines 
Comms to 50 k baud 
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BASIC Stamp D evelopment Kits including PC software, man uals, 24+application notes, 
downloader cables, Stamp (BS 1-IC or BS2-IC) and corresponding Project Board - £99 / £119 

PIC16Cxx DEVELOPMENT TOOLS3 l 
For medium to large volumes and high speed requirements, the popular range of PI Cs is hard to beat. 
We offer an extensive range of p rogrammers, emulators and associated hardware to support the 
following PICs: 52 54 55 56 57 58 620 62 1 622 61 62 63 64 6 5 7 1 72 73 74 84 

PIC16Cxx Program m er In Circuit 
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* SOIC/SSOP/PLCC adapters 
* Prototyping boards 
* Compilers/Simulator 

Milford Instruments 
Milford Ho u se, 120 High Street, 

SOUTH MILFORD LS25 5AQ 
0 1977 683665 Fax 0 1977 681465 

Emulators 

* True hardware 
emulation of 
program memory, 
registers and 1/0 

*Unlimited 
breakpoints. 

* Single stepping 
* Software-programmable oscillator 
* Windows Environment 
*Runs from 32Khz to l 0Mhz ('xx) and 20Mhz ('5x) 
* Source level debugging for PASM(X), MPASM and MPC 
* Optional trace faci lity 

Please call or fax to receive 
our catalogue and price list. 

All prices exclude VAT 
and £3 shipping. 

BASIC Sramp & rlie Parallax fc.t10 are 
rtgisrerrd rmdemarks of P,millax, lur. 
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"' 

3805 A the rto n Roa d , # 102 
Rocklin, CA 95765 USA 
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Europhile or Europhobe? 
E urophile or Europhobe? It's the political question of the 

day. But there's one Euro-issue on which the electronics 
industry should be agreed - the value of pan-European 
research projects. 

Look at the chip business. " In the early eighties everyone 
was saying that the European chip industry was dead", 
remembers Pasquale Pistorio president of SGS-Thomson 
Microelectronics. Then came collaboration. 

First the Siemens-Philips 'Megaproject' to get Europe up 
to speed on first memory technology, then JESSI added a 
pan-European dimension to the German-Dutch formula, 
now the EU is backing the JESSI successor programme 
MEDEA which is open to all nationalities. 

"Fifteen years ago people were saying 'microelectronics 
is not a European kind of thing - we'll buy that in from the 
Americans and the Japanese"', says Horst Nasko, the 
chairman of JESSI and MEDEA. 

Now, in the myriad disciplines which constitute a 
microelectronics infrastructure - from materials through to 
production equipment - Europe has world-class performers. 

And no one could deny that our three largest 
microelectronics companies - Philips, Siemens and SGS -
are world-class in both technology and market clout. Philips 
top $4bn in chip sales while Siemens and SGS have chip 
revenues of over $3bn. 

In a decade and a half, these companies have been 
transformed into serious players with which major 
worldwide companies want to collaborate, as witness the 
IBM/foshiba/ Motorola/ Siemens alliance on memory 
technology. 

So collaboration works - as the Japanese showed in the 
seventies, the US Sematech programme showed in the 
eighties, and the E uropeans showed in the nineties. 

Not that we had much to do with it. Shamefully the UK's 
contribution to JESSI was about a tenth of the contribution 
of Germany or France, about a quarter that of Holland, and 
about the same as that of Portugal. 

Now, with MEDEA coming up for funding, it looks as if 
the same thing is going to happen again. The provisional 
commitment from governments is: Germany 32 per cent; 
France 29 per cent; Holland I 9 per cent; Italy 10 per cent; 
Belgium 4 per cent and the rest of Europe 6 per cent. To 
our shame we are in the ROE group. 

Moreover the UK DTl - an organisation supposed to be 
helping UK industry - has decided it will only pay 25 per 
cent of a project's funding whereas every other country is 
paying 38 per cent. 

As if to rub in its contempt, the DTI has also put a ceiling 
of £250,000 on the UK government's contribution to any 
one project. This effectively debars British companies from 
involvement in projects costing over £Im - a pitiful sum in 
chip research terms. Under MEDEA accounting 
procedw·es, £Im buys an eight man project lasting one year. 
No big deal. 

So there we have it - an attitud.e from the UK government 
that is mean-spirited, petty and chauvinistic. "The attitude 
is more in line with people who think Europe is something 
the other side of the Channel", acidly comments Dr Jurgen 
Knorr, group president of Siemens Semiconductor and 
chaiJJllan of the semiconductor committee of the European 
Electronics Components Manufacturing Association 
(EECA). 

Electroni<s World i> publi,hed monthly. By post, current issue £2.35, 
bock issue, (if available £2 .50. Orders, payment, and general 
corre$pondence to L333, Electronics World, Quadrant House, 
The Quadrant, Sutton, Surrey SM2 SAS. Tlx:892984 REED BP G. 
Cheques should be made payable to Reed Business Information Ltd 
Newsh'ade: Distributed by Marketfarce (UK) Ltd, 247 Tottenham Court 
Rood London Wl P OAU 0171 261 .5108. 
Subscriptions: Quadrant Subscription Service,, Oak~eld House 
Perrymounl Rood, Hoywa,ds Heolh, Sussex RH16 3DH. Telephone 
01444 445566. Pleose notify change of odd,ess. Subscription roles 1 
yeor £30 UK 2 years £48.00 3 yeors £70.00. Surface moil I year 
£35.00 2 years £56 00 3 years £80.00 Air moil Europe/Eu I year 
£43.00 2 years £68.00 ROW I year £52.00 2 years £83.00 

I 
... look at Eurofighter - a project 
costing $40bn that has no 
apparent purpose ... 

Our government is something else. When it takes a shine 
to a scheme it will shovel out the money like a drunken 
sailor. Look at the grants being paid to Hyundai of Korea to 
set up a microelectronics factory in Fife - said to amount to 
several hundred million pounds. Lucky Goldstar and 
Siemens have also been given £100m+ financial 
inducements to set up microelectronics companies in the 
UK. Or look at Eurofighter - a project costing $40bn that 
has no apparent purpose at all or at the really stupid 
'Millenium Dome'. 

Oh yes! We can dish out the lolly all right - no shortage 
at all when it comes to a pet government project - but when 
it comes to something not close to the government's heart it 
can be horribly mean. 

Nowadays the cost of research is so great that not even 
regions, let alone countries, can afford to do it all alone. As 
Klaus Rupf from Germany's Ministry of Education, 
Science, Research and Technology told JESSI's last 
meeting, ''If we really want to be world competitive we 
have to include partners from countries in other regions of 
the world." 

The DTI has to wise up to the world. Otherwise the UK 
will be heading back to the days when we painted our 
backsides blue while continental Europe heads for a high-
tech future. • 
David Manners 
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UPDATE 
•••••••••••••• 

Fears surround UK digital tv 
Britain 18 SET to become a 

backwater in digital television er·11a·1n cool on Euro R&D thanks to the regulations 
announced by the Department of 
Trade and Industry late last year, 
writes Svetlana Josifovska. 

According to the regulations, 
which although preliminary are 
close to being finalised, broad­
casters wanting access to various 
digital technologies will need to 
ask the owners/controllers of the 
conditional access (C.A).systems 
(needed for subscription) for a 
license. This, supposedly, will be 
granted "on a fair and nondis­
criminatory" basis, with Oftel act­
ing as the watchdog. 

Broadcasters such as the BBC, 
Channel 4 and others, fear that the 
regulations are not tough enough 
to guarantee open access and 
common set-top box standards. 
The broadcasters state that any 
digital tv operator should provide 
access to other service providers' 
technologies to ensure audiences 
have a choice. They also argue 
that CA-system owners should be 
made to license the technology to 
ensure common specifications. 

The regulations threaten to 
delay the launch of digital sate!-

Raphael, a tool from Technology Modelling Associates, analyses 
the effects of parasitic interconnect in IC designs. When used 
with TMA Visual, the design can see the simulation results, in this 
case the electrical potential distribution in an static ram when 
the bit line is set to a higher voltage. 
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Fears for the UK's high technology future have escalated 
after the British displayed a minimal commitment to collab­

orative European R&D at last week's JESS[ Day, which 
kicked off a four year microelectronics research programme. 

"The UK needs to get its act together - we're so late getting 
involved," John Brothers, technical director of GEC-Plessey 
Semiconductors, told EW. "If we want to get a share of the 
action we've got to get involved in things that much earlier." 

The programme, called MEDEA (Microelectronics 
Development for European Applications), proposes to send 
2bn ECUs ($2.5bn) over the next four years to maintain the 
renaissance in Europe's high-tech fortunes following the pre­
vious Megaproject JESSI European col1a~orative research 
programmes. 

Brothers said that GPS would like to get involved in pro­
jects such in a SMIF (mini-environmenu) project. GPS is a 
leader in having a fully inte rated mini-environment wafer fab. 

lite television, originally sched­
uled for late L997. Broadcasters, 
such as BSkyB, were waiting for 
the regulations before ordering 
the set-top boxes. 

"At first glance, these regula­
tions would seem to be stricter 
than all other countries with digi­
tal television," stated BSkyB. 

"It is clearly in the interest of 
government and BSkyB that a 
workable solution is found to 
ensure that a digital launch is 
achieved during 1997," said Barry 
Rubbery, CEO at set-top box 
maker Pace. 
David Manners 
Electronics Weekly 

DECT on one chip 
\ /LSI Technology has released a single-chip baseoand design for DECT, 
V the micro-cellular in-building cordless phone system. 
Called Vega, the chip has a dedicated DECT (digital enhanced cordless 

telecommunications) processor, a general purpose cpu and interfaces 
including those for microphone, speaker and keyboard. The only things 
not present are an led controller and the processor's rom. 

Patrick Edmond, a spokesman for VLSI, said: "Once a firmware design 
is stable, we can add the customer's rom into a custom Vega chip." 

Vega is designed for use in handsets and base stations. VLSI claims that 
the DECT processor is comprehensive enough to leave the cpu, which is 
an ARM Thumb, with nothing to do once a call has been established. 
Edmond said: "In a handset, the cpu can be shut down to conserve power, 
or it can be used for performance enhancement like echo cancellation in 
base stations." 

Making a chip that serves base stations and handsets could leave room 
for a competitor to undercut VLSI in handsets which do nol require the 
full power of the Thumb. 

Edmund said: "The Thumb core takes only the same die area as a 
conventional eight-bit cpu core, and it is becoming a standard in handset 
applications, so there isn' t really any scope to make a lower-cost handset 
chip. There is no such thing as a half Thumb." 

Sample silicon for Vega (VWS23101) is available and production 
volumes are planned for the second quarter of 1997. 
Steve Bush 
Electronics Weekly 
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The Home of ~t-";~. Its not what you do, 

Hart Audio Kits and fac1ory assembled units use the unique 
combination of circuit designs by the renowned John Linsley 
Hood, the very best audiophile components, and our own 
engineering expertise, to give you unbeatable performance 
and unbelievable value for money. 
We have always led the field for easy home construction to 
profess lonal standards, even In the sixties we were using 
easily assembled printed circuits when Heathkit In America 
were still using tagboardsl. Many years of experience and 
innovation, going back to the early Dinsdale and Balley 
classics gives us Incomparable design background In the 
needs of the home constructor. This s imply means that 
building a Hart kit Is a real pleasure, resultlng ln a piece of 
equipment that not only saves you money but you will be 
proud to own. 
Why not buy the reprints and construction manual for the kit 
you are interested In to see how easy It is to build your own 
equipment the HART way. The FULL cost can be credited 
against your subsequent kit purchase. 

'AUDIO DESIGN' 80 WATT POWER AMPLIFIER. 

'Z"'::c.-- ·-- - -
,. f I I :: -·~·~•H_ -·- --- - · -

This fantastic John Linsley Hood designed amplifier is the flagship 
or our range, and the Ideal powerhouse tor your uUlmale hi fi 
system. This kit is your way to get f K performance at bargain 
basement prices. Unique design features such as fully FET 
slabil ised power supplies give this amplifi er World Class 
perloonance with startling clarity and transparency of sound, allied 
to the lamoos HART quality components and ease of construction. 
Standard model comes with a versatile passive front-end giVing 
switched Inputs, with ALPS precision ·aiue Velvet· low-noise 
volume and balance controls, no need for an external preamp!. 
Construction is very simple and enjoyable with an the difficult work 
done for you, even lhe wiring is pre~terminated, ready for instant 
usel. All versions are available with Standard components or 
specially selected Super Audiophile components and Gold Plated 
speaker terminals and all are also available factory assembled. 
Kl 100 Complete STANDARD Stereo Amplilior Kit,. £415.21 
K1100S Complele SLAVE Amplifier Ktt, . , ... , • , , £353.62 
Kt lOOM Complete MONO8LOC Amplifier Kit, , . ... , £271.20 
RLHl 1 Reprints of lalesl Amplifier articles. . . • . . £1.80 
K1100CM Construction Manual w~h lull parts lists . £5.50 

ALPS " Blue Velvet" PRECISION AUDIO CONTROLS. 

Now you can throw out those noisy ill-matched carbon pots and 
replace with the famous Hart exclusive ALPS 'Blue Velvet' range 
components only used selectively in the very top flight ol Wo!'ld 
class amplifiers. The improvement in t,ack accuracy and matching 
really is incredible giving better tonal balance between channels 
and rock sohd Image stability. Motorised versions have Sv DC 
motor. 

MANUAL POTENTIOMETERS 
2-Gang 100K Lin. . . . . . . . . •..... . . . £15.67 
2-Gang 10K, SOK or 100K Log. . ..... . . . , . . . . £16.40 
2-Gang 10K Special Balance, zero crosstaJk & centre loss. £17.48 

MOTORISED POTENTIOMETERS 
2-Gang 20K Log Volume Control . . . . . . . . , . . . . . £26.20 
2-Gang 1 OK .AD Special Balance, zero crosstalk and less than 10% 
loss In centre position. . • . . . . . . . . . £26.98 

32W VALVE AMP TRANSFORMERS 
Special set of toroidaJ transformers, 2 output & 1 mains for the •Hot 
Audio Power" val've amplifier design described In the Oct. 1995 
issue of 'Wireless Wotlt!'. Total Wt 4.8Kg. Special price for the set. 
£99, Posl £8. Photocopies of Article by Jett Macaulay. £2.00 

JOHN LINSLEY HOOD 
SINGLE ENDED CLASS 'A' POWER AMPLIFIER 

A new concept in amplifier design to meet the needs of modern 
users who wanl the warmth and purity of sound gr\feo by valve 
amplifiers from the vintage years, without the problems of cost, 
deterioration and danger associated with trying to use valves today. 
It employs the newly re•discovered s ingle-ended circuit 
configuration to give total freedom lrom crossover artifacts and 10 
give a sound that Is tndislinguishable from the famous 'Williamson' 
design, the undisputed leader of the field, with Its triode connected 
KT66s and all•lriode drivers. Described In the September 1996 
lSSue of f:\NV',/ the new version retains the basic slmpUolly and 

purity of the origin.al but wilh modern components and an 
increased power rating of 15W RMS pet channel. 
Full Kit in 3u high Rackmount Case. £388.25 
Set of 3 PCBs only. . . £60.50 

its HOW you do it that counts! . 

VISATON® SPEAKER KITS & DRIVE UNITS 
New to the UK, VISA TON offer a range of speaker kits and drive units that give the home builder access to units and desjgns that are 
unrivalled for quality, performance and value. Their des1g.ns are very Welt known in Germany, Where they are based, and over 25 years they 
have buill up an enviable reputation for high quality sound. All their designs come from a solid background of .the best in design and 
research and their tactory contains one ol the largest anechoic chambers in the Wor~. backed up by the very latest in computerised test 
equipment This quality of research facility, added to design collaboration with major unrversities and high end magazines, produces 
products of impeccable performance and value that are the besl available to the home speaker builder!. Their range of products covers the 
whole spectrum ol sound reproduction and includes speaker lots lor home cinema, hi•fi and car use. There is also a vast range of drive units 
from 15" woofers to ribbon lweeters. Speaker design software and database are avallabte tor the home user who wants to try his hand, or 
tor commercial manufacture. A small selection follows, our lists will give you more!. 

ASM100 ACTIVE SUBWOOFER MODULE 

This auractive module consists of a low pass fUter and power 
amplilier rea(jy for you to mount ln a su;table sub-woofer cabinet. 
The combined unit can then be tombined with any new or existing 
hi fl or home cinema speake, system to add in the real bass punch 
missing from most setups. 
The ASM 100 module comes as a ready-to-mount unit on a solid 
diecast aluminium framelheatsink. Input signal can be al line or 
speaker level for easy system integration. There are lhree separate 
stereo inputs at ~ne level and the unit will use any s1gllal presented 
or mix all inputs 10 add bass to any signal. The speaker level inputs 
are used by simply wiring the unit in parallel with the existing 
spea1<ers 10 provide them wi th strong bass support. Crossover 
frequency can be selected to so, 100 or 200Hz and the bass level 
can be adjusted by a front panet control. The 'Green' power supply 
switches the unit to sla.ndby if no signal is present. Drawings are 
included lree lor the compact 418 x 380 x 303mm cabinet. 
With its powertul ,25 watt output and versalile tillering the ASM 100 
Is the ideal universal active driver module for alt subwoofer 
requiremenIs. 
ASM 100 MOdule, complete with IEC mains lead, instructions and 
ASM • W20 cabinet drawings. Pl. No. V7000 . .. . . ... £185.29 
W 200 S 20cm Long Throw Otive unit for use In ASM - \/1{20 
cabinet. . £36.68 

FIESTA 30 LOUDSPEAK ER KIT 

An Ultra High Efficiency speaker, specially suitable for Valve 
Amplifiers. 
Specially selected as too ideal 
partner for the new John 
Linsley Hood tSW Valve 
Sound Amplifier, or indeed any 
actual valve amplifier, the 
FIESTA 30 features lhe 
astoni shing efficiency and 
sensitivity needed to achieve a 
satisfying sound level from 
amplif ie rs of limited power 
output 
To complemenI the sound 
purity of such amplifiers a full 
three speaker system Is used 
with a 300mm ( 12~) woofer, 
200mm (8") mi d-range and 
high qualily horn tweeter in a 
vented bass refle)C encfost,re. 
AU these drive uoits have been 
carefully select ed ror thei r 
i ndi vidual virtu es, and 
collective excellence, the 
tweeter tor i nstance being a 
high end unit with exceptlonat 
pulse response as a result of 
its combination of Kapton 
lormer, aluminium diaphragm 
and aluminium voice coil. 
Nomrnal Power Rating Is 
150W, Max. Music Power 
250W, Impedance 8 ohm, 
Mean Sound Pressure 91 dB. 
Speaker kit comes with all 
parts to make a pai r of 
speakers, but not the cabinet 
parts. Crossover unils a re 
lactory assembled, ready to lit. 

Kit No.LK5963 Per Pair, . . 

HOME CINEMA SPEAK ERS. 

, • . • £424.93 

The VISATON range of speaker kits includes aJI you will ever need 
for your surround sound home cinema setop. The Hi-Tower Kit is 
ideal as a super luxury pair ol stereo main speakers. The "Cenlre 
80" uses special magnetic.ally screened drivers to avoid picture 
dislurbance and a pair of MEffect S0"s are used as rear speakers. 
Any of a raoge of sub-woolers then adds welghl to the sound of the 
robot feet!. Centre 80 Kits include drive units, crossover, terminals 
and grille. (You make the box) Price each. £64.08 
Effect 80, Roar Speaker Kits, per pair, . . . £39.00 

DRIVE UNITS. 

BG30NG 30cm. (12") Wooler. High 
efficiency, (95db) lor seal ed or 
vented cabinets. Peak power 
handling 250watts. 8 ohm. £69.61 

W200S 20cm. (8") Woofer. Long 
throw unit with rubber surround and 
extended rear pole 10 give no less 
lhan 20mm cone displacement Ideal 
for compact sub-woofers such as 
ASM-W20. Bohm. £36.68 
NG8 Protective Metal Grille. £5.66 

W100S 10cm (4") Low/Midrange. 
Coated paper cone, rubber surround, 
hjgh temperature voice coil. Suilable 
as woofer In mini enclosu,es or 
midrange in 3-way systems. 4ohm. 
£18.06 
NG4 Protective Metal Grille. £3.20 

FRS8 8cm.(3.3") Fullrange driver. 
Linear lrequency ,esponse between 
200 and 20KHz. Large Magnet, 
2 0mm voice coil and rubber 
surround. Sohm. £8.36 

DT2.5 10mm Poly<:arbonate Tw80ter. 
High elficiency ferrofluid tweeler for 
o se over 4,SOOHz.. Very good 
price/pertormance ratio. Sohm. £8. TT 

SCS 10mm. Magnetically shielded 
Tweeter for use in surround sound 
centre speakers. Sohm. £9.24 
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RHT12S High End Ribbon Tweeter. 
Superior double magnet construction 
gives an -exceptionally low distortion 
and linear response from 4,000 10 
30,000Hz. Cabinet cutout diameter 
95mm. Sohm. £87.TT 

DHT9AW-NG Hi-Tech, Hi -Fi , horn 
type tweeter. Frequency response 
from 3,S0Q to 38,000Hz and very 
good pul se response due 10 
aluminium cone, Kapton voice coil 
and aluminium wire. Peak power 
~andllng 150W. Sohm. £31.99 

ASM100 and our 80 watt power amplifier are on demonstration at 
Wilmslow Audio's new premises at Broughton Astley near 
Leicester. Tel 01455 286603. 

POSTAGE on UK orders is £2 up to £20, 

£4.50 over £20. 
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UPDATE 

Taiwan d-ram is not to blame 
The great tidal wave of Taiwanese 

d-ram, blamed for this year's 
catastrophic drop in prices, is a myth. 
The Taiwanese are at least a year 
away from significant volume in 
d-ram manufacturing. 

The three new d-ram 
manufacturing entrants in Taiwan are 
Nan-Ya Technology, Vanguard 
Semiconductor and PowerChip 
Semiconductor. The previously 
existing d-ram manufacturers are 
Tl-Acer and Mosel-Vitelic. 

Tl-Acer is a captive supplier to TI 
and Acer. Mosel-Virelic has always 
been a speciality memory house 
though it is about to enter the 
commodity business via a joint 
venrure with Siemens called 
ProMOS Technologies. 

"We'll start with the 16Mbit next 
year," said Mosel-Vitelic's vice­
president for operations, Dr Nasa 
Tsai. "The first phase of the fab has 
been equipped for 20,000 wafer 
starts a month." 

Most advanced of the new entrants 
is Vanguard. "Now we have Fab l(a) 

US catching up with 
smartcard applications 
Seven top US financial service$ companies have 

endorsed the Mondex smartcard technology in what 
is the USA 's largest vote of confidence 111 the sector. So 
far the USA has lagged behind Europe 111 smancard 
applications. 

AT&T, Chase Manhattan. Dean Witter Discover. First 
Chicago NBD. MasterCard, Michigan National Bank 
and Wells-Fargo Bank have mveSted in Mondex USA 
Services. which will use the Mondex smartcard 
technology m a series of pilot programmes in the USA. 

"The power of this group will propel Mondex as the 
pre-eminent electronic cash pa} ment system in the 
USA," said Janet Hartung Crane. president and CEO of 
Mondex USA. In spite of its hea\ yweight backing, 
Mondex will still face stiff compeution from Visa and 
Ame1ican Express. which are pursuing their own 
smartcard projects. 

The first commerc,al Mondex cards will be mtroduced 
1n 1998, following the results of key trials. Moodex 
USA says it will license its technologies tO other US 
companies to help further establish the technology. 

Io a separate move, Mondex announced its agreement 
with Sun Microsystems for the mclusion of its forrnat m 
the Java Commerce Toolkit. This toolk.11 will allow the 
development of open, secure and mtegrated electronic 
commerce applications which will link Mondex to the 
Internet. 
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Mosel-Vite/ic's Nasa Tsai: "16Mbit 
next year" 

with 15,000 wafers a month and 
we're currently installing capacity in 
Fab l(b) for another 10,000 wafers a 
month," said Dr F C Tseng, 
president of Vanguard. 

Nan-Ya Technology, a subsidiary 
of Taiwan's largest company, 
Formosa Plastics, is running I 6Mbit 
licensed from Oki Electric. "This 
month we will run 5000 wafers," 
said executive vice-president Charles 
Kao. "Our plan is to add another 
22,000 wafers a month by the end of 
1997." 

The third new entrant, PowerChip 
Semiconductor, is a joint venture 
between Mitsubishi and the Umax­
Elite group. ''Currently, we're 
running 8000 wafers a month," said 
marketing manager KY Tsai. "The 
plan is to be running 12,000 a month 
by March, representing three million 
pieces, and 15,000 a month by June." 

That is the combined level of 
output from Taiwan this year, less 
than the monthly output of a 
Japanese or Korean fab - hardly a 
reason for the 1996 price collapse. 
"The last one in is always the 
scapegoat," was the wry comment 
from one of the island's executives. 
David Manners 
Electronics Weekly 

Computer learns user habits 
Australian firm Formulab 

Neuronetics has launched a 
computer in the USA which it claims 
learns from its user and makes 
decisions. 

The device, called the Richter 
Paradigm Computer, uses a paraJ!el­
processing architecture comprising 
896 simple Rise processors, and 
costs $3000. The company says that 
the low cost of the system will help 
establish a large market for a 
"reasoning" computer. 

In a demonstration, Formulab said 
that it can run neural network 
applications 180 times faster than an 
Intel Pentium 166MHz system. 

Formulab also revealed plans for a 
supercomputer based on its computer 
architecture, which has taken more 
than 14 years to develop. The 
supercomputer would combine as 
many as 6000 microprocessors and 
could be used for scientific 
applications. It would run a special 
operating system that could manage 
the difficult task of splitting a 
computational problem into separate 
tasks and assembling the results. 

The company also said that it is 
working on an add-on card for pcs 
which could assist users by learning 
from their work habits. It also plans 
to shrink its technology so that it can 
be embedded into products such as 
cameras and consumer electronics 
devices. Formulab said it will license 
the technology to other companies. 

Other applications include stock 
buying, with the system noticing 
differences in stock prices and . 
trading patterns. 
Tom Foremski 
Electronics Weekly 

Rockwell wins 56kbit 
modem support 
The battle to establish the dominant 

56kbit/s modem technology 
continues apace. Rockwell 
Semiconductor now says that it has 
won the support of Compaq, Hewlett­
Packard, Toshiba, and AST 
Computer, while rival US Robotics 
has added Hitachi to its list of allies. 
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK 
HP New Colour Spectrum Analysers 
HP141T+85S28 IF + 8S538 RF- 1 KHz-110Mc/s-f700. 
HP141T +85S28 IF+ 85548 RF - 100KHz- 1250Mc/s-£900. 
HP141T + 85528 IF + 8556A AF- 20Hz-300KHz- £700. 
Special Offer just In from MOD Qty 40 HP8555A AF Uni1s 10Mc/s-18GHzS. 
HP141T + 85528 IF + 8555A 10Mc/s- 18GHzS- £1200. 
HP ANZ Units Available separately - Naw Colours - Tested 
HP141T Mainframe- £350. 
HP85528 IF - £300. 
HP85538 RF 1 KHz to 110Mc/s- £200. 
HP8554B Rf 100KHzto 1250Mc/s-£'500. 
HP8555A AF 10Mc/s to 18GHzS -£800. 
HP8S56A AF 20Hz to 300KHzS-£250. 
HP8443A Tracking Generator Counter 100KHz-110Mc/s-£300. 
HP84458 Tracking Preselector DC to 18GHz- £350. 
HP3580A 5Hz - SOK Hz ANZ - £750 - ( 1000. 
HP3582A .02Hz to 25.6KHz - £2k. 
HP8568A 100Hz-1500Mc/s ANZ - £6k. 
HP85698 10Mc/s- 22GHz ANZ - £6k. 
HP Mixers ere available for the above ANZ's to 4oGHz 
TEK492-50KHz- 18GHz Opt 1+2 - £4k- £4.2k. 
TEK492 - 50KHz-18GHz Opt 1+2+3-£4.Sk. 
TEK492P- 50KHz-21 GHz Opt 1 +2+3-£5k. 
TEK 494AP 1 KC/S - 21 GHz - £7k. 
TEK 496P 1KHz- 1.8GHz-£4k. 
TEK 5l4N 0-100KHt-(400. 
TEK 7l5 + l 1 - 20Hz- 5Mc/s - C700. 
TEK7l5 + l3- 0pt 25 Tracking Gen - £900. 
TEK 7l 12- 100KHz-1800Mc/s- £1000. 
TEK 7l18 - 1.5-60GHzs - £1500. 
TEK 491 10Mc/s-12.4GHzs-40GHzs-C750. 12.4Ghis-40Ghzs with M ixers. 
Tektronix Mixers are ilvailable for above ANZ to 60GH.u 
Systron Donner 763 Spectrum ANZ + 47458 Preselec1or .01-18GHz + Two Mixers 18--40GHz in 

TransitCase-£3k. 
HP8673D Signal Generator .0!>-26.5GHz- £20k. 
Sy5tron Donner 16188 Micr owave AM FM Synthesi zer SOMc/ s 2-18GHzs 

R&S SWP Sweep Generator Svnthesizer AM FM 4-2500Me/s - £3.Sk, 
ADRET 3310A FX Synthesizer 300Hz-60Mc/s- £600. 
HP8640A s;gnal Generators-1024Mc/s -AM FM - £800. 
HP3717A 70Mc/s Modulator-Demodulator-£500. 
HP8651A AF Oscillator 22KC/S- 22Mc/s. 
HP53168 Universal Counter A+ B. 
HP6002A Power Unit 0-5V0-10A 200W. 
HP6825A Bipolar Power Supplv Amplifier. 
HP461A-465A-7A Amplifiers. 
HP81519A Optical Receiver DC-400Mc/s. 
HP Plotters 7470A--7475A. 
H.P3770A Amplitude Delay Distortion ANZ. 
HP3770B Telephone line Analyser. 
HP8182A Date Analyser. 
HP59401A Bus Svstem Analyser. 
HP62608 Power Unit 0-10V 0-100 Amps. 
HP3782A Error Detector. 
HP3781A Pattern Generatm, 
HP3730A+3737A Down Converter Oscillator 3.5-6.5GHz. 
HP Mic,owave Amps 491-492-493-494--495-1 GHz-.12.4GHz - £250. 
HP1058 Quartz Oscillator - £400. 
HPS087ADistribution Amplifier. 
HP6034A System Power Supply 0-oOV 0-10A-200W -£500. 
HP6131C Digital Voltage Source+ - 1 OOV 112 Amp. 
HP4275A Multi Frequency L.C.R. Meter. 
HP3779A Primary Multiplex Analyser. 
HP3n9C Primary MuUiplex Analyser. 
HP8150A Optical Signal Source. 
HP1630G Logic Analyser. 
HP5316A Universal Counter A+B. 
HP5335A Universal Counter A+ B+ C. 
HP595018 lsolaled Power Supply Programmer. 
HP8901AModulation MetetAM- FM - atso 89018. 
HP5370AUnivers.al nme Interval Counter. 
Marconi TF2370- 30Hz-110Mc/s 750HM Output {2 BNC Sockets+Aesistor for 500HM MOD with 

Marconi MOD Sheet supplied - £650. 
Marconi Tf .2370 30Hz-110Mc/s 50 ohm Output - 050. 
Marconi Tf2370 as above but Jato type - £850. 
Marconi TfZ370 as above but late type 8,own Case - £1000. 
Marconi TF2374 Zero loss Probe - (200. 
Marconi TF2440 Microwave Counter-20GHz - £1500. 
Marconi TF2442 Microwave Counter-26.SGHz- £2k .. 
Marconi TF2305 Modulation Meter-£2.3k. 
Recal/Dane 2101 Microwave Counter-10Hz-20GHz - C2k. 
Racel/Dane 1250-1261 Universal Switch Controller + 200Mc/s Pl Cards. 
Rocol/Oena 9303 True RMS Levolmeter+Head -£450. IFFE - £500. 
TEKA6902A also A6902B lsolator-£300-£400. 
TEK 1240 Logic Analyser-£400. 
TEK FG5010 Programmable Function Generator 20Mc/s -£600. 
TEK2465A 350Mc/s Osci lloscope - £2.Sk + probes -£150 each. 
TEK CT·5 High Current Transformer Probe- £250. 
TEK J16 Oigilal Photometer + J6523-2 Luminance Probe-£300. 
TEK J16 Digital Photometer + J&503 luminance Probe- £250. 
ROTEK 320 Calibrator+ 350 High Current Adaptor AC-DC-£500. 
FLUKE 51028 AC-DC Calibrator - £4k. 
FLUKE 1120A IEEE- 488 Translator- £250. 
Tinsley Standard Cell Battery 56448 - £500. 
Tins.lay Transponable Voltage Reference - £500. 
FLUKE Y5020 Current Shunt- £150. 
HP745A+ 746A AC Calibrator- £600. 
HP8080A MF+ 8091A 1GHz Rote Generator+ 8092A Deloy Generator + Two 8093A 1GHz Amps 

+ 15400A- £800. 

~~m:~: g!~~:;,.ro~~c~~~s~~Ql-18GHz- LEF- £2000. 
HP3311A Function Generator - £300. 
Marconi TF2008 - AM-FM signal generator - also sweeper - 10Kc/s - 510Mc/s - from £250 -

tested to (400 as new with manual - probe kit in wooden carrying box. 
HP Frequency comb generator type 8406 -£400. 
HP Vector Voltmeter type 8405A - (400 new colour. 
HP Sweep D•clllators type 8690 A & 8 + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.0.R.. 
HP Natwork Analyzer type 8407A + 8412A + 8501A - 100Kc/s-110Mc/s- £500- £1000. 
HP Amplifier typo8447A- 1·400Mc/s £200- HP8447A Dual - £300. 
HP Frequency Counter type 5340A-18GHz (1000 - rear output C800. 
HP 8410 - A- 8- C Network Analyzer l 10Mc/s to 12GHz or 18GHz - plus most other units and 

displays used in this sot•up - 841 la - 8412 - 8413 - 8414 - 8418- 8740-8741 -8742 - 8743 -
8746-8650. From £1000. 

Rac• I/D1n1 9301A - 9302 RF Millivoltmeter- 1.5-2GHz- £250·£400. 
RacaVDan• Modulation Meter type 9009 - SMc/s - 1.5GHz - £250. 
Marconi RCL Bridge typo TF2700 - £150. 
Marconi/Saunders Signal Sources typo - 6058B - 6070A - 6055A - 6059A - 6057A - 6056 -

£250-£350. 400Mc/s to 18GHz. 
Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators - £100·£300. 
Mareonl microwave 6600A sweep osc., mainframe with 6650 Pl - 18·26.SGHz or 6651 Pl - 26.5-

40GHz - £1000 or Pl only £600. Mf only £250. 
Marconi distortion meter type TF2331 - £150. TF2331A - £200. 

Tektronix Plug-Ins 7A13 - 7A14 - 7A 18- 7A24 - 7A26- 7A 11 - 7M11 - 7S11 - 7D10 - 7S12 - S1 
- S2 - S6 - S52 - PG506 - SC504 - SG502 - SG503 - SG504 - DC503 -OC508 - DD501 -
WR501 - DM501A-FG501A- TG501 - PG502- OC505A- FG504- 7880 + 8!>-7B92A 

Gould J3B test oscillator + manual -C, 50. 
Tek1ronix Mainframes - 7603 - 7623A -7613-7704A - 7844-7904- TM501-TM503-TM506-

7904A- 7834 - 7623 - 7633. 
Marconi 6155A Signal Source - 1 to 2GHz - LEO readout-£400. 
Barr & Stroud Variable filler EFJ 0.1Hz - 100kcJs + high pass + low pass- £:150. 
Marconi TF2163S attenuator- 1GHz. £200. 
Farnell power unit H60/50- £400 tested. H60/25- £250. 
Racal/Dana 9300 RMS voltmeter - £250. 
HP 8750A storage normalizer- £400 with lead + S.Aor N.A Interface. 
Marconi TF2330-or TF2330Awave analysers - £.100·£150. 
Tek1ronix- 7S14-7T11-7S11-7S12-S1 - S2 - S39 - S47-S51 -S52-S53-7M 11. 
Marconi mod meters type Tf2304- £250. 
HP 5065A rubidrum vapour FX standard- £1 .5k. 
Systron Donner counter type 60S4B-20Mc/s- 24GHz- LEO readout- (lk. 
Racal/Dana 9083 signal source - two tone- £250. 
Systron Donne, - signal generator 1702 - synthesized to 1GHz-AM/FM - (600. 
Tektronix TM515 mainframe + TM5006 mainframe-(450 - £850, 
Farnan electronic load type A81030·35 - £350. 
Racal/Dana counters - 9904 - 9905 - 9906 - 9915 -9916 - 9917 - 9921 - 50Mc/s - 3GHz - (100-

£450- all fitted w ith FX standards. 
HP4815A AF vector impedance meter cJw probe- £500• (600, 
Marconi TF2092 noise receiver. A, B or C ptus fillers - £100-(350. 
Marconi TF2091 noise generator. A, Sor C plus filter,: - £100· £350. 
Marconi 2017 S/G 10Khz- 1024MHz. 
HP180TR, HP182T mainframes £300-£500. 
Philips panoramic receiver type PM7900-1 to 20GHz-£400. 
Marconi 6700A sweep oscillator + 18GHz Pl's available. 
HP8505A net'\Nork ANZ +- 8503A S parameter test sel + 8501A normalizer- C4k. 
HP8505 network ANZ 8505 + 8501A + 8503A. 
Racal/Oana VLF frequency standard equipment. Tracer receiver type 900A + difference meter 

type 527E + rubidium standard type 9475-£2750. 
HP signal generators type 626- 628- I,equency lOGHz - 21 GHz. 
HP 432A- 435A or B - 436A- power meters + powerheads - Meis - 40GHz - £200-£1000. 
Bradley oscilloscope calibrator type 192- £600. 
HP8614A signal generator 800Mc/s- 2.4GHz, new colour £400. 
HP8616A signal gen 1.8GHz- 4.5GHz, new colour £400. 
HP 3325A syn function gen 20Mc/s - f1500. 
HP 3336A or B syn level generator- fS00-£600. 
HP3S86Bor C selective level meter- £750-£1000. 
HP 3575A gain phase meter, Hz-13Mds-£400. 
HP 86830 S/G m icrowave 2.3-13GHz-opt 001 -003 - £4.Sk. 
HP 8660 A-B·C syn SIG. AM + FM + 10Kc/s to 110Mc/s Pl - 1Mc/s to 1300Mc/s - 1Mc/s to 

2600Mc/s - £500-£2000. 
HP 86408 SIG AM-FM 512Mc/s or 1024Mc/s. Opt 001 or 002 or 003 - £800.£1250. 
HP862228X Sweep Pl- 01 -2.4GHz + ATT-£1750. 
HP 8629A SweopPl-2 - 18GHz- £1000. 
HP 86290B Sweep Pl - 2 - 18GHz- (1250. 
HP 86 Series Pl's in stock - splitband from 10Mc/s-18.6GHz- £250·£1k. 
HP 8620C Mainframe- £250. IEEE - (500. 
HP 8615A Programmable signal source - lMHz - SOMcJs - opt 002- Clk. 
HP 8601A Sweep generator .1 - 110Mc/s- £300. 
HP 3488A HP-18 switch control unit - (500 + control modulesverious - £175 each. 
HP 8160A 50Mc/s programmable pulse generator- £1000. 
HP 853A MF ANZ- £1.5k. 
HP 8349A Microwave Amp 2- 20GHz Solid state - £1500 
HP 358SA Analyser 20Hz -40Mc/s - £4k. 
HP 85698Anolyser .01-22GHz- £5k. 
HP 3580AAnalyser 5Hz-50kHz- £1k. 
HP 19808 Oscilloscope measurement system - £600, 
HP 3455A Digital voltmeter-£500. 
HP 3437A System voltmeter- £300. 
HP 3581C Selective voltmeter-£250. 
HP 5370A Universal time interval counter -£450, 
HP 5335A Universal counter-200Mc/s- £500. 
HP 5328A Universal counter-500Mc/s -£250. 
HP 6034A System power supply-O -60V -0-1 O amps - £500. 
HP 5150A Thermal printer- £250. 
HP 1645A Data error analyser- £150. 
HP 4437 A Attenuator-£150. 
HP 3717A 70Mc/s modulator- £400. 
HP 3710A - 3715A - 3716A - 37028 - 37038 - 3705A - 3711A - 37918 - 3712A - 3793B 

microwave link analyser- P.0.A. 
HP 3730A+ 8 RF down converter-P.0.R. 
HP 3552A Transmission test set - £400. 
HP 3763A Error detector- £500. 
HP 3764A Digital transmission analyser- £600. 
HP 3noA Amp delay distortion analys.er- £400. 
HP 3780A Pattern generator detector - £400. 
HP 3781A Panern gene,ator - £400. 
HP 37818 Pattern generator (bell)- £300. 
HP 3782A Error detector- £400. 
HP 37828 Error detector {belll -£300. 
HP 3785AJlttergenerator + receiver-£750.(lk. 
HP 8006A Word generator - £100-£150. 
HP 8016A Word generator- (250. 
HP 8170A Logic pattern generator- (500. 
HP 59401A Bus system analyser-(350. 
HP 59500A Multiprogremmer HP- I8 - £300. 
PhilipsPMS390 RF syn-0.1 - lGHz-AM + FM - £1000. 
S.A. Spectral Dynamics SD345 spectrascope 111 - LF ANZ- £1500. 
Tektronix R7912 Transient waveform digitize, - programmable - £400. 
Tektronix TR503 + TM503 tracking generator 0.1 - 1.8GHz- £1k- orTA502. 
Tektronix 576 Curve tracer + adaptors - £900. 
Tektronix 577 Curve tracer + edaptors - £900. 
Tektronix 1502/1503 TDR cable tesrset - £1000. 
TektronixAM503 Current probe + TM501 m/frame - £1000. 
Tek1ronix SC501 - SC502 - SC503 - SC504 oscilloscopes- C75•£350. 
Tektronix 465 -4658 -475-2213A-2215-2225 -2235-2245-2246 - £250-£1000. 
Kikusui 100Mc/s Oscilloscope COS6100M-£350. 
Nicolet 3091 LF oscilloscope-£400. 
Rac:el 1991-1992-1988-1300Mc/s counters-£500-(900. 
Fluke S0K-40 High voltage probe in case-8N-£100. 
Racal Recorders-Store 4-4D-7- 14channels in stock-£250-£500. 
Racal Store Horse Recorder & control- £400-£750 Tested. 
EIP 545 microwave18GHz counter- (1200, 
Fluke 510A AC ref standard-400Hz-£200. 
Ruka 355A DC voltage standard - £300. 
Wiltron610D Sweep Generator + 6124C Pl -4-8GHz-£400. 
Wiltron610D Sweep Generator+ 61084D Pl-1Mc/s-1500Mc/s-£500. 
Time EJectronics 9814 Voltage calibrator- (750. 
Time Electronics 9811 Programmable resistance- £600. 
Time Electronics 2004 D.C. voltage standard - £1000. 
HP 86998 Sweep Pl YIG oscillaror .01 - 4GHz - £300. 86908 MF- £250. Both £500. 
Schlumberger 1250 Frequency response ANZ- Cl 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- adaptors. 
B&K Items in stock - ask for list. 
W&G Items in stock- ask for list. 
Power Supplies Heavy duty+ bench in stock- Farnell- HP- Weir - Thurlby-Rae-al etc. Ask for list. 

ntMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICf IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION Of ANY ITEMS, AVAflABIUTY OR PRICE CHANGE. VAT AND CARRIAGE EXIRA 
ITEMS MARKED TESTED HAYE JI DAY WARRANlY. WANTED: TEST EQUIPMEHT-VALVES-flUGS AND SOCKETS-SYNCROS-TRAHSMITT!NG AND RECElVIN6 EQUIPMENT ETC. 

Johns Radio, Whnehall Works, 84 Whitehall Road East, Birkenshaw, Bradford 80112ER. Tel. No: 1012741684007. Fax: 651160 
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UPDATE 

MPEG-4: draft agreed 
The main components of MPEG-4, 

the emerging audio visual coding 
standard, have achieved working 
draft status following a recent 
meeting in Brazil. The meeting also 
saw the Moving Pictures Expert 
G roup kick off work on a follow-on 
standard, curiously called MPEG-7. 

frames of video, MPEG-4 reflects 
the emergence of myriad media 
content, and is capable of 
manipulating such content whatever 
its shape. 

"MPEG-4 offers lots of 
flexibility. It will give applications 
developers far greater scope," said 
Paul Fellows, a project manager at 
SGS-Thomson Microelectronics 
involved in MPEG-4 work. "The 
basic techniques have been 
designed - experiments have 

identified the best techniques and 
these have been incorporated into 
the drafts." 

MPEG-7, the follow-on standard, 
will add value to MPEG-4. 
According to Fellows, MPEG-7 
will be concerned with "bits about 
the bits". It will offer ways to 
describe content whatever its guise, 
allowing identification in much the 
same way that search engines 
identi fy text on the World Wide 
Web. 

MPEG-4 aims to provide a 
universal mechanism for 
communicating audio and visual 
"object" data. Unlike the MPEG- 1 
and -2 standards, which encode 

406bit / s amp/filter breakthrough Film promises 
70% brighter 
liquid crystals Acompact 35GHz amplifier suited to long­

distance, high-speed optical communications 
has been co-developed by a group of UK and 
Portuguese academics. The device, which 
uniquely combines digital filtering and analogue 
amplification. is claimed to be the fastest of its 
type, capable of working with 40Gbit/s 
communication systems. 

Dr Izzat Darwazeh of UMlST, and one of the 
academics involved in the design, said: "In 
today's fibre system for long links, people use 
optical amplifiers which introduce some noise. 
Even I Ops of jitter could senously degrade the 
system." 

One solution is to use signal shaping filters at 
the receiver, traditionally an external filter after 
the front end. However, the filter itself introduces 
noise, and the phys ical link between the 
components on the board has inductance. further 
degrading the signal. 

The circuit design, involvmg UMIST, 

University College London and the University of 
Aveiro in Portugal, uses a distributed amplifier. 
"A distributed amplifier is functionally equivalent 
to a finite impulse response filter," said Dr 
Darwazeh. By forcing the gate and drain delays to 
be different, the amplifier gains the filter 
characteristics. 

The circuit. implemented as a single mono.lithic 
microwave IC (MMIC), has been built by the 
Fraunhofer Institute in Germany using a 40GHz 
HEMT process. Different lengths of the 
transistors define the delays and coefficients of 
the filter. 

Dr Darwazeh says that an integrated front end 
would have applications in very high speed 
opucaJ fibre such as transatlantic or Pacific links. 

The next stage is to make an adaptive system 
that adjubts the filter's coefficients and the 
amplifier's gain depending on the signal 
received. 
Richard Ball, Electronics Weekly 

ABritish company is 
developing and marketing a 

plastic film which promises to 
increase the brightness of laptop 
!eds by 70% for no extra power. 

The film, invented by Philips 
in Eindhoven and now being 
worked on by Merck, of Poole, 
Dorset, acts to pre-polarise light 
entering the rear polariser of a 
standard led. 

The rear polariser of an led 
transmits 40% of light from the 
back.light and absorbs the rest. 
The new film alters the random 
polarisation of the light from the 
backlight so that most of it is 
accepted by the rear polariser. 

Two new players in digital video disk arena 

96 

Hitachi and Akai are the latest companies to announce that they 
will sell DVD rom and DVD players. Hitachi will introduce its 

DVD rom player in early 1997, and has already begun shipping 
samples to key customers. However, a DVD player for the consumer 
market ,will not come until later in the year. 

The entry of DVD has hit some snags in recent months with 
companies such as Toshiba and Fujitsu delaying the introduction of 
their products into overseas markets. A key reason has been the lack 
of DVD titles, since without content the DVD systems only have 
cd-rom based titles to play. 

US media company Time-Warner has said that it wL!l begin 
shipping DVD.titles, which should help jump-start the market. Time­
Warner said it will release four movie titles: The Assassin, Blade 
Runner, Eraser and The Fugitive. 

Toshiba, which was the first to introduce DVD players into the 
Japanese market, said that the players are selling well and that it has 
shipped about 30,000 units. Toshiba will introduce its DVD players 
into the USA in early 1997, followed by a European launch. • 

Philips set the pace in DVD roms. Now other companies are targeting 
the market. 
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Advanced Features 
include: 
• Full SMD Support 
• Integrated Schematic/ 
PCB layout database 
• Full Pan/Zoom Redraw 
• Comprehensive 
start-up libraries 
• Easily produced 
customised libraries 
• On-line design rule 
checking 
• Board Designs: 
from 1 to 32 layers 
• Autorouting 
• Bill of materials 
• GERBER and NC 
drill outputs 
• Full printer/pen plotting 
• On-line Help 
and manuals 

Options (at extra cost): 
• Unlimited database 
(included in De luxe 1 & 3) 
• Professional libraries 
(included in De luxe 
programs) 
• EDSpice simulation 
• Mix-mode simulation 
(included in De luxe 2 & 3) 
• 'Arizona' Autorouter 
(included in De luxe 3) 
• Thermal analysis 

Other Option Prices 
on Request 

Computer Compatibility 
To run the program you 
will need: 

• Windows 3.x, Win95 
or Win NT, a min. 386 
processor and 8mb of 
RAM. CD-Rom Drive 

EDW1NNC 
For many years top class industrial strength 
PCB design Software has been out of reach 
to you, due to high prices. Now for the first 
time, such software is available to you at an 
affordable price! 

Make no mistake, this is indeed the exact 
software that is sold into commercial 
organisations. 

EDW1NNC is used extensively in academic 
institutions throughout the UK and France 
and is well supported by Multi-National 
Companies. 

This is no new release! Visionics have been 
supplying top grade software for over 10 
years. Now we offer it to you at immense 
savings i.e. EDWINNC De Luxe 3 costs 
£3,515.25 inc. VAT for commercial use. 

Hot News for Circuit Board Designers 

Non-commercial CD-ROM version from just £49 inc VAT 

EDWINNC is a fully integrated Windows based package and contains many 
powerlul features which make it the best value PCB Design Software there is! 

The Basic version (£49.00 inc. VAT) has a 100 component database limitation, 
but includes Schematics, PCB Layout, 500 Device Library including schematic 
and layout, Basic Autorouter & Postprocessing. 

The De Luxe 1 (£79.00 inc. VAT) version has the above, but also includes 
Professional Libraries and unlimited database components. 

De Luxe 2 (£79 .00 inc. VAT) is the same as the basic version, but with 
Professional Libraries and adds Mix-mode Simulation. 

De Luxe 3 (£114.00 inc. VAT) all the above plus the Arizona Autorouter. 

YES! Please Rush Me My EDWINNC program. 
X-------------------------------------
Swift Designs Ltd., Business & Technology Centre, Bessemer Drive, Stevenage, Herts. SG 1 2DX. 
Priority order or more information by telephone: 01438 310133 fax: 01438 722751 or Email: designs@swiftdesigns.co.uk 

Name: ............................................................................................................................................. . 

Address: ...................................................................................................................... ..................... Postcode: ................ .......... . 

Tel.: (Day) ................. ................. (Evening:) ...................................... Version Required: Basic De Luxe 1 2 3 (please circle) 

I enclose£ .00 + p.p. £5 UK (p.p. £10.00 Outside UK) for the CD-Rom version. D 
Cheque/P.O./CreditCard: Visa/Access/Mastercard: 3½" Disk Version add extra £10.00. D 
No.: I I I I I I I I I I I I I I I I I Expiry Date: I I I I I Signature: 

Stocks are limited. Therefore do not delay in sending in your order. Please allow l 0-15 days for delivery. 
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RESEARCH NOTES 
•••••••••••••••••••••••••••••• 

Jonathan Campbell 

Single chip mic sounds the best yet 
The thin, flexible diaphragm and rigid bookplate design 

of the condenser microphone can already be 
implemented on a single chip. But there have been 
problems in the past with residual stress in the diaphragms 
affecting the sensitivity of the device. 

diaphragm that shows a dramatic reduction of stress. 
This is not the first microphone to use a corrugated 

diaphragm to reduce stress in this way. But the Chinese 
microphone has also demonstrated a flat frequency 
response and high sensitivity ('Design and fabrication of 
silicon condenser microphone using corrugated diaphragm 
technique,' Quanbo Zou et al, J of 
Microelectromechanical Systems, Vol 5, No 3, pp. 
197-204). 

Now three Chinese researchers have manufactured a 
silicon condenser microphone with a a corrugated 

Corrugated 
diaphragm results 

enhances 
single-chip 

microphone. 
Diagram shows 

three alternative 
· bridge 

configurations. 

Sun shines again for 
Pathfinder: The record-setting 
Pathfinder solar-powered 
research aircraft has resumed 
flight testing at Nasa's Dryden 
Flight Research Center, 
following its disastrous 
damage during a ground 

Bridges 

accident 12months ago. 
In its last flight, the 

Pathfinder set an altitude 
record of more than 16,800m 
on a flight from Dryden which 
lasted nearly 12h. However, 
its latest flight was just a low­
altitude check-out flight over 

The microphone capacitor consists of the corrugated 
diaphragm that acts as an active electrode, and a single 
crystal silicon bookplate with acoustic holes that acts as 
the stationary electrode. It is fabricated, using seven 
masks, on a single wafer by use of silicon anisotropic 
etching and sacrificial layer etching techniques. So no 
bonding techniques are required. 

Up to now, the microphone has demonstrated a flat 
frequency response between lOOHz and 8-16kHz, and 
open circuit sensitivities as high as 14mV/Pa while using a 
low bias voltage of I OV 

Further work will aim to improve the overall 
microphone performance, boosting sensitivity and flatness 
of the frequency response, by optimising the structure 
parameters and process conditions. 

Contact Quanbo Zou, Institute of Microelectronics, 
Tsinghua University, Beijing, China. 

the northern portion of Rogers 
Dry Lake at Edwards Air Force 
Base, California. 

Low sun angle and limited 
hours of sunlight during the 
winter limit Pathfinder's 
altitude capability to about 
6670m. This is one of the 
reasons why the project will 
be transferred to the Navy's 
Pacific Missile Range Facility 
on the island of Kauai, which 
lies at a lower latitude. Kauai's 
latitude and more favourable 
prevailing northerly winds will 
allow more opportunity for 
high-altitude solar-powered 
flying during a five-month 
flight test program. 

Pathfinder is one of several 
remotely-piloted aircraft being 
evaluated under Nasa's 
Environmental Research 
Aircraft and Sensor 
Technology (Erast) program. 
The joint Nasa- industry 
alliance is seeking to develop 
technologies required to 
operate slow-flying unpiloted 

aircraft at altitudes up to 
34,000m on environmental­
sampling missions lasting up 
to a week or longer. With a 
span of 33m, Pathfinder is 
basically a flying wing. 

Only two small pods extend 
below the wing's centre 
section to carry a variety of 
scientific sensors and support 
the craft's landing gear. The 
solar arrays on the wing can 
provide as much as 7200 
watts of power at high noon 
on a summer day to power the 
craft's six electric motors and 
electronic systems. A backup 
battery provides power for up 
to two hours to fly the craft 
after the sun is down. Built 
primarily of lightweight 
composite structure, plastic 
foam and a thin plastic 
covering, Pathfinder weighs 
about 230kg. 

Contact: Fred Brown, Dryden 
Flight Research Center, 
Edwards, CA, USA 
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RESEARCH NOTES 

Working inside the 
robotic room as it 

collects information. 

Measuring the 
charge on a 

raindrop - and no 
touching. 

FARADAY CAGE 

Oscilloscope 

D Feedback 

Patch-clamp 
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Compute, 
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Robot has an 
office at its heart 
When we dream of using robots to carry out helpful 

tasks, we generally think about cyber-butlers 
precisely mixing our gin and tonics and waking us up with 
a newly ironed newspaper, rather than giving assistance at 
the office. (Though in some areas of the EW office, a gin­
mixing, paper-ironing robot would fit in very well.) 

But concentration by Hiroshi Mizoguchi and colleagues 
on the office environment has now given birth to the 
robotic office room (ror) - a robot that supports human 
activity within the office. 

control 
channel 

ROR 
Control 
System 

The workstation 
corresponds to the 

ror's processing device, 
while the vcr is the output 

For example, when a human worker points to an object 
and gestures to get it, the room understands the behaviour 
and takes the object to them, perhaps using a long reach 
manipulator centrally located on the ceiling. In effect the 
office worker, works inside the robot. 

To collect information, the ror monitors behaviour 
through a tv camera. When it detects pre-defined functions 
of the motion of an object - moved by human behaviour -
the ror starts to make a response. By choosing to monitor 
objects that are moved by human behaviour rather than 
humans themselves, computing power has been 
considerably reduced. 

device because human memory 
augmentation - through recorded images - is one of the 
supporting functions of the ror. This is also the point of the 
audio device. 

An experimental prototype consists of a telephone, a 
pen, a tv camera vcr, a workstation and an audio set. In 
this case, the telephone, the pen and the tv camera are the 
input devices of the ror since the system can infer human 
behaviour by monitoring them. 

So far, the Japanese ror has been able to recognise when 
the receiver in the office has been lifted up, and can start 
video recording the telephone call. The volume on the 
audio set is also reduced automatically when a telephone 
call is being made. 

Contact: Hiroshi Mizoguchi, Research Cente r for Advanced 
Scie nce and Technology, The University of Tokyo, Tokyo, 
153, Ja pan email: hm@lss l.rcast.u-tokyo.ac.jp. 

Raindrops reveal their charge 
I t is not often that experimental 

researchers of today have cause to 
cite 130year old lecture papers 
delivered to the Royal Institute as 
part of their introduction. But the 
reference to Lord Kelvin's 1860 
paper on Atmospheric Electricity by 
Jose Fornes et al gives an indication 
of how long their particular area of 
study has been a mystery - and how 
little has been achieved recently to 
solve it. 

The question Kelvin raised, and 

~ Capac110, 

c==::J 

Oroppath: source 

Watef 
collector 

6 

which the Brazilian researchers have 
been trying to solve, is simply: 
"What is the pattern of charge 
distribution within falling or 
immobile rain drops?" 

As the author's point out 
("Evidence for multipolar charge 
distribution in falling water drops", J. 
App. Phys, Vol 80, No 10, pp. 6021-
6027), electrical charge 
determination in single water drops 
has been undertaken since the I 920s. 
But despite extensive investigation, 
results are scarce - partly because of 
the difficulties in constraining a 
water drop without charge exchange. 

A simple treatment might suggest 
that the result·would be similar to a 
dielectric sphere in a uniform electric 
field, where a pure dipolar pattern 
would be observed. But this is not the 
case. 

Formes and his colleagues have 
devised an apparatus that can 
produce drops of near zero net charge 
by using an aluminium ring to 
enclose the drop at its formation, and 
force it to acquire a given charge. 
When the drop is freed, it retains that 
charge. 

The measuring probe consists of a 
copper wire loop of 2.8mm radius 

and a cross section of about 0.2mm, 
across which the drop falls. The ring 
is connected to a IOGQ probe of a 
model 8900 Dagan patch-clamp 
amplifier, in the current-to-voltage 
configuration and set to voltage­
clamp mode at voltage zero. 

There is never any direct physical 
contact between the probe and the 
drop, the coupling being only 
capacitive. During measurement, the 
voltage output of the amplifier is 
acquired by an analogue-to-digital 
interface and fed to a computer. 

To produce multipole charge 
induction, the drops (with their zero 
net charge) fall through a capacitor, 
typically maintained at 30V with 
67mm plate separation. Each 
capacitor plate has a small hole to 
enable to tbe drop to pass through 
and the sensor probe is placed at mid 
distance between the plates. 

Plotting the results show that the 
e lectrical charge on a water drop 
falling in the direction of an applied 
electric field is distributed in a 
multipolar pattern, possibly because 
of the contribution of the field­
oriented water molecule multipoles. 

Lord Kelvin would have been 
happy. 
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Electronics Workbench Version 5.0 
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You'll be working productively in 20 minutes, and creating better 
designs foster. We guarantee it! 
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RESEARCH NOTES 

Straightening out a pcb problem 

Charles Ume 
(right) examines 

the fringe pattern 
generated when a 

printed circuit 
board is heated in 

the new oven. 

Printed circuit boards, or pcbs, remain vulnerable to a 
simple, heat-induced threat: warpage. Unfortunately, 

warped pcb may cause a device to stop working, while 
boards that warp during manufacturing after expensive 
components are added can mean costly losses. 

But a technique developed at the Georgia Institute of 
Technology and now licensed by Electronic Packaging 
Services (EPS) could provide a new weapon against 
warpage. 

The experimental Thermoire process provides real-time 
data about pcb warpage in simple and fast manner, so that 
manufacturers can avoid design problems. 

"Electronic packaging companies can use the warpage 
information to make changes in their pcb design early," 
says Charles Ume, an associate professor in the School of 
Mechanical Engineering. 

The heat that can warp pcbs is generated each time 
computers, camcorders or other pcb-run devices are turned 
on. Also, temperatures up to 230°C are an integral part of 
pcb processing. 

In addition, if the pcb is small, thin and densely 
populated with components, as is the current industry 
trend, that is an invitation for warpage-related reliability 
problems. 

For the new process, Ume developed a special oven with' 
a glass grating top, through which the pcb placed inside is 
visible. A white light shines through the glass grating onto 
the pcb, and an inexpensive, compact, charge-coupled 
device camera captures warpage digitally as it occurs. 

The flat glass grating is etched with equally spaced 
parallel lines. lt is placed above and parallel to the pcb. A 
beam of white light is directed onto the glass at a specific 
angle, causing the etched lines to create a shadow on the 
surface of the pcb. When the surface of the pcb curves due 
to warpage, a moire pattern is produced by the geometric 
interference between the etched lines on the glass and the 

1997 will be the year of 
the blue laser 
C W operation of blue laser diode 

devices should now be possible, 
with commercialisation coming in 
1997-98, according to one of the 
leading researchers in the field. 

Shuji Nakamura, of Nichia 
Chemical lndustrie, Tokushima, 
Japan, made his prediction in an 
interview appearing in OE Reports, 
published by Spic (The International 
Society for Optical Engineering). 

Nakamura has already been behind 
some of the major breakthroughs in 
blue !eds and lasers. He has also 
stood against the prevailing wisdom 
underlaying much work in blue 
device research by concentrating on 
GaN technology, rather than using 
the more usual II-VI materials and 
then frequency doubling. 

Now, when he is reported to be 
close to developing a commercial 
product, the significant degradation 
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suffered by II-VI blue lasers is 
convincing scientists that GaN is the 
way forward. 

So far Nakamura has produced a 
pulsed blue laser diode operating at 
room temperature, with wavelength 
variable between 390-440nm by 
changing the In content of the InGaN 
well layers. 

Initially, the cost of the laser 
devices will be many times greater 
than the current $1-2 price of blue 
leds, though volume will naturally 
force this down. 

The attraction of blue lasers is the 
impact they could have on high 
density storage. Current limits using 
a red laser diode are around 5Gbytes 
per side. But the shorter wavelength 
of blue light should allow this 
capability to be increased 
substantially, perhaps by a factor of 
three. 

shadow of those lines on the pcb's surface. The more the 
pcb warps, the greater number of moire fringes that 
appear. 

Ume counts the number of fringes, puts them into an 
equation, and a computer determines how much warpage 
has occurred. The warpage process is displayed i_n real 
time on a television screen and recorded on video and on 
computer. 

The Thermoire technique can be used to simulate the 
three major kinds of soldering processes - infrared reflow, 
convective reflow and wave - and the automated oven 
system can reproduce any given soldering temperature 
history used in producing a board. In this way, the system 
can pinpoint which processes or designs may cause the 
most warping. 

Ume says that companies can use the results to make 
design or process changes before production, such as 
changing soldering temperature profiles, reducing or 
extending processing times, relocating key components, 
and changing the materials used in constructing the pcb. 

The ability to measure thermally induced warpage could 
also enable manufacturers to validate their numerical 
warpage predictions, created using finite element 
modelling techniques. 

If a certain amount of warpage is allowable, the new 
technique also lets manufacturers measure initial warpage, 
rather than assuming the board is flat before transistors 
and other items are added. 

Manufacturers can then determine how much additional 
warpage develops during further processing or attachment 
of components. • 

Contact: Charles Ume, Georgia Institute of Technology, 
Atlanta, Georgia 30332-0828, USA. email: 
charles.ume@me.gatech.edu) 
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Mathcad! 
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Every engineer has to solve mathematical problems. So fM-ry 
professional engineer needs Mathcad. Especially now. 
Because Mathcad PWS 6.0 has dozens of new features to 
make calculatiolls even eas~r -with online OuickSheets to guide 
YoU all the way! 

E==='========ii=:im~ Matllcad is a free-form, interactive environment that's pelfect for 
formulating ideas, setting up problems, evoMng solutions and 
sharing results. Within a Malhcad WOO<Sheet you can pertorm • livrf' 

Tet(01482)481ni5 

numeric or symbol1: calculations, add graphics and animations, 
annOlate and format text. Want to change a variable? Go ahead • 
'fiU foorulae and graphs update themselves instM!ly' 

Plus, with rtNI over 50 to cl1oose from, there's Malhcad's 
electronic books including - Electric Circuits taken from 
Schaums Interactive Outlines. with over 390 interactive sokllioos to 
comprehensive problems oc Electrical and Electronic 
Engineering from Hicks, a practical and quick reference bod< for 
electrical and electronics engileering formulae - just wt and paste 
them into your= application. 

So now yoo mow how to make your wor/tJng life eaSier- and 
mae fun! Just fill out this caJd IX call Adept ScientifJC today! 

Fu:(01~480213 CALL FOR MORE INFORMATION: -~=~= 01462 480055 
CIRCLE NO. 155 ON REPLY CARD 

DASYLab 
makes light 

work of your 
most complex 

acquisition 
and analysis 

demands, yet 
it's so easy­

to-use. 

Just a few mouse clicks is all it ta es to choose from DASYLa 's 
comprehensive palette of icons, drop them onto your worksheet and 
wire them together. There are icons for inputs and outputs, controls 
and displays, mathematical and statistical operations, signal analysis 
and triggering /messaging functions, data and file handling routines -
everything you need your system to handle. 

With DASYLah you can visualise your test rig or process and create 
QC and t.est reports without having to export data to another 
program. You can enter test or product batch information and store it 
to file along with measured and derived values. You can type equations 
straight into D1\SYLab, and derive real-time results as you acquire the 
data! There's even a DASYLab NET option so you can pull in data 
from remote PCs using standard network components. 
DASYLab has to be the most intuitive data acquisition software 
money can buy. 

CALL FOR MORE INFORMATION: 

I 01462 480055 
Tet (01'62)481ni5 fax:IQ1~480213 

Emait ~-OOJlk h11pt~.co.ul<I 
Adel>tSdeotificplc 6-~-A......,in,, t,-Her1s,SCA,2NB 

c.,,,,,;,,t,,0 19'1Mq.Somci!Kpk. A/Jripmmd.A/J'""'-"'..,...., 

CIRCLE NO. 157 ON REPLY CARD 

. ------ - 1 

... explore it \Nith 

DAl»iSP 

.. o- ~c,oil h,i,r t,,1r,clP 

&.,r,,unittf.MUwiih lN 

Open doi.ens of windows onto your dara, view every aspect at once. Alter a funaion, 
change a parameter - and eveiy ~indow updates automatically. That's why we call 

DADiSP a "graphical spreadsheet". 
DADiSP the point-and-click software chat puts signal processing and analysis under 
XQ!!R control. Its powerful• ir can handle the very largest dara sets you're likely to 
throw at it. Its {kxibk - it lets you oonstrucr sophisticated analysis chains in seconds. 
Once you uy bADiSP, you'll never wam co look ar your dara in any ocher way! 

Call Adepr Scientific far more information! 

01462 480055 I Adept Scientific pk 6 Bulin"' C.nn,: West, Avenue One, l<tdiwonh, Hen, , SC6 2HB 
Tel, (0 1462) 480055 F.oc (0 1462) 480213 
Email: dadhp@adcpuclena.co.uk http:/lwww.adcpudcna:.co.uW 

CIRCLE NO. 156 ON REPLY CARD 

~ YOUR 1'RDJEC1' DEPENDS~ MEASIJOO DATA FROM IDIFFmNf 
SENSORS AND SOURCES, YOU NEED ilRULY mME. R.ElaBLE DATA 
ACQJ~ HARDWARE. AND YOU DON'T WAAf TO 5l'END AN l(i£ 

SEmNG Ii UI' AND CHECKING Ii OUT. 
That'5 vA,y you need DATA~ ut~ BecauBe DATA~utt-/e i5 an incred~ relialile, compietdy 
fbJl>le wa:y to collect :,,?Ur data. And it'5 oo 5imple -al you .lo~~ it into the paralel port 
of your nou:l>ool: or lle5ktop PC - tltere"5 no Mllil"!J around, no openi,,;J up ,our computer. And 
you can U5e DATA~r;/e 8!jain and again, 'M\enever and 'M\erever you nee.d. 
DATA~utr;/e ~ a ~ - !idf-G011t-ained unit that gr,~ ,ou 8 analogue input; channels for 
direct connectioti of arry mb<ture of~. thennocouple5, RlTu, 4-2.omA r,ignalr; and other 
tr;inf>c:lucer input5, and 8 digital VO chanM5. The DATA5/iuttld5 inno;ative in~ J7lting 
convertor uehnology 111S1Jm; extremely low noiBe and dynamic ~ution up to 10 ~ better 
than convtJ11tiooal 12- or 16-bit ND lmra:;. It's= got a fast pa55-thnlU<Jh 11tmace, oo you 
can lirJc up to 15 DATA~uttle,, (or other de>w.i including pm~) to the 5ame parallel port. 
And DATA5huttle ~ 111th free Quickt.ag ooftware - or you can c/-Joose state - of - the -
art Worifoendl PC fa- ~ndow.; 90ftware, the ea&est, mret intuitive wiry to Bet up and control 
your DATA~utt:/e application. 

CALLFO'RMORE INFORMJ\TION: I ORRU.OUTlHSOARD~ 
01462 480055 AEnJRN TODAYI 

001flC 

f "'; !01462) '80213 £mal: .. ~ .... htqrJ/www~"'1 
Adel>tSdeo1illcplc 6-...c.ntniw..t, A"""'One, ~,Herts,SCAi2111 



AUDIO DESIGN 

Using motional feedback, Russel Breden's 
subwoofer produces flat response down to 
15Hz - despite its relatively small enclosure. 
Feedback also makes feasible an infinite 
baffle rather thaft a reflex design, resulting in 
tighter bass. 
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Inspired by Peter Baxandall's 'Low-cost, high-quality loud­
speaker' series of articles in Wireless World, I built my 
first sub-woofer back in I 978. It was a 2.4ft3 reflex using 

a KEF BJ39 driver and tuned to 30Hz. 
Originally, this sub-woofer was passive, but it soon became 

apparent that adding a dedicated power amplifier and second­
order low-pass filter produced the flexibility required to inter­
face with my existing speakers. Built in the days when home 
computers were a distant dream, and Thiele/Small analysis 
was little known, it is surprising that it worked at all. As it 
was, it gave me a sense of what was missing from most of 
the other systems around at that time. 

Nearly twenty years later, things haven't changed that 
much. Off-the-shelf speaker systems available today rarely 
produce an output below 60Hz. 

Going lower 
For a system to produce bass extending to at least 30Hz nor­
mally requires large boxes and expensive drivers. But by cre­
ative use of electronic circuitry, both size and expense can be 
cut to reasonable proportions. These techniques however 
require the sacrifice of hi fi's most sacred cow - flat ampli­
fier response. 

Today, we have all the tools necessary to design econom­
ical audio systems with a flat response, even though the sys­
tem's component parts may be far from linear. The work of 
Thiele - extended by Small - provides comprehensive details 
about the response of a driver in an enclosure. All that is 
needed is to design electronic circuitry to compensate for the 
non-linear response of the speaker/driver combination. 

Advantages of activity 
A motional feedback system operates by sensing the speak­
er cone's motion and feeding this back into the power amp. 

Providing negative feedback in this way forces the ampli­
fier to produce a signal that corrects both for amplitude irreg­
ularities and the distortion generated by the speaker. The 
result is an acoustic output which is flat against frequency -
even though both speaker and amplifier are operating in a 
decidedly non-linear fashion. 

Motional feedback is not the only way of achieving this. 
You could use electrical. equalisation, for example, but this 
would not reduce system distortion. In any event, motional 
feedback is an intellectually satisfying technique using well 
understood principles. 

To produce a correcting signal, the speaker must be fitted 
with some form of transducer. In this design, I have used 
dual-coil drivers, one coil of which forms the pickup. As the 
cone moves, it generates a voltage signal in the coil which is 
proportional to cone velocity. This signal is then processed 
and used for correction purposes, see panel. 

One major objection to motional feedback is that the feed­
back loop could try to force the driver beyond its limits. This 
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Fig. 1a). Power amplifier and motional feedback 
mixer for the subwoofer. Since feedback is derived 

directly from the voice-coil of the driver, it is 
possible to produce a very flat response, and reduce 

distortion. 

R1 0 
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l-----1----+---+------+-----+------ll+30V 

Bo------t--.-.....----....---+----+-----ov 

Lo--'V\/V\,-

Input 
VR1 

Fig. 1b). Filter chain 
preceding the subwoofer 

power amplifier. This section 
mixes the left and right stereo 

signals and allows phase to 
be reversed. It also contains a 

variable filter allowing the 
crossover frequency to be set 

anywhere between 45 and 
120Hz. This allows the 

subwoofer to be adapted to 
suit most existing hi-fi 

systems. 
Mains 
input 

N 
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T, 22VAC 

t-------+-----------+---l---<>-30V 

VR2a 

,--------------0+30V 

L------o-30V 

·0.1 µF ceramic, 
may be needed 
for stability 

C3 ----------•--------+---~ 
+30V 

-30V 

Fig. 1 b). Power supply for the sub woofer uses a 
dual-secondary transformer with its windings in 
series. 
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Fig. 1. Curve A is 
initial system response 

while curve B is final 
system response but 
excluding low-pass 

filtering. Both curves 
are measured near 
filed, i.e. 1 cm from 

cone. 

Fig. 3 . Curve A is 
response from the 
pick-up coil o f the 

loudspeaker and 
curve B response 

after high-
frequency 

equalisation. 
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problem can be avoided by choosing a sealed box or infinite­
baffle enclosure. Use can then be made of the natural roll-off 
of the driver to ensure that excursion limits cannot be exceed­
ed (see panel). 

Using an infinite-baffle enclosure means that the response 
is essentially that of a second-order filter. To produce a flat 
response down to de - even if it were possible electrically -
would require infinite cone excursion. To match such a driv­
er, you would need an amplifier of infinite gain since the gain 
of a high-pass filter is zero at de. For every octave of base 
extension, the power and cone excUision required increase 
fourfold. Obviously this cannot be carried too far. However 
the system described here has a flat resonance, with a -3dB 
point at 15Hz. 

This frequency is at least an octave below the nominal cm­
off of many subwoofer systems. Furthermore when I exam­
ined the output acoustically, sine wave distortion was below 
2% at l5Hz. 

The reason for going so low is mainly to minimise phase 
shift. There is little musical information on most recordings 
below 30Hz. Too rapid a roll-off at this frequency produces 
phase errors between fundamentals and harmonics, leading to 
a muddy sound. One of the joys of listening to this system is 
the speed at which bass notes are delivered without the over­
hang associated with reflex systems. 

One problem that has to be considered is how much sound­
pressure level, spl, can be generated. Here, we are concerned 
with a domestic environment. Many more-than-adequate sub­
woofers use a 1 0in driver in a reflex cabinet. 

Since reflexing is out in this design, 1 have chosen a pair of 
I 0in drivers, operating in parallel. This ha~ the advantage that 
both drivers contribute useful output over the entire range 
whereas a reflex system's vent only contributes output 
around its resonant frequency. Additionally, the price paid for 
vent output is a rapid bass roll-off that must worsen the tran­
sient response of the system, 

For the purposes of analysis, the circuit can be split into 
three parts. First the power amplifier; the requirements from 
this element of the circuit include high power output. 
Furthermore, because the load impedance is around 3.Q, fair-

0 ------ - - - - - - - - ;-1--- -------- - - - - - - - . - - ;~- .. -
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ly large current swings are required. An extended low fre­
quency response also implies that the power supply will tend 
to sag under load. Precautions must be taken to make sure 
that this does not affect sound quality. 

Taking into account these factors I make no apology for the 
use of rugged TO3 output devices, namely Tr5 and Tr7, 
which are a pair of 2N3055s. These in tum are driven by a 
pair of Darlingtons, Tr4 and Tr 6. A quasi-complementary out­
put stage is used with Tr3 providing the necessary phase 
inversion for the lower output transistors. 

Nested feedback loops 
The entire circuit is based on TL074 quad op-amps, one of 
which is used in the power amplifier. However the low oper­
ating voltage and consequent low output voltage swings of this 
device provide insufficient power. For this reason the amplifier 
incorporates the idea of nested feedback loops, Fig. 1. 

To explain further, the output stage operates from a split 
60V power supply. The driver stage is built around Tr1• 

Usually, the output stage biasing voltage is provided by the 
Vbe multiplier comprising Tr2 and PR 1. Resistors R 11,1s intro­
duce emitter degeneration in the output stage, stabilising the 
operating point. Local shunt feedback around both driver and 
output stage is taken via R !2.14· 

The value of R13 has been chosen to produce 0V output for 
a 0V input from A 5. This local feedback loop reduces dis­
tortion from the output stage to well below 1 % before glob­
al feedback is applied around the circuit. 

Closed-loop gain from A5 output to the load is approxi­
mately five. This allows the op-amp output stage to produce 
the required voltage swing at the output. An incidental 
advantage is that the op-amp output sees a relatively high 
impedance and therefore operates in push-pull, Class A. 

Supply voltage for the op-amp is taken from the main 
power supply through a pair of 15V regulators, /C3,4. 

Capacitors C9 10 provide hf decoupling. Op-amp As is the 
heart of the ~plifier. Note that because of the inverting 
action of the driver/output stage, the inputs are used in the 
opposite sense. 

Input signals are applied to the inverting input and overall 
feedback to the non inverting. The voltage gain of the ampli­
fier is set by the ratio of R15 to R11. Capacitor C8 reduces the 
de gain of the circuit to unity while appearing as a short cir­
cuit to ac signals. Resistor R 10 defines the input impedance of 
tbe amplifier. 

The closed-loop gain needs to be high since most of it is 
used to equalise the subwoofer and reduce speaker distortion. 
The other components to be mentioned are mainly concerned 
with keeping hf stability within the amp. This is the function 
of C12m and C16• 

It could be argued that most of the parameters of the ampli­
fier just described are well above those required for the cir­
cuit function. For example, the slew rate of tbe op-amps is 
thousands of times faster than required. Similarly, the dis­
tortion level of the amplifier is many times lower than that 
generated by the speakers. This is simply a reflection on the 
advancement of commonly available parts. This same level 
of performance allows supply line voltage rejection ratio of 
over I 00dB, and this is of great importance, as mentioned 
earlier. 

The second aspect of the design, whose overall perfor­
mance is shown in Fig. 2, involves the manipulation of the 
pick-up coil voltage to produce motional feedback. Referring 
to F ig. I, rather than feed the speaker coil voltage directly 
into the amplifier's feedback loop, it is fed via the mixer 
stage builL around A6. The voice coil output feeds the net­
work comprising R22,24 and Ct 9. This is necessary because 
the voltage follows the impedance curve. 

Below 200Hz the output is directly proportional to the 
velocity of the cone. Above this frequency output rises at 
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approximately 6d8/octave. To maintain the velocity curve -
not to mention amplifier stability - the output must be sup­
pressed at high frequency. Capacitor C 19 flattens the curve to 
a straight line. 

From here, the signal feeds the mixer amplifier A6, via R22• 

This is configured as a virtual earth mixer. Feedback resistor 
R19 is shunted by C 17, which provides further high-frequen­
cy roll-off to the coil signal ensuring that the required 
response is obtained. 

The net result of adding this signal to the amplifier input is 
that the acoustic response response from about lOHz to 
150Hz rises at 6dB/octave. In other words, amplifier output 
voltage is proportional to cone velocity, and acts as a power 
differentiator. 

To obtain a flat response, the amplifier output needs to 
become proportional to cone acceleration, Rather than dif­
ferentiate the feedback signal exactly the same result is 
obtained by integrating the input signal. This function is car­
ried out by A7, which, in conjunction with R21 and C 18 forms 
tbe integrator. 

At this stage we have produced a flat response speaker sys­
tem - flat, at least, in the deep bass region. Plotting the 
response however reveals that the overall response is that of 
a high-Q low-pass filter. A glance at Fig. 3 reveals tlmt fur­
ther work needs to be done. The low-pass response is due to 
the voice coil inductance resonating with the reflected mov-

Infinitely baffling 

ing mass. 
Rather than complicate the circuitry further, the solution 

used here is to tame the response by using a low-Q tow-pass 
filter in series with the amplifier. When this has been done 
the final response is flat within l.5dB from 15 to 150Hz. The 
mild penalty to be paid is that the response rolls off at 
24dB/octave above 150Hz. Luckily, this is of little conse­
quence in practice since this point occurs at least half an 
octave - and usually more than an octave- above the roll-off 
point required by normal speaker systems. 

Filtering the input-stage 
The main task of the input stage fi.lte1ing is to extract the bass 
information from both incoming signals and present this to 
the power amplifier. In addition, the signal must be manip­
ulated to allow 'seamless' integration of the subwoofer with 
the existing speakers. 

For this design, I decided to drive the sub-woofer directly 
from the speaker outputs of the existing amplifier. This not 
only simplifies the design, it is the onl y rational place to take 
a signal feed. Once set up the sub-woofer wiU follow system 
volume adjustments. This is a particular advantage if, like 
me, you are always being told turn it down. You can also be 
assured plenty of drive signal. 

Line outputs are rarely standard. The left and right signals 

In order to squeeze the maximum 
possible bass from an infinite-baffle 
enclosure, the volume has to be 
carefully calculated. Even motional 
feedback systems are not immune to the 
laws of physics. If the enclosure is made 
too large, the woofer will be driven 
beyond its e xcursion limit. If it is too 
small, maximum power input wil l not 
allow fu ll excursion. 

s ize and can be calculated from the 
following equations, the first of which is 
for driver efficiency, 11o, 

decibels at 1 W a nd 1 m d istance into half 
space, B, is 

In order to calculate the required 
enclosure volume, Thiele-Small 
equations are required. When a circular 
piston is fed with a s ine wave, it can be 
shown that the sound-pressure level 
generated at 1 m into half space, A, is, 

A(dB)=401og1o(dJ+20log1o(app)+40log1 
o(n- 83 

where d and app are the diameter and 
peak-to-peak cone excursion 
respectively, both expressed in mm and f 
is the frequency of interest. 

From the term 401og10(f), you wil l see 
that the available sound-pressure level 
falls with frequency at 12dB/octave. If 
the enclosure volume is chosen so that 
its response lies to the right of A, Fig. 4, 
then the driver will be protected from 
excessive excursions. If the response lies 
to the left of A then the speaker runs the 
risk of destruction from bass input. Ideal 
enclosure response coincides with A 

In order to calculate something useful 
it is essential to examine the efficiency of 
the driver and relate th is to A Maximum 
output that a driver can produce in the 
pass-band is independent of enclosure 
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where f0 is free-air resonant frequency, 
Vas is equivalent compliance a ir volume, 
Oes is electrical Q and k is 9.64x10- 10 

when Vas is expressed in litres. Sound­
pressure level in decibels at 1 W and 1 m 
distance into half space is, 

112+ 1 0log10(T}0 ) 

Maximum sound-pressure level in 

Enclosure 

D too large A 
SPL ____ \ _____ ---

dB \ 

\ 
Enclosure 
too small 

11 Hz Q 
Fig. 4. Excursion sound-pressure level limit 
rises at 11dB/octave. Speaker responses that 
intersect the left of A are limited by cone 
excursion. Right of A are thermally limited 
but cannot produce maximum sound 
pressure level. Ideal speaker response 
coincides with A. 

112+ 1 0 log10(T}0)+ 1 0log1o(p) 

where pis the available amplifier output 
in watts contin uous. 

All d rivers mounted in an infinite-baffle 
enclosure exhibit second-order high-pass 
filter response whose amplitude, C, is, 

C=(w4+(d2-2)ro2+ 1 )--0.s 

where w is fJf and d is 1 /Qtc, fc being 
the resonant frequency of the driver 
mounted in the e nclosure and Q1c is the 
Q of the driver in the e nclosure. 
Unfortunately th is does not help m uch 
because Otc and fc are not known until 
the enclosure volume has been 
determined. But if you choose fat a low 
enough frequency, sa,7- 1 Hz for 
convenience, then w >>(d2-2)d2+ 1 
term. This makes it possible to simplify 
and rewrite the equation for an 
approximation of C as, w-2. 

To avoid the excursion limit, the 1 Hz 
response must be -A+B (in dB) down 
with respect to maximum pass-band 
sound-pressure level, 8. The 
corresponding amplitude is 1 Q(C-A+B)120), 
which is w-2. 

As f is 1 Hz, w must equal fc so, 
fc=W=10-<<-A+B)/40)_ Having obtained fc, 
the enclosure volume can be s imply 
calculated from, 

vb = Vasf((fdfo)2-1 ) 

Calculated volume is slightly 
conservative, but this no bad thing 
considering the price of drivers. 
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from the speaker sockets are passively mixed by R L and R2. 
The resulting signal is made available across VR1• From here 
the signal is phase split by A1,2. 

Avoiding eigentones 
Phase splitting is a useful facility for the following reason. 
When attempting to crossover between speakers and sub­
woofers, a particular obstacle is avoiding eigentones. At low 
frequencies, the average room acts as a gigantic speaker cab­
inet, with resulting resonances, caused by standing waves 
between parallel walls. 

These resonances often occur just where you want the 
crossover. By judicious use of the controls, you can use 
phase shift to tame existing boomy speakers or room char­
acteristics. Choice of in or out-of-phase conditions is select­
ed by SI of Fig. 1. A small amount of voltage gain is intro­
duced into the phase splitter circuit via R4,5· This offsets the 
gain reduction produced by coil feedback in the power ampli­
fier section. Resistor R3 couples the op-amps together to pro­
vide phase inversion. 

Having selected your signal with S 1, it is then fed it into the 
high-pass filter built around A3. This stage defines the lower 
cut-off point of the system. This is set at 15Hz by the com­
ponent values chosen. From here the signal is fed into the 
low pass filter built around A4 . 

Integrating the design 
In order to integrate the subwoofer easily, a low-Q second­
order filter is used. This stage has a Q of 0.5, critically 
damped for best transient response. 

The - 3dB point is continuously variable between 45 and 
120Hz. I have yet to find a speaker system which cannot be 
catered for within this range. Finally, the response of the 
pick-up coil is modified by the low-pass filter built around 
As, as described earlier in the text. From here the signal gets 
fed into the signal integrator A7, as already discussed. 

I have used separate voltage regulators to power the pream-

plifier section. This may seem like an extravagance but it is 
a small price to pay for total isolation on the power lines 
between chips. 

On the subject of power supply, Fig. 1, this is completely 
conventional. Mains voltage is stepped down and full-wave 
rectified via a bridge, before being smoothed by C 14,15. The 
centre tap of the secondaries is used forthe OV line, 

Points to watch out for 
There are a few points to watch for when implementing the 
subwoofer. First the cabinet. Initially I intended to build the 
subwoofer in two enclosures with the intention of siting these 
below my existing speakers. Since there is no phase infor­
mation at low frequencies, it is possible, in principle, to the 
site the subwoofer wherever you choose. In practice the best 
position is likely to be between the speakers, against the wall. 
This position will give you an extra 3dB of output for as the 
system will be driving into quarter space. 

Conventional wisdom suggests that comer positions should 
be avoided as this will tend to emphasise room resonances. 
Circumstances alter cases, and the extra 3dB of output might 
be useful. 

An advantage of small enclosures, in addition to the 
improved rigidity, is that they are too small for internal stand­
ing wave generation. Since I am not a carpenter and find 
woodwork a chore I built my cabinets from 15mm chipboard, 
Fig. 6, available everywhere and in a variety of finishes. 

Panel fixing is easiest u,sing Araldite rapid fairly liberally 
along the seams. The drivers requise 230mm diameter cut­
outs. They should be mounted on gaskets made from self 
adhesive draught excluding strip. Before mounting the 
drivers, fill along the panel seams with filler or silicone 
sealant to ensure airtightness. 

When assembling the electronics ensure that PR1 is adjust­
ed to short Tr2's base to collector. For obvious reasons it is 
desirable to set the quiescent current in the output stage 
before mounting the electronics. 

Inductive motional feedback 

Inductive pickup is probably the simplest 
form of motional feedback control. In 
order to understand its operation, it is 
necessary to realise that the pickup 
voltage is proportional to cone velocity. 
Figure 5 shows the relevant curves. 
Curve A is the unequalised speaker 
response and corresponds with the cone 
acceleration. 

D C ,,.,,, 

dB 
c,'li 

~a 
;['?3 

0 

B 

Fig. Sa. Unequalised speaker response, A, 
resulting velocity curve picked up by the 
second voice coil, 8, and resulting response 
curve from the speaker, C. 
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Curve B is the resulting velocity curve 
as picked up by the coil. When this 
voltage is used as negative feedback, the 
resulting response from the speaker 
increases with frequency at 6dB/octave, 
Curve C. 

To obtain a flat response, the feedback 
voltage would need to be proportional to 
cone acceleration since this is identical 
to the system response. This would imply 
differentiating the coil voltage before 
feeding it back. The alternative, used in 
this design, is to integrate the incoming 
signal so that this fa lls at 6dB/octave. 
When fed from this signal the overall 
response of the speaker is flat. There is 
no difference in system performance 
either in amplitude or phase response 

Fig. Sb. Motional 
feedback using a 
second coil within 
the loudspeaker to 
produce the 
feedback signal. 
Error correction 
signal is introduced 
via a mixer amplifier. 

between differentiating the pickup signal 
or integrating the input. 

Figure Sb shows the basic circuit in 
block form. Rather than complicate, and 
possibly destabilise, the amplifier, the 
feedback is introduced via a mixer 
amplifier. This is a virtual-earth circuit 
which effectively adds the input and 
feedback signals. This is then used to 
drive the amplifier. 

Closed loop gain of the amplifier 
produces the corrected signal to the 
speaker. The advantage of motional 
feedback is that errors in both the 
enclosure response and in the driver are 
considerably reduced by negative 
feedback. 
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Motional-feedback subwoofer parts 
Resistors 
Unspecified types are 1% metal fi lm 
R1,2 47k 2 
R3124 1 Ok 4 
R4 110k 1 
R5 100k 1 
R6 150k 1 
R7 75k 1 
Rs,9 1 Sk 2 
Rio 39k 1 
R11 2k2 1 
R12,2s 22 k 2 
Rn 330 1 
R14,1s 82k 2 
R16 4k7 1 
R17,1s 0.47/3W 2 
R19,20,2&,27560k 4 
R21 680k 7 
R22 180k 1 
R23 43k 1 
VR1 4k7 log pot 1 
VR2 22k lin dual pot 1 
PR1 1 Ok hor. preset 1 

Capacitors 
C1-4,1a 100n Mylar 4 
Cs,6,9,10 100n cer. disc 4 
C1 10µ/S0V 1 
Ca 100µF/25V 1 
C111121um l nF Mylar 4 
C1411s 6800µF/63V 2 
C16 270pF cer. 11 
C19 47nF Mylar 1 
C20 2n7 Mylar 1 
C21 4n7 Mylar 1 

Active devices 
IC1,3 78L15 2 
IC2,4 79L15 2 
Ai.a TL074 2 
Tr1,3 BC327 2 
Tr2 BC337 1 
Tr4,6 BDT65C 2 
Trs,7 2N3055 2 
D1.4 1 N5408 4 

Miscellaneous 
Heat sink, see text 
T03 mounting kits 4 
Volt DVC250/1, 8Q drivers 2 
22-0-22V sec. 120VA transformer 
SPST changeover switch 1 
Control knobs 2 
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253n 
· mounU, 

A 

A • 2 off 349 x 305 x 15mm 
B - 2off 3ao x 305 x 15mm 
C • 2 off 305 x 305 x 15mm 

I 
Mount drivers 

on draught 
excluder foam 

Mount drivers as shown 
Wire in phase 

Fig. 6. Subwoofer enclosure details. Since the enclosure is 
small, it is rigid and inhibits standing waves. 

With the speakers disconnected, test that the output is with­
in 50m V or so of OV. Quiescent current is set up by slowly 
adjusting _PR, for a 20mV drop across R17 and R18. Although 
the heat sink gets rather warm under conditions of high drive, 
I have not found it necessary to use thermal feedback via Tr2. 

But there is no reason why Tr2 cannot be adhered to the sink. 
I mounted the electronics within the enclosure. The output 

stage requires a large heat sink, of at least 1.5°/W. I used a 
120 by 100mm finned sink. 

Control panels are always a problem with this type of 
eqmpment. I mounted my controls and heat sink on the lid of 
an MB6 type ABS case which fits into a cut-out in one of 
the panels. This is secured by six, 30mm M3 screws. 
Whatever panel you use remember that an air-tight seal is 
needed. 

The drivers are wired up as shown in the Fig. la, in paral­
lel and ill phase. Ensure that the pickup coil is phased as 
shown. 

Final adjustments 
Having set the quiescent current and fastened everything into 
place, all that remains is to adjust the level and cut-off fre­
quency to suit your system, The best way to start is with the 
cut-off frequency set high and gain set low. Next, adjust both 
for the best sound. 

Finally, was the effort worth it? Definitely yes. I now get to 
hear things I have never heard before on my eds. Io addition, 
the clarity and speed at which bass notes are generated and 
disappear is something of a revelation - after years of 
reflexed muddiness. · • 

Special offer 
Any Electron ics World reader mentioning page 109 of the 
February issue can obtain one pair of Volt drivers, as used in 
the subwoofer, at the special price of £234 - including VAT 
and UK delivery. Normally, the pair sells at over £257, 
excluding delivery. Send PO or cheque payable to Wilmslow 
Audio at 50 Main Street, Broughton Astley, Leicester LE9 6RD. 
Phone 01 455 286603 or fax 286605 for further details. 
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Multichannel speaking monitor 
Visual displays certainly have their uses but there are !imes w~en a m~re 
immediate message is needed. Heikki Kalliola's speaking monator provides 
digitally-addressable and re-recordable spoken messages. 

M 
y design for a multi-channel s~g 
monitor is based on an Inforrnauon 
Storage Devices speech memory 

chip. With no moving parts an~ ne~~g few 
external components, the c1rcu11 1s an 
economical means of making many kinds of 
announcements, including measurements and 
threshold warnings. 

One application of the speaking ~~nitor _is 
the reporting of exceptional condmons m 
vehicle environments. Using spoken messages, 
there is no need to divert your attention to the 
indicators on the instrument panel. This device 
can be mounted in an enclosure small enough 

..L C, 

All diodes 1 N4001 4 3 2 ,1 

B 

to hide behind the dashboard without any 
rebuilding. 

Toe /SD/0/6A* speech storage chip used can 
record and play back 16 seconds of voice in a 
number of individually-addressable segments -
in this case four, of four seconds each in length. 
Each of the four messages can be triggered 
according to the situat'ion. The chi~ fru_nily 
includes members with longer recording time, 
but 16 seconds is enough for the purpose 
described here. 

Inputs I to 4 are constantly monitored, Fig. 1. 
If one or more input is grounded, a message 
from the corresponding memory address is fed 

AO Vcco 

+V 
A1 VCCA 

~ 

A3 
A4 1c, 

ISD1016A 

A5 

0, <>----++-l-+-...... -i.--,--t-.._---:-:--1 
+V 

A6 

s, 

0 

0 

0 
0 

Fig. 1. In the speaking 
monitor, one of four, 
4s messages is played 
back when one of the 

four inputs, top left 
dotted, is grounded. 

Rotary switch, 
normally in position B, 

selects inputs for 
recording and 

play-back checking. 

110 

+V 

A7 

Teal 

ptff AUX In 

ce M,c 

PD 

S3 ~~-----<>=J. 

IC2 
NE555 

3 

to the loudspeaker. The message is repeated 
until the grounded contacts open._ . 

If all the inputs are used, there ts time about 
four seconds for each message. If all inputs are 
not needed, the ones used can have more ti~e 
allocated to them. If for example only line 
number 1 is used, the announcement can be a 
full 16 seconds. 

Recording and playing back 
Recording is performed by first selecting _the 
message to be dictated on the sensor hne. 
Selection is done with switch S 1- As drawn, S1 

points to line I. After line selection, button S3 is 

pushed while you read the message in to the 
microphone. 

Pushing the button starts recording and 
releasing it stops it. Remember, that if the next 
line, i.e. number 2 on the diagram, is to be 
used, the recording time can not exceed four 
seconds. If it does, the tail part of the message 
will overlap on to to next line's memory area. 
Accordingly the messages of other lines are 
recorded by first selecting the line with S,. 

Messages can be changed at any time and 
remain in memory when the power is removed. 
Messages can be checked by briefly pressing 
button S2. That triggers playback from the 

• JSD1016A is obsolescent, but UK distributor 
Sequoia, informs us that the ISD2560 is . 
almost identical, but has an extra address line 
and more memory. Sequoia's telephone and 
fax numbers are 01734 258000 and 258020 
respectively. 
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memory location pointed to by S 1• Thus re­
recordings are easily made. 

Once the messages are loaded, S 1 is turned to 
its base position, indicated as B on the diagram, 
and the device is ready for use. When one or 
more of the input lines is grounded, the 
message from that line's memory area is 
spoken from the loudspeaker and repeated until 
the line returns to its normal state. 

Circuit logic 
When an input line is grounded, diodes set the 
right address with bits As and A6. At recording 
and check playback this grounding is 
performed by S 1• 

The memory chip requires that during 
recording pins P/R and CE are grounded. 
Signal PD keeps power consumption extremely 
low when at +5V. To record and play back. this 
line must be grounded. The signal also acts as 
reset switch, in the event of a memory 
overflow. Resetring is carried out by pulling the 
line to +SY and back to ground again. 

When recording, S3 pulls pins P/R and CE 
down to ground via diodes. At the same time 
transistor Tr1 stops conducting for a moment 
due to grounding of the base via C1. A positive 
reset-pulse is created from the collector to pin 
PD. Releasing of S3 generates the end-of­
message mark to the memory. 

To check play back, S2 starts the message by 
pulling down the chip enable pin, CE, and 

0.40 

--0,2' ' ' .' 

--0.'13 
-uo 

TiePieSCOPE HS508 

creating a reset pulse to PD with Tr1.Playback 
starts at the address pointed to by SI and 
continues until the end-of-memory mark. 

Grounding of input line puUs also down the 
base of Tr2. The transistor stops conducting, 
triggering the astable multivibrator timer chip 
/C2. The chip puts out negative-going pulses 
equivalent to pushing the playback button S2. If 
S1 is at base position, B, these pulses pass 
through 10 playback triggering. 

Time interval between pulses, and therefore 
also the race of message repetition, is dictated 
by the value of R 13. If, for example, only one 
input is used and the maximum length message 
recorded in one location, the interval time must 
be over 16 seconds to avoid rolling over. If on 
the other hand, all the inputs are used, the 
minimum interval is about five seconds, and the 
message length cannot exceed four seconds. 

Anti drown-out switch for vehicles 
In vehicles, there are many possible stimuli for 
the monitor. Examples are oil pressure warning, 
over-high water temperature and low fuel 
indication. In many cases, easily accessible 
switch contacts for these are already installed in 
the car. 

When this design is used in vehicles, the 
usual power supply is the 12V battery, from 
which the voltage is dropped to 5V via 
regulator /C3. 

ln automotive applications, the car radio 

1c1 

DIGITAL DESIGN 

Car 
rad,o 

output 

SP-1--- --- -o 

Tr4 
2N3906 

Relay coil 
•1500 

Fig. 2. In automotive applications, this switch 
circumvents the problem of a loud radio 
obscuring the announcement by automatically 
switching the radio's speaker over to the 
speaking monitor unit when a message is 
triggered. 

might obscure messages. To avoid this, you can 
add the switching circuit of Fig. 2. W ith this 
modifica1ion, the radio loudspeaker replaces the 
monitor's loudspeaker and serves a dual 
purpose. Control for the output relay is taken 
from the speech memory's auxiliary input, 
which is held high during playback. 

Do not forget to add a JOQ series resistor, if 
the loudspeaker has very low impedance. • 

J.70 SPEJ:IIUI Rlllll.l'ZEJI DI 1 

You get a free µScope 
when you buy a TP508 or a HS508 

unld september 1 sl 1996 

resolution 8 bits 
sampling speed 100 kSamples/sec 
inpul range 2.5V, 5V, 10V and 20V 
connects to PC parallel printer port 

Software for 
the PC-based instruments 

J,lll 

2,70 , , : .. · ... 
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• interface PC parallel printer port contains an Osctlloscope, a Spectrum analyzer. a Voltmeter, and a 
TP508 

• interface PC-XT/AT ISA slot 
• sampling speed 50 Msamples/sec 
"' resolution 8 bits 
• Input range 50 mV/d'iv - 20V/div 
• record length 32KByte/channel 
• price £597 00, ,ncl. software, user manual 

and 2 probes (11/1:10 switchable) 

TiePie engineering (NL) 

Transient recorder. All instrumenls are controlled in the same intuitive way 
and provide for saving and recalling waveforms and settings, cursor measu­

rements, hardcopy on matrix/laser printer and onllne help. Minimum require­
ments: a 80286-based PC with 2MByte and running MS-DOS 3 3 or higher. 

Fax for a free demo disk and catalog of all our products 

Easy installation: just plug in and measure 

• sampling speed 50 Msamples/sec 
• resolution 8 bits 
• input range 5 mV/d'iv - 20 V/div 
• record length 32 KByte/channel 
• price £ 630.00 incl. software, user manual 

and 2 probes (1:1/1:10 switchable) 

Prices are excluding V.A.T 

TiePie engineering (UK) 
P.O. Box 290 Koperslagersstraat 37 ~ 

~ 
28, Stephenson Road, Industrial Estate, 
St. Ives, Cambs, PE17 4WJ, 8600 AG Sneek 8601 WL Sneek 

The Netherlands The Netherlands United Kingdom 
Tel: +31515415 416 Fax: +31515418 819 Tel : +44 1480 460028 Fax: +44 1480 460340 
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15°/o reader discount 
Covering 1 00kHz 
to 150MHz in six 
ranges, this RF 
generator with 
amplitude 
modulation is 
available to 
Electronics World 
readers for iust 
£129 - fully 
inclusive of VAT 
and postage. 

1 OOkHz to 1 50MHz RF signal 
generator for iust £ 129 
Normally, the Loadstar SG4 l 60B 150MHz signal 
generator sells for £ 129 excluding 17 .5% VAT and 
delivery costs. But Electronics World readers can 
obtain this instrument for just £ 129 - fully inclusive 
of VAT and delivery. This represents a saving of well 
over 15%. 

Vann Draper's SG4 l 60B bench generator covers 
l 00kHz to 150MHz in six ranges - and up to 
450MHz via third harmonic. It has an internal l kHz 
oscillator for amplitude modulation up to 30%, which 
is also accessible on the front panel. There are also 
facilities for connecting an external modulation signal 
of between 50Hz and 20kHz. 

Featuring a crystal checker with a range of l to 
15MHz, the 4160B provides an RF output of up to 
1 00mV RMS, unloaded, at all frequencies up to 
35MHz. Attenuation is controlled via a high/low 
switch and fine adjuster. 

To receive your RF generator, simply fill in the 
coupon on the right and send it, together with a 
cheque or postal order for £ 129, to Vann Draper 
Electronics at Unit 5, Premier Works, Canal Street, 
South Wigston, Leicester LE 1 8 2PL. 

Alternatively fax credit card details with order on 
0116 2773945 or telephone on 0116 2771400. 
Please direct all queries relating to this offer to Vann 
Draper Electronics 

*Overseas readers can also obtain this discount but 
details vary according to country. Please ring, write or 
fax to Vann Draper Electronics. 

r--------------------------------------------, 
! Use this coupon to order your S64160 
I 

: Please send me ................ SG4160(s) RF Signal Generators at 
I 
: the fully inclusive special offer price of £ 129 each. 

Nome 

Company (if any) 

Address 

Phone number/fox 

Total amount £.. .................... . 
Make cheques payable to Vann Draper Electronics ltd 
Or, please debit my Moster, Visa or Access cord. 

Cord No 
Expiry dote 

Please mail this coupon to Vann Draper Electronics, together with payment. 
Alternatively lox credit cord details with order on 0116 2773945 or telephone 
0116 2771400. Address orders and all correspondence relating to this order lo Vann Draper 
Electronics at Unit 5, Premier Works, Conol Street, South Wigston, Leicester, LEl 8 2PL. 
Overseas readers can also obtoin this discount but details vary according lo country. 
Please ring, write or fox to Vann Droper Electronics 
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is applied electronic design. We'll 
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silicon technology plus ... 

Receive a full refund on your 
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tand I are the real and imaginary parts 
mmerator. Clearly, - ooCR/1 is zero at 
d minus infinity at infinite frequency, 
0°, at OHz and tends to -90° at very 
:quencies. 
: two results give an important rule: 

mplitude of the response at any fre­
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to the length of a line from the pole 
corresponding point on the jm axis, 
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, the frequency where the reactance of 
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Fig. 1 a). CR lowpass circuit. 
b) Corresponding vector diagram for one 
particular frequency. 
c) is b) superimposed upon the s plane. 
d) is c) shown for the - 3d8 frequency, 
where V;=N2V0 • 

e) Crude 3-dimensional representation of 
the magnitude of the function f(s), plotted 
vertically above a horizontals plane. 
f) Plan view of e), looking down on the s 
plane. 
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To receive your RF generator, simply fill i~ the 
coupon on the right and send it, together with a 
cheque or postal order for£ 129, to Vann Draper 
Electronics at Unit 5, Premier Works, Canal Street, 
South Wigston, Leicester LE 18 2PL. 

Alternatively fax credit card details with order on 
0116 2773945 or telephone on 0116 2771400. 
Please direct all queries relating to this offer to Vann 
Draper Electronics 

*Overseas readers can also obtain this discount but 
details vary according to country. Please ring, write or 
fax to Vann Draper Electronics. 
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ANALOGUE DESIGN 

Ian Hickman takes 
a further look at 
how circuit 
operation can be 
represented 
pictorially. 

More in the 

A n earlier article of mine1 reviewed 
various ways of representing circuit 
action, with a view to showing how 

the different representations complemented 
each other. So the article covered vector dia­
grams, the circle diagram - a sort of gener­
alised vector diagram showing what happens 
as the frequency varies - Bode plots - which 
also show what happens as the frequency 
varies - and pole-zero diagrams. 

That was the intention, but my apologies to 
any readers who looked in vain for any zeros 
- they failed to materialise due to lack of 
space. This article rectifies the omission, and 
carries the story on another stage. 

Poles 
Well, just one pole to begin with, the one to be 
found in the lowpass CR circuit of the last arti­
cle, the response of which was shown there as 
Fig. 6, and here as Fig. 1 b). The equation giv­
ing the frequency response, as derived in the 
last article, is: 

vJv;=l/(l+jwCR) ( I ) 

~ 
C Vo 

(b) 

F(s), s = o + jro 
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Note that, as last time, the base of the trian­
gle (of length unjty) is the vector v0 , then the 
two terms in the denominator take you from 
the pole at cr=- 1 to the origin, and then a dis­
tance w up the jro axis (assuming as before 
that CR= l ), where this distance represents the 
voltage drop across the resistor R. 

Adding vectorially (the j indicating that 
these vectors are at right angles), this brings 
one to the tip of the sloping line, which repre­
sents the input voltage needed to give unity 
output voltage. Thus v/v0 at any frequency is 
proportional to the distance from the pole at 
cr=- 1 to the corresponding point on the jw 
axis. So the frequency response, vJv;, is pro­
portional to the reciprocal of this distance. 

Equation l also indicates the phase, as fol­
lows. First, make the denominator real, by 
multiplying top and bottom by (1- jroCR), the 
complex conjugate of the denominator. The 
equation then becomes: 

v Jv;=( 1-jroCR)/( l +ro2c2R2) 

and, since the denominator is now just a num­
ber, the phase angle is given just by the 

+jro 

,R v, 

-<J 0 +O 

A - 1 Vo 

(c) 

-jw 

jw 

Indicates i pole 

0 

(f) 

numerator. Phase angle cj) is given by: 
cj)=tan· 1 I/1( 

where 9land I are the real and imaginary parts 
of the numerator. Clearly, - wCR/1 is zero at 
OHz and minus infinity at infinite frequency, 
so cj) is 0°, at OHz and tends to -90° at very 
high frequencies. 

These two results give an important rule: 

The amplitude of the response at any fre• 
quency due to a pole is inversely propor­
tional to the length of a line from the pole 
to the corresponding point on the jW axis, 
and the phase is given by the angle that 
the Line makes with the positive horizontal 
axis, counting anticlockwise rotation 
round the pole as negative, indicating a 
lagging response. 

Figure 1 c) shows how the vector diagram 
ties up with the pole/zero diagram. Figure 1 d) 
is the same again but drawn for the - 3dB fre­
quency, the frequency where the reactance of 
the the capacitor equals the resistance R. 

+jw 

+jl 

45• 

-1 0 

(d) 

Fig. 1a). CR lowpass circuit. 
b) Corresponding vector diagram for one 
particular frequency. 
c) is b) superimposed upon the s plane. 
d) is c) shown for the -3d8 frequency, 
where V;=--l2V0 • 

e) Crude 3-dimensional representation of 
the magnitude of the function F(s), plotted 
vertically above a horizontals plane. 
f) Plan view of e), looking down on the s 
plane. 
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(a) C 

·•---1-------<1----
Vin R Vo 

Figure 1e is a three-dimensional represen­
tation of the magnitude of F(s), plotted verti­
cally above a horizontal s plane. Only that part 
of the surface to the left of the jro axis (where 
o is negative) has been shown. The ;cul edge', 
above the positive jro ax.is, gives the magni­
tude of the frequency response, as a linear plot 
against frequency (also linear). In plan view, 
the s plane looks like Figure lf) - there is a 
pole at the point where s has the coordinates 
(-J, 0). 

As noted in the earlier article, in terms of the 
complex frequency variable s, the transfer 
function F(s) which gives vJvin becomes 
F(s)=I/(s+J), where s=o+jro. 

If the pole moves further and further 
toward the origin, the response will rise by 
6dB every time the frequency is halved, and 
so on indefinitely. With a pole at the origin, 
you have an integrator - i.e., an ideal op-amp 
with capacitive feedback from the output to 
the inverting input, and with the input 
applied via a resistor. 

... and zeros 
Now for a ' finite zero', that is to say a zero at 
a finite frequency, which will appear on the 
pole/zero diagram. You get one with a high­
pass (bass cut or passive lead) circuit, shown 
in Figure 2a), along with its circle diagram, 

(a) 

(b) 

iR=Vo IXc 

Vin 

pole 

Fig. 2. a) CR highpass circuit. 
b) Circle diagram, with vector diagram for the 
-JdB frequency. Note: the input current i is in 
phase with Vo, i.e. leading Vin by 45( at this 
frequency. 
c) Vector diagram of b), superimposed on the 
pole/zero diagram. 
d) Crude 3-dimensional representation of the 
magnitude of the function F(s), plotted 
vertically above a horizontals plane. 

Figure 2b). Note that, by convention, a pole 
on the s plane (the jro versos o plot) is denot­
ed by a cross, and a zero by a circle or nought. 

From the vector/circle diagram of Figure 
2b), for a simple highpass CR circuit: 

vJv;=R/(R+ 1/jroC)=jroCR/( I +jroCR) (2) 

Thus the general expression for the transfer 
function F(s) is F(s)=S/(J +s), assuming that 
the frequency is nonnalised, or (effectively the 
same thing) that CR= 1. 

Clearly, as well as exploding to infinity 
when s is - I (when ro = zero and o = -1), F(s) 
is 0 when s is O (when both ro and o = 0), due 
to the s in the numerator. Figure 2c shows the 

jro (b) 

M (dB) Comer frequency 

"-
0 1W01 

0 
(d) 
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Jw 
(c) 

Vin Vo 

zero 

F(s) (d) 

pole/zero diagram, with its zero at 0Hz, with 
the vector diagram superimposed, shown for 
the case where normalised eo=l, the - 3dB 
point. 

Note that in Figure le), v0 is represented by 
the line from the pole to the origin. This is 
because, in the vector diagram, this is the volt­
age iXc across the capacitor. In Figure 2c), V0 

is represented by the line from the origin to 
the point on the jro axis representing the fre­
quency of interest. This is because this line 
represents iR, across which the output voltage 
is developed, Fig. 2a). 

You can see from Fig. 2c) and Eqn 2 that, 
for very low frequencies (where V;0 is virtual­
ly horizontal and the denominator virtually 
equal to unity), v0 is directly proportional to 
the distance from the origin to the point on the 
jro axis. Also, at very low frequencies, v0 leads 
Vin by 90°. This is made clear by the vector 
diagram, and can be checked by making the 
denominator of Eqn 2 real and finding tan tl>, 
as was done above for the lowpass case. 

These two results give another important 
rule: 

the amplitude of the response at any fre­
que11cy due to a zero is directly propor­
tional to the length of a line from the zero 
to the corresponding point on the jw axis, 
and the phase is given by the angle that 

Fig. J. a) Transitional lag circuit. 
b) The corresponding pole/zero diagram. 
c) Three-dimensional representation of the 
logarithm of the magnitude of the function 
F(s) 
d) This circuit. has unity gain at OHz, falling 
to Rz/(R1+R2) at very high frequencies 
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the line makes with the horizantal axfa~ 
counting anticlockwise rotation as posi­
tive, indicaring a leading response, clock­
wise a lagging response. The angle is 
measured with respecr to the + a axis if 1he 
zero is to the left of the jw axis, but with 
respect to the - a axis if to the righ1 of it. 

la 1he case of F ig. 2a). however, the effect of 

R R 

d 

CI o-------.. e------o 

the zero is not the whole story. To evaluate the 
frequency response (the magnitude of f(s) 
along the jro axis), you must take into account 
also the effect of the denominator of Eqn 2, (a) 
representing the pole. So while initially, where 

Vo l -sT . 1 
v";" = I + sT ' 1 = "'c = CRI 

1 -s . f l"sed (l) or T+"s I ro norma 1 to oi'; 

jco Vin can be considered horizontal, v0 is simply 
directly proportional to the distance up the jro 
axis, remember that it is also inversely pro­
portional to the distance from the pole. 

At very high frequencies, these distances 
become more and more nearly equal. The res­
ponse is thus proportional Lo the distance times 
the reciproL~dl of an equal distance, result 
unity. Likewise, the phase is everywhere equal 
to the sum of the angles. So for the CR high­
pass circuit, the phase is (90+ij,po1e)0 where 
il>pole is zero at 0Hz, lagging by 45° at the 
-3dB point and reaching - 90° at infinite fre­
quency. Thus overall, the phase of v0 starts off 
at 90° leading at 0Hz, dropping back to being 
in phase at very high frequencies. 

Section (d) of Fig. 2b is a three-dimension­
al representation of the magnitude of F(s), 
plotted vertically above a horizontal s plane. 
Only that part of the su1face to the left of the 
jro axis (where cr is negative) has been shown. 
The 'cut edge', above the positive jco axis, 
gives the magnitude of the frequency 
response, as a linear plot against frequency 
(also linear). The zero at the origin can be seen 
to act as a thumbtack, pinning the surface F(s) 
to the ground level at the origin. 

If the pole is moved further and further to 
the left, the -3dB point, wbere the response is 
levelling out, will occur at a higher and high· 
er freq uency. lf the pole moves out to infinity. 
the response will be rising at 6d8/octave in­
definitely. With just a zero visible on the s 
plane, at the origin, you have a differentiator, 
e.g., an ideal op-amp with resistive feedback 
from the output to the inverting input, and 
with the input applied via a capacitor. 

Zeros to the left of them 
Zeros can occur anywhere in the s plane - not 
just on the jro axjs. Figure 3a shows a circuit 
known as the transitional lag, which starts off 
behaving like the top cut circuit of Fig. J a but, 
instead of the response falling indefinitely as 
the frequency increases, it flattens out again, 
the response at very high frequencies being 
equal to R2!(R1+R2). This is illustrated by the 
Bode diagram of Fig. 3d), from which you 
can see that the response starts to fall at a 
"corner frequency", but stops falling at some 
higher corner frequency. The actual response 
is shown dotted, and a -6dB/octave asymptote 
is shown joining the low-frequency and high• 
frequency response levels - unity and 
R,iJ(R1+R2) respectively. 

The -6dB/octave asymptote is a straight line 
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Fig. 4. a) First-order a/I-pass circuit with unity 
gain at a/f frequencies has a phase shift varies 
with frequency. b) Vector/circle diagram for 
the circuit a). c) Pole/zero plot for the circuit 
of a). d) 3-dimensional representation of the 
logarithm of the magnitude of the function 
F(s), corresponding to c). 

because the horizontal axis, representing fre­
quency. is logarithmic, and the vertical axis, 
representing Lhe magnitude of the response M, 
is in dB - i.e., also logarithmic. The actual 
response will never quite reach a 6dB/octave 
cut-off rate unless the comer frequencies WQi 
and Ol(n are infinitely far apart, and of course 
it is curved at the corner frequencies, unlike 
lhe notional asymptote. 

Up till now, it has been convenient to work 
wi th normalised frequencies since, in both the 
low pass and high pass circuits of Figs l and 
2, there is just the one comer frequency, where 
the response changes (gradual ly) from flat to 
-69B per octave (or vice versa). But with the 
transitional lag, there are two different fre­
quencies to consider, and these can conve­
niently be defined in terms of the CR time 
constants of the circuiL 

Working out the response of the transitional 
lag of Fig. 3a gives: 

~ = (l / jOJC) + RI 
(1/ jOJC.)+ ~2 + R1 

I + jOJCfs 
I + j0JC(R1 + fs ) 

= 1 + j WTz = 7;(1/1; + j OJ) 

I+ jOJT; 7;(1/71 + jW) 

where T2=CR2 and T1=C(R1+Ri), or more 
generally: F(s)=K(s+l/T2)/(s+ I/T1) where 
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log I F(s) I 

K=T2!Tr=(ll(J)(y;)l( llo:Jo1) . Tenn Oloi is the 
lower comer frequency, set by l/[C(R1+R2)] 
and roo2= l/CR2 is the upper, which means that 
K=R2f(R 1+Ri). 

Thjs time, the pole zero diagram Fig. 3b, 
instead of showing normalised frequencies, 
shows actual fre{tuencies, defined in terms of 
the circuit time-constants. The point shown on 
the jro ax.is represents the frequency which is 
the geometric mean of ro1 and eoi, the point of 
inflection of the response in Fig. 3d). Up to 
this frequency, $pis increasing faster than «l>z, 
so that the outptit lags the input, but beyond 
this frequency, «l>z increases faster so the lag 
decreases again. Eventually. as tl>P and <l>z both 
tend to 90°, they cancel out, and the output is 
back in phase with the input, but reduced in 
amplitude to R2/(R 1+R2). 

Figure 3c shows the surface representing the 
magnitude of F(s), drawn in three dimensions 
as a wire grid model. For clarity, it has been 
rotated so the the +o axis is pointing toward 
you and, in the vertical direction, it shows the 
logarithm of the magnitude of F(s). This 
means that a zero, instead of appearing as a 
thumbtack pinning the surface to the zero 
level, now appears like an upside-down pole, 
exte nding indefinitely downward. Only that 
part of the surface over the negative o axis is 
shown, and the edge above the +jw axis 
(marked by a bold line) gives the amplitude 
response at any frequency m, being unity at 
0Hz and tending to Kat very high frequencies. 

If you imagine k2 getting smaller anti small­
er, then the position of the zero at - l /T2 in Fig. 
3c migrates ever leftward, and K, the response 
at very high frequencies, gets ever smaller. 
Ultimately, as R2 reaches 0.Q, the zero has dis­
appeared leftward off the page to infinity, and 
you are back with the circuit and response of 
Fig. 1. 
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(a) 

~ Vo v:_)1----c ~ 
R 

Fig.5. a) This second-order 
all-pass circuit also has unity gain 
at all frequencies1 but its phase 
shift varies twice as much with 
frequency as Fig. 4a). 
b) Pole/zero plot of circuit a). 
c) Showing how t(!e phase shift 
varies with frequency, as a 
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JJ, instead of being in series with R2, the 
capacitor in Fig. 3a had been in parallel with 
R i, the ci rcuit would be a transitional lead, the 
response rising from Kat OHz to unity at infi­
nite frequency. In ch.is case, the zero would be 
nearer the origin than the pole; the two have 
interchanged places. So as the frequency 
increases, starting from OHz, initially q>z 
increases faster than q>p and the phase of the 
output leads that of the input. Later, q>p 
increases faster, and the lead d.isappears, as the 
gain gradually reaches unity. 

And zeros to the right of them 
An all-pass filter is one which changes the 
phase of a signal by different amounts, 
depending on the frequency, but without 
affecting its amplitude. In signal transmission 
systems, this enables distortion due to various 
causes to be cancelled, and the signal restored 
more or less LO its original condition. 

The simplest all-pass circuit, also called a 
phase-equaliser, is the single-pole variety, Fig. 
4a). The signal at the op-amp non-inverting 
terminal is applied through a CR low-pass cir­
cuit. exactly as considered earlier. 
Consequently, relative to the input v; (vector e­
a in circle diagram, Fig 4b)), the voltage at the 
op-amp non-inverting input is the vector e-c. 
This coincides with v; at 0Hz, falling towards 0 
with 11 90° phase lag at very high frequencies. 

Negative feedback around the op-amp forces 
its output LO do whatever is necessary to keep 
the voltage at its inverting input equal to that 
at Che non-invening input. So point c on the 
circle diagram is also point b. Since the two 
resistors connected to the inverting input are 

116 

log frequency 

(b) 

equal, the output v0 (vector e-d ) follows the 
larger semicircle shown, as though drawn by a 
pantograph set for two times magnification. 

Thus tl1e amplitude of v0 is independenr of 
frequency, but its phase relative LO v, swings 
round from 0° at OHz. to - 180° at infinite fre­
quency. The all-pass transfer function F(s)AP 
is easily derived from that for the low-pass 
case, by observing that the output, in Fig 4b), 
is twice as big as the input, but shifted to the 
left by one unit - by the distance e-a. So 
F(s)Ap=2F(s)Lp-l. But the F(s) for the low­
pass circuit was shown earlier to be l (s + 1 ). 

2 2 s+ I 1- s 
F(s)u =--- 1= -----=--

s + I s + J s+l l +s 

There is a zero at o=+ I, W=O. since for 
S=l+j0, the numerator of F(s)AP is zero. This 
is shown on the s plaue diagram of Fig. 4c). 
Following the rules noted earlier, the response 
at any frequency is directly proportional to ti_ 
and inversely proportional to lt . But since 
these are always equal, the magnitude of the 
response is always unity. 

Also, as the frequency increases, <l>r increas­
es from zero to 90°, in an anticlockwise direc­
tion indicating a lagging phase angle. And <l>i 
increases from 0° to 90° clockwise, this also 
accord.ing to the rule indicating a lagging 
response. Thus taking into account the phase 
contributions from both the pole and the zero, 
overall the phase drops stead.ily back from 0° 
at 0Hz to -180° at very high frequencies. 

Figure 4d) shows a three dimensional wire 
grid model of the surface representing the 
magnitude of F(s), or rather the log of the 
magnitude as previously. But this time the sur-

face along the +cr axis is shown as well, since 
this shows up the zero. Note that the surface is 
exactly skew symmetrical about the jco axis, 
the magnitude of logF(s) along the axis being 
everywhere zero, or 0dB. 

Like all the circuits that have been consid­
ered so far, this all-pass tilter is a 'first-order' 
circuit, that is to say that the highest power of 
sin the denominator is l. lf the highest power 
of sin the denominator is 2, then you have a 
second order circuit, and if the numerator is a 
constant. the circuit is lowpass with a I 2d8 
per octave roll-off. 

Jf there is just a term in s in the numerator, 
the circuit shows a bandpass response with a 
6dB/octave roll-off either side of the peak, 
while a term in s2 in the numerator gives a 
highpass with a 12c!B/octave low-frequency 
roll-off. 

More zeros to the right of them 
The first order all-pass filter described earlier 
causes the output phase to drop back from 0 to 
- 180° in a fixed and fairly gentle manner, as 
the frequency rises from zero to infinity. If 
you want the phase change to take place over 
a smaller frequency interval, then a second 
order all-pass circuit can be used. This can be 
an entirely passive circuit, as in Fig. Sa), the 
corresponding pole/zero plot being as in Sb). 

With this second-order all-pass circuit, the 
phase drops back from 0° at 0Hz, via -180° 
right round to - 360° at infinite frequency. 

if, at the resonant freq uency of Land C, the 
reactance of each is large compared to R, then 
the phase change as the frequency changes 
will be very gradual. If on the other hand the 
reactance of each is small compared to R. then 
the phase will snap right around over a very 
small range of frequencies centred on the res­
onam frequency. This corresponds to the poles 
and zeros in Fig. 5b) being very close to the 
j w axis. In this case, over most of the fre­
quency range, output voltage will be deter­
mined by the signal coming via tl1e inductor 
(below the resonant frequency) or via the 
capacitor. Only at the resonant frequeucy, and 
in its immediate vicinity, where the dynamic 
impedance of the tuned circuit is h.igh, will the 
output be due to the signal coming via R. 

This all assumes, of course, that Land Care 
ideal. A more practical arrangement uses 
active circuitry, in pa1ticular, the state variable 
filter, see page 143 of Ref. 2. If you add the 
filter's low and high-pass outputs, plus an 
appropriate proportion of the bandpass output, 
you again get a second-order all-pass 
response. The transfer function is. 

F(s)=(s2- Ds+ l )/(s2+Ds+ l ), where Dis the 
reciprocal of the filter Q. The s2 term in the 
numerator is the highpass component, s the 
bandpass component, while I represents the 
low pass component. You can see that when 
s::O (so that eo=0), the transfer function is 1/ 1, 
or unity. 

When s equals infinity, you can forget the 
other terms, so the transfer function is just 
co2/co2=1 again. When s=(cr+jco), with cr=0 
and co(the normalised frequency)=!. then 
s2=-1, so the transfer function simply equals 
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-Ds!+Ds. The numerator indicates a 90° phase 
lag, and the denominator another, giving a 
total of 180° lag at the filter's normalised res­
onant frequency. 

The pole/zero diagram makes it clear that 
the closer the poles and zeros are to the jco 
axis (the higher the circuit's Q), the more 
more rapidly the phase changes as you pass 
between the upper pole/zero pair, travelling up 
the +j<il axis from 0Hz at the origin, towards 
infinite frequency. 

The lower pole/zero pair has comparatively 
linle effect on the phase in this region; it is 
there because both numerator and denomina­
tor are quadratic expressions, and their pres­
ence balances the upper pair. ensuring that the 
gain at 0Hz is unity and the phase shift 0°. 

Lots of poles - and zeros 
By now, I hope you have a feel for poles (s 
terms in the denominator of F(s)) causing 
phase lags and gain changes, and zeros (s 
terms in the numerator) causing gain changes 
and phase lags or leads, according to where 
they are. So here without further ado or any 
detailed explanation, are some more pole zero 
plots, and three dimensional wire grid models 
of loglF(s)I. 

Figure 6a), sections i-iii shows the pole zero 
plots for some fourth-order lowpass filters. 
Those of i and ii are 'all pole' filters, i being a 
Butterworth maximally-flat amplitude 
response, and il a Chebychev response which 
gives a faster initial roll-off in the stop band at 
the expense of ripples in the passband. 

In iii is a fourth-order el liptic response, 
which gives an even sharper cut-off in the stop 
band. This is Lhanks to the finite zeros situated 
on the jco axis; but they do result in the stop­
band anenuation ultimately levelling out, 
rather than increasing for ever l.ike the all pole 
filters. Figure 6b), sections i- iii shows the 3D 
wire grid representations of loglF(s)I for these 
three filter types, in each case cut to show only 
the part over the -<J region. 

As before, the cut edge over the jco axis -

More on poles ... 
Figure 3 and 4, and parts of Figures 1,2,5, and 
6 are reproduced from Analog Electronics by 
Ian Hickman, published by Butterworth­
Heinemann, ISBN 07506 1634 2. Within the 
pages of this book will be found not only 
more on poles and zeros, but also a wealth of 
other information on all aspects of analog 
electronics, from d .c. to 1 GHz. Everything 
analogue, in fact, except microwaves. This 
book is avai lable £19.99. 

Comprising 337 pages, this book is 
available by sending a postal order or 
cheque with a request for the book to 
Electronics World, Quadrant House, The 
Quadrant, Sutton, Surrey SM2 SAS. The 
fully-inclusive price is £23.50 UK, £26 
Europe or £29 rest of world. Alternatively, 
fax your full credit card details and address 
on 0181 652 8956 or e-mail 
jackie.lowe@rbp.co.uk. 
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marked by a bold line - shows the frequency 
response, on a logarithmic or decibel scale 
vertically, against a linear frequency scale. 
The different apparent values of response at 
zero hertz are an artefact of the plotting pro­
gram; in each case, the zero frequency 
response is unity or 0dB. 

Transforms ahoy 
It may seem unnecessarily complicated to both­
er abour the whole s plane, when alJ you need to 
find a circuit's frequency response if the value 
of F(s) for cr=O. i.e. how F(s) varies along the jco 
axis. But there is more to pole/zero diagrams 
than just a circuit's frequency response. The dia­
gram can also represent an input signal to the 
circuit, and not just a steady-state sinewave 
either. A further mathematical trick - called the 
inverse Laplace transform - can then derive 
what the circuit's output wavefonn will look 
like, given its frequency response and the said 
non-sinusoidal input. But to cover that would 
take more space than is at my disposal. • 
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log) f(s)I 

log) F(s)) 

Fig. 6a) Pole/zero plots for three popular 
lowpass filter types; in each case, a four pole 
design is shown. i) The Butterworth design 
gives a maximally flat amplitude response. ii) 
The Chebychev design gives a faster cut•off in 
the 5topband, at the expense of ripples in the 
passband response.iii) The elliptic or Caur 
design gives an even faster stopband cut-off, 
but as well as passband ripples, has returns in 
the stopband b) Three dimensional wire grid 
representations of log I F(s) I for the three filter 
types. The frequencies of infinite attenuation 
in the elliptic case correspond to the positions 
on the j (axis of the zeros in a) iii). 
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-"9cl<ard541000- 1GHzdigilizjng .......................... ____ £3995 
Howle1tPec .. rd54200A- 50MHz2channddigi1izing ................................ £1000 
- Pacl<ard54201A- 300MHzdigitiulg ............................................... £1750 
- Plcbrd5450tA- t OOMHz ll9tis"19-4 chamel ......................•.. £1950 
Hitachi V212 - 20MHz dual cllamel ................................................................ .£180 
Hlladll Y222- 20MHz dual cllamel ................................ . ...... £200 
Hitachi Yl50F- 60MHzdual c!lamel .................................... . ......... £350 
Klkusul DSS 6522- 20MHz6gital sto<age ........................................................ £475 
Klk""'J COS6100-100Ml-tz Schalnll 121,a,e................... . ............. £475 
Kll<Ullll COS 5100- 100Mliz dual chOnnel .............. ; .................................... £425 

= ~j== ~ S£nne1:···· ······::::.:::::::::: :~~ 
P1,1Rp13219-SOMH> wilh analoglJe SIOtagl. Dual CH .................................... £'00 
Pl,Hlpo 32&3 - t 00MHz Ml Cha,... wilh nicrop,ocessot cont. lining ............. £'00 
PNllpo 3S40-loglcscopo(25MHzdualcn. + logic an)----........ £350 
Pl,fflp1 329!5-350Wi?Mlc!l ................................... -----~ 1500 
P1,1Up1 3315-SOMHz O.S.O ................................................................................ £750 
Plllllpo Pll3295A- 400MHz <ml dlannel ........................................................ £1750 
T-2445- 150MHz- 4 chamel ............................................................. t 1250 
T-24'5A- 1SOMHz - 4 c!lamol ........................................................ £1600 
TM~onlx4SS- 50MHzduolc!lam1et ............ ______ .............. E350 
T-2221- 60MHzcligital-........................................................... tl500 
T- 7154- 400MHz WiMllorm p.-ocess;ng oscilloscope ..................... £1500 
T_,. 4'41466- 100MHz. S10<age ..... . ln>m E350 
Tol<17onlx 4651-- tOOMHz .... lct,. ______ ........... ln>m E350 
T-onlx 461- 100MHz 0.S.0 ...................................................................... £750 
T_,,.,.,lx '7Sl,75A-200t250MHzcl<Jal chamel ................................... fn>m t , 75 
T- 43'-25MHz 2 chamel + analogue storage .................................. £250 
Tol<17onlx 454- t 50MHz 2 chamel ................................................................ £'00 
To1<17onlx22t3-60MHz<fuaJc!l . ............................. -----····£425 
Tol<17onlx22t5 -60MHzdllalch . .................................... ·----····£450 
To1<17onlx 2225- SOMHz dual uace ...................................................................... .£450 
T_,,.,.,lx 2236- 100MHz Dual Trace willl Coc,.,1er/Tlmer/Drnm ........................ £995 
To1<17onlx 2335- 100MHz u l c!l. (por1able) ................................................ £750 
To1<17onlx 7313. 7603, 7113, 7$23, 7633. -100MHz4c!l ...................... IN>fn £300 
To1<17onlx7704- 250MHz4 ch. ......... ______ ................ ln>m £6SO 
Tol<17onlx 7904- 500MHz.............................................. . ................ IN>fn WO 
T-7934- SOOMH>with S1o.-age................... . .... lrorn£1000 
Toloqulprnlnt 013-SOMHz dllal c!lamel .................. . ........................... £200 

==~~1~.=':::::::::::::: .............. :·:::::::::::i:: 
Wotlu SSS702 - 20MHz,..,l chamel :................................ . .................... £175 
Wotlu $55710- 60MHzcllalchamel............................... £37!i 

Oltlor-•Yll-1oo 
SPEC mu,., ~NAL VSERS 

Adv1nl11U133A- tOKHz•20GH.............. -------.. m995 
Alllodl 7S7-10KHz·22GHz ............................................ ....... .................... £:2750 
- Plcun11'1T + 15528 + 1555A(10MHz-18GHz)... . ......... £1600 
-Plcbrd112Twttt,8659A(10MHz-2tGHz) ........ ----t3150 
--.tll53Awttt,8659A(0.01-2tGHz) ........................................... £4250 
--3562A- cfynamic,;gn11analyse<.cllalcnamei _ ............... £7500 
--3SIOA-5H,-.50KHz_-:------------,'[90< 
- -3512,\- 2Sl<H,,na!yoo<.clul1cha .................................. E2500 
-Plcbrd37V911- ConstelaliooANlyserwlh t5709Alfgll 
~ lntedace ( .. new) .................................................................. £5750 

- Plcbrd l505A-Net-oo.-tcaoalyse< (SOOKHz-1.3GHz) ................. £4000 

MANY MORE ITEMS AVAILABLE - SEND 
LARGES A E FOR LIST OF EQUIPMENT ALL 

EQUIPMENT IS USED - WITH 30 DAYS 
GUARANTEE. PLEASE CHECK FOR AVAILABILITY 

BEFORE ORDERING - CARRIAGE 
& VAT TO BE ADDED TO ALL GOODS 
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According to 
Cyril Bateman's 

latest discoveries, 
the best cable for 

linking your power 
amplifier and 

loudspeakers is 
coaxial. 

I started these explorations of loudspeaker 
cables with two main beliefs .. First, that 
cable characteristic impedance was impor­

tant at audio frequency even using relatively 
short cable lengths. This has been amply de­
monstrated by measurements 1,2 made using 
two quite different amplifiers and test circuits 
with twelve test cables. Second, that conven­
tional sinewave distortion measurements 
would not identify changes of cable. Here, I 
put this second belief to the test. 

In the first article 1, I demonstrated by use of 
simulations that some distortion of transients 
can result when an amplifier is driving a dum­
my high impedance but capacitive load -
even with no cable.. Driving similar high• 
impedance capacitive loads, connected using 
high impedance speaker cables, noticeable dis­
tortion levels are produced, Fig. 1 .. 

If similar high impedance, capacitive loads 
exist in practical loudspeaker systems, you can 
expect these transient distortions to be present. 
But can such impedances occur in real speak· 
er systems? 

Examination of many published test reports 
of loudspeaker systems indicates that load im­
pedances higher than 200 are common .. High 
impedance peaking at low frequencies is 
caused by bass•speaker driver resonance. In a 
reflex-ported cabinet, the impedance increas­
es usually appear as a double peak, resulting 
from the combined cabinet and speaker driver 
resonances .. 

When more than one loudspeaker is used, a 
passive crossover network directs the lower 
and higher frequencies to the relevant driver. 
This network is frequently a combination of 
capacitors, inductors and resistances, driven 
from a common amplifier, and is the format 
assumed for this article. 

For practical and economic reasons, 
crossover frequency is generally between 
2kHz and 5kHz. As a result, a low but slight· 
ly inductive impedance at around lkHz is pro• 
duced.3 

In any composite passive electronic circuit, 
change in impedance with frequency inevit• 
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ca 
ably results in a change of phase. This phase is 
zero at the impedance peak, positive at lower 
frequencies and conversely a negative phase at 
higher frequencies .. Capacitive reactance sim• 
ilarly exhibits negative phase, Fig. 2. 

With a passive crossover network, which 
exhibits an impedance peak4, similar phase 
changes occur. Frequencies below this peak 
have an inductive reactance .. At higher fre-

es 
(Part three) 

quencies, as impedance reduces, a correspon­
ding capacitive reactance should be measur• 
able. 

The speaker systems which I have available 
for measurement include the workshop two­
way transmission line system and an original 
single•speaker Daline.5 I also have access to 
my son's very high power bass guitar 42Hz 
tuned reflex system, and a pair of elderly two .. 
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Fig. 1. Simulation of typical amplifier output stage when driving into 
a capacitive load with high-value shunt impedance, via a high 
impedance, typical figure-of-eight-style cable. This diagram was used 
for the first article. 
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Fig. 3. Impedance and phase plot by frequency, of rebuilt two-way 
transmission line test speaker. Compare with published plot in 
reference 3. 
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Fig. 5. The Fig. 3 plot again but this time displayed in 'R + jX' 
terms, clearly showing the inductive and capacitive parts of the 
frequency range, with negative X values being capacitive and 
positive X values representing inductive reactances. 
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Fig. 2. Impedance and phase plot of the 'pseudo' /HF dummy reactive 
load, made using a 5.60 resistor in series with a parallel combination 
of 5.4mH, 4.7µF and an 1Bn damping resistor. This shows phase 
change with frequency for this high-impedance resonant circuit. 
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Fig. 4. Plot Fig. 3 displayed in terms of parallel resistance and 
equivalent parallel capacitance values. Note relatively large 
equivalent capacitances near bass resonance. 

Distortion with change of Cable Type. 
3340 Hz into Two Way Transmission Line Speaker. 

Cable Type 
75 ohm Cat500 !!!!!!!!!!!!!!!!!!~~------ -----7 
75 ohm CHOO 
500MIRG58 

50 ohm URM87 
3mm Mal1<1 
3mm Mar1<2 

Bell Wire 
42 Slrs,d 

42Str-,dMod 
79 Slrand 

021 

~~~L..- ~-L-~~.....1L....~--:-1,--'---:-':::-~-~ 
0.15 0.2 0.25 

D.Self Amplifier/Cable Total Distortion o/. • At Amplifier • At Speaker 
Output End of Cable 

Fig. 6. This plot of harmonic distortion measured at the test speaker 
terminals, with the speaker acting as a capacitive load, shows clearly 
how distortion changes with cable. Great care was taken to maintain 
all other test conditions constant, as can be judged by the small 
changes in distortion measured at the amplifier terminals. This test 
was repeated on three separate days, all giving similar results, and 
only small levels of non-harmonic noise were noted. 
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Distortion with change of Cable Type. 
965 Hz into Two Way Transmission Line Speaker. 

~e lype 

0 0.05 0.1 
O.Self Amplifier/Cable Total Distortion o/. • At A~ler • At Speaker 
~ EndofC~ 

Fig. 7. Harmonic distortion measured at the test speaker terminals, 
with the speaker acting as an inductive load, shows smaller 
distortion changes with cable. During this test, non-harmonically 
related noise was observed for the figure-of-eight twin-line cables, 
clearly showing the coaxial cable's superior isolation from 
transmitted noise. This pick-up partly accounts for the poor 
performance of the Figure 8 cables with this inductive real speaker 
loading. 
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way comer horns in my listening room.6 None of these is in an infinite 
baffle cabinet. 

How can I measure the impedances and reactances of these speakers? 
While impedance plots can be made using nothing more than a signal 
generator, a known resistor and a suitable voltmeter, phase measurement 
is much more difficult. 

Many personal computers have a 16-bit sound card. With suitable soft­
ware, such a card can provide the heart of an extremely low-cost audio 
frequency measurement system, capable of measuring impedance and 
phase angle. While not state-of-the-art, this method can produce useful 
measurements. Two low-cost software systems for use with these sound 
cards are readily available (see panel on sound cards and software). 

To ensure a resonant peak at crossover, I rebuilt my two-way trans­
mission line as an 80 system, with a crossover based on the old Kef 
DNJJ design4, built using polycarbonate and polypropylene capacitors 
and used with a small cone tweeter. Using the Elektor software with my 
sound card, the resulting impedance plot was similar to that published for 
the Tannoy D700 system3, Fig. 3. 

This conventional impedance phase plot can also be viewed in tenns of 
equivalent inductance, capacitance or as 'R+jX' - whichever is preferred. 
Viewed as the parallel resistance and equivalent parallel capacitance, you 
can see that frequencies near 3kHz could provide loading similar to the 
simulations used for Fig. 1, with consequent distortion, Figs 4, 5. 

Having established that the conditions needed for transient distortions 
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Or i e lnal Oa l Sne CA.Frf.•> One Way Loud•p,eak•r Fr•cauencv ... ~ •• 

Fig. 8. Impedance and equivalent parallel inductance plot of the R. Fris 
original Daline cabinet, clearly showing high-frequency inductive 
behaviour. This cabinet was chosen since it has no crossover network. 

o . 05Uo1t• ~ G AO S8 eo-- Cab l • 

Uolt• 8 t. 0 

o.e 

o., 

D,• 

0 , 01 0,7 
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Fig. 10. Plot of loudspeaker damping, or lack of, using RG58 cable with 
the Daline speaker cabinet. This was made using a tone-burst generator 
and Maplin Amplifier set to 1.6V pk/pk output, with the Pico ADC100 
virtual oscilloscope. Note the close similarity to the Duncan test plots. 
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Fig. 9. PSpice net-list used to calculate the high frequency phase 
deviation results, with change of cable parameters, and various 
loading circuits, for Table 1. Note use of Spice 'SIN' waveform. 
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Fig. 11. Using the Fig. 10 set-up and RG58 cable to observe speaker 
cone overhang using the 'spare' voice coil of the transmission line 
speaker as a sensor. This clearly shows cone movement at reduced 
amplitude, continuing far longer than the initial overshoot spike. 

II 

• 

121 



I 
COMPONENTS 

Table 1. Simulated phase shift in degrees at 10kHz for the various cables tested. Shows low/high frequency deviations by cable, with 
amplifier and various dummy speaker loads. Ranked for least overall change with above permutations. 

No output inductor 
Resistor only 
4 .7n 8.2n 

Coaxial styles 
7511 Cat.500 - 1.485 -0.859 
7511 CT100 - 1.414 -0.815 
son RG58C/U -1 .219 -0.708 
son URM67 -1 .149 -0.660 
3mm Mark 1 -0.685 -0.394 
3mm Mark2 -0.697 -0.401 

Figure-of-a styles 
2192V 'Bell' Wire -2.684 -1.566 
42-strand -2.904 -1.685 
42-strand modified -4.629 -2.687 
79-strand -2.545 -1.466 
2mm twin special - 1.939 - 1.117 
Supra Ply 2.0 - 1.394 -0.803 

can ex ist, might these conditions also cause 
distortion with continuous sine waves? This 
region should be explored by practical mea­
surements. 

Conventional distortion tests 
My variable frequency generator produces 
0.05% distortion, so it can only be used for 
comparative, rather than absolute, tests. For 
the purpose of comparing cables, however, it 
should suffice. My Hewlett Packard 331A dis­
tortion analyser cannot measure distortions 
much below this level. 

Using this generator with a two-stage series/ 
parallel UC clean-up filter, I measured 
0 .045% distortion at 3340Hz at the tenninals 
of my Self amplifier,7 loaded with 8.2.Q. 

This amplifier, with the above instruments, 
was used with all twelve cables to test drive 
the rebuilt two-way transmission line speaker, 
making distortion measurements in sequence 

Other test methods 
Some of you may prefer to test cables 
using a low-cost tone burst test more in 
line with the Duncan test method. I include 
screen shots made using the Pico adapter 
with a low-cost, self-built generator. 

Readers with a 5011 output square wave 
generator and who wish to experiment 
using transient waveforms similar to that 
used in the Spice simulations can easily 
make a good 1 Ok Hz replica by loading 
the generator output with a parallel com­
bination of 1 mH with 0.221,Jf and 4711. 

A variety of test signals can be found on 
the Hi-Fi News and Record Review Test 
Disc Ill. This includes a transient waveform 
very similar to the Spice exponentially 
damped sine wave, 'SIN', used for Fig. 1 
However, the tone burst included on this 
d isc equates to the IHF tone burst in hav­
ing a change in level but no distinct off 
periods. 
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With 1µH output inductor Ranking 
Series 100µH Resistor only 
+4.711 +8.211 4.7n 8.2n 

+0.034 -0.211 - 2.234 -1 .293 
-0.114 -0.284 - 2.159 -1 .245 
+0.386 +0.033 -1 .961 - 1.139 
-0.249 -0.320 - 1.903 -1.094 
-0.148 -0.074 -1.446 -0.831 
-0.083 -0.155 -1.454 -0.836 

-0.094 -0.326 -3.399 -1 .984 
-0.303 -0.626 - 3.647 - 2.117 
-0.932 - 1.257 -5.369 - 3.118 
-0.621 -0.752 - 3.301 -1 .902 
-0.394 -0.527 -2.695 - 1.553 
-0.212 -0.338 -2.152 -1.239 

at both amplifier and loudspeaker terminals. 
To help this rebuilt speaker survive pro­

longed testing, I used only half the drive volt­
age used by Duncan for his July/August arti­
cle, i.e. 0.45V. Even at this reduced level, 
some ear protection is desirable . 

Using a test frequency of 3340Hz, chosen to 
match my clean-up filter, notable changes in 
distortion at the loudspeaker terminals with 
change of cable were easily measured by my 
equipment, Fig. 6. 

From the various simulations made investi­
gating these cables, a similarly high but induc­
tive impedance was expected to produce much 
less distortion. Change of test frequency to 
965Hz, with appropriate changes to the clean­
up filter , resulted in increased distortion at the 
amplifier terminals. However, as expected, in­
cremental distortion was lower at the speaker 
end of the test cables, since the speaker was 
now behaving as an inductive load. 

During this test, with the distortion residuals 
viewed by oscilloscope, non-harmonically re­
lated noise was observed for the figure-of­
eight twin-line cables, providing a clear 
demonstration of the coaxial cable 's superior 
isolation from transmitted noise. This pickup 
partly accounts for the performance of the fig­
ure-of-eight cables with this inductive speak­
er loading, Fig. 7. 

At bass frequency, almost all loudspeaker 
designs exhibit a high-impedance resonant 
peak or peaks. ft is reasonable to expect that 
similar distortion changes would also be mea­
sured with a change of cable. I have not tried 
this, for two reasons. Firstly, my test equip­
ment is inadequate for measurements near 
50Hz mains frequency. Secondly, the avail­
able speaker cabinets either have well damped 
low impedance resonance peaks or they peak 
close to the mains harmonic frequencies. 

These 3340Hz distortions were much larger 
than expected, so I built a test circuit similar to 
the IHF (Institute of High Fidelity Inc, IHF 
publication A202) reactive load, using a 
5.4mH inductor with a 4.7µ F metallised poly-

Series 1 OOµH 
+4.711 +8 .2Q 

-0.232 -0.480 5 
-0.380 -0.553 6 
+0.118 -0.237 3 
-0.515 -0.590 4 
-0.342 -0.421 1 
-0.351 -0.427 2 

-0.105 -0.591 9 
-0.563 -0.891 11 
-1.184 - 1.518 12 
-0.882 - 1.019 10 
-0.657 -0.796 8 
-0.478 -0.608 7 

carbonate capacitor to get a high impedance 
and similar phase to that of the speaker mea­
sured. With this test circuit, no realistic con­
tinuous sinewave incremental distortions were 
measured, Fig. 2. 

A speaker is obviously a complex motor 
generator system giving results not easily rep­
resented by simple passive component mod­
els. Given time, perhaps this could be resolved 
- but not by me. 

Relative phase 
The final parameter influenced by cable 

Sound cards and software 
For these tests I used a Creative Labs 
Soundblasfer 16 Value Plug-and-Play card 
with general purpose software (Elektor 
Electronics, part no. 966001 -1). It is 
important to check that the dma channels 
and interrupts needed ore not already in 
use in your system. 

An alternative software for sound cards, 
targeted especially at speaker systems, is 
A/RR (Anechoic In-Room Response) by Dr J 
J Bunn, supplied by Old Colony Software. 
It is also available from Falcon Acoustics 
Ltd, Tabor House, Norwich Rd., 
Mulbarton, Norfolk NR 14 BJT 

Also available from Falcon and O ld 
Colony is Audiosuite software, again for 
use with a sound card. It includes MLS 
functions but is much more expensive. 

Those seriously interested in the design 
of loudspeakers rather than measurement 
might consider the Old Colony IMP 
(Impulse Measurement and Processing), 
which is a stand-olone system for a pc, 
available in kit form and reasonably 
priced. This a lso is avoilable from Falcon. 

Many other software and hardware sys­
tems are available, and the above list cov­
ers only some of those priced for the 
speaker amateur. 
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choice is change of high frequency phase rel­
ative to phase at lower frequencies. Every 
cable has a transit delay, influenced primarily 
by the cable's inductance and insulation mate­
rial. This delay could change with frequency 
or test-circuit loading. 

I am not well equipped to measure small 
phase angles but, knowing the cable's ac 
parameters, this could be simulated. 

Most Spice-based simulators have trans­
mission line models available but, to minimise 
transient simulation times, their default set­
tings use a minimum of only two sampling 
points along the cable. This produces poor 
results with short cable lengths at audio fre­
quencies. Also, the supplied small signal trans­
mission line model is much simplified. 

By overriding these defaults and forcing a 
slower simulation, acceptable results are 
obtainable. Many loudspeaker impedance 
plots show an inductively rising impedance 
above lOkH.z. Thus, each of the twelve cables 
tested has been simulated using both 4 .7n and 
8.2n resistive loads and a series combination 
of these resistances with lOOµH, Fig. 8. 

Most - but not all - domestic amplifiers are 

protected against reactive loads by a low-value 
inductor in series with their output. To cover 
all reasonable options, the above load combi­
nations were simulated with and without a 
series inductance of lµ H and JOQ damping 
resistor, Fig. 9. 

These simulations were all made at I OkHz 
since, with these values, it represents a worst­
case freque ncy. Regardless of the cable, only 
small changes in relative phase could be ob­
served, Table 1. 

In summary 
The intention of these experiments was to 
quantify the effects of cable characteristics on 
amplifier speaker systems, rather than to 
choose a ' best buy '. This determined the 
cables chosen for test. 

My use of coaxial cables as speaker cables 
is not new. Indeed, extremely low-impedance 
specialist Mogami speaker coaxial cable was 
reviewed by Nelson Pass8 in his 1980 article. 

However, these experiments would be in­
complete without forming at least a ranking of 
cable performance. This Jan.king was un­
weighted, taken from simple addition of place 
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numbers for each test. Although various test 
weightings could be used, regardless of this, 
the first four placings are unlikely to change, 
Table 2. 

These rankings were supported by listening 
tests. However, for the reasons outlined in my 
first article , listening tests were performed 
only as the concluding test, long after com­
pletion of all published tables or figures, and 
with this text at the final editing stage. 

Regardless of these results, users of Nairn 
and similar amplifiers not having an output 
inductor must use the maker's recommended 
cable and cable length, since the cable func­
tions to replace the output inductor in pro­
tecting their amplifiers. 

For all conventional inductor output ampli­
fiers, the ideal speaker cable would have zero 
resistance, zero inductance and zero imped­
ance. In other words, zero length - no cable at 
all8, since all cable degradations increase with 
cable length. 

It is obvious from the results presented that 
a cable should have the lowest possible de 
resistance, low characteristic impedance at 
audio frequencies, and minimal inductance. 

Table 2. Summary of cable rankings by each test performed. Final ranking derived using equal weighting for all tests. All cables 4.98m long. 

Circuit A Circuit B Zo Inductance ocn 

Coaxial styles 
75n Cat.500 8 
7511 CT100 7 
son RG58C/U 10 
son URM67 3 
3mm Mark 1 2 
3mm Mark 2 

Figure-of-8 styles 
2192Y 'Bell' Wire 12 
42-strand 9 
42-strand modified 11 
79-strand 6 
2mm twin special 5 
Supra Ply 2.0 4 

Signal 
generator 

Driving 
amplifier 

8 9 7 8 

=6 8 6 7 
10 6 4 11 
3 4 3 1 
2 1 2 3 

2 2 

12 10 10 12 
9 11 11 =9 
11 12 12 =9 
=6 7 9 4 
5 5 8 6 
4 3 5 5 

0. 15m ot 42 strand 

8R2 100nx2 3R9 / ..----, 
l-+-0"1''11Ar-lH---'VVV1,-0----<>-+1 Test 

Q----<>B-t amplifier 
4k7 

Loss 

7 
6 
2 
1 
=3 
=3 

11 
9 
12 
10 
8 
5 

A, B & C are CLIFF screw 
terminals with 19mm spacing 0.15m of 42 strand 

Phase change THO Overall 

5 5 8 
6 =2 =5 
3 =2 =5 
4 1 3 
1 5 2 
2 =2 1 

9 10 11 
11 11 10 
12 12 12 
10 8 9 
8 9 7 
7 7 4 

O. 15m of 42 strand Cable under test 
4.9m length 

Circuit A. Resonance test set-up. Input o f the test 
amplifier is grounded via a 4.7kil resistor. 

____,\ 8R2 / ,------, 
i---oc _ _ _.,.,,,'1\A,---A<>----<>

6
-+1 Test 

0.15m of 42 strand 

~\ 
A 

Signal 
generator 

Driving 
amplifier 1---0--------0----0-t amplifier 

A, B & C are CLIFF screw 
terminals with 19mm spacing 

B 4k7 

Cable under test 
4.9m length 

Signal 
generator 

Driving 
amplifier t---<>-----:--l - ~ 

A & B are CLIFF screw 
terminals with 19mm spacing 

Circuit 8. Resistance test set-up 
includes an 8.211 HSA25 series 
resistor. This resistor was chosen since 
it has constant impedance to 20kHz. 
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Cable under test 
4.9m length 

Circuit C. Loss test set-up. 

4k7 
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Voice-coil driver effects 
Using my lone-burst generator with a Maplin amplifier and an oscilloscope, I tested my 
available speaker drivers, some of which were 15n, and a mixture of long• and shorf•trovel 
cones. 

In general, smaller, lighter cones produced less coble overhang voltage. Size for size, 

short•travel cones produced less than long•trovel cones. Similarly, 15n drivers produced 
less overhang voltage than 80 drivers, which produced less than 40 drivers, Fig. 1 O. 

I was able to compare voice coil impedances quite easily. The boss driver in my two-way 
transmission line system is an ancient Whitely Stentorian HF1016. This hos duplicated voice 
coils, and Is designed to easily configure and be used as 4, 8 or 15!.1 Impedances. 

Configured as 80 I can use the spare voice coil as a cone-travel sensor, giving most inter• 
esting results when viewed on an oscilloscope, Fig. 11 

Is It possible that cables are now considered so important due to the change to lower 
impedance, long-travel speaker drivers over the years? 

These characteristics are almost impossible to 
achieve using twin·line or figure-of-eight con­
structions without incun-ing considerable cable 
self-capacitance. They are much more readily 
achieved using the coaxial construction and 
with acceptable capacitance. 

Other frequently discussed parameters, such 
as sections of individual wire strands and 
cable insulation material, may well have some 
relevance, but these tests indicate that they are 
of secondary importance. 

One obvious disadvantage of coaxial speak­
er cables having dense outer braids is cable 
end preparation and tennination. It is impor­
tant to avoid damaging any braid wire strands 
when stripping back, since this would sub· 
stantially increase distortion levels. However, 
a dense ~raid is extremely effecrive in reduc­
ing cable pickup into the amplifier's feedback 
loop. 

As to the test results table, with one excep­
tion, the cables segregated automatically into 
distinct performance groups - coaxial and 
non-coaxial. Five of the six coaxial cables 
were outstanding compared to all but one of 
the non-coaxial constructions tested - includ­
ing the hand-made, 2mm lwin-line special, 
Table 2. Of the non-coaxial styles, the Jen­
ving Supra Ply 2.0 was the exception, per­
forming well and coming fourth overall,9 

Table 2. 
By far the best cable of those tested is the 

custom made Mark II, followed closely by the 
Mark I. Neilher of these is commercially 
available in cut lengths but they could be spe­
cially ordered in bulk, or forther copies could 
be hand-made, as were my originals. 

Borh the Mark I and the Mark 2 are flexj­
ble, very low resistance and - being less than 

Cables sources 
Initially, I decided that all test cables 
should be obtainable either from· 
Electrovolue or Moplin. I bought URM67, 
CT l 00, 42•strand, 79•strond, and 300n 
feeder from Maplin, while the RG58 was 
purchased from Electrovolue Supra Ply 
2.0 came from Future Film 
Developments lO however, and the Bell 

Wire and Cot 500 from local suppliers. 
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6mm in diameter - easily installed. Mark 2 
has 19 strands of 0.45mm inner wire insulated 
wilh polythene with an outside diameter of 
3mm. Its outer braid is 240 strands of 
0.127mm diameter. Heat shrink sleeve pro­
vided overall insulation. 

Mk I is identical, except for its 37 strands of 
0.32mm inner core. Designers interested in the 
materials used should send an sae to me via 
Electronics World's editorial offices. 

When these tests commenced, I decided to 
use only cables easily purchased in cut lengths 
so that my resu.lts could be easily replicated. 
However, in order to understand some early 
results, I needed lo measure a cable having 
lower impedance al audio frequencies than 
URM67, but I was unable to buy i1. I certain­
ly didn't expect that my crude hand-made 
cables would perform as they did (see panel 
on sources of cables used for test). 

Of those cables commercially available in 
cut lengths, the URM67 performs extremely 
well, coming a close third overall. Il is obvi­
ously by far the best commercial cable of 
those tested. However, being 10.3mm in diam­
eter with a solid polythene core and a very 
dense braid, it is inflex.ible. It could almost be 
used as a car tow rope. 

A not•so-close fourth, the Jenving Supra Ply 
2.0, is a specialised, relatively low-cost, high­
capacitance cable, available from Jenving's 
UK agent10 only in multiples of 10m. In direct 
contrast with URM67, it is much smaller and, 
being extremely flexible, drapes well. It is eas­
ily installed and hidden from sight 

Following closely on the Supra Ply's heels 
is a tie for fifth place between the 75!.1 satellite 
tv cable CT I 00 and the SQQ instrument cable 
RG58, both ranking equally well overall. 
However, depending on your needs, you may 
prefer to down-rank RG58 due to its poorer 
performance in the resonance and resistive cir­
cuit: tests and for its nigh de resistance. 

CTlOO and Cat 500 cables are both of larg­
er diameter than RG58. They have a second­
ary inner copper-foil shield which could 
fatigue and crack with repetitive coiling and 
uncoiling. so they should only be used for 
permanent installations. 

Once more, I ask rbat anyone wishing to 
shoot these findings down in flames should 
first repeat the experiments. 

Cobbler's shoes 
After all these time-consuming experiments, 
you may wonder which brand of expensive 
speaker cable I use. My listening room has the 
the 'golden' dimensions of 6.7 by 4.6 by 
2.9m, and needs cables somewhat longer than 
those tested. 

My relatively low-cost system, based on 
Acoustic Research electronics with corner 
horn speakers6 crossing over at 250Hz, was 
cabled almost 30 years ago using the old-style 
7 by 0.029in twin and earth ring mains cable 
buried in the plaster. I used this for no better 
reason than that T had plenty left over. f guess 
its only other merit is a cross-sectional area of 
more than 3mm, giving reasonably low resis• 
tance at the lengths needed. Since my comer 
horns are 15!.1 impedance, it seemed accept­
able. 

Will I change this cable? 
During these experiments l too, like Saul lr'av­
elling to Damascus, have revised some views 
and intend to further <level.op Mark 2 for my 
own use. This design is now covered by Pat. 
No 9624876. • 
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One c·mos gate pack 
can form the heart of a 
frequency meter, a 
step-down switching 
regulator or a 
negative-supply 
generator, exp~ains 
Rae Perala. 

ates 
open up 

There are many applications for the 4011 
c-mos two-input-nand gate - other than 
just gating. This article presents three 

such circuits, namely a step-down regulator, a 
negative-voltage switching regulator, and a 
frequency measuring circuit. 

Step-down regulator 
Operating principle of a typical step-down 
regulator is shown in Fig. 1. Semiconductor 
switch S 1 is usually controlled by a pulse 
width modulator, or pwm. 

While the switch is on, current flows 
through inductor L to the output. 
Simultaneously, magnetic energy in the induc­
tor increases. Diode D stays in its reverse 
state. When the switch rums off, the inductor 
discharges its magnetic energy giving a cur­
rent to the output. Diode D now becomes for­
ward biased, providing path for current flow. 

The on-to-off time ratio of the switch is con­
trolled by the pwrn circuit. This circuit com­
pares output voltage, V0 ui, to reference voltage 
Vref and changes the on-to-off ratio accord­
ingly. 

Figure 2 is a practical step-down circuit 
using 4011. It makes a new regulated output 
voltage Vout from a regulated +8 to + 15V 
input voltage. Gates A and B work as an oscil­
lator giving an asymmetrical 40kHz square 

L 

D 

82p 

wave, Fig. 3. Gate C controls the switching 
transistor, which is a BS250 p-type enhance­
ment mode mosfet. This same gate inverts the 
oscillator output voltage, presenting the tran­
sistor control voltage Vos as in Fig. 3. The 
control vohage has long negative pulses inter­
spersed with short intervals. The transistor 
conducts during the negative pulses. 

Gate D regulates the output voltage. Its out­
put is high when V0u1 is beneath the adjusted 
value. The high state activates gate C, which 
can now control the switching transistor. 
When the adjusred output voltage is reached, 
gate D output goes low, stopping gate C, 
which remains in the high state. The switching 
transistor has no control voltage and remains 
off. 

The regulating circuit operates using the 
' missing pulse' principle. It provides pulses 
when the output voltage is low and ceases 
pulsing when the output voltage is sufficient­
ly high. 

Output voltage is adjusted via the 470.k.Q 
potentiometer. Usable output voltage range of 
the circuit is 0.5 to 0 .9 of Vin· The circuit can 
be loaded to IOOmA. 

Negative voltage regulator 
A negative voltage switching regulator is pre­
sented in Fig. 4. Gates A and B form an osciJ-

R 
Fig. 1. Switching converter 
simplified. On and off times 
of switch 5, invariably a 
semiconductor switch, are 
controlled by a pulse-width 
modulator. 

4k7 1N4148 Regulated input voltage 
V10 ~ 8· 15V 

Fig. 2. Step-down switcher. 
Output is between 0.5 and 
0.9 of V;0 • Loads to 100mA 
are handled. 

150k 1N4148 
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lator, giving a symmetrical square wave volt­
age. Gate C controls the BS250 switching 
transistor. 

During the transistor on time, current flows 
through the inductor, charging the magnetic 
energy within it. The magnetic energy dis­
charges while the transistor is off through the 
diode, producing a negative voltage at the out­
put. 

Gate C regulates the output voltage. When 
the output voltage is too low, the regulating 
input voltage of gate C is high and the oscil­
lator voltage controls the gate C output and 
therefore the transistor. 

When the output voltage reaches the desired 
negative value, the regulating input goes low 
and it stops the output of gate C leaving it in 
its high state. The transistor stays off until the 
output voltage goes below its adjusted value. 

This circuit requires an input voltage of +8V 
to + 15V, which can be unregulated. A regu­
lated +5V input acts as a reference voltage. 

Frequency measurement on a dvm 
A digital voltmeter can be used for frequency 
measurements to 1MHz using the circuit in 
Fig. 5. Toe frequency to be measured connects 
to the input of gate A. This input is biased 
with 330k.Q resistors to half the supply volt­
age. This allows low input voltages to change 
the output of gate A. Figure 6 shows the gate 
voltages. Output voltage of gate A changes 
each time the input voltage passes the half 
supply voltage threshold. 

Gate A controls gates B and C. Gate B has a 
delay capacitor in its output. Figure 6 shows 

I· 25µs ·I 
OscillatorTTT 

output 
voltage 

Mosfet j_l_l_ 
control 
voltage 

VGs 

Fig. 3. 
Asymmetrical 
oscillator gates A 
and B of Fig. 2 runs 
at about 40kHz. 
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150k 
+5V regulated 

470k 

Fig. 4. Negative supply 
from a positive input. 
Again, gates A and B are 
an asymmetrical 
oscillator. Cate C 
determines whether 

Regulated drive pulses pass to the -------+--o negative switching transistor. 

330k 

150n 
Input o--1-+-+---t 

voltage 

Fig. 5. Direct reading frequency 
meter, capable of measuring to 
1MHz in three ranges, uses a 
digital voltmeter for display. 

DVM 

]on ] n 100p 100k I100n 

the gate B output voltage, which is reversed 
and delayed relative to gate A's output. One 
input of gate C is fed with the output voltage 
of gate A and in the other input the delayed 
voltage from gate B. Output of gate C com­
prises a negative pulse with a duration equal to 
the the time it takes for gate B to falling from 

its high state to its low state. Pulses from gate 
B are then inverted in gate D. These pulses are 
always similar in shape, independent of the 
amplitude and shape of the original input volt­
age. 

The mean value of gate D's output voltage 
can then be measured by a digital voltmeter 

DIGITAL DESIGN 

with its 200mV or 2V de voltage range select­
ed. The meter reading can be adjusted by the 
I ()()k.Q potentiometer so that the voltage read­
ing directly represents the unknown capaci­
tance. 

Capacitance measuring ranges are selected 
by the switch, which connects a suitable 
capacitor to gate B's output. The 1 OOpF 
capacitor should be a trimmer so that gate C's 
input capacitance can be compensated for. • 

Input voltage '"'---=---" .-::::::::::::: -....::::;;> C::::::: 

Output,gateA ~ 

Output. gate C -U u 
Output, gate D J7,_ ____ ~n .... ___ _ 

Fig. 6. Frequency meter waveforms. Top is the 
ac input, which is biased toward the 
switching point of the logic gate . In this way, 
the gate switches at a significantly lower input 
voltage than would otherwise be needed. 

Transform your PC • 
f ~ 

into a digital oscilloscope, spectrum analyser, frequency 
t It t d t I f l•III £49 00 The AOC-10 supplied me er, VO me er, a a ogger . . or as I e as . with PicoScope gives 

Pico Technology specialises only in the development of PC based data acquisition 
instrumentation. Call tor your guide on 'Virtual Instrumentation'. 

your computer a s,ngle 
channel of analog input. 

.,lt:)(3-/0 £49 with Picolog £59 

Virtual Instrumentation 
Pico's PC based oscilloscopes simply plug into the 
parallel port turning your PC into a fully featured 
oscilloscope, spectrum analyser and meter. 
Windows and DOS software supplied. 
.?'IZ>/3--1 ()() Dual Channel 12 bit resolution 
The ADC-100 offers both a high sampling rate 100kHz and a 
high resolution. Flexible input ranges (±50mV to ±20V) make 
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Data Logging 
Pico's range of PC based data logging products 
enable you to easily measure, display and record 
temperature, pressure and voltage signals. 

TC-08 Thermocouple to PC Converter 
• Supplied with Picolog software for advanced 

temperature processing, min/max detection and alarm. 
• 8 Thermocouple inputs 
• No power supply required. 

TC-08 £199 
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probes available. 

Phone or FAX for sales. ordering i nformation. data sheets. technical support. All prices exclusive of VAT 
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Doug Self takes 
a look at the 
complex subiect 
of preamplifier 
overload, and 
how to handle it. 
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OVERLOAD 
matters 
There was no room in my Preamp '96 article for a 

proper discussion of the overload behaviour of 
RIAA preamp stages. 1 Like noise performance, 

the issue is considerably complicated by both cartridge 
characteristics and the RIAA equalisation. 

There are some inflexible limits to the signal level 
possible on vinyl disc, and they impose maxima on the 
signal that a cartridge can reproduce. The absolute 

value of these limits may not be precisely defined, but 
they set the way in which maximum levels vary with 
frequency, and this is perhaps of even greater impor­
tance. 

Figure 1 a shows the physical groove amplitudes 
that can be put onto a disc. From subsonic up to about 
lkHz, groove amplitude is the constraint. If the side­
ways excursion is too great, the spacing will need to 
be increased to prevent one groove breaking into 
another, and playing time will be reduced. From about 
lkHz to ultrasonic, the limit is groove velocity rather 
than amplitude. If the cutter head tries to move side­
ways too quickly compared with its forward motion, 
the back facets of the cutter destroy the groove that 
has just been cut by the forward edges. 

At replay time, there is a third restriction - that of 
stylus acceleration or, to put it another way, groove 
curvature. This sets a limit on how well a stylus of a 
given size can track the groove. Allowing for this at 
cutting time puts an extra limit on signal level, shown 
by the dotted line in Fig. la. 

The severity of this restriction depends on the stylus 
shape. An old-fashioned spherical type with a tip 
diameter of 0.0007in requires a roll-off of maximum 
levels from 2kHz, while a relatively modem elliptical 
type with 0.0002in effective diameter postpones the 
problem to about 8kHz.2 

Thus there are at least three limits on the signal 
level. The distribution of amplitude with frequency for 
the original signal is unlikely to mimic this, because 
there is almost always more energy at lf than hf. 
Therefore the hf can be boosted to overcome surface 
noise without overload problems, and this is done by 
applying the inverse of the familiar RIAA replay 
equalisation. 

Moving-magnet and moving-coil cartridges both 
operate by the relative motion of conductors and mag­
netic field, so the voltage produced is proportional to 
rate of change of flux. The cartridge is sensitive to 
velocity rather than to amplitude (and so sensitivity is 
always expressed in millivolts per cm/s) and this gives 
a frequency response rising steadily at 6dB/octave 
across the whole audio band. Therefore, a maximal 
signal from disc (Fig. la) would give a cartridge out­
put like Fig. 1 b- i.e., la tilted upwards. 

Figure 1 c shows the RIAA replay equalisation 
curve. The shelf in the middle corresponds with la, 
while an extra time constant at 50Hz limits the an;iount 
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of If boost applied to warps and rumbles. The 
' IEC amendment' is an extra roll-off at 20Hz, 
(shown dotted) to further reduce subsonics. 
When RIAA equalisation le is applied to car­
tridge output lb, the result will look like Fig. 
1 d , with the maximum amplitudes occurring 
around l-2kHz. 

Amplitude 

Clearly, the overload performance of an 
RIAA input can only be assessed by driving it 
with an inverse-RIAA equalised signal, rising 
at 6dB/octave except around the middle shelf. 
My Precision preamp '96 has an input over­
load margin referred to Sm V rms of 36dB 
across most of the audio band, i.e., 315mV 

limited~ 

+-----+---I.. 

Velocity 

/limited 

(a) 

(b) 

(c) 

(d) 

(e) 

. .. · 

10 20 50 500 1k 
Hertz 
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rms at !kHz. The margin is still 36dB at 
lO0Hz, but due to the RIAA low-frequency 
boost this is only 30mV rrns in absolute terms. 

The final complication is that preamplifier 
output capability almost always varies with 
frequency. In Preamp '96, the effects have 
been kept small. The output overload margin 
voltage - and hence input margin - falls to 
+33dB at 20kHz. This is due to the heavy 
capacitive loading of both the main RlAA 
feedback path and the pole-correcting RC net­
work (R24,25 and C20). This could be elimi­
nated by using an op-amp with greater load­
driving capabilities, if you can find one with 
the low noise of a 5534. 

The overload capability of Preamp 96 is also 
reduced to 31 dB in the bottom octave 10-
20Hz, because the IEC amendment is imple­
mented in the second stage. The If signal is 
fully amplified by the first stage, then attenu­
ated by the deliberately slow initial roll-off of 
the subsonic filter. 

Such audio impropriety always carries a 
penalty in headroom as the signal will clip 
before it is attenuated. This is the price paid 
for an accurate IEC amendment set by 
polyester caps in the second stage, as opposed 
to the usual method of putting a small elec­
trolytic in the first-stage feedback path, rather 
than the 220µF used. Alternative input archi­
tectures that put flat amplification before an 
RIAA stage suffer much more severely from 
this kind of headroom restriction. 3 

These extra preamp limitations on output 
level are shown at Fig.le, and, comparing ld, 
it appears they are almost irrelevant because of 
the falloff in possible input levels at each end 
of the audio band. • 

References 
I. Self, D., ' Precision preamplifier '96', 
Electronics World, July/Aug and Sept 1996. 
2. Holman, T., 'Dynamic range requirements of 
phonographic preamplifiers' , Audio, July 1977, 
p74. 
3. As [I], July/Aug I 996, p543. 

Fig. 1a). Restrictions on the level put onto a 
vinyl disc. The extra limit of groove curvature 
- stylus acceleration - is shown dotted. 
Fig.1 b). Response of a moving-coil or moving­
magnet cartridge to a signal following the 
maximum contour in Fig. 1a). 
Fig. 1c). The RIAA replay curve. The /EC 
amendment is an extra roll-off at low 
frequency, shown dotted. 
Fig. 1 d). The combination of b) and c). 
Fig. 1e). RIAA preamp output limitations. The 
high-frequency restriction is very common 
and is often much worse in discrete 
preamplifier stages with poor load-driving 
capabilities. 
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Program.mable logic 
pr1n1er 

In this first article based on his new designer's handbook -
'F PG As and programmable logic', Geoff Bostock provides and 
introduction to standard logic families. 

e primary building block of logic circuits is the logic 
ate. This is a device which operates on two or more 
ogic signals to give an output which is defined by a 

logic operator. The standard logic operators are And, Or and 
Invert, which only acts on one signal. 

There are two classical logic families - ttl, which uses a 
non-final SV supply, and 4000-series c-mos, which can work 
from a supply of between 3V and ISV. In recent years, the 
4000 series has been largely superseded by the HC high­
speed c-mos family. A logic low signal is usually defined as 
being close to OV, or ground, while a logic high signal 
normally sits close to the supply voltage, Vee, or at least 
above half Vee· 

An And function is defined as onJy giving a high output 
when all the inputs are high; the Or function has a high 
output when any one of its inputs is high. The Invert function 
changes a logic signal from high to low, or vice versa. These 
functions may be written down as logic equations as follows: 

And function: 
Or function: 
Invert function: 

Y=A*B*C or 
Y=A+ B +C or 
Y=/A or 

Y=A&B&C 
Y=A#B#C 
Y=!A 

Sequential logic 
Output of a gate does not depend on the order in which the 
signals are applied. If both inputs of a two-input And gate are 
low, the output will also be low; if A goes high before B, or 
if B goes high before A, the result will be the same - two 
highs on the inputs yield a high on the output. 

A 8 C y A 8 C y 

1 1 1 H 1 X X H 

0 X X L X 1 X H 

X 0 X L X X 1 H 

X X 0 L 0 0 0 L 

AND OR 

Fig. 1. Logic function truth tables. 

D- D- -{>r--
AND OR INVERT 

A y 

1 H 
0 L 

INVERT 

Alternative notations exist because different logic compilers 
have adopted different conventions. Using'*' ,'+' and '/' for 
logic clashes with their more familiar use as arithmetic 
operators in programming languages. For the remainder of 
this article, I will use ' &' ,'#' and'! '. 

~ £>- Fig. 2. Standard gate symbols. 

Figure 1 shows an alternative way of showing logic 
relationships - the truth table. The symbol 'H' represents 
logic high, sometimes replaced by ' l ' , while 'L' stands for 
logic low, with '0' as an alternative. The symbol 'X ' 
represents don' t care; the logic level can be high or low. 

These three operators form the basis of all possible logic 
circuits. For example, the exclusive-Or gate has a low output 
if its two inputs are the same, but high if they are different. 
Its logic operator is written as Y=A$B or, sometimes 
Y=A:+:B. It is logically equivalent to Y=A&!B#!A&B. 

These logic functions may also be represented 
diagrammatically. Standard gate symbols are shown in Fig. 
2; as well as And, Or, and Invert, gates with the functions 
Nand and Nor are also depicted. The NAND function is an 
And followed by an Invert, Nor is Or followed by Invert; a 
small bubble on an output, or an input, signifies an inversion. 

The exclusive-Or symbol, and its equivalent logic circuit, 
are drawn in Fig. 3. 
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NAND NOR 

B Cr---<11-<~ ~ 

Fig. 3. Exclusive-Or symbol and its equivalent circuit. 
LE o-__ ....., 

Dn--1--....., Fig. 4. 0-type latch circuit. 

y 
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Clock ___________ __, 

Fig. 5. Master­
s/ave D-type 
flip-flop. 

Fig. 6. One-to­
eight line 

decoder and 
demultiplexer. 

Fig. 7. Four-bit 
shih register. 

DJ 

0/E 

A2 

A1 

AO 

D2 

Y7 

Y6 

vs 

Y4 

Y3 

Y2 

Y1 

YO 

D1 DO 

Clock-------------------J 

Y3 Y2 Y1 

Up/down 

CE 

Reseto-t----1----1--• ----+- ~ --..:_--11-__J Clock------- --------------" 
Fig. 8. Four-bit counter. 

Output 

YO 

Q3 

Table 1. Truth table for decoder/demultiplexer, Fig 6. 

D/E A2 A1 Ao 0 7 Os 0 5 0 4 0 3 0 2 0 1 Oo 
0 X X X L L L L L L L L 

1 0 0 0 L L L L L L L H 

1 0 0 1 L L L L L L H L 

1 0 1 0 L L L L L H L L 

1 0 1 1 L L L L H L L L 

1 1 0 0 L L L H L L L L 

1 1 0 1 L L H L L L L L 

1 1 1 0 L H L L L L L L 

1 1 1 1 H L L L L L L L 
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Consider Fig. 4. If input LE is high, the output, Q, will be 
the same as input D. This is because the output of the lower 
And gate is low - irrespective of D. Suppose that LE is now 
taken low; the upper gate now has a low output so Q will 
follow the output of the lower gate. If D was high when LE 
went low, Q was also high, so the lower gate wa~ high and Q 
will stay high. Conversely, if D was low, Q will stay low. 

This function is known as a latch. While LE is high, the 
latch is transparent and Q follows D; when LE is low, the 
level of D when LE went low is latched into Q. Output of the 
circuit depends on the sequence in which the signals are 
applied, hence the term sequential circuit. 

Figure 5 shows two latches in series, with the LE signal 
inverted between them. When the first latch is transparent, 
the second is latched, and vice versa. A signal applied to D1 
will appear at D2 while LE1 is high, but will not be 
transmitted to Q until CLK goes low, sending LEz high. At 
this time, LEI goes low and locks out any changes on D1• It 
appears that the signal on D1 is sent through to Q as CLK 
changes from high to low. This is the principle of the master­
slave flip-flop or D-type flip-flop. 

Practical logic circuits 
Devices containing one or more gates, latches or flip-flops form 
the basis of the standard logic families. Circuit designers can 
use these integrated circuits to build up more complex functions 
by interconnecting these ssi, or small-scale integration, devices 
on a printed-circuit board. However, the device manufacturers 
anticipated these requirements by producing medium-scale 
integration, or msi, parts containing many of the standard circuit 
functions which can be built from gates and flip-flops. 

A typical combinatorial msi function is a one-to-eight line 
decoder/demultiplexer. The circuit diagram for this function is 
shown in Fig. 6. The logic levels on the three address inputs 
represent a binary number in the range OOOi (010) to 1112 (71o). 
The logic level on the data/enable input is transmitted to the 
output selected by the input address. The truth table for this 
function is shown in Table 1 . 

Similarly, msi functions can be built from sequential 
elements. Figure 7 illustrates this point with the circuit of a 
four-bit shift register. Data oo the inputs is loaded into the flip­
flops when the shift/load signal is low and there is a low-to-high 
clock transition. When shift/load is high, the data is moved one 
place to the right on a clock edge. This circuit can fonn the 
basis of some arithmetic functions, or it may be used in 
communications to change the data format from paralJel to 
serial or vice versa. 

A different type of flip-flop, the J-K flip-flop, is used in the 
counte_r circuit in Fig. 8. A J-K flip-flop behaves like a D-type 
when the J and K inputs are complementary, but if both are 
high, the output changes from high to low, or low to high, the 
so-called toggle function. If both are low, no change occurs on 
a clock edge; the output data is unchanged, the hold condition. 
As long as the count enable, CE, and reset inputs are held high, 
the counter function will increment. by one on each clock 
transition. 

Taking the reset low makes every output low, resetting the 
counter to binary OOOOi. Reset is an asynchronous function 
which is built into some flip-flops; it operates independently 
from the clock and allows the flip-flop to be put into a known 
condition. Some flip-flops also include an asynchronous set 
input which puts the output high. 

Operation of the counter may be described by a state diagram. 
Each combination of output levels corresponds to a binary 
number from OOOOi (010) to 11112 (15 1o), and represents a 
distinct state of the counter. Figure 9 shows the counter state 
diagram. Each state is represented by a circle containing the 
output levels in that state. The arrows are labelled with the logic 
inputs which enable the jumps between states. A recursive 
arrow means that there is no jump and gives the hold 
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condition for that state. 
The CE must be true for counting to proceed; if CE is 

false, the counter holds its present state. 
Many sequential functions are best described by a state 

diagram, JUSt as combinatorial functions are often defined in 
an~~~ • 

In the next article, Geoff takes a more in-depth look at 
programmable logic elements. 

This article is derived from Geoff Bostock's new 
book 'FPGAs and programmable LSI - a 
designer's handbook'. This work covers 
designing FPGAs, large PAL structures, RAM 
and antifuse-based FPGAs and FPGA 

CE 

CE 

Down 
& CE 

CE 

Down 
& CE 

Up t CE 

D 

UP, & CE 

CE CE 

5 CE 

Up t CE 

CE 

Down 
& CE 

CE 

Down 
Up& CE Up& CE & CE 

8 

Down 
& CE 

CE CE CE 

selection. Comprising 215 
pages, this book is 
available by sending a 
postal order or cheque with 
a request for the book to 
Electronics World, 
Quadrant House, The 
Quadrant, Sutton, Surrey 
SM2 SAS. The fully­
inclusive price is £27.50 
UK, £30 Europe or £33 rest 
of world. Alternatively, fax 
your full credit card details 
and address on 0181 652 
8956 or e-mail 
jackie.lowe@rbp.co.uk. 

Fig. 9. Four-bit counter state diagram. 

THE Autorouter for EA s Y-PC Pro, XM ! 
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MultiRouter is "the best Autorouter that I have seen costing less than £10,000/" R.H. • (Willingham, UK) 

• MultiRouter uses the latest 32 bit, 
Shape based, Multi-pass, 
Shove-aside, Rip-up and Re-try 
Technology 

• 100% routed 140 Components on 
a 210mm x 150mm board in less 
than 10 minutes! (75MHz Pentium) 

• 100% Completion where other 
autorouters fail 

• Only £295! Could Easily Pay For 
Itself On The First Project! 

Number One Systems Write, fax, phone or email for full information. 

UK/EEC: 

USA: 

Ref: WW, Harding Way, St.Ives, Cambridgeshire, ENGLAND, PE17 4WR. email: sales@numberone.com 
Telephone UK: 014B0 461778 (7 lines) Fax: 01480 494042 International +44 1480 461778/494042 
Ref: WW, 126 Smith Creek Drive, Los Gatos, CA 95030 
Telephone/Fax: (408) 395-0249 
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Designing 
power suppl e 

I I 
Ray Fautley describes an 
easy-to-use procedure 
for designing reliable 
full-wave rectifiers of the 
centre-tapped secondary 
variety. 

full-wave rectification using a transformer 
with centre tap needs two fewer diodes than 
the full-wave bridge rectifier. 

o, Rs + 
'4-- -- 1 

vl(rms) 
+ t f RL C Eat'Oad) 

+ ' t ..-.- - · -
Vsec(rms) 

i 02 
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In this version of the full-wave rectifier, the 
bridge rectifier is simplified to two iliodes, 
but the transformer needs a centre tap, 

which becomes the ground connection. 
Alternating voltage is applied to rectifier 

diodes D1•2 where it is rectified and the output 
smoothed by reservoir capacitor C. 

Fundamental frequency of the ripple voltage 
is twice that of the supply frequency. 
Resistance R5 represents the source of the sup­
ply and V sec is the voltage across the whole of 
the secondary winding. 

Design procedure 
1) Specify required de output voltage at full 

load Edc(load) (V). 
2) Specify required maximum load current 

/dc(load) (A). 
3) Specify maximum voltage ripple 

acceptable V,(nns) (V). 
4) Specify the ac mains supply voltage 

Vpri(nns) (V). 
S) Specify the frequency of the mains 

supply f (Hz). 
6) Determine the value of the equivalent 

load resistance RL: 

R =--5L_ ,. I 
dc(looJ) 

where Ede is the design value of the de 
output voltage. It is the required voltage 
across the load, Edc(load)• added to the 
voltage drop across one of the diodes. 
As the voltage drop across the diodes 
occurs only while they are conducting, 
and they conduct alternately, the 
effective drop is that of just one diode. 

Edc=Ectc(load)+ V,cc 

where V rec (the drop across the rectifier 
diode) is 0.9V, so: 

7) Determine average current through each 
diode. Half the average current, 10 , will 
flow through each diode. 

8) Determine a value for source resistance 
of the supply, Rs, If the mains 
transformer winding resistances are 
known - and it rare! y is - refer to step 8 
in the design preocedure the the 
full-wave rectifier (September 1996 
issue) for the method of evaluating Rs. 
Otherwise, assume that Rs is about 5% 
of R L. Then for low resistance loads: 

R = R1,X 5 + 0.9 
' 100 1. 

For high resistance loads, where the 
transformer winding resistance 
predominates: 

R = Ri x5 
' 100 

9) Calculate the ratio of R, 10 R L as a 
percentage: 

R 
....Lx 100% 
R,. 

10) Determine perce ntage ripple voltage 
from the specified maximum ripple and 
the de output voltage: 
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Table 2. Finding the Value of Y Table 2 continued. 27) When a suitable transfonner has been 
Table 1. Finding the value for X. chosen, measure resistance of half of the 
V,% RsfRL% X Rs/RL% X RsfRL% total secondary winding and the 

0.1 0.3 1.0 3.0 5.0 10 30 0.05 0.1 0.5 1.0 2 4 6 8 10 12.5 15 20 25 30 35 40 50 60 70 80 90 100 resistance of the primary winding. If the 
0.1 771 740 709 646 614 583 463 0.1 0.64 0.64 0.64 0.63 0.62 0.61 060 0.57 0.57 0.56 0.1 0.56 0.54 0.51 0.49 0.47 0.46 0.44 0.40 0.38 0.35 0.33 0.32 measured source resistance: 0.2 381 368 354 324 309 294 233 0.2 0.64 0.64 0.64 0.63 0.62 0.62 0.60 0.58 0.57 0.57 0.2 0.56 0.54 0.51 0.49 0.47 0.46 0.44 0.40 0.38 0.35 0.33 0.32 
0.3 257 247 237 218 208 199 158 0.3 0.64 064 0.64 0.63 0.63 0.62 0.61 0.59 0.58 0.57 0.3 0.56 0.54 0.51 0.49 0.47 0.46 0.44 0.40 0.38 0.36 0.33 0.32 R - ~ Rp,; R 0.4 195 188 177 162 154 147 120 0.4 0.64 0.64 0.64 0.63 0.63 0.62 0.61 0.60 0.58 0.58 0.4 0.56 0.54 0.51 0.49 0.48 0.46 0.44 0.40 0.38 0.36 0.33 0.32 ,(m) - 2 +tii"+ r« 
0.5 154 148 141 129 122 116 95 0.5 0.65 0.64 0.64 0.63 0.63 0.62 0.61 0.60 0.59 0.58 0.5 0.57 0.54 0.51 0.50 0.48 0.46 0.44 0.41 0.38 0.36 0.34 0.32 
0.6 128 123 117 108 103 98 81 

0.6 0.65 0.65 0.64 0 .64 0.64 0.63 0.62 0.60 0.59 0.58 0.6 0.57 0.54 0.51 0.50 0.48 0.46 0.44 0.41 0.38 0.36 0.34 0.32 is less than R, calculated in step 8), then 
0 .7 110 106 102 94 89 85 69 0.7 0.66 0.65 0.65 0.65 0.64 0.63 0.62 0.61 0.60 0.59 0.7 0.57 0.55 0.52 0.50 0.48 0.46 0.44 0.41 0.38 0.37 0.34 0.32 an external resistor: 0.8 97 93 88 81 77 74 61 

0.8 0.66 0.66 0.66 0.65 0.65 0.64 0.63 0.62 0.60 0.59 0.8 0.58 0.55 0.52 0.50 0.48 0.47 0.44 0.41 0.39 0.38 0.34 0.33 
0.9 86 82 78 72 68 65 54 

0.9 0 .67 0.66 0.66 0.66 0.65 0.64 0.63 0.62 0.61 0.60 0.9 0.58 0.55 0.53 0.51 0.49 0.47 0.45 0.41 0.39 0.38 0.34 0.33 Rext=Rs-Rs(m) 
1.0 78 75 71 65 62 59 49 1.0 0.68 0.68 0.67 0.67 0.66 0.65 0.64 0.63 0.62 061 1.0 0.59 0.56 0.53 0.51 0.49 0.47 0.45 0.42 0.40 0.38 0.35 0.33 
2.0 38 37 36 33 31 30 25 1.5 0.72 0.71 0.70 0.70 0.69 0 .68 0.67 0.65 0.64 0.62 1.5 0.60 0.57 0.55 0.52 0.50 0.48 0.45 0.42 0.40 0.38 0.35 0.33 must be added, see step 28), to limit Ion 
3.0 26 25 24 22 21 20 16 2.0 0.76 0.76 0.76 0.76 0 .75 0.73 0.71 0.70 0.67 0.65 2.0 0.63 0.59 0.56 0.53 0.51 0.49 0.46 0.43 0.41 0.38 0.35 0.33 to the value found in 20). For low 
4.0 19 19 18 17 16 15 12 

2.5 0.77 0.77 0.77 0.77 0.76 0.74 0.72 0.71 068 0.66 2.5 0.64 0.60 0.57 0.54 0.52 0.50 0.47 0.43 0.41 0.38 0.36 0.34 resistance loads, it is unlikely that any 5.0 15 15 14 13 12.5 12 10 3.0 079 0.78 0.78 0.78 0 77 075 0.73 072 0.69 0.68 3.0 0.65 0.61 0.58 0.55 0.52 0.50 0.47 0.43 0.41 0.38 0.36 0.34 
6.0 13 12 12 11 10.5 10 8 4.0 0.82 0.82 0.80 079 0 79 0.78 0.75 0.73 071 0 .69 4 0.66 0.62 0.59 0.55 0.53 0.51 0.47 0.44 0.41 0.38 0.36 0.34 

external resistance will be necessary as 
7.0 10.6 10.3 9.9 9.2 8.8 8.5 7.0 50 0.85 0.85 0.84 0.84 0.82 0.80 0.77 0 .75 0.73 0 .70 5 0.67 0.63 0.60 0,56 0.54 0.52 0.48 0.44 0.42 0.39 0.37 0.35 the diode resistance R,ec will tend to 
8.0 9,1 8.8 8.5 8.0 7.7 7.4 6.0 6.0 0.86 0.86 0 85 0.85 084 0.80 0.77 0 .75 0 73 0.70 6 0.68 0.63 0.60 0.56 0.54 0.52 0.48 0,44 0.42 0.39 0.37 0.35 limit the switch-on current rather than 
9.0 80 77 7.5 70 67 65 5.3 7.0 0.88 0.87 0.86 0.86 0.85 0.82 0 .78 0 75 074 0.71 7 0.68 0.64 0,60 0.57 0.54 0.52 0.48 0.44 0.42 0.39 0.37 0.35 the resistance of the transfonner 
10 7.1 7.0 6.8 6.4 61 59 49 8.0 089 0.88 0.87 0 87 0.86 0 .82 078 0.76 0.74 0.71 8 0.68 0.64 0.60 0.57 0.54 0.52 0.48 0.44 0.42 0.39 0.37 0.35 windings. 
20 2.9 2.8 2.7 2.6 2.5 24 2.2 9.0 0.90 0.90 0.88 0.88 087 0 .83 0.79 0.76 0.74 0 72 9 0.69 0.64 0.60 0.57 0.54 0.52 0.48 0.44 0.42 0.39 0.37 0.35 28) If an external resistor Rext was found 30 1.6 1 6 1.5 1 5 14 1 4 1 2 10 0.92 0.91 0.90 0.89 0.88 0.84 0,80 0.77 0.75 0.72 10 0.69 0.65 0.61 0.58 0.55 0.52 0.48 0.44 0.43 0.39 0.37 0.35 
40 0.9 0.9 09 0.9 0,8 08 07 15 0.95 0.93 0.91 0.90 0.89 0.85 0,80 0.77 075 0.72 15 0.69 0.65 0.61 0.58 0.55 0.52 0.48 0.44 0.43 0.39 0.37 0.35 necessary in step 20) or 27) to be fitted 

20 0.96 0.95 094 0.92 0.90 0.86 0.80 0.78 0.75 0.73 20 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.44 0.43 0.39 0.37 0.35 between the rectifiers and reservoir 
25 0 96 0.96 095 0.93 0 90 0.86 0 81 0.78 075 073 25 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.45 0.43 0.39 0.37 0.35 capacitor C (or C1) to limit tbe switch-

V %= V,c,,,,,, x 100% 30 0.97 0.96 0.95 0 93 0.91 086 0 .82 0,78 0.76 0 .73 30 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.45 0.43 0.39 0.37 0.35 on current to a lower level lon(LJ, its 
40 0.98 0.97 0.96 0.93 0.91 0.86 0.82 0.78 0.76 0.73 40 0.70 0.65 0.61 0.58 0,55 0.53 0.49 0.45 0.43 0.39 0.37 0.35 

' EJ,(load) 0.98 0.98 0.96 0.94 0.91 0,86 0.82 079 0.76 0.73 50 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.45 0.43 0.40 
value will be: 

50 0.38 0.35 
60 0.98 0.98 0 96 0.94 0.91 0.86 0.82 079 0.76 0.73 60 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.45 0.43 0.40 0.38 0.35 

11) From the figures in Table 1, determine 70 0.99 0.99 0 96 094 0 91 0.86 0.82 0.79 0 76 073 70 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.45 0.43 0.40 0.38 0.35 V 
the value of X required to provide the 80 0.99 0.99 0.96 094 0.91 0.86 0.82 0 79 076 0.73 80 0.70 0.65 0.61 0.58 0.55 0.53 0.49 0.45 0.43 0.40 0.38 0.35 

R = s,,c(p,ak) _ R 

percentage ripple voltage, V,% in step 90 0.99 0 99 0.97 094 0.91 0.86 0.82 0.79 0.76 0.73 90 0.70 0.65 0.6 1 0.58 0.55 0.53 0.49 0.45 0.43 0.40 0.38 0.35 m Ion(L) ' 
100 0,99 0.99 097 0.94 0.91 0,86 0.82 0.79 0.76 0 .73 10010 I 0) above, for (R/RL)% calculated in 9). 

0.97 094 0.9i 0.86 0.82 0.79 076 0.73 1000 
0.70 0.66 0.61 0,58 0.55 0.53 0.49 0.45 0.43 0.40 0.38 0.36 29) Power dissipated in Rex1 (if used) is 

200 1 0 0 ,99 
12) Calculate reservoir capacitor C, required 300 1.0 0.99 0.97 095 0.91 0.86 0.82 0 79 076 0.73 given by: 

to provide the ripple voltage V,(nns) iOOO 1 0 099 0.97 0.95 091 086 082 0.79 076 0.73 
P r=[/t(nns/JxRext from: 

C= X(l0
6
)µP 22) Determine rrns ripple current fc(nns), 

A suitable resistor should have a power 

0.707 X Ede 
see step 15) rating of about twice the value of P, for 

Thus find /(peak)=l0 xW. flowing through reservoir capacitor C reliable operation. 21rjRL = y 20) Determine initial swich-on current I00. (or C1): Secondary current /1(rms), step 24) 30) If an external resistor Re,t is used the 
The term used for frequency is/ and not Voltage V,cc(rms) is only half the required As C (or C1) will be initially discharged, regulation of the supply can be 
2/ (the ripple frequency in a full-wave secondary voltage of the transformer, the load on the rectifier diodes will be I<(nn,) = .,j2u~ .. )-(/;<(lood)) 
centTe-tap rectifier circuit being twice which has a centre-tapped winding. So nearly a short-circuit at the instant of 
the supply frequency) because the the wral secondary winding will be: switch-on, limited only by the source for Icrms), see step 18), and for ldc(load), Table 3. Finding the value for Z. 
figures in Table l allow for the 

Vsec(rms)-0- Vsec(nns) 
resistance Rs. Then: see step 2). 

difference. I = v,,,< ,,,.o 23) Decide on the specification for the 2X Rsf2RL% 
13) Find the nearest standard (or available) 16) Determine the peak voltage (or PIV, '"' R, 

reservoir capacitor to be used. The 0.02 0.05 0.1 0.2 0.5 1.0 2 5 10 30 100 
value for the reservoir capacitor C, close peak inverse voltage) that each of the capacitor must have ratings equal to, or 1 1.80 1.80 1.79 1.79 1.79 1.78 1.77 1.77 1.73 1.70 1.66 

to (preferably just above) the value rectifier diodes must withstand. This very high current flows for only a greater than, the following: 2 2.03 2.02 2.01 200 1.99 1.98 1.97 1.96 1,89 1.77 1.67 

calculated in step 12). If the value of the very short time, but the rectifier diodes 3 2.19 2.17 2.16 2.14 2.13 2.11 2.10 2.03 1.95 1.79 1.67 
P/V=2XVsec(peak)=2x✓2xV5ec(nns) must be capable of withstanding it. If Capacitance C (or C1) see step 12) or 

4 2.32 2.30 2.28 2.26 2.24 2.22 2.17 2.08 1.98 1.80 1.68 
capacitor is different from that in I 2), =2.828 Vsec(rms) 5 2.43 2.40 2.36 2.32 2.27 2.23 2.19 2.10 2.01 1.82 1.68 
calJ it C1 and determine a new value for suitable devices with such high pulse 13) 6 2.50 2.48 2.46 2.44 2.42 2.40 2.28 2.13 2.04 1.83 1.68 
X ( call it X 1) from: The factor 2 occurs because each ratings are not available, source 7 2.58 2.53 2.51 2.49 2.47 2.45 2.31 2.16 2.05 1.84 1.68 

rectifier diode has both halves of the resistance Rs must be increased by DC working voltage Vsec(peak), step 16) 8 2.66 2.63 2.61 2.60 2.58 2.50 2.35 2.17 2.06 1.84 1.68 
X1=2rrfC1RL secondary winding in series applied in adding an external resistor Rext between 9 2.73 2.70 2.68 2.66 2.64 2.57 2.38 2.18 2.07 1.85 1.68 

alternate half cycles. the rectifier and the reservoir capacitor Ripple current lc(rms), step 22) 10 2.80 2.78 2.75 2.73 2.70 2.62 2.40 2.19 2.08 1.86 1.68 
with C1 in µF, 20 3.30 3.20 3.17 3.15 2.83 2.82 2.53 2.26 2.12 1.88 1.68 

X = 2rcfC,RL 
17) Find the value for Z from Table 3 for 2X C, or C1. The value of Rext to limit the 30 3.64 3.50 3.40 3.29 3.05 2.89 2.59 2.30 2.15 1.90 1.68 

(or 2X1), where X was found in step 11), switch-on current to an acceptable lower 24) Total transfonner secondary current 40 3.91 3.72 3.55 3.40 3.13 2.92 2.62 2.32 2.16 1.90 1.68 
I 106 or X1 in step 13), and for (R,12Rd%. value lon(L) is detennine~ i_n step 28). l1crms) is the same as the current through 50 4.08 3.87 3.68 3.48 3.22 2.93 2.64 2.33 2.17 1.91 1.68 

14) From the figures in Table 2 determine The value for (R/RL)% was found in 21) Decide on a suitable recttf1er diode type each diode, Irms, i.e. / t(rms)=Irm,· 60 4.23 3.97 3.78 3.55 3.25 2.94 2.66 2.35 2.18 1.91 1.68 

to be used. The device must have al/ its 25) Transformer VA (or volt-amp) rating 70 4.35 4.03 3.87 3.60 3.27 2.95 2.67 2.36 2.18 1.91 1.68 the value of Y for X in step 11), or X1 in step 9). 
ratings equal to, or greater than, the 80 4.45 4.10 3.94 3.65 3.30 2.96 2.68 2.36 2.18 1.91 1.68 

step 13), and (R/RL)o/o in step 9). 
Z=l(rm<Y /0 

T v A for each half of the secondary 90 4.52 4.18 3.98 3.67 3.31 2.97 2.68 2.37 2.19 1.91 1.68 
15) Determine the transformer secondary following: winding is: Vsec(rms)xlt(rms) so total VA, 100 4.62 4.23 4.02 3.69 3.32 2.98 2.69 2.37 2 .19 1.91 1.68 

voltage Vsec(rms) required, from the value 18) From the value of Z found in step 17), TvA=2xV,ec(rmsJxlt(rrns)· This determines 200 5.03 4.60 4.27 3.86 3.37 3.00 2.69 2.38 2.19 1.91 1.68 

for Yin step 14): determine current through each rectifier PIV or 2XVsec(peakl (sometimes VRRMT) the size of the transfonner. 300 5.20 4.79 4.33 3.88 3.38 3.00 2.69 2.38 2.19 1.91 1.68 

diode: see step I 6) 26) Transfonner requirements are: 400 5.35 4.86 4.37 3.88 3.38 3.00 2.70 2.38 2.19 1.91 1.68 
500 5.45 4.90 4.38 3.89 3.38 3.00 2.70 2 .39 2.19 1.91 1.68 

E lcrrns)=l0 XZ Initial switch-on current or Ion 
600 5.51 4.93 4.38 3.89 3.39 3.00 2.70 2.39 2.19 1.91 1.68 \,' = - -d_c_ Volt-amp rating TvA, see step 25) 700 5.60 4.96 4.39 3.90 3.39 3,01 2.70 2.39 2.19 1.91 1.68 =tnn.1) "12-xY 

19) Determine recurrent peak current !(peak) (sometimes /FSMT), see step 20) 800 5.67 4. 98 4.39 3.90 3.39 3.01 2.70 2.39 2.19 1.91 1.68 

where Edc=Edc(load)+ V,ec through each rectifier diode. From the Primary winding Vp,i(nns), step 4) 900 5.70 4.99 4.39 3.90 3.39 3.01 2.70 2.39 2.19 1.91 1.68 

figures in Table 4 for 2X (or 2X1) and Average current or /0 (sometimes 1000 5.75 5.00 4.39 3.90 3.39 3.01 2.70 2.39 2.19 1.91 1.68 

(Rsf2RJ% find W, which is l1.pea1</fo• /F<AVJ), see step 7) Secondary winding V,ec(rmsi--0--Vsec(rrns), 
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ANALOGUE DESIGN 

improved by the addition of a shorting-
out device as recommended for the 
bridge rectifier circuit in the September 
issue. 

Putting the procedure to work 
Now for the worked example. A supply of 
1200V at 0.5A is required for a valve rf 
power amplifier. An acceptable ripple on the 
supply would be 12V rms. 

1) Edc(load)= I 200V 
2) ldc(load)=0.5A 
3) Yr(nns)=I2Vrms 
4) Ypn(nns)=240Vrms 
5) .f=50Hz 
6) R = ~ = £dc(/oad) + V,., 

L ] ,k(load) / dc(/oad) 

As V,ec is only 0.9V it can be ignored. 
So, 

R =~= 
1200 

=24000 
L ]dc(load) 0.5 

7) 
] = Jdc(load) = 0.5 = 0.25A 

0 2 2 

8) 
R = 

2400x5 
= 120n 

s 100 
9) R 120 

_!_ X 100% = --X I 00% = 5% 
RL 2400 

10 V % = V,<,,,.,> X 100% 
' Edc(load) 

= lLx 100% = 1 % 
200 

11) Find the value of X for Yr% and 
(R/RL)%, i.e. 

Table 4. Finding the value for W. 
2X Rs/RL% 

0.02 0.05 0.1 0.2 0.5 

1 3.70 3.70 3.70 3.64 3.62 
2 4.60 4.57 4.55 4.53 4.52 
3 5.50 5.40 5.33 5.30 5.20 
4 6.20 6.17 6.13 6.10 6.00 
5 7.30 6.95 6.90 6.85 6.80 
6 8.00 7.90 7.70 7.60 7.50 
7 8.70 8.55 8.50 8.30 8.10 
8 9.60 9.50 9.35 9.00 8.50 
9 10.3 9.80 9.60 9.50 9.10 
10 10.9 10.7 10.5 10.1 9.50 
20 16.0 15.0 14.4 13.0 11.1 
30 19.7 18.0 16.3 14.3 11.7 
40 21 .9 20.0 17.3 14.7 12.1 
50 23.7 20.8 18.2 15.2 12.2 
60 24.9 21.1 18.5 15.4 12.3 
70 25.9 21.4 18.9 15.6 12.4 
80 26.7 21.8 19.4 15.7 12.4 
90 27.5 22.2 19.5 15.8 12.5 
100 28.5 22.5 19.7 15.9 12.5 
200 30.5 23.0 20.0 16.3 12.6 
300 31.6 23.3 20.5 16.9 12.7 
400 32.8 23.5 20.9 17.0 12.7 
500 33.3 23.8 21.0 17.1 12.8 
600 33.8 24.0 21.1 17.2 12.8 
700 34.2 24.5 21.2 17.3 12.9 
800 34.4 24.9 21.4 17.4 12.9 
900 34.5 25.8 21 .5 17.5 13.0 
1000 34.7 27.0 21 .6 17.6 13.0 
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R 
V, % = I and -f = 5 

L 

from Table I is found to be 62. 
12) 

C = X(10
6
)µF= 62xl0

6 
µF 

2nfRL 2n x 50 x 2400 

=82.2µF 
13) To obtain a high enough voltage rating 

for the reservoir capacitor, four 
capacitors connected in series are 
necessary. Four 330µF, 385V working-
voltage capacitors would be suitable A 
resistor of about 1 OOkO (2W rating) 
should be connected across each of the 
four capacitors to equalise the de voltage 
across each capacitor. 

14) From Table 2, the value of Y for X and 
(R/RL)%, i.e. X=62 and (R/RL)%=5, is 
found to be 0.84. 

15) 0.707 X £de 0.101 X 1200 
V = = 

sec(mu) Y 0.84 

= 1010V,.,, 

Total secondary winding will be: 
Ysec(nnsr 0-Ysec(nns) or IO IOV-0-10 IOV. 

16) P/V=2.828Ysec(nns)=2.828x101()=2856V 
17) From step 11), X = 62 and from step 9), 

(R/2RJ%=5. Find the value of Z for 2X 
and for (R/2RJ%, i.e. 

R 5 
2X = 2 x 62 = 124 and - ' = - = 2.5, 

2RL 2 

which from Table 3 is found to be 2.64. 
18) From step 17), Z=2.64 and from step 7), 

/ 0 =0.25A, so, 

l c,ms)=/0 xZ=2.64x0.25=0.66A 

19) From step 11 ), X=62 and from step 9), 

1.0 2 5 10 30 100 

3.60 3.60 3.59 3.58 3.57 3.46 
4.50 4.28 4.20 4.08 3.72 3.51 
5.10 5.00 4.67 4.33 4.00 3.55 
5.98 5.45 5.20 4.95 4.05 3.57 
6.75 6.51 5.60 5.00 4.10 3.62 
7.30 6.90 5.84 5.09 4.19 3.63 
7.82 7.30 6.00 5.10 4.22 3.64 
8.20 7.69 6.15 5.14 4.23 3.64 
8.55 7.72 6.23 5.21 4.25 3.65 
8.64 7.74 6.30 5.28 4.26 3.66 
9.44 7.83 6.47 5.29 4.27 3.66 
9.60 7.92 6.50 5.31 4.27 3.66 
9.64 8.01 6.51 5.33 4.28 3.66 
9.70 8.10 6.51 5.34 4 .28 3.66 
9.77 8.12 6.51 5.34 4.29 3.66 
9.84 8.14 6.51 5.34 4.29 3.66 
9.90 8.16 6.51 5.34 4.30 3.66 
9.93 8.18 6.51 5.34 4.30 3.66 
9.96 8.19 6.52 5.35 4.31 3.66 
10.0 8.19 6.52 5.36 4.31 3.67 
10.0 8.20 6.53 5.38 4.32 3.67 
10.0 8.20 6.54 5.40 4.32 3.67 
10.0 8.20 6.55 5.42 4.33 3.68 
10.1 8.20 6.56 5.44 4.33 3.68 
10.1 8.20 6.57 5.46 4.33 3.69 
10.1 8.20 6.58 5.48 4.33 3.69 
10.1 8.20 6.59 5.52 4.33 3.70 
10.1 8.20 6.60 5.56 4.33 3.70 

(R/RJ%=5 so the value of W for 2X 
and (R/2RJ%, where 2X=124 and 
(R/2RJ%=2.5, from Table 4 is found to 
be 7.92. As a result, 

/(peak)=/0xW=0.25x7 .92= I. 98 

20) I = vse<:(p,ak) = l.414V,.,(nns) 
on R, R, 

= 1.414xl010 =ll.9A 
120 

21) Diode ratings required are, 

P/V(VRRMT )=2856V 

22) 

fo(/f(ave))=0.25A 

To obtain a PIV of 2856V it would be 
necessary to wire three BYX38-1200 
diodes in series for each of the two 
diodes required. 

l c(nns) = -Ju:.,, - 1;c(lood) 

= ✓2 X 0.662 
- 0.52 

= ✓2 X 0.4356 - 0.25 

= ✓0.6212 = 0.79A 

23) Reservoir capacitor ratings required are, 

C=82.2µF 

Ysec(peak)= V dc(wkg)=✓2x IO I•= 1428V 

Ripple current fc(nns)=0.79A 

Four capacitors in series of 330µF, each 
with a working voltage of 385V de 
would be suitable. To ensure that a 
quarter of the output voltage appears 
across each capacitor, a IO0kil, 3W 
resistor should be wired across each of 
them. 

24) /1(nns)=lnn5=0.66A 
25) Transformer VA 

=2XYsec(nns)xlt(nns) 
=2xl0J0x0.66 
=1333.2VA 

26) Mains transformer ratings required are, 

Primary winding Ypri(nns)=240V rms 

Secondary winding Ysec(nns) 
=I0IOV-0-IOlOV 

Secondary current /1crms)=0.66A 

Previous articles in this power-supply 
design series covered the fuIJ-wave bridge 
rectifier, September 1996 issue, and the half­
wave single-diode rectifier, December 1996 
issue. A subsequent article will deal with the 
voltage doubler. • 
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HISTORY 

With the competition for 
the first patent in 
wireless telegraphy won 
by Marconi, a new race 
began to emerge, to 
develop radio 
transmi$sions into a 
widely used medium of 
communication. Few 
guessed that it would 
result in the explosion of 
radio as we now know 
it. By Tom lvall and 
Peter Willis 

David Sarnoff, who, in 1916, elaborated on 
Lodge's early suggestion for broadcasting and 

outlined the main technical features of the 
domestic receiver, or "radio music box" as he 

called it. Then a manager at the American 
Marconi Company, he rose to become chair­
man of its successor, RCA. He is seen here on 

a visit to London in or about 1925. 
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M 
arconi may have secured the 
world's first patent on wireless 
telegraphy (Electronics World, June 

1996) but others were already working on 
similar systems. 

Braun in Germany, for instance, inventor of 
the cathode-ray oscillograph, developed a 
spark transmitter in 1898 and had it in service 
for short-range marine communication by 
1900. Later, he and Marconi were to share the 
1909 Nobel Prize for Physics in recognition of 
their radio work. 

Braun and some business partners formed a 
wireless company called Telebraun, though 
this soon became a subsidiary of Siemens. At 
about the same time, two other German pio­
neers, Slaby and von Arco, supported by 
AEG, had set up a competing firm, F unken­
telegraphie. In 1903, these two enterprises 
merged to form Gesellschaft fur Drahtlose 

Telegraphie and the result was the Telefunken 
system, a formidable rival to that of Mai:coni. 
By 1905, it had built more than 500 stations. 

Meanwhile, in the USA, Fessenden and de 
Forest, separately, and the partnerships of 
Branly-Popp in France and Lodge-Muirhead 
in the UK, were also developing and operating 
spark transmitter systems of wireless telegra­
phy. All were striving for greater communi­
cation ranges through more highly powered 
transmissions and more sensitive receivers. 
They also wanted much better selectivity, to 
allow multi-station working without mutual 
interference. 

One way to get more radiated power from a 
spark transmitter was to increase the oscilla­
tory energy in the LCR circuit containjng the 
spark gap. To do this, each high-voltage pulse 
had to get as much charge as possible into the 
capacitor. But the induction coil was restrict-
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Part of a rotary spark transmitter at Poldhu, 
Cornwall, as seen, it is claimed, while actually 

transmitting news of Britain's declaration of 
war on Germany in 1914. 

ed as a generator because it could inject only 
short-duration pulses of charge into a low­
value capacitor. 

So for higher-power transmission the induc­
tion coil was soon replaced by the engine­
driven alternator, with an output of several 
kilovolts, plus a step-up transformer providing 
the necessary tens of kilovolts. This would 
produce as many as ten sparks, and hence 
damped wave-trains, per cycle of the alterna­
tor output. 

As well as producing bigger charges, the 
alternator system could be designed to gener­
ate a relatively high spark frequency, thereby 
shortening the interval between wave-trains 
and increasing the average oscillatory energy. 
And thjs would give a musical note in receiv­
er headphones which was more easily heard 
through static (atmospheric) interference than 
the rasping sounds produced by induction 
coils. 

Radiated power was also increased by tighter 
inductive coupling between the oscillator and 
aerial circuits. But to achieve this, the spark 
had to be quenched rapidly, otherwise the 
interaction between the coupled circuits would 
cause beating and radiation on two component 
frequencies. This spark quenching also had the 
advantage of reducing arcing in fixed spark 
gaps. Rotary spark gaps or dischargers, driven 
from the alternator shafts, had the double pur­
pose of preventing arcing and producing very 
regular, audible wave-train frequencies. 

In the receiver, the coherer was too insensi­
tive for long-range working and was difficult 
to operate. New detection techniques were 
invented and put into use, including anti­
coherers, electrolytic and thermal principles, 
magnetic effects in an iron or steel medium, 
and rectification at contacts between crystals 
or between metals and crystals. Magnetic de­
tectors proved robust in operation and were 
widely used. 

In 1904, Fleming invented the thermionic 
diode, based of course on the Edison Effect, 
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which had been known since the late 19th cen­
tury. The diode, however, did not immediate­
ly supersede the earlier devices but was used 
as a standby detector. Two years later, de 
Forest put in a third electrode, the grid, and 
produced the thermionic triode, or Audion as 
he called it. It was intended as a triggering 
form of detector but was not particularly suc­
cessful as such. Only after years of develop­
ment, on the device itself and on circuit appli­
cations, did the triode become really useful -
but as an amplifier and oscillator. Subs­
equently, the non-linear parts of the amplifier 
characteristic were used for detection. 

Even the earliest improvements in transmit­
ters and receivers produced good operating 
results. The most dramatic was Marconi sig­
nalling across the Atlantic in I 90 l-02. Apart 
from the commercial implications, this sup­
ported early ideas of a reflecting layer and 
Heaviside's and Kennelly's 1902 prediction of 
the ionosphere, though the existence of the 
various layers was not fully confirmed till the 
l 920s. Transatlantic wireless telegraphy was 
also achieved by Fessenden, between Brant 
Rock, Massachusetts, and Macrihanish, Scot­
land, in 1906, and the following year Marconi 
started a full commercial service with stations 
at Clifden, Ireland, and Glace Bay, Canada. 

By this time, radio was already well estab-
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lished for marine communications. It had 
started in 1897 with fixed links such as those 
between the mainland and islands, lighthous­
es, lightships and moored vessels, and pro­
gressed to mobile communications with small 
ships such as ferries. The use of Morse code 
was universal. 

During the first five years of the new centu­
ry, large passenger vessels and warships were 
being equipped, and by 191 l wireless was 
compulsory on all ocean-going liners. In this 
first decade, several thousand lives were saved 
at sea through the use of radio. 

Even before the wireless telegraph was fully 
es tab I ished as a uni versa! service, engineers 
were thinking about wireless telephony. They 
knew they needed continuous waves in place 
of damped wave-trains, and a means of mod­
ulating them with voice frequencies. 

A short-lived proposal was to speed up the 
spark repetition rate to something above audi­
ble frequencies. But this idea was soon over­
taken by two techniques which proved suc­
cessful for nearly a decade, before the arrival 
of the triode valve oscillator made them obso­
lete. These were the multipole rf alternator, 
developed by Tesla and AJexanderson, and the 
Poulsen oscillatory arc, based on Duddell 's 
'singing arc ' of 1900. The arc conduction pro­
cess in hydrogen gas interacts with a series LC 
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Music recital in 1922 from the 2LO broadcasting studio in London. Miss Olive Sturgess sings 
into a carbon-granule telephony hand microphone fixed in a laboratory-style clamp, raised to 
the required height on a decorative pot stand. Also singing is Mr John Huntingdon, while the 
accompanist in spats is Mr R Stanton Jefferies. 

circuit shunted across the electrodes, so that 
the de flowing through the arc varies in a peri­
odic manner at rf. 

The alternator, typically working at 30kHz, 
was the more stable and controllable genera­
tor, while the arc was smaller and cheaper. 
But both had the problem that they couldn't be 
voice-modulated at low level - the carbon 
granule microphone had to be inserted in the 
rf power circuits, either directly in series or by 
inductive coupling. This, of course, limited the 
rf power that could be generated and hence the 
transmitter range. 

Nevertheless, in 1902 voice transmission 
was achieved, by Fessenden, and in 1906 de­
monstrations of radiotelephony were given 
almost simultaneously in the USA, Germany 
and Denmark. The advantages of voice com­
munications over telegraphic signals were 
quickly recognised, particularly by the armed 
forces, and warships were the first to be 
equipped. 

Civil applications were not far behind, and 
these were not limited to speech communica­
tion. After music bad been transmitted on an rf 
alternator system in 1906 and Caruso had 
sung over a radio-telephone in 19 I 0, thought­
ful people began to realise that the new tech­
nology could do somewhat more than convey 
messages from point to point. After all, music 
concerts and lectures had already been dis­
tributed to subscribers over wired systems, the 
precursors of cable radio, in the 1890s. 

Meissner's 1913 positive feedback circuit in• 
venrion, had emerged as a new means of gen• 
crating continuous oscillations, though at low 
frequencies. 

Radio-telephone transmitters using valve 
oscillators began to appear. In 1913- 14, 
speech and music were transmitted from Mar• 
coni House in London, and in 1915 the Atlan­
tic was spanned by speech from a naval sta-

lion at Arlington, USA, to the Eiffel Tower in 
Paris. 

Triode valves were also coming into re­
ceivers. The idea of cascading several valve 
stages to give higher amplification appeared 
about 1912. Then Annstrong and others show­
ed how the positive feedback principle could 
be used 10 reinforce the signal and improve 
selectivity - the technique of regenerative 
amplification, later called reaction. Fessenden 
had demonstrated the heterodyne principle in 
l 902 (already discovered acoustically as beats 
or 'resultant tones' by the 18th-century musi­
cian Tartini) and this eventually resulted in 
Armstrong's famous invention of the super­
sonic heterodyne or superhet receiver. 

The wideband frn which Annsrrong eventu­
aU y developed in the l 930s was the outcome 
of his and others' early studies of the ever-pre• 
sent static interference on am radiotelephony. 

So thermionic valves became the basis of 
radio-telephony. The extension of point-to­
point radio-telephony into broadcasting, al­
ready foreshadowed by the isolated experi­
ments mentioned above, came about almost 
accidentally. Oliver Lodge was the first to 
suggest the idea of messages being 'broadcast 
to receivers in all directions', in I 907. Then in 
19 I 6 an employee of the American Marconi 
Company, David Sarnoff, not only predicted 
broadcasting more firmly but suggested its 
main elements: transmitting stations and what 
he called a "radio music box" for the home. 

"This device must be arranged to receive on 
several wavelengths with the throw of a 
switch or the pressing of a button," sa.id Sar­
noff. "The radio music box can be supplied 
with amplifying tubes and a loudspeaking tele­
phone, all of which can be neatly mounted in 
a box." 

The plan was still under consideration when 

Under the stimulus of the 1914-18 World 
War, the high-vacuum triode valve was devel­
oped into a robust and reliable device, capable 
of being manufactured in quantity. It now had 
a good amplification factor and, as a result of 

The North American end of Marconi's transatlantic radio-telegraphy link was at Clace Bay, Nova 
Scotia. This signed memento shows operator L R Johnstone transmitting the inaugural message in 
October 1907, when the commercial service started. 
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the USA entered the World War in 1917. 
After the war, American Marconi was merged 
with General Electric at the insistence of the 
US government, which required wholly US 
ownership. The resulting company, with a rich 
crop of wireless patents to exploit, was the 
Radio Corporation of America (RCA), and 
Sarnoff was eventually to become its chair­
man. 

Regular broadcasting actually started from 
the US station KDKA in Pittsburg. In 1919, 
Westinghouse, while testing the range of a 
radio-telephone transmitter, decided to play 
some gramophone records of music as an 
alternative to speech. By this time, wire less 
enthusiasts were building crystal sets. Many of 
them liked what they heard and wrote to the 
company asking for more. 

As a result, and after a well appreciated 
broadcast of election results, Westinghouse 
started regular programmes in 1920, with the 
idea that KDKA would create a market for 
radio components and receivers - which in 
fact it did. In the same year, regular broadcasts 
began in Europe from The Hague. 

ln the UK, the accidental birth of broad• 
casting came about in a similar way. At the 
Marconi company, the standard method of 
range-testing transmitters was to read out the 
names of railway stations from timetables. 
These were eagerly received by numerous 
amateur enthusiasts on home-built sets. To 

mark the introduction of a new transmitter in 
1920, something less mind-numbing was de­
vised - a concert featuring staff and local 
artistes, with three instrumentalists and two 
singers. 

Despite appreciative letters from hundreds 
of miles away, the company persisted in its 
view that the future of radio lay in speech 
transmission, and that the purpose of broad­
casts was to demonstrate the comparative ease 
with which messages could be exchanged. 
Accordingly, it substituted news transmissions 
for the concerts. 

In June 1920, however, the firm was per• 
suaded to transmit from Chelmsford a recital 
by the operatic soprano Melba. One conse• 
quence of the success of this event - gramo­
phone recordings were made of the reception 
at the Eiffel Tower - was that the Post Office 
withdrew Marconi 's experimental licence on 
the grounds of " interference with legitimate 
services". 

This happened just as commercial broad­
casting and the mass production of receivers 
were beginning to take off in the USA. It was 
not until 1922 that the Post Office relented 
and permitted Marconi's to transmit at low 
power, within its existing half-hour-a-week, 
a 15-minute programme of speech and music. 

The station set up to exploit this opportu• 
nity was housed in a wooden hut at Writtle, 
near Chelmsford. Its call sign was 2MT and 
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the cheerful informality of its amateur enter• 
tainments immediately endeared it to its lis­
teners. Transmission, initially on 700m and 
later on 400m, was from a 250ft-long four­
wire aerial at a height of 11 Oft. 

A second permit quickly led to another sta• 
tion, the more famous 2LO, being established 
at Marconi House, London. Transmissions, 
still nominally demonstrations, were permitted 
first at I OOW then later at l .5kW for one hour 
daily on 360m. 

Before 1922 was out, this had become the 
British Broadcasting Company, set up at the 
Post Office's instigation by a consortium of 
manufacturers including Marconi. Revenue 
came from a 10% levy on all receivers sold, 
plus half of the JO-shilling (50p) receiver 
licence. 

Regional stations were set up quickly. The 
2LO London station was reconstituted as pur­
pose-built studios at 2 Savoy Hill and a 6kW 
transmitter on the roof of Selfridge 's depart­
ment store. 

The BBC parted company from the set-mak• 
ers in 1926 and in 1927 became a public-ser• 
vice organisation, established under Royal 
Charter as the British Broadcasting Cor­
poration. 

Throughout all this, spark transmissions con­
tinued to be allowed and were not internation­
ally prohibited until 1940. • 

High-quality circuit boards for Douglas Self's precision preamplifier '96 

A high quality double-sided circuit board is 
available for Doug Self's precision 
preamplifier, exclusively via Electronics World. 
The board tokes the full stereo preamplifier, 
including all power supply components except 
the transformer. Its layout is optimised to 
provide exceptionally low crosstalk. 

Co-designed by Gareth Connor, the board is 
gloss-fibre with plated-through holes and roller• 
tinned. It features solder masking and full 
component identification. Component lists and 
assembly notes - containing extra information 
about the preamplifier - ore supplied with 
each order. 

Each board is £59 inclusive of package, VAT 
and recorded postage. Please include a cheque 
or postal order with your request, payable to 
Reed Business Publishing. Alternatively, send 
your credit card details - i.e . cord type, number 
and expiry date. Include delivery address in lhe 
order, which for credit cord orders must be the 
address of the card holder. Add a daytime 
telephone and/or fox number if available. 

Send your order to Electronics World Editorial, 
PCBs, Quadrant House, The Quadrant, Sulton, 
Surrey SM2 5AS. Alternatively fox us on 0181 
652 8956 or e-mail: jockie.lowe@rbp.co.uk. 
Credit cord details con be left on the answering 
machine on 0181 652 3614. Please a llow 28 
days for delivery. 
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Features of Douglas Self's precision preamplifier 
• Very low noise and distortion. 

• Moving<oil - sensitivity switchable 0 .1 or 0 .5mV, :t:0.05dB RIAA 

accuracy. 

• Moving-magnet input with :t:0.05dB RIAA accuracy, 5V rms 

sensitivity. 

• Three l 50mV line inputs. 

• One dedicated compact-disc input. 

• Tope-monitor switch. 

• Active-balance control. 
• Tone control - switch defeotoble - with ± 1 OdB range. 

• Tone control treble and boss frequencies variable over l 0: 1 range. 

• Active volume control for optimal noise/headroom and enhanced 
interchonnel matching. 

• Intelligent relay muting on outputs. 

• CD input sensitivity 1 V rms. 

l 
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-
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Distortion curve of 
DougS.lf's 
high-performance 
preamplln.r, 
excluding 
d/sc•lnput stages, 
shows distortion 
below 0.001%. 
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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 controlling equipment via the 
PC. Featuring extra chapters on Z transforms, 
audio processing and standard programming 
structures, the new Interfacing with C will be 
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analogue-to-digital conversion, convolution, digital 
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of tried and tested interfacing routines~ 
Price £14.99. 

Ustings 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. 

Especially useful for 
students, the original 
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written for Microsoft C 
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CIRCUIT IDEAS 
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Do you have 
an original 
circuit idea for 
publication? 
We are giving 
£100 cash for 
the month's 
top design. 
Additional 
authors will 
receive £35 
cash for each 
circuit idea 
published. We 
are looking 
for ingenuity 
in the use of 
modern 
components. 

WIN A TTI PROGRAMMABLE 
BENCH MULTIMETER 
"High accuracy, resolution and bandwidth -
performance beyond the capability of hand-helds" 

£JOO : WINNER 

This high-performance bench 
multimeter could be yours in 
exchange for a good idea. 
Featuring a dual d isplay, the 
4.5-digit 1705 multimeter 
resolves down to 1 OfJV, 
1 0mQ and 0.1 fJA and has a 
basic de accuracy of 0.04%. 
Frequency measured is 1 0Hz 
to 120kHz with an accuracy 
of 0 . 0 l % and resolution to 
0.01 Hz. Capacitor and true 
rms measurements are also 
featured. 

Recognising the importance 
of a good idea, Thurlby 
Thandar Instruments will be 
giving away one of these 
excellent instruments once 
every six months. This 
incentive is in addition to our 
monthly£ l 00 'best circuit 
idea ' award and £25 
awards for each circuit 
published. 

Loop aerial cuts through the noise 

146 

D1 
24V 
SW 

To allow the reception of long 
and medium waves in an 

environment polluted with 
computers and television 
receivers, this loop aerial and its 

amplifier, working with a lm 
square maximum loop, reduce 
noise to the background level of 
the bands. 

The business end of the circuit 

R7 
220A 
3W 

loop aerial and this (et-input 
amplifier cut out noise from 
other equipment in the 
broadcast bands. Circuit has a 
large dynamic range; adjust loop 
size to give required sensitivity. 

is formed by the input 
· transformer and fet source 
follower; at long- and medium­
wave frequencies, fets show low 
noise figures at I 0kQ source 
impedance. Transistor Tr2 

bootstraps out the gate/drain 
capacitance of Tr,, the 
gate/source capacitance being 
low due to the follower 
configuration. 

Maximising input transformer 
ratio while keeping shunt 
capacitance low results from the 
use of a toroid ( Cir kit 55-4000 I 
or Fair-Rite 26-43540001) with 
two primary turns of audio 
screened cable with the screen 
grounded at one end, and 40 on 
the secondary. 

The op-amps form a low-noise 
amplifier driving a 50Q cable and 
the other components form a 
phantom power supply, although 
a local supply could be used, in 
the 25-40Y range. 
J A Burnill 
Camberley, Surrey 
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ANCHOR SUPPLIES Ltd 
The Cattle Market Depot 

NottinghamNG23GY. UK 
Telephone: +44 (0115) 986 4902/ 

+44 (0115) 986 404124hranswerphone 
Fax: +44 (0115) 986 4667 

Micro Video Cameras 
Following our recent Readers Offer for the 721-S Micro Camera many readers have contacted us asking about 

other items in our range of Micro Cameras and Security 

Surveillance equipment. 

We are SOLE AUTHORISED IMPORTERS of 
the entire range of Cameras and Video Surveillance 

equipment produced by the world's leading manufacturer. 

ALL items in the range carry a full 12 Months Guarantee. 

If you would like to receive our comprehensive catalogue 

of Cameras and associated equipment please send a large 

SAE with 48p postage, marked "Camera Catalogue" 

Here is a sample of the available stock. 
A-721-S Micro Camera 32mm x 32mm ... £85 A-721-P Micro PIN-HOLE Camera ... 32mm x 32mm ... £85 

A-921-S Camera with AUDIO ... 30mm x 30mm ... £95 
A-1211 C/CS Mount Camera ... ll0mm x 60mm x 60mm ... £110 

A-521 Micro Cased Camera 43mm x 48mm x 58mm ... metal cased ... £120 
6001-A High Resolution COLOUR Cameras (420 lines) ... 0.45 lox ... £210 

Outdoor Camera Housings ... Aluminium ... £45 Camera Mounting Brackets ... Universal Mounting ... £5.95 
Camera Switchers ... for up to 8 Cameras ... £85 

Auto Record Controllers ... Allow NORMAL VHS Videos to operate 
like professional Time Lapse or Security Recorders ... £75 

QUAD-I Multi Vision Processors ... Digital Freeze ... Quad Pictures etc £275 
QUAD-2 Full COLOUR QUAD version ofQUAD-1 ... £695 

SCI ... SCANNER ... 350° PAN ... Automatic / Manual ... £105 
IRA ... Infra Red Illuminator for "Total Darkness Surveillance" ... 20m range ... £125 

VMS-1 .. Video Motion Sensor ... replaced alarm sensors with totally electronic video monitoring system 
that detects changes in the video signal .. £175 

C/CS Format lenses ... Premium 3.6mm = £22.50 Superior 8mm = £27.50 
PLEASE NOTE: 

AS A CONTINUED SPECIAL OFFER ALL THE ABOVE CAMERA AND ACCESSORY PRICES INCLUDE VAT AND CARRIAGE TO UK ADDRESSES 

SPECIAL OFFER 

New and Boxed 14" COLOUR MONITORS .. Models 
1412 24V DC operation@2.2A .. Twin Composite Video 
Inputs (75ohm BNC) Black steel case ... Supplied with a 
pair of trailing leads for DC connections. Very easy to 

convert to 240V operation by adding a 240V / 24V supply 
either internally or externally. 30 Day Warranty. 

NEW CONDITION 

Circuit Diagram available .. request at time of ordering 
ONLY £125.00 INCL VAT 

Courier delivery to UK addresses = £12.25) 

VHS Video Players ... Front Loading VHS 
Decks .. 12V operation. Rear Panel 2.6mm DC socket 

for power. Play..FF..RW.Stop Controls with the 
addition of REPEAT facility which allows the tape 
to be rewound and replayed time and time again. 

Video / Audio Outputs via Pliono Sockets 

AS-NEW Condition .. 
ONLY £75 INCL VAT 

(Courier delivery to UK addresses = £8.75) 

OPEN 6 DAYS A WEEK 
Mon-Fri 9am-6pm Sat 8am-4pm 

NO APPOINTMENTS NEEDED. CALLERS ALWAYS WELCOME 
All Prices are Ex VAT & Carriage 1,·: !I 

All items are Fully Tested with Verified Calibration 
and carry our Unique 30 Day Un-Conditional Warranty 
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CIRCUIT IDEAS 

One transistor fm microphone 

Condenser 
mic. 

10k 

+ 
~ 10n 

Condenser I 
microptlnne 
bot1om view 

+Vcc (3V) j 
Antenna 

I
10n 

56p 
2p2 

L1 3.5 turns of 
23swg wire on 
3mm air-cored 

former 

Running from two penlighl cells. this sensitive fm 
microphone has a transmission range of around 6m. 

Lengthening the antenna could increase this to 30m. 
Due to L1, the BF494 transistor oscillates in addition 

to amplifying the signal from the piezo microphone. 
Once the circuit is operational, tune an fm radio 
aroundl00MHz until the noise quiets. 
R J Gorkhali 
Kathmandu 
India 

111 this fm microphone, one transistor doubles as an 
audio amplifier and transmitter oscillator. 

Write protect for 386EX architectures 

Dala bus 
~ 

Add/ass bus 

" 
10 AO OO 11 / 

" g Al o, 12 

8 A2 02 13 , 
7 A3 03 

15 

" BM 04 16 

5 AS 0 5 17 / 

" 4 A6 06 18 
3 A7 07 

19 , 

" 25 A8 

" 24 A9 

" 21 AIO 

" 23 A11 
2 A1 2 

" 26 A13 
27 A14 

CSOlt 20 ICE 
ROt 22 ,oe: 

Vcc---1._ VPP 

CLK2 I 11/CLK 01~ 
WR# 2 12 02~ 
CS6# 3 13 o:;t,12. 
RESET# 4 14 04~ 
ADSI S 15 osi,-lJ!. " 8 AO 00 9 

~ 16 ost>-1! " 7 Al D1 10 

~J7 01 i,.l1. 
6 A2 02 11 

~ 18 oat,.!§. 5 A3 DJ 13 

_!! 19 09~ • A4 D• 14 

ll! 110 0 10 ~ S A5 0 5 15 

J..! 111 2 A6 06 16 

E IH! 
1 

A7 D7 17 

" 23 AB 22V10 
22 Afl 
19 A10 

CS1# 18 /CE 

20 /OE 
21 /WE 

/11 this example, part of a circuit for write proteding memory in 386 systems, /CSO 
enables the eprom, /CSI enables the ram and /CS6 defines the write-protect 
address range. 
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In system designs using an embedded processor, it is often 
useful to i.nclude a 'write, protect' circuit for part of the 

read/write memory. Thfs may be to safeguard 
configuration parameters, or simply for debug purposes. 

However, it is difficult to predict exactly which areas of 
ram will need to be protected, and ideally the protected 
area should be configurable by software, so the design can 
be problematic. 

This circuit is a mechanism for a versatile write-protect 
system which may be implemented in almost any design 
using the Intel 386EX processor. It can often be included 
without adding to the component count. 

Intel's 386EX processor includes a powerful chip select 
urut (csu) which may be programmed to provide fully 
decoded address blocks for memory or i/o devices; ii has 
seven independent outputs, so most designs will not need 
to use them all. 

ln addition. the csu allows more than one output to be 
active during any bus cycle, all.hough this would normally 
be avoided lo prevent address-dewde dashes. It is 
therefore a simple matter to g1ue the processor' s /WR line 
with a spare csu output before feeding it to the memory 
subsystem. This csu output is then programmed to be 
active only when a block of ram which is to be write 
protected is simultaneously addressed (in the normal way) 
by a different csu output. 

The write protected area may then be set to cover any 
memory address range, subject only to the limitations of 
the csu itself, and it may be enabled, disabled and 
reprogrammed entirely by software. 

The current version of the 386EX (the ·B • step) has a 
number of c:leficicncies, one of which is an insufficient 
address hold time afler /WR is removed. A common 
method of overcoming this problem is to use a PAL to 
foreshorten the /WR puJse, of1en in conjunction with a 
simple state machine to track the processor 'T' states. 
F'eeding a spare csu output into this PAL is then a 
convenient way of implementing the write protect 
mechanism described above. 

The diagram shows a simplified extract from a c ircuit 
which embodies trus function. No doubt the scheme could 
be adapted to suit ot·hor processors which include a similar 
chip-select unit. 
Roy Bunce 
Blandford Forum 
Dorset 
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COMPUTER ICS 
TMS 9900NL-<40 PULLS .. • . • • • .£20 •• 
$9900 NEW AMO EQUIVALENT • .. .. . • .. .. .. .UO H 
MC8802 PROCESSOR .. • .. .. • .. .. • .. .. .. .. • .. .. • . . f2 H 
AM27C020-125L1 SURFACE MOUNT EPROM USED/WIPED .£1.50 
P8271 88C DISC CONTROLLER CHIP EX EOPT . . . • • ••••. 1:25 
c817A·20 (2K X 8) EPROM •~ oqpl ...... • • , ...... " " ..... £2 
ll4125BC·15 258KX 1 PUU.6 ... " ............. .. t FOR CS 
PB749H MICRO ..... ., ....... ., .............. " .. .,£$ 
08?51~NEW ,. ________ ,,., ••••••. ,., ..•.•. ,,, •..• . £10 
MK4BZ02·20 ZERO POWER RAM EOUIV 81 let.f' ... • , •....• .« 
USED 4184-15 • .. .. .. . . .. .. . . . . .. .. .. .. . • ... ~p 
BBC VIDEO ULA • • . ..... . ..... . ......... £10 
8051 MICRO ·-···- • ---··----i ,, --· -· , ..£1.25 
FLOPPY DISC COITTROLLER CHWS 1 n 1 • . . ..•...•. £1& 
Fl..OPPYOISCCONTROLLER CHIPS 1n2 •.•.• • • , ••• . £17.SO 
68000-8 PROCESSOR NEW ., ., .. • • ... " • .. • .. .. . .. ,£& 
Hll6384-a •.. • " ..•... " ......... " .. . . . • .. ..... • • .£5 
27C4001 USED EPAOMS '' .••.••. -, "1- -- ·-. •~I h-- ••• .u 
27C2001 USEO EPROMS .. .. .. .. .. • .. .. .. .. • .. .. .t2.SO 
1702 EPROM NEW ..... " • • . .. • .. .. .. .............. f& 
2114EXEOPT ., ....... 50!) .... .. •416EXEOPT •••...• 70p 
6264·15 SIC STATIC RAM .. . .............. ., .•.•••.•• .t1.SO 
ZBOA 510-0 ... ., • .. . . .. "" . . ., ... . ., . ".. • . • . ,.£1.25 
7126 3'/• DIGIT LCD DRIVER CHIP .. ., . . ...... " .. " .. • £ha 
28 t 6A-30 HOUSE MARKED • • • • • • . • .. • • • • . • " ...... , .£2 
useo TMS2532JL ..... £2.50 . • .. . .. ,1708 USED .... .. . f2 
HM6167LP·B .. • • .. .. • .. • .. .. .. .. ... (15p 
68000.10 PROCESSOR .. _ ... . £6 
8255-5 ......... ., .. ...... ,. ..•. " •.•.•.• ., • .tUO 
2114 CMOS (RCA 5114) , • , , , 1 , ._ • , , , , • , , , , , .t1 ,60 
W0160550·PCUART ............................... .£5 
ZN427E•8 ........... ., ........... ". , ... ,. ......... ,.£A 
270256-26 USEO . • ..... " , • • . .•. " ........... .£1.50 
PAL20LB•2S 9000 ex stock .• . •• , . , • . • . • . . . , , , 
M28FOt0-150K1 Fl.ASH EPROM PLOC 500 ex slook 
LM091LN LCD DISPLAY •••••..•• ., ••.... .• ., ......... e,s 

REGULATORS 
LM338K .. .. .. .. • • .. .. • .. ...... ., ......... " ..... .. £6 
LM323K 5V SA PlASTlC , ...... , ..... . .... ............ .£3 
LM350K (VARIABLE 3/IJ . .. . • .. .. ........ , • , ,. ....... .£3 
78H12ASC 12V5A .... . ............................ . . . U 
LM317H TOS OAN ... , ............ ., ............. .£1 
LM317T PlASTIC T0220 verlilble .... ,. ..•. , ............. .£1 
LM317METAJ. •••••••.•.••.••••• . .•••.. , .••••••..•• .£2.20 
7812 METAL 12V 1A .............. ...... ,. ............ £1 
7805/12/15/24 .... , ... ......... . ..... , " .......... ;30p 
7905/12/15/24 ......... ........ . .... ,, •. , ...... .-30p 
78HGASC t 79HGASC REGULA TORS . • . • . • , • . • .•• . £30 u 
LM123 ST93 5V SA TOS REGS .. .. ..... . ......... . £3 oo 
UC3524AN SWITCHING REGULA TOR IC . • . • ...•.•.. ,, • ·"°I' 
78l12SHORTLEADS .. .............. , . , .... ,10/1:1 
LM295CJACZ5.0 ..... . . . ........ . ........... . ... . .. • eop 

CRYSTAL OSCILLATORS 
307,il<HZ 1MOOOOOO 1M11432 2M457600 3M6U4 4MOOOOOO 
5MOOOOOO 5M06800 5M760000 6M000000 6M1440 7M000000 
3M372800 ?MS SMOOOOO 9M2t810MOOO 10MO 12M000000 
14M31814M3818 16MOO 17M625600 l&MOOOOO 18M43218M050 
I 9M2 19M440 20MOOO 20M0150 21M876 22M1184 23M587 
24MOOOO 25M1748 25M1 75 25M1899 27M + 36M 27MOOOOO 
28~ 32MOOOOOO 32MOOOO "S/MOUNT 33M3330 35M4816 
38M100 40MOOO 41M539 42MOOOOOO "'4M444 44M900 44MO 
48M00000 50MOO 55MOOO 58M00920 64MOOOOOO 66M687 761,11 
80~84M0 •••- ••. __ , 1 , •••• • , •• , , ••••••• , , • • .t1.50u 

CRYSTALS 
321<768 1 MHZ 1M8432 2MOOO 2M 1 <w.! 2M304 2M4575 3MOOO 
3M2768 3M400 :lM579545 3M58564 3M600 3M6864 :lM932f6 
-4MOOO 4M190 4M194304 4M2056 4M33614 4M608 4M91525MOoo 
5Mll668 BMOOO 6M041952 6M200 6M400 7M372808M0008M06400 
BM«s 8M663258 8M8870 9M3750 9MS304 10M240 10M:!A5 
10M38810M7000011MOOO 11M05211M98135 12MOOO 12M5 
13MOOO 13M270 13M875000f4M00014M31614M745014M7456 
15MOOOO 16MOOO 17M6250 18M432 20MOOO 21M300 
21M400M15A 24MOOO 25MOOO 26M995 BN 27M045 RD 27M095 OR 
27M145 BL27M145'tW 27M19S GN 28M4696 30M469631M4006 
3 f M4S96 34M368 36M7662S 36M78875 36M78 I 25 38M79375 
36M80625 36M81875 36M.8312S 36Mll4375 38M900 48MOOO 
51M0583354M1916 55M500 57M7416 57M758:l 69M545 69M550 
96MOOO 11JM80011•MB •• ~I .. • ··· · · .. ,,,. .ti H 

TRANSISTORS 
MPSM2 .... ... • ... •• • •.,•,I, ,•• , , ,•,,,, , .10/t1 
MPSA92 
2"2907A ... 
BC437, BC488 .. .. .. .. .... 
8C107 BCY?O PREFORMED LEADS 

, •• "" • • . 10/t.1 
•.••••••.••• . 10/t! 
............ 10/!1 

flJM spec . .. . . . . . . . . • . . ..... ., . . . . . . .t1t4{100 C30/1000 
8C557. BC23BC. BC3oaB • • . , .. .tl/30 £3.50{100 
2N2907 PLASTIC CROPPED • • . . • • • • • . • • • • • •.• £1/15 £41100 
8C5488 SHORT LEADS • . . . ,£3/100 £20/1000 

POWER TRANSISTORS 
OC29 ,., , ,, , . . . .. ..... . . . . .£2 .. 
2SC1520 slm BF259 • • • .. .. .. .. . .. .. . • . • . • 31£1 1 OO/E22 
TIP 141/2 £10• TIP 11zl42B , . ........... . ... • •••••• .2/£1 
IRF620 T0.220 6A 200Y • .. .. . . . , . . .. • . ..• . 2'1:1 
SE9301 IOOV10AOARL61M flP121 ... , .............. ~~ 
80680 ......... ·······.. .. ... , ... . .. 4/t1 
PLASTIC 3055 OR 29S5 ec,ll!Y SOp . , •... 100/£35 

TEXTOOL ZIF SOCKETS 
28PINUSEO ..... .... • ..................... £3 
ZIF 6'I WAY SHRINK DIP SKT 'rElCT'OOL 264-1S00-00 1.78fflm 
Sl'ACING ON PCS Wl'TH 4mHz RESON/\TOR •• • .••.•. ••• • £10 
SINGLE IN LINE 32 WAY CAN BE GAN GEO FOR USE WITH 1Wt 
DUAL IN LINE DEVICES ••• . COUPLING SUPPLIEO • . •• .2121.50 

KEYTRONICS 
TEL. 01279-505543 
FAX. 01279-75765 

E-MAIL. keytronics@btinternet.com 
PO BOX634 

BISHOPS STORTFORD 
Hl:RTFORDSHIRE CM23 2RX 

http://www.btlnternet.com/v,keytronlcs 
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MISCELLANEOUS DIODES AND RECTIFIERS 
MA NICAOS HI CAPACITY 380mH/HR O CELL PACK . • • . .£3 A 11 SM GA 600V FAST RECOVERY DIODE • ~ 
25ASOUOSTATEAEI.AY240YACZEROVOLTSSWITOHING £10 tN~7SA 1000\/.......... . a/1:1 
XENON STROBE TUBE ......... , • • .. . .. .. £1.110 1N4148,...... .. • ...... • • .. .. 100/t1.SO 
Na.ttQwangle Intra redtm!tlerLEDS6C •..• ••I·· ....• ,, •.• .2/£1 1N4004 so. 1A300V. , _

1 
, •.•.• _, 

1
• , , , 100l£3 

UM61116M•2LMJrfacamount1000avallable ••• ,,,, •••.•• ,,,E1 1N54013AlOOV ••.. ,, , .... ,, • •• ,.,,, , ., .,. 1Q.1£1 

~i~1g'!~~~~= ;,:';~~;LPS66GF. " · "" .. · .sop 1NS8l9RL 20K Eu1oc1c ........... , .......... 1000 +10p 
BA158 1A 400Vfast rac:x,vo,y •.••. ,,, .•. , • , • , , , , • , , •• 1oot£3 

&awayPLCCSKT 100aVdt.ble ,, •• . • , •. ,. ,,,, •. ,t1Hc:h BYi54800V3A .. --,ii-1•-·-·--····•··•• • ··· . . ,,,, .• l/t1 
100 ,.. PlCC SKT 100 .,.liable ..•....••.. "• ..•.• 21.so uch BY2551300V 3A . . ....... . ....... . , ... .,... • ....... e/£1 
1250pF POSTAGE STAMP COMPRESSION TRIMMER ...... .ti 6A HlOV SIMILAR MR751 , .. .. . .. ,. ... , • .. .. ...... . 4/£1 
LM324 (Ouad 741) .. " .. .. .. .. .. . .. .. .. .. .. .. ..... • 1t1 1 A 600V BRIDGE RECTIFIER . . ... ., ••• , ., ... ". .. • 4/t1 
M1NIATURE FERRITE W.GNETS 4l<Al<3mm . . .... . . .. ., .. 10/£1 4A 100V BRIDGE ...... . ....... ,. ••.•• ,.,. •.•.•• ",.. 3/£1 
Tl071 LO NOISE OP AMP , • . .. •.. . • • •.. • .. .. 5 fa< £1 6A tOOV BRIDGE ••. • ., .. .. .. • • .... ............... 21£1 
Tloel OP AMP ......... , .... · • •, · · · • · · •, · ··· · ··••fa< £1 10>. 200V BRIDGE ................... , .... .. . ..... 21.50 
•7000u25YSPRAGUE360 ....... ............ £3.SO(t2) 25A200VBAIDGE£2 ............................. 10/£18 

~~;~~ ~;R Pti1L1PS SURFACE .MOUNT '100K B~~ff~bl~ '°' t 1 25A 400V BRIDGE £2.50 ........ , I • - •• ' . ' I '. - . • ' 10(£22 

.................. _ .......... I.... .. . ... ...~4000 ~~~·eRioo·EA·ec1A.•oov .::: ::~:: :::: ::: : : : : : ~~ 
i~~~Ef._~~~~~Fl~~~N~NCASED O'!Y, AVAILABLE .sv SCRS 
.. .. .. .. .. .. • .. .. • • .. • .. .. .. • • .. . .. .. .. .£9.115 (£2) PULSE TRANSFORMERS 1. 1.• I ., .. .. . £1.25 

220A 2.5WWIAEWOUNO RESISTOR SOK AVAILABLE MEU21 PROGUNUUNCTION ...................... 3/£1 

cM·os:sss·nMfiS·~:· ... :··::::·:::::: :::::::::::~~~ TRIACS . . . ........ .. .... . .. DIACS 4/£1 
2J3MA LITHIUM cellus used in compacl cameras • ••• . . 21£1.50 NEC TRLI\C AOOBF 6A600V T0220 .... , • •.•• •• i!/£2 llXl/£30 
PASSIVE INFRA REOSENSOR CHIP • MIRROR + CIRCUIT .£2 oo TXAL225 IIASOOV 5mA GATE ··••,•······•••···· 2/1:1 1IXl/£35 
EUAOCARD96-WAVEXTENDffiBOARO ....... ... £1000 BTA08-400ISOTAB400V5mAGATE .• - ... .. 80p 
290x 100mm TTW..22300 30>. 400V ISOLATED STIJO . ............. tho 
DIN 41612 96•WAY Ml/CSOCKETPCB RIGHT ANGLE •• .£1.30 TRIAC IA 800VTLC361T 161cAVAILABLE. " 5 FOR £1 £15/100 

g:~ :;:\~ ::~~~ ~igc~;~kR~~i~ts . ·: · .£
1

~ PHOTO DEVICES 
OIN4161264-WAYAICPLUGPCBRIGHTANGLE , , ...... t1 ~~g~~~~~C~~!~~;~p88;5•:::.. ... :i:r~ 
~~•;~~~.~~~.~/RAP(2.RQWBODY) ...... :~ 2N"5n7 ............................ ..... 50!) 

MIN. TOGGLE SWITCH f POLEC/OPCB,W. ...... . " . • .• 5/£1 fll.81 PHOTO TRANSISTOR . .. .. .. ... ·•• ...... . . £1 

LCO MODULEslm. LMOIB butneedo 150 to250V AClo«lil!)lay !~~ ~~:g~gisciLATOR:.·.·:.·.-.-.-.•"·· ··- . ··:.-.~ 
40X2CNtS.cietS ,e21t35)(13mm •• ,, ........ , ······' ,. ,J:10 PHOTO DIODE SOP '' . .. .•. '' ..• ''' •• ' . ' • ••• '' ' ' ' ' , . &t£;:l. 
6-<J2 UNC 5116 POZI PAN SCREWS ...• " ............ .tl/100 MEL12 (PHOTO OARLINGTON BASE ,Ve) • .. " ... . " .• 50!) 

~~~ SWITCH CHANGEOVER .···.·.··:·::: . .'.' .. :: ·--~~5:a: LEOsAE03o,5mm 12/£1 .... • • • •· .•••• • • •••••• • .•• 100/t& 
RS2:l2 SERIAL CABLE 025 WAY W.LE CONNECTORS LED• GREEN OR YELLOW 10/£1 . • • · · • ·•• • · · • ••.•. • · 100/U 

.. . .. .. .. . .. .. ......... , . . . . . . .. . . . .. r.uo .. (£1.30> ~~~~rfo~~i':~PHoi-i:ioicioia As6Sl :oos: 1~: 
25 

~ETL.O~~• .lrn~~.~:~~~ ~."."1
.~ ~.iN°~~cL7;;~:ICE £SO OPTEK OPB745 REFLECTIVE OPTO SENSOR .••.•..•••. t1.SO 

AMERICAN 2/3 PIN CHASSIS SOCKET . . • • • •• " .... .2,1£l RED LEO - CHROME BEZEL ....... ". . ..... . 3/f:1 
WIRE ENDED FUSES 0.2511 • • ,, •.••.•. . .......• ,. ..... 30/tl OPl1108 HI VOLTAGE OPTO ISOLATOR ..... . .... . .. .. , £1 
NEW ULTRASONIC TRANSO\JCERS 32JcHz • . . . • • • • • •• £2/pr MOC 3020 OPTO COUPLED TRIAC ••••••.•.••• • •••.•••• 2/21 

POWER SMALL CYLINDRICAL MAGNETS . • ..•... • .•• • • 3/f:1 STC NTC BEAD THERMISTORS 
BNO 500HM SCREENED CHASSIS SOCKET . . • . • . . • . . •. 2/1:1 G22 220R. G131K. G23 21<. G2A 201(, G54 50K, G2S 200K, RES 20'C 
SW.LL MJCROWAVEDIODESAEl OCI02"A ....• ,. ..... .2/£1 OIAECTlY HEATED TYPE ............. ., .......... £loo 
0 .1.L SWITCHES 10-WAY £1 S.WAY IIOp 4/6/6-WA'V .•.••. . l!Op FS22BW NTC BEAO INSIDE ENO OF 1 Inch GLASS PROBE RES 
180VOLT 1 WATT ZENERS also 12V & 75V , ........ . ... ,20/£1 20'C 200f\, ............................. . ... ., ..... El eo 
MIN GLASS NEONS • • ... ., .... ........ " ........ 10/£1 A13 OIAECTlYHEA~ BEAOTH.ERMISTOA lk ...... kleal lo< 
RELAY sV 2•pole changOOV1!!t tooac:s lllce RS 355-741 marked STC audio Wien Bridge Oso71ator. , , . • . •.••• , • . .• , , ••• , t2 •• 

~:!_"~RECO·AXFREE.PLoo·Rs·4!i6-0:i; : :::::::::::c_;; CERMET MULTI TURN PRESETS'/, Inch 
MINIATURECO·AX PCBSKT RS456-093 • , • " ••. •. • • ., • .2/t1 10A 20R IOOA 200A 250A SOOR 2K 2K2 2KS SK 10K •?KOOK 100K 
PCB WITH 2N2646 UNUUNCTfON WITH 12V 4•POLE AElAV . .21 200K SOOK 2M , . . • . .. 50!) oo 
400 MEGOHM THICK FILM RESISTORS "··· · · ··"··· · · ,l/£1 IC SOCKETS 
STRAIN GAUGES 40 ol1m Fol 1ype polyosto,- 14/16118/20/24/28/40•WAY OIL Sl<TS ..• '' .• £1 por TUBE 

~~~ET~CROPHONiitNSERT ·.· ... :: • .'.·.·:•~:5".•~.1.~ 8,WAYDILSKTS . ., .................... f2porl\.lBE 

Unea, Hal effec, IC MIQ-oSwl1ch no 813 SS4 •Im RS 304-267 ~.:.~A~~%~~ !~ay' SIMMS·:.··:·.'.'.'."·_'_',' ~'.'.".~ 
. .. .. • . . .. • . . • . • .• f2.SO 100. £1.50 

1 po1e 12.way roia,y swil<:h • • . . . • • • . • . . . . · · •• •1t1 POL VESTER/POL YCARB CAPS 
AUDIO ICS LM380 LM386.". • .• • .. · · • · .. · .. • · · · · .. · .l:1 H 330nF 10% 250VAC X2 RATED PHILIPS TYPE330 ..... t20/100 

~i'E~£~~~~~ .. :·:•::-:·:·:·:·:·>:•:·.-:···•·:·:·:..:.:.:·:•-:1; :[iS=1~~ :1~~:~d:.:•:•::·:·:·:·: :•:•:•:•: :~~:a 
COAX BACK TO BACK J~NERS, ....... . .... ., ....... ,.3/t1 100n 600V Sprague axial. • ... ...... .......... 5 fo, t1 
INDUCTOR 20µH 1,5A • .... • • .. • .. " • • ",. .. • .. • .. .5/[f 2j<2 160V <ad 22/Tlm. 2µ2 1 OOV tad 15mm ............ . 10Cl,1!10 
1.25 inch PANEL FUSEt-KllDERS • · · • •" • • • • ·" • • .. • • · • .att, Hl<\/33o/47n 250V AC x rated 15mm .. "... · - . ., ...... 10/£1 
STEREO CASSETTE HEAD . · .• · ... · · · · · ·" • • • • • • ·,. • · · .£2 1µ 600V MIXED OIELECTRIC ... . • .. • . ............ 50!) oa 
MONO CASS. HEAD £1 ERASE HEAD . . .. • ..... ·." .. •" ,sop \jMl 100V red 15mm, 1µ022mm ,ad .. 11l0/1?e 
THERMAL CUT OUTS 50 n 65 1 we · · · · · • · • · · • • .£1 H 0.22µ 900V AC )< 2 ••ting ... ..,., 
THEAW.L FUSES 220'C/l21"0 24fJV 15A . •....... . ...• . 5/£1 
TRANSISTOR MOUNTING PADS TO·S/T0-18 •.•• •• ... .£311000 RF BIT'S 
T0.3 TRANSISTOR COVEAS ••. , •••••. 11)/p SAW f1L TERS &N662/SW6'11 PLESSEV SIGNAL "TE~NOLOGY 
PCBPINSFIT0.11nchVERO .... ...... ....... .. . . . .200/!1 379.SMHZ ....................... .......... 21.SOea 
T0-220 micas•bushes ............... ,. ,10/$0p100/l'2 FX32esFERRITERINGID5mm0D10mm .... ...... . 1010,£1 
T0-3mlcu • ooshos .....• , ,. ..••.•.• • • .15/£1 ASTEC UM1233UHFVIOEO MOOULATORS(NOSOUNO) 1250 
IEC clla5'i:i ~ug fi!le< 10/I . • • • • . . • . . ........•.... . . £3 STOCK •.•. ., . ................... ,... . . • • • . . . . . .. t1.SO 
POTS SHOAT SPINDLES 11.1<5 10K 25K 1 M 2M5 .•• • ••••• ,.4/£1 W.ACONI MICROWAVE DIODES TYPES 002929. OC2962. 
4lll<U/STRANSDUCERSEX·EOPTNOOATA ...... ...£1/pr OC4229f1/F2 . .. ................. .... £1u 
LM234Z CONST. CURRENT I.C. "... • .. .. .. . .. £1 XTALFILTERS 21M455MO ... •• .. ......... f2H 
BNC TO 4MM BINDING POST SIM RS 455-961 ............. .l:1 All TRIMMERS ••.••..•.••.•.•.•.. ,. •.•.•.• , ,. .• 3 for 50p 
MIN PCB POWER RELAYS 105v COIL BA CONTACTS 1 pole clo VIOLET. .. .. .. . .. .. .. • . • . .. .. • • .. . .. ....... !H05pl' 
....... . ........ , ........... · ..... . ............ £1 RED10-110pFGREV5•25pF6MALLMUUAAO 

BANOOLIEREO COMPONENTS ASSORTEO A>- Cs. ZENERS 210 22f)F .••.•.•...•..•.•••...•.• _ .••...• 3 to, 50p £1111100 
••••• ., .. .. • • • • •• . • • . • • • . • • • .. • . .. • • • ...... £5/1000 TRANSISTORS 2"4427. 2'13866 . ,, ... .. ... ,, •.. . . • ,, IIOp u 
LCD MODULE ,scHAR. }( 1 LINE (SIMILAR TO HITACHI LM101 .£5 CERAMIC FllTERS 4M5/6/M/9M/10M7 • . • •. . •...• •.• . , • IIOp M 
OPl1264A 10k\lOPTO ISOLATOR .......... £1.35 oo 100. ti•• FEEOTliRU. CERAMIC CAPS 1000pF .......... , ..... 10/£f 
•LOVE STORY' CLOCKWORK MUSICAL BOX MECHANISM SL610 •• ., ....... , .. •••••••• ., , • • . . • . • .. .. • • . • • .. • • • £5 
W.OE BY SANKYO .. • ..... • .... · · .. • .. · .. • · • .. 2"1 N 6 VOLT TELEDYNE AElA YS 2 POLE CHANGEOIIE\l •. , ..... £2 
Telephooe cahl• clips whh -ed fl"'" • · · · • • • • • · • ,500/£2 (BFY51 TRANS1STOR CAN SIZE) 
\O.OOOµF 16V PCB 'TYPE 30mm OIJ\ "31,..,, . ..... . . . . . . • .2/£1 2N2222 METAi-. •. .. • • • . • . .. . .. 51£1 
10,.FlOBEAOTANTAUJM. .. . ....... 10for£1 P2N2222APlASTIC......... . . 10/£1 
EC CHASSIS FUSED PLUG B·LEE l272B " • • ............ 3/£1 2N2369 . .. • • .. .. .. . 5/£ 1 
2A CERAMIC FUSE 1.25 Inch CB • • .. .. • .. .. 1 O/£f 2N3866•2N2N- • .. .. • .. • • .. .. .. .. .. . .. .. • .. .. . • . 21 
48WAV IOC Al880N CABLE 100 FOOT REEL ,. ...•• £5 + CARR 74Nf8TACSCAA PHONE 0/P MODULE 
20mm PCB FUSEHOU>ER ......... • •·· · •· · .... ·· •· · .,5/tl ~OUIV MHW80fl,',-3 RF IN 40r)IW0/P6-oBW840--,910mHz .• t9H 
1ECCHASSIS FUSED PLUG B·LEE l2728 ............. :1/£1 8~058. 888098VAAICAP OIO~S ....•••• , , •• • • 4 lor£1 •• 

~~~g:::~~ ~1g~g ~~~~~.~M.
1
•
28

~ ::: ·::: . : ~: MONOLITHIC CERAMIC CAPACITORS 
NE567 PHASE LOCK£D LOOP ....... , •...•.••....... , .2/t1 !On 50V2.5mm . ...... ..... " •.••.•.• ", .•.•• 100/£4.SO 
NE564 .. ........ . , .. . .. .. .. • .. • • • .. • . ••. .•. ., .. . .. £1 100n 50V 2.5mm or 5mm ., . . ...... " . ., , .... ..... .. . 11l01£11 
TL084 ....... .. ........... .... .. .... .. . . .. ... 4/£1 100n ax short lead, .. . , ........ . .. " .... .. ..... 100/&1 
IR2432SHARP 12 LEO VU BAR GRAPH DRIVER ........ . £1.25 100n ax longleadS . .. . . ............ ,. .. . .... , , ,. .. . llXl/£5 
10A CORCOM MAINS Rf1 f1LTER EX. EOPT •• . • . f2 100 + 21.50 100n 50V dll paciioge 0.3 lnch rod . .................... 100/U 
BOHM MYLAR CONE LOUOSPEAl(ER 55mm DtA • 10'1\m 1µF 50V 5mm . •. . • . • .• . , • . • • I for £1 tl0/100 

DEEP " .. ' .. " .. " .... • .. " "." .. " • • " •• " •• " ".2/tl QUARTZ HALOGEN LAMPS 
~=~ T6n11'.':'~:"'~. ~~ : 0:1:2 ~.~~~.~ .. ....... 2/21 12V 50watt LAMP 'TYPE M312 • . • £1 oa HOLDERS IIOp H 

SEND £1 STAMPS FOR CURRENT IC. SEMI STOCK UST -
ALSO AVAILABLE ON 3•/,INCH FLOPPY DISK 

MAIL ORDER ONLY 
MIN. CASH ORDER £10.00. OFF1CIAL ORDERS WELCOME 

UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS 
MIN. ACCOUNT ORDER £10.00. P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 95p 

ADD 171/•% VAT TO TOTAL 
ELECTRONIC COMPONENTS BOUGHT FOR CASH 
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CIRCUIT IDEAS 

390k 

Input 

x 

~--+----------------------o+400V 

7V5 

1M 

7V5 

2SA1156 or 
selected 2N5416 

100µ 

2SA1156 or 
selected 2N5416 

Output -------------0 0--------
ECC82 

100µ 9V1 

+I 18k 

- 1av 

2µ2 

BC550 BC550 

+ 
100µ 

3mA 

1M 

200µA 

22k 

~--+--------- -+------------0- lBV 

Hybrid, high-voltage 
audio amplifier 
A high-voltage audio output to drive an electrostatic 

/'"\headphone comes from a double-triode stag{ itself 
fed by op-amps. The whole thereby combines the 
robustness of valves and the high gain ofop-amps. 

Common-grid drive to the triodes is the chief 
peculiarity, chosen to allow the output from the op-amps 
to be summed for the output and to exploit the greater 
stability of the configuration over the more usual 
common-cathode drive - all without loss of bandwidth. 

Current sources supply triode loading and carry all the 
current, the output therefore being protected against short­
circuits. Funher current sources for bias avoid the need for 
a split supply; trim for half the 400V on each output. 

Output is 200V rms into 200kQ - or greater from l V 
rms input, although gain can be altered by varying the 
I 0kQ feedback resistor. 
Paolo Palazzi 
Cervignano 
Italy 

High-voltage audio for headphone drive. Variations include 
a differential input using the non-inverting input of the 
right-hand op-amp and the use of bigger triodes, with an 
adjustment in bias voltage. 

Simple time-out saves batteries 

Simple, time-delayed 
cut-out avoids the 

problem of 
inadvertently draining 

batteries. 
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The circuit described here can help you avoid the 
problem of drained cells in a battery-powered device by 

breaking the current off after a certain time, determined by 
an RC-circuit. 

The circuit is very simple, with only a few components. 
Transistor Tr1, which breaks the battery current, is a 
BS250 p-type enhancement-mode mosfet. When power is 
turned on, its gate is connected to a negative potential 
through Tr2 - a BS 170 n-type enhancement mosfet. 

Transistor Tr2 turns on when voltage across its gate is 
positive. This voltage comes from an RC circuit formed by 
capacitor C and the resistor R2• At turn on, the capacitor 
has no charge. During operation, it is charged th.rough R2. 

Gate voltage of Tr2 goes down as the capacitor charge 

Tr1 
8S250 

5-25V 

+ C 
Sw 10µ 

RL 

R1 
1M Tr2 

8S170 
R2 
3M3 

increases. When the gate voltage reaches the enhancement 
value of the transistor, it switches off and can no longer 
supply gate voltage to Tr 1. Pull-up resistor R 1 connects its 
gate to source potential and Tr1 breaks the current. 

The circuit is released by momentarily closing the 
switch. The capacitor is discharged and Tr2 has its gate 
voltage again. Tr2 switches to on-state and gives gate Tr1 a 
voltage, making it conductive again. 

Operating voltage of the circuit ranges from 5V to 25V. 
The device is well suited for use with common 9V 
batteries. Operating time of the circuit is approximately 
twice the time constant R2C of th e circuit, component 
values shown giving an on time of around a minute. 
Different va.lues of the enhancement voltage of Tr2 also 
influence on the operating time. Component values need to 
be selected if accurate timing is needed. 

Transistor BS250 has an Rosowvalue of approximately 
4Q, causing a voltage drop in the circuit when loaded. 
Loading current should not exceed 50rnA. Larger loads 
can be handled by using a more robust transistor instead of 
BS250. For instance, IRF9530 can easily reach loading 
currents up to 2A, if desired. 

Operating time can be lengthened at any time by simply 
closing the switch. The capacitor loses its charge and the 
operating time is renewed to its starting value. 
Rae Pera/a 
Helsinki 
Finland 
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The Headphone Amplifier Box 
Balanced or unbalanced microphone or line input 

to headphone output 
Professional portable units operating from an internal PP3 

battery or external DC supply 

* Precision transformerless balanced input * Bridged 
headphones output drive * Sensitivity selectable over a wide 

range of input levels * Low noise and distortion * High 
common mode rejection * Loop through facility * Extensive 

RFI protection 

The Balance Box (precision m ic/line amplifier ) - The 
Phantom Power Box - The OneStop DIN rail mounting 

radio frequency interference filter and voltage transient 
protector for voltage and current loop signal lines 

CONFORD ELECTRONICS 
Conford, Liphook, Hants GU30 7QW 
Information line 01428 751469 Fax 751223 

E-mail contact@confordelec.co.uk 
Web http://www.confordelec.eo.uk/catalogue/ 

< 1/U H '\O /.!, (),'\ llfl'II < ,\ll/J 

FEATURES 
16132 bil 68307 CPU for fast operatJon 
Up to 1 Mbyte of EPROM spa(e onboill'd 
Up to 512Kbyte 5RAM ipace onboa,d 
32 Kbyte SAAM fitted as standard 
RS232 s.erial with R>48S option 
MODBUS & other prot0<ols supponed 
Upto n digital VO channels 
2 t lme({counter/match ~eg1stets 
l'C port or Mbus & Watch dog f aci1itirs 
La,ge Ptoto•typing are• for Use, circuits 
Up to 5 chip selects available 
Program in C, C+•, Modula-2 & A$sembler 
Real TirM multit.uking Operating S~tem 
059 or MINOS w ith free run time license 
option 
Manufacwnng availitble ~en in tow 
volumes 
A lull ,a119e of other Controllers availabte 

For users of 
PCs, 8051 & 

68000 

P.C. 'C' STARTER PACK AT ONLY £29S+ VAT 
The Micro Modure will reduce development time for 
quick t urnaround product5'projecu and with the P.C. 'C' 
Starter pack allow you to start coding your application 
immediately, a ll d dvers and llbrarlM are supplied as 
standard arong with MINOS the real time operating 
system illl ready to run from power on. 
Tl'U! 'C' Starter pack includes: A Micro Module w ith 128 
l(byte SRAM, PSU, Cables, Manuals, C complier, Debug 
monitor ROM, Terminaf prog,am, Oownloader, a single 

copy of MINOS. htensive ex:ample software, and free 
unlhn1ted tMhnk al support all for £29S + VAT. 

_ r-t '' ' • ,._, C• mbddge Microp,ouuor ""-1..UJ..::,J Sy,temsLimited 

Unit 11·18. Zone 'O',Oielmsfo1dRoad Ind.ht, 
Q1ea10unmow. hs.ex. U.K. CM6 1XG 
PhMe01371875644 fall:01311 876017 

< II/( Ll /\< J u- 0/\ 1/ll'II < ,\f/lJ 

ELECTRONICS WORLD 

ANTRIM l RANSFORMERS l m 
"JTCIDIB<IDIIIIDA'JL ~~IFCID~ 

Large standard range from 15VA to lkVA 
approved to EN60742 & AS3108 

~ Custom designs to most international standards 
from I0VA to 3kVA 

Rapid quotation, design and prototype service 
Any size production run catered for 

All transformers manufactured at UK factory 
allowing fast lead times at no extra cost 

70V / l00V Line, valve output & low noise 
audio designs available 

~ Medical designs to IEC601/BS5724 & UL544 

£m~ I ~ ~ w~ 
T ecbnical Sales Department, 30 Bramley A venue 

Canterbury, Kent, CTI 3XW, England 

Tel: +44 (0)1227 450810 Fax: +44 (0)1227 764609 

( fl{( lf '\() /.!I, ()I\ l{lf'/1 ( \/{/) 

BROADCAST MONITOR 
RECEIVER2 

150kHz-30MHz 
• - ~- l!lai!lm:: I • 

- --- ---
• 7-;;, /..., ==_=- • 

We have taken the synthesised all mode FRG8800 communi­
cations receiver and made over 30 modifications to provide a 
receiver for rebroadcast purposes or checking transmitter 
performance as well as being suited to communications use 
and news gathering from international short wave stations. 
The modifications include four additional circuit boards 
providing "Rechargeable memory and clock back-up 
"Balanced Audio line output "Reduced AM distortion •suf­
fered IF output for monitoring transmitted modulation 
envelope on an oscilloscope •Mains safety improvements. 
The receiver is available in free standing or rack mounting 
form and all the original microprocessor features are 
retained. The new AM system achieves exceptionally low 
distortion: THO, 200Hz-6kHz at 90% modulation - 44dB, 0.6% 
(originally -20dB, 10%). 
*Advanced Active Aerial 4kHz·30MHz *PPM10 In-vision PPM 
and chart recorder *Twin Twin PPM Rack and Box Units 
*Stabilizer frequency shifters for howl reduction *1 O Outlet 
Distribution Amplifier 4 *Stereo Variable Emphasis Limiter 3 
*Stereo Disc Amplifiers *PPMS hybrid, PPM9 microprocessor 
and PPM8 IEC/DIN - 50l+&dB drives and movements •Broad­
cast Stereo Coders. 

SURREY ELECTRONICS LTD 
The Forge, Lucks Green, Cranleigh 

Surrey GU6 7BG 
Tele hone: 01483 275997 Fax: 276477 
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COMMUNICATIONS 

Fig. 1. A well 
planned route to 

Ftp file name 
Identification. 
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Han s-on 
nternet 

Following an update on searching the net, Cyril Bateman 
describes his latest Spice discoveries - among them fully working 
free evaluation packages. 

Internet search engines described in my past columns can 
be used to locate many different information sources. They 
are also frequently used for transferring computer software 

programs, either by an FrP client or your Web browser. 
If you know the exact file name you need, FrPSearch in 

Norway can almost completely automate transfer of files for 
you. However, if you do not know the file name, the main 
task becomes one of file name identification. 

While Archie, discussed in the April 1996 issue, can per­
form searches using wildcard characters, and Wais can also 
help, many users who now rely almost totally on Web brows­
er access do not have these packages. Search engines such as 
Alta Vista, using appropriate keywords, can be successful, 
but correctly identifying unknown software file names can 
prove difficult even for experienced Web surfers. 

David Agbamu's home page on Demon1 is dedicated to 
helping to solve exactly this problem. By identifying suitable 
search methods and providing dedicated links, the task is 
simplified. His page simply and effectively combines the 
essential information covered in the relevant FAQ documents 
with direct access to Internet sources - all by simply using 
your Web browser. David's section on using e-mail for file 
transfers is particularly helpful, Fig. 1. 

If you need to identify a UK or European Business and you 
prefer to use the conventional Yellow Pages telephone direc-

Finding Files lor Ftp 

. ,.."""°""',C.:-.-__ ,...,,._.......,.,~-cod<. 
___ .,tispago""""°"'!,10 -1.,0 ..-A,•c-1 ~-

AL?l'"bat-toMjOtrnanpagneaJ:JrdinglD~DemonO:Mlle,, 

1------.... J--"do""''"'"_ ... 

4GiM#idi t&f@M&d M • 0 

!'ilo!II!-~~~~ 
f..i i!!:li.S! ~ E'l .fl~ a Ill 

.:...=.:., 

'1111p-

~~aftlindertl1.-tm:etofla.tNmllfDn..,. 
~-alse..ai~.-isolso~ _.,._a1.--._,..,so-.-llogirwasand - ..... a,n...,.. ... ,.,._Cff_"'9""_ 
-- - - -=::....--.. ~ol1M! iaformelbol'Oft~ is<ffil!IICDll1M Of1betll k.sDfflleirnportelll~ nmo,g-~- ... - ------_,..,...., __ y,,,,conl<Bep-Soen:tt~hend-
you...t"""""~o.~CO!)<lblo-suct,ul""°'l'e~-

I -s .. F..., f""°" E_. ju-v.-web- !e-.-l 
. --; ~ Fcull°""""Ys-as _ 

Fig. 2. Choose the most appropriate search method -
use Power-Search - a uniquely English approach to 
Internet searches. 

> • 

fAt 9,16-~ ~ ~ ~ 

• t G T, O?!J}l!l ~d~ 
IOlp~III~ 

111allrilialArary0.--Sowl,0... 

• 

Tha ___ .,_ .... oso.a..---•TI..filo 
_.__al_i4000_.......,._by .. -lbsy0ocumot< 
So,q,lyO...!BU)SC)oodt,oSaonco_ond_S.--(SRIS)ond _.,be-.. 1995 SRIS's __ ,___.,,_ 

~~"""""'"'--~~~~el .......... onclodong_ ... 

- - - -- - - - -CwT-eftt URL. ht-t:p· llporUco. bt . Ulk/bln/lhe-&er-1.el• 

Fig. 3. The British Library Periodicals Holding on-line 
service. Deeper level searches are chargeable. 
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Fig. 4. On-Line Inventors Club. Mix and Match for inventors 
and manufacturers. 

tory approach, Freepages.co.uk2 or UK.Yellow Web3 may 
provide the answer. If not, a good alternative starting point 
for all Web searches is Power-Search4, also on Demon. This 
page gives a background description for each of the search 
engines listed, permitting more logical selection as well as 
direct access, Fig. 2. 

Should you need to search for previously published infor­
mation, the British Library Document Supply Centre5 and 
the Science Reference and Information Service hold more 
than 64,000 serial publications. These comprise journals on 
science, technology, business and general interest topics, 
with on-line searching from the British Library Page. Having 
established that your required document is in these holdings, 
it can be obtained using the Lexicon easy-order service or, 
within the UK, rather more economically by request to your 
local branch library, Fig. 3. 

Perhaps you have a new design or invention, but lack the 
resources to market your idea. The Eureka Club6

, while act­
ing as an essential support for inventors needing assistance, 
also forms an on-line meeting place for designers with a new 
product but no production resources and manufacturers look­
ing for their next marketable product ideas, Fig. 4. 

Simulation software 
Symptomatic of the explosion in the use of computer simu­
lations for electronic circuit design, the numbers and variety 
of simulation software packages constantly increases. While 
this market remains dominated by derivatives of the Berkeley 
Spice 2G6 system, newer packages have emerged based on 
the latest Berkeley Spice 3F5 software core. 

An interesting document by Filip Gieszczykiewicz, called 
'Where to get Free Spice', can be found on his page at 
Paranoia.Com7. This up-to-date but rather lengthy paper, 
sub-divided by operating system, gives a good overview of 
the low-cost Spice-based systems available. 

The basic Berkeley Spice software kernel is in the public 
domain, and therefore inexpensive. Many commercial pack­
ages however, being enhanced versions of the basic Spice 
core, and having improved input and output systems, can be­
come quite expensive. 

Spice simulations are only as accurate as the the models 
used in the simulator. While most analogue integrated circuit 
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Fig. 5. Siemens 
Semiconductor 
Group's extensive 
model library . 
Modelling from de 
to 6GHz and both 
Spice and 'S' 
parameters. 

Fig. 6. Download 
your free evaluation 
demonstration 
version of Micro­
Cap V, a well 
established 
alternative pc 
simulator. 

Fig. 7. Serious 
simulation at an 
appropriate price. 
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Fig. 8. One of the 
new-generation 

simulators. It costs 
nothing to try so why 

not download this 
software? 

MRti&Wbk IFftFF 4 
flle9,li-~ ~.!Joldil,ioll ~ 

T .t, §. :n. & !I .QJ .§!. ~ Q1 

"' -------------

Wolco<nelo ... ~--HoN-bnalydlccvl~-­
.. _CJl~ood-lO~e-CIOl)Yot1"11111dam-

makers provide free models for 
their products, models for dis­
crete devices are generally only 
provided by the simulator soft­
ware package. Contributing sig­
nificantly to their cost is the 
extended model library now 
required, since older discrete 
devices must still be supported 
while new discrete devices con­
tinue to be added. 
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Fig. 9. If you are 
curious abovt the 

different variations of 
the basic Spice kernel, 

you should read the 
'Free SPICE' document 

and the 'SPICE 3F2' 
document7 both by 

Fi/ipg@paranoia.com. 
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Spice models 
One major commercial provider 

, • of Spice models is Symmetry8, 

part of Tnterface Technologies. 
Its SymLib library contains more 

than 7500 analogue and mixed-signal devices of proven 
accuracy. Should the device you need not be otherwise avail­
able, it also offers a contract modelling service. Symmetry's 
models can be purchased and downloaded from its Web 
page. 

Siemens Semiconductor Group9 manufactures both radio 
and audio-frequency discrete semiconductors. For these, the 
company offers more than 17,000 files of S-Parameters for 
downloading in Touchstone format, plus Spice-parameters in 
Spice 20.6 formal. Details of this service, which comprises 
four libraries covering both low frequency and above 
100MHz package equivalent data sets, are available on its 
Web page. My browser was allowed to access the page but 
not allowed to FTP any files, so a dedicated FTP program 
was used to download my required library, Fi~. 5. 

When I visited International Rectifier's siteff> in April last 
year, I only found fifth-generation Mosfet models, but a 
recent return visit provided models also for the company 's 
older generation products. 

Comlinear, now part of National Semjconductor, offers 
Macromodels for its signal-conditioning product line, which 
can be downloaded from National's pages 11 • These Spice 
Macromodels are available either by individual device num­
ber or as a complete, self-extracting archive library for aJJ 
types. 

Simulator engines 
Spectrum Software's12 fifth-generation Micro-Cap simulator, 
Micro-Cap V, unlike earlier versions, runs under Windows 

and is compatible with standard Spice mode.I libraries. Note, 
however, that older S3 video card drivers and early Hewlell 
Packard printer drivers may need to be updated before run­
ning Micro-Cap V. A free l.4Mbyte student/demo version 
can be downloaded from the company's Web page. ft shows 
the result of simulating a Gilbert Multiplier to illustrate the 
use of Micro-Cap V, Fig. 6. 

TI1e Mera-SofrwareI3 version of Spice -HSpice -claims to 
be the most accurate commercial circuit simulator available, 
with the MeraMOSl (level 28) transistor model giving faster, 
more accurate simulations. HSpice, which is available inte­
grated into major simulation frameworks from Cadence, 
Viewlogic, Zuken and Mentor, is targeted to the design of sil­
icon integrated circuits including asics, as well as more con­
ventional circuit design needs, Fig. 7. 

S/Metrix vl.l is a Spice-based simulator with schematic 
editor for Windows 3.x available from Newbury Technical 14. 

A free, no-time-limit version, fully working except for user 
definable menus, etc., called SIMe1rix intro, can be down­
loaded from the company's page14. While some support for 
this free version is available by e-mail, those users down­
loading SlMetrix intro are advised to print out the Known 
Bugs page, Fig. 8. 

This month's final Internet simulation offering is AJM­
Spice V2.0 15, also available for download in a free student 
version. This package was developed to provide a more user­
friendly interface and take advantage of newer device mod­
elling. It is based on the Berkeley Spice 3.El kernel and fully 
described in the book 'Semiconductor Device Modelling for 
VLSI', published by Prentice Hall (ISBN 0-13-805656-0), 
Fig. 9. 

Readers curious about the different variations of the basic 
Spice kernel should read the Free Spice document and the 
Spice 3F2 document7, both by Filipg@paranoia.com. • 
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THE ORIGINAL SURPLUS WONDERLAND! Surplus always 
wanted for cash! THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

40Mb HD + 3Mb Ram 

UMITED QUANTITY only of these 12Mhz HI GRADE 286 systems 
Made In the USA 10 an industrial specification, the system was 
designed for total reliability. The compact case houses the mother­
board, PSU and EGA video card wilh single 5¼'' 1.2 Mb floppy disk 
~rive & Integral 40Mb hard disk drive 10 lhe front Real lime clock 
w,th ballery backup is provided as standard. Supplied in good used 
condltioo complete wilh enhanced keyboard, 640k + 2Mb RAM, 
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run! 
OrderasHIGAADE286 ONl y £129. 00 e 
Optional Filled extras: VGA graphics card 
1.4Mb 3½' liopPy disk drive (Instead of 1,2 Mb) 
Wordperfe<:t 6.0 for Dos . when 3W FOO option ordered 
NE2000 Ethernet (lhick, thin or twisted) network card 

£29.0Q 
£19.95 
£22.50 
£29.00 

LOW COST 486DX-33 SYSTEM 
Limited quan111y of this 2nd user, supurb small size desktop unit. 
Fully featured with standard simm connectors 30 & 72 pin. Supplied 
with keyboard, 4 Mb of RAM, SVGA monitor output. 256k cache and 
11tegral 120 Mb IDE drive with single 1 .44 Mb 3.5" floppy disk drive. 
Fully tested and guaranteed. Fully expandable Only 
Many other options avalable - call for de/sits. £399.00 (E) 

FLOPPY DISK DRIVES 3 ½" -8" 
5¼" or 3½" from only £18.95 ! 

Massive purchases of standard 5¼" and 3½• dr'iVes enables us to 
preseni prime p<0duct at industry beating low prices! All units (unle.ss 
stated) are BRAND NEW or removed from otten brand new equip­
ment and are fully tested, aligned and shipped lo you with a 90 day 
guarantee and operate from standard voltages and are of standard 
size. All are IBM-PC compatible (ii 3½" supported on your PC). 
3½" Panasonic JU363/4 720K or equivalent RFE £24.95 B 
3½" Mitsubishi MF355C·L. 1.4 Meg. Laptops only £25.95 B 
3½' Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95 B 
S'A" Teac FO-55GFR 1.2 Meg (for IBM pc's) RFE £18.95 B 
5'A" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29.95 B 
5¼" BRAND NEW Mitsubishi MF501 B 360K 1:22.95 B 
Table top case with Integral PSU for HH 5¼" Flopp or HD £29.95 B 
8" Shugart 800/801 5• SS refurbisMd & tested £195.00 E 
8" Shugart 810 5• SS HH Brand New £195.00 E 
8" Shugart 851 s• double sided refurbished & IesIed £250.00 E 
Mitsubishi M2894-63 8" double sided NEW £275.00 E 
Mitsubishi M2896·63-02U 8" OS slimline NEW £285.00(E 
Dual 8" cased drives with integral power supply 2 Mb £499.00(E 

HARD DISK DRIVES 
End of line purchase scoop! Brand new NEC 02246 8" 85 Mbyte 
drive with Industry standard SMD Interface. replaces Fujilsu 
equivalent model. Full manual. Only £299.00 or 2 for £525.00 (E) 

3Y!' FUJI FK-309-26 20mb MFM I/F RFE £59.95(C) 
3W CONNER CP3024 20 mb IDE 1/F (or equiv )RFE £59.95 C 
3W CONNER CP3044 40mb IDE. f/F (orequiv,)RFE £69.00 C 
3½' RODIME RO3057S 45mb SCSI I/F (Mac & Acorn) £69.00 C 
3½' WESTERN OIGITAL850mb IDE VF Brand New £185.00 C 
5y.• MINISCRIBE 3425 20mb MFM 1/F (or equiv.) RFE £49.95 C 
5¼" SEAGATE ST-238R 30 mb ALL 1/F' Relurb £69.95 C 
S¼" CDC 94205·51 40mb HH MFM I/F RFE Iested £69.95 C 
5¼" HP 9754B 850 Mb SCSI RFE tested £89.00 C 
5¼' HP C3010 2 Gbyle SCSI different/at RFE tested £195.00 C 
B" FUJrrsu M2322K 160Mb SMD I/F RFE tested £195.00 E 
Hard disc controllers Jor MFM. IDE. SCSI. ALL etc. from £16.95 

THE AMAZING TELEBOX 
Converts your colour monitor into a QUALITY COLOUR TVII 

TV SOUND & 
VIDEO TUNER 
CABLE cor,tPA nBLE . 

The TELEBOX Is an attractive fully cased mains powered unit, con­
taining all electronics ready 10 plug Into a hosl of video monitors 
made by makers such as MICAOVITEC, ATARI, SANYO, SONY, 
COMMODORE, PHILIPS, TATUNG, AMSTAAO etc. The compostte 
video output will also p lug directly Into most video recorders. allowing 
reception ol TV channels not normally receivable on most televi­
sron receivers• (TELEBOX MB). Push bullon controls on lhe lront 
panel allow reception of 8 fully tuneable 'off a.if UHF colour television 
channels. TELEBOX MB covers virtually all television frequencies 
VHF and UHF including the HYPER BAND as used by most cable 
TV operators. A composite video oulpul Is located on the rear panel 
for direcl connection to most makes ol monitor or desktop computer 
video systems. For complete compatibility - even for monitors w"h· 
oul sound - an Integral 4 wan audio amplitre, and low level HI Fi 
audio ouIpul are pmvided as standard, 
TELEBOX ST for composite video inpul type monitors £36.95 
TELEBOX STL as ST but filled with Integral speaker £39.50 
TELEBOX MB Multiband VHFIUHF/Cabfe/Hyperband tuner £69.95 
For overseas PAL versions sIate 5.5 or 6 mHz sound specification. 
'For cable I hyperband reception Tetebox MB should be connected 
to a cable type service. Shipping code on all Teleboxe·s is (B) 

DC POWER SUPPLIES 

/C's -TRANSISTORS - DIODES 
OBSOLETE - SHORT SUPPL V - BULK 

6,000,000 items EX STOCK 
For MAJOR SAVINGS· CALL FOR SEMICONDUCTOR HOTLIST 

VIDEO MONITOR SPECIALS 
One of the highest specification 

• monitors you will ever see - • 
11r& At this price - Don't miss it!! 11r& 

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 E nclosures Ltd. Units feature 
designer, smoked acrylic lockable front door, 
full height lockable half louvered back door 
and louvered removable side panels. Fully 
adiusIable internal fixing slruts, ready punched 
lor any configuraIion of equipment mounting 
plus ready mounted integral 12 way 13 amp 

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monftor wilh f,ne socket switched mains distribution strip make 
028 dot pitch tube and resolution of 1024 x 768. A these racks some of the most versatile we 
varietyol1nputsalowscornectiontoahoslofcompu~ t,ave ever sold. Racks may be slacked side by side and therelore 
ers ndudn9 IBM PC's " CGA. EGA, VGA & SVGA require only two side panels to sIand singly or in multiple bays. 
modes, BBC, CQMMODORE(induek1g Amiga 12001 Overall dimensions are: 77½" H x 32½' D x 22" W. Order as: 
ARCHIMEDES and APPLE. Many features: Etched OPT Rack 1 Complete wfh removable side panels £335 00 (G) 
fa"""'te, teXI swilctlirg and LOW RADCA T10N MPA " . ' 

specfficat,on. Fully guaranteed, supplied in EXCEL· OPT Rack 2 Rack, Less side panels £225 .. 00 (G) 

~~l>Sed~s Only £119 1~ MW~.;~ ! 32U - High Quality - All steel RakCab I 
VGA cable for IBM PC Included. Made by Eurocraft Enclosures Ltd to the highest possible spec, 
External cables for othe<1ypeS of ccmpulets CALL rack feaIures all steel construction with removable 

As New - Used on film set for 1 week only/I 
15" 0.28 SVGA 1024 x 768 res. colour moni tors. 

Swivel & tllt etc. Full 90 dey guarantee. £145.Q0 (E) 

Just In • Mlcrovltec 20" VGA (800 x 600 res.) co/our monitors. 
Good SH condition • from £299 • CALL for Info 

PHILIPS HCS35 (same style as CM8833) altracIively styled 14" 
colour moniIor with l22l.b FlGB and standard composite 15.625 
Khz video Inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
WIii connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring I security applicatioos with direct connection 
to most colour cameras. High qualily with many features such as 
front concealed llap conlrols. VCR correction buuon etc. Good 

~1~!~~;~~~~; ~~II~ ~ei5J~. -x g1ul~~nb''.ed Only £95 (E) 

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan­
dard composite 15.625 Khi video input via SCART socket. Ideal 
for all monitoring/ security applications. High qualily, ex-equipment 
fully tested & guaranteed (possible minor screen burns). ln allrac· 
live square p lack plasIlc case measuring W10· x H10" x 13\¼" D. 
240 V AC mains powered. Only £79.00 (D) 

KME 10• 15M10009 high definition colour monitors with 0.28" dol 
pitch. Superb clarity and modern styling .. 
Operates from any 15.625 khz sync RGB video 
source, with RGB analog and composite sync 
such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC, Measures only 13½" x 12" x 
11·_Good used condition. Only £125 (El 

20" 22" and 26" AV SPECIALS 
Superbly made UK manufacture, PIL all solid s1aIe colour monitors, 
complete wllh composite video & opUonal sound input. Allractlve 
teak style case. Perfect lor Schools, Shops. Disco, Clubs, etc.In 
EXCELLENT lillle used condition with full 90 day guarantee, 

20 " ... ,£135 2211 ,.,.£155 26"., .. £185 (F) 

MITS. FA3445ETKL 14" Industrial spec $VGA monttors £245 
2kWto 400kW • 400Hz3phasepowersources-exstock £POA 
IBM 8230 Type 1, Token ring base unit driver £950 
IBM 53F5501 Token Ring ICS 20 porl lobe modules £750 
IBM MAU Token ring distribution panel 8228-23·5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
Trend DSA 274 Data Analyser Wilh G703(2M) 64 Vo !!POA 
Marconi 6310 Programmable 2 lo 22 GHz sweep generator £6500 
HP1650B Logic Analyser £3750 
HP3781A Pallem generator & HP3782A Error Detector £POA 
HP APOLLO RX700 system untts £950 
HP6621A Dual Programmable GPIB PSU 0·7 V 160 walls £1800 
HP3081A lndus1rila workstation c\w Barcode swipe reader £175 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675 
HP54121A DC to 22 GHz four channel tesl set £POA 
HP7580A A 1 8 pen HPGL high speed drum ploller £1850 
EG+G Brookdeal 95035C Precision lock in amp £650 
View Eng. Mod 1200 computerised inspectiOn system £POA 
Ling Dynamics 2kW programmable vibration tesl system EPOA 
Computer controlled 1056 x 560 mm X Y table & controller !!1425 
Keithley 590 CV capacitor/ vollage analyser EPOA 
Racal ICA40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New balls De<:, 1995 £9500 
ICI R5030UV34 Cleanlfne Ultrasonic cleaning system £POA 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £1200 
Zeta 3220-05 AO 4 pen HPGL fast drum plouers £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
Motorola VME 8 us Boards & Components Lisi. SAE I CALL £POA 

side, front and back doors. Front and back doors are 
hinged for easy access and all are locl(able with 
five secure 5 lever barrel locks. The fronl door 
is constructed of double walled steel with a 
'designer style' smoked acrylic front panel 10 
enable status indicators to be seen through !he 
panel. yet remain unobtrusive. Internally the rack 
features fully sloned reinforced vertical fixing 
rnem bers to take the heaviest of 19" rack 
equipment. The two movable vertical fixing struts 
/extras available) are pre punched for standard 
cage nuts'. A mains distribution panel internal· 
ly mounted 10 the bollom rear, provides B x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pln switched 
utility socket. Overall ventilalion is provided by 
fully louvered back door and double skinned top section 
with top and side louvres. The top panel may be removed for filling 
of Integral fans to the sub plate etc. Olher features include; fitted 
castors and floor levelers. prepunched utility panel at lower rear for 
cable / connector access etc. Supplied in excellent, slighlly used 
condition wilh keys. Colour Royal blue. External dimensions 
mm:1625H x 6350 x 603 w. ( 64" H x 25" D x 23¾" W ) 

Sold at LESS than a third of makers price !I 

A superb buy at only £195.00 (G) 

Over 1000 racks - 19" 22" & 24" wide 
3 to 44 U high. Available from stock !! 

Call with your requirements. 

TOUCH SCREEN SYSTEM 
The ultimate In 'Touch Screen Technology' made by the experts • 
Micro Touch • but sold al a price below cost !I System consists of 
a fiat translucent g:ass laminated panel measuring 29.5 x 23.5 cm 
connected to an eleclrooic controller PCB. The controller produces 
a standard serial RS232 or TTL output which continuously gives 
simple serial data containing posilional X & V co-ordinates as to 
where a l inger is touching lhe panel - as the finger moves, the data 
instantly cnanges. The X & V information Is given al an Incredible 
matrix resolution of 1024 x 1024 positions over the entire screen 
size I! A host o f available translation software enables direct con· 
nection 10 a PC for a myriad of applications includir)g: c0111rol pan­
els. pointing devices, POS syslems, controllers for the disabled or 
computer un-trained etc etc. lmaqine using your finger wllh 
'Windows', instead ol a mouse II (a dnver is Indeed available I) The 
applications for this amazing product are only timlted by your 
Imag ination// Complete system including Controller, Power Supply 
and Data supplied al an incredible price of only: £145 00 
Full MICROTOUCH sotrwat• suppor1 pack • (B) 
and manr.Jala for IBM compatible PC's £29.95 RFE • Tosi~ 

LOW COST RAM & CPU'S 
INTEL ' ABOVE' Memory Expansion Board. Full length PC-XT 
and PC-AT compallble card wilh 2 Mbytes of memory on board. 
Card is fully selectable for Expanded or ExIended (286 processor 
and above) memory. Full data and driver disks suImlled. RFE. 
Fully tested and guaranteed. Windows compatible. £5g.95(A 1) 
Hal length 8 bit memory u1;>9rade cards for PC AT XT expands 
memory either 256k or 512k In 64k steps. May also be used to fill 
in RAM above 6401< DOS limit. Complete With data. 
Order as: XT RAM UG. 256k. £34.95 or512k £39.95 (Al) 

~SPECIALS 
1 MB x 9 SIMM 9 chip 120ns Only £16.50 !All 
1 MBx9 SIMM3chip80 ns £19.50 or 70ns £22.95 A1 
1 MB x 9 SIMM 9 chip SO ns £21.50 or 70ns £23.75 A1 
4 MB 70 ns 72 pin SIMM -wllh parity- Only £95.00 A1 
INTEL486-DX33CPU £55.00 INrEL48&-DX66CPU £69.00 Al) 
AJLL RANGE OF CO-PROCESSOR'S EX STOCK· CALL FOR Ill 

FANS & BLOWERS Trio 0·18 vdc linear, metered 30 amp bench PSU. New £550 
Fu.litsu M3041R 600 LPM band printer £1950 EPSON DO412 40x4ox2o mm 12v DC £7.95 t0/ £65 
Fu ltsu M3041D 600 LPM printer with network interlace £1250 PAP ST TYPE 612 S0xS0x25 mm 12v DC £8.9510 I £75 
Porkln Elmer 2998 Infrared spectrophotometer £POA MITSUBISHI MMF, O6012DL S0x60x25 mm 12v DC £4.95 10 / £42 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750 
Andrews LARGE 3.1 m Satellite Dish+ mount fFor Voyager!) £950 MrrSUBISHI MMF-08C12DM 80x80x25 mm t2v DC £5.25 10 I £49 
Sekonlc SD 150H 18 channel digital H'lbrid chart recorder £1995 MITSUBISHI MMF-09B12DH 92x92x25 mm 12V oc £5.95 10 I £53 

SON T II rt 11r d £750 PANCAKE12-3.592x92x18 mm 12vDC £7.9510/£69 
1A:i~~Rv\!t~~ 1152 iAt"~av!Tcfrm"ir;or\~~r er £485 EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110 

Virtual 1/y e very type 1' p'bwer T!stLab -2mtrsquarequletisedacoustictestcablne1s £300 or 240v £6.95. 80x80x38mm - spec1fy110or240v E5.95 
supp Y you can fmag ne. ver Kenwood 9601 PALVeciorscope-NEW £650 IMHOFB26 1900rackmnt 3Ux19"Blower110/240VNEW £79.95 

1 0 , 0 0 0 Power Su PP I I es Ex Stock Please call for further details on the above items Shipping on all tans (A). Blowers (B). so,ooo Fans Ex Stock CALL 
Call for Info I list. · • • 

Issue 13 of 'lJispfay 'J{g_ws now available - send large SAE - PACKED wtth barga1nsl 
.... . . . . 
: : : . . . . . . .... . 
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RF DESIGN 

Continued use of the 
phase/frequency 
comparator's charge 
pump system looks 
questionable in view 
of the increasing 
demands for spectral 
purity, argues 
Edward Forster. 

Phase/freq. 
comparator 

Up 

Down 

Pulses at synchronism 

ase 
• comparator purity 

The phase/frequency comparator is one of 
the most widely used components in 
phase-locked loop technology. It is 

applied in countless applications, increasing 
by the day as more radio-oriented products 
appear. 

AJthough the basic logic within the 
phase/frequency comparator is simple and 
well understood, the output interface to the 
analogue world has several variations. 

The charge pump 
The most popular output circuit is the charge 
pump system comprising transistors Tr, and 
Tr2, Fig. 1. Disregarding the log ic for the 
moment, it is only necessary to know that 
when the phases are synchronised, the output 
on the up/down lines consists purely of short 
duration pulses, normally coincident, which 
occur as the comparator resets in every cycle. 

The duration of the reset pulses only 
depends on propagation delays in the logic. 
These can be very short compared to the ref­
erence clock period. Resulting output for these 

Error amplifier 

ToVCO 

short pulses is highly dependent on the match­
ing of the transismrs. 

A perfectly complementary combination 
would probably avoid some of the variations 
in comparator gain which occur near zero 
error. This type of output circuitry is tri-state 
with the third state being a high impedance 
state. Presumably, this fits in with the fact that 
the logic also has three stable states. The 
fourth state, in which both up and down lines 
are high, is inhibited by reset. 

The outpllt logic circuitry sounds more like 
a digital engineer's idea of analogue design. 
However, the main outcome is that at phase 
synchronism the output is essentially in the 
high impedance state almost continuously 
except for a momentary clamping of the out­
put ideally to Vd/2-

Figure 1 shows a typical error amplifier and 
active filter for th is approach which has to be 
protected against the fast pulses, usually by 
splitting the input resistance and adding a 
capacitance to ground. But the extra delay due 
to the filter R/2, C must not made so large as 
to affect loop stability. 

The capacitor associated with the charge 
pump is the integrating capacitor in the active 
filter and not this C. The de reference for the 
amplifier is V J2 so that the loop will settle at 
zero phase error. Reference frequency sup­
pression is then at a maximum and the gain of 
the comparator is V J4n volts/radian. 

Fig. 1. Conventional phase/frequency comparator with charge-pump output. 

The source impedance seen by the op-amp 
is sometimes a critical factor in determining 
the intrinsic noise of the error amplifier and 
through the loop, noise on the voltage-con­
trolled oscillator, or vco. That is, the vco may 
have higher close-in noise sidebands than 
expected or desired. 

The differential output, Fig. 2, shows anoth-
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er arrangement in which a differential error 
amplifier is driven by the up/down logic out­
puts directly so as to subtract them. The fast 
coincident pulses then become a common 
mode problem for the amplifier which only 
additional RC pre-filtering will satisfact0rily 
resolve. Note that the nominal output/common 
mode voltage at phase synchronism is either 
very close to Vd or ground, depending on the 
logic polarity. This is often inconvenient in 
single supply systems. 

Overall noise performance tends to be 
improved by the higher gain, Vd(21t V/rad, and 
because there is no high-impedance state. 

The resistive combiner 
A better approach, which does not rely on the 
op-amp as a subtractor, is shown in Fig. 3. It 
is simply to take the up line in Fig. I and add 
it to_ the inverted down line in a I: I resistive 
network. 

At phase synchronism the pulses disappear 
in the output which is a de voltage of nomi­
nally Vd/2; the exact value depends on the 
high/low saturation voltages of the logic. As 
before, this is only true when a zero error con­
tTol loop is used and adjusted correctly. The 
comparator gain is Vd/47t volts/radian. Figure 
3 shows that - in principle at least - infinite 
reference suppression is possible without fil­
tering and that the interface is inherently suit­
able for wide band applications. In practice 
however, additional RC filtering is still nec­
essary in front of the error amplifier. 

Noise performance of the op-amp can be 
adjusted by setting the resistors R and the total 
input resistance to optimum values for the 
device. At phase synchronism, the output 
effectively shunts the supply line with a con­
stant resistance of 2R. Since this resistance 
may at times be quite low, the extra current 
drain must be considered. It may be seen as a 
price worth paying. 

See it work 
Typical discrete logic would use standard 
D-type bistable devices, namely positive edge­
triggered 7474s with 'clear on low' inputs. 

While it is possible to illuso·ate the wave­
forms, there is no better way to appreciate the 
circuit than to make one and test it. The sim­
plest method is to take a signal generator, feed 
one input directly, and the other via a 100m of 
RG58, giving a delay of 500ns. By varying the 
frequency, all possible phase errors can be 
generated and the response seen. 

While the comparator has a nearly - 360 to 
+360° linear range you will find that it also 
has a 360° phase ambiguity, which depends on 
the initial conditions. As a result, it is not use­
ful as an absolute phase comparator but it does 
excel in phase-locked loop applications. 
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Differential resistive combiner 
Figure 4 shows a differential comparator 
which allows the op-amp to reject common­
mode noise arising from the supply line, Vd. 
This comparator also has twice the gain 
(V J21t volts/radian) of Fig. 3, which means 
that the effective op-amp noise is halved when 
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Phase/freq. __JL 
comparator 

Down 

RF DESIGN 

considering its relative effect on the noise 
sidebands of the voltage-controlled oscillator. 

Lock detection is also shown and a complete 
comparator can be made with just two stan­
dard ics. Extended frequency range compara­
tors for special applications are thus very sim­
ple indeed. • 

ToVCO 

Pulses at synchronism I 
Fig. 2. Using a differential output with the conventional phase/frequency 
comparator improves noise performance. 
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Fig. 3. Phase/frequency 
comparator with resistive 
combiner is an improvement 
over Fig. 2's differential 
output. In theory, infinite 
reference suppression is 
possible. 
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Fig. 4 . Differential phase/frequency comparator allows common-mode supply 
noise rejection and reduces noise due to its higher gain. 
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MOONSHINE BIBLE 270page bookcovenng lheproducilonor 
alchoh~ from potatoes, nee, grains etc Drawlngs of simple home 
made stills nght through to commercial systems. E12 ref MS3 
NEW HIGtf POWER MINI BUG With a rangeof800metresor 
more and up to 100 hours use from a PP3 ttiswill bepopulart Bl.lg 
measures less than 1· square! £28 Ref LOT102. 
SINCLAIR Cl MOTORS We have a ne111 ones avalla.blewlthoul 
gearboxes at £50 ref LOT25 
BUILD YO!J OWN WINDFARM FROM SCRAP New 
publication gives step by step guide to building wind generators 
Anned with ttds pu~licaUon and a good local scrap yard could mak~ 
you self sufficient In electrtclty! £12 ref LOT81 
PC KEYBOARDS PS2connedor, lop quality sultablefor all 2861 
3861486 elcE10 rel PCKB. 10lor £65. 

TRACKING TRANSMITTER range 1.S.5 miles, 5.000 hours on 
AA batteries, also tmnsmrts Info on car direction and motion!Wof1<s 
with any FM radio. 1.5' square. £65 ref LOT101 
ELECTRIC OOOR LOCKS Complete lock With both Yale lock 
and 12v operated deadlocl< (keys Included) £10 ref LOT99 
GALLIUM ARSENIDE FISHEYE PHOTO DIODESComplele 
with ouggested clrcUits ror long range communications\swlte11Ing 
£12 complete. 
SURVEILLANCE TELESCOP E Superb Russian zocm 
telescope adjustabl.e from 15x to 60xJ complete with metal tnpod 
0mposibje to_ use without tt;s on )he higher settings) 66mm tense, 
leather carrying case £149 ref BAR69 
WIRELESS VIDEO BUG KIT Transmits video and audio 
signals from a minature CCTV camera 0ncluded) to any standard 
taevts,onl All the components incfudlng a PP3 battery will fit Into a 
cigarette packet with the lens requiring a hote about 3mm diameter 
Supp_lied wtth telescopic aerial but a piece of wire about 4• long wili 
sun give a range or up to 100 metres. A sing le PP3 wm probably give 
less than 1 hours use. £88 REF EP79. (probabl.Y not llcensablel) 
CCTV CAMERA MODULES 46X70X29mm, 30 grams. 12v 
100nA: auto electronic shut1er, 3.6mm F2 lens, CClfl, 512x492 
ptxas. Video outputis 1 v P·P (75 ohm), Works dlrecay Into , scart or 
video input on a tv orvldeo. lR sens/Uve. £79.95 ref EF137. 
IR LAMP KIT SUltableforthe above camera. enables the camera 
to be used In total darkness! ~5.99 rel EF138 
INFRA RED POWER BEAM Handheld battert powered lamp, 4 
Inch refleclor. krypton bulb. givesoul powerfuiinfrared llght!4 Ocells 
required. £39 ref PB1. 
MONO VGA MONITORS, Perfect condition, Compaq, t4", 3 
months warranty £29 ref MVGA 
SOLAR COOKER GUIDE Comprehensive plans 

9 WA TT CHI EFT AN TANK LASERS 
Double beam units designed to fllln the gun barre of a tank. each unit 
has ~o semi conducto,r lasersa.nd motordlive units foraJlgnement. 
7 mile range, run clrcu,t diagrams, new price £50.000? us? £349. 
Each untt has two gallium Arsenide lnjecUon lasers, 1 x 9 watt, 1 x 
3watt,900nmwavelength, 28vdc, 600hz pulsefrequency. The units 
also contain an electronic receiver to detect reflected signals from 
targets. ftve or more units £299 ea. £349 for one. Ref LOT4. 
TWO WAY MIRROR KIT lndudesspecial adheslveftlm Jo make 
lwo way m11ro~s) up to so·x20·. (glass not included) Includes flAI 
Instructions. £12 refTW1. 
NEWLOWPRICEDCOMPUTERIWORKSHOP/H~FtRCB 
UNITS _Complete protection from faulty equlpmenl ror everyt>ody! 
iii me umtfitsln standard IEC lead (extendsit by 750mm). fitted in less 
than 10 seconds, reset/test button. 10A rating.£6.99 each ref LOTS. ~;::i: ;'.;,~~49.90ref LOT6. lfyouwant a box or 100you can 

RADIO CONTROLLED CARS FROM £6 EACHII!! All 
returns from fmnous manufacturer, 3 types available, single channel 
(lefl,right,forwards,backwards) £6ref LOT1 Two channel with mor,, 
features £12 ref LOT2. 
THOUSANDS AVAILABLE RING/FAX FOR DETAILS! 
MAGNETIC CARD READERS (SWlpes) £9.95 Cased with 
0yleads, designed to read standard credit cardsl they have 3 wires 
coming out of the head so they may write as well? complete with 
contn,I elCIIOnlcs PCB. just £9.95 ref BAR31 
WANT TO MAKE SOME MONEY? STUCK FOR AN 
IDEA? We have collated 140 business manuals that give you 
information on setting up different busfnesses, you peruse these at 
your leisure using the text editor on your PC. Also Included Is the 
certificate enabling you to reprOduce (and sell) lhe manuals as much 
as you like! £14 rel EP74 
PANORAM IC CAM ERA OFFER Tal<es double Width 
photographs using standard 35mmfflm. Usem honzontal or vertical 
mode. Complete with strap £7.99 ref BAR1 
COIN OPERATED TNER KIT Complete with colnslot 
mechanism, adjustable Ume delay, relay output, put a colnslot on 
anything you like! TV.s. videos. fridges, drinks cupboards, HIFI. 
takes 50p's and £1 coins. DC operated, price Jusl£7.99 rel BAR27. 
ZENITH 900 X MAGNIFICATION M ICROSCOPE Zoom 
metal construcUoo, built In light, shrimp farm. group viewing screen: 
lots ct accessories. £29 ref ANAYL T. 
AA NICAD PACK Pack ct 4 tagged AA nlcads £2.99 ref BAR34 
PLASMA SCREENS 222x310mm, no data hence £4.99 rel 
BAR87 
NIGHTSIGHTS Medel TZS4with Infra red muminator, views up to 
75metn,sln full darkness lnlnfrar,,d mode, 150m range, 45mm lens 
13deg angle olvlew. focussing range 1.5m to Infinity. 2 AAbatterie~ 
req.,red. 950g weight. £199 ref BAR61. 1 years warranty 
LIQUID CRYSTAL DISPLAYS Bargain prices, 
16 character 2 line, 99x24mm £2.99 refSM1623A 
20 character 2 line, 83x19mm £3,99 ref SM2020A 
16 character 4 line, 62x25mm £5.99 ref SMC1640A 
TAL-1 110MM NEWTONIAN REFLECTOR TELESCOPE 
Russian.Superb astronomical 'scope. everything you needforsome 
serious star gazing! up to 169x magnlftcation. Send or fax tor further 
lnformaflon ref TAL-1, £249 
SOLAR ENERGY/GENERATOR PLAljS For your home, 
loads of inlo on designing systems etc £7 ref PV1 
SOLAR COOKERS Comprehensive guide to building sotar ~:C~red cookers. lnciudes plans, recipes, cooking times etc £7 ref 
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CENTRAL POINT PC TOOLS Award winning sonware. 1,300 
vrrus checker. "!'emery op~miser, disc optimiser, fl"le compression, 
low level formatting, backup sclleduler. d1skdefragmenter, undelete. 
4 calcUlators. D base, disc editor, over 40vJewers, remote comp Ll1ing 
password protection, encryption, comprenensfve manual supplied 
etc EB ref lot 97 3.5' disks. 
GOT AN EXPENSIVE BIKE? You need one of our bottlealanns 
th")'look ftkea standard waler bottle, but open the top, Insert a ~PY 1~ 
activate a motion sensor alarm built Inside. Fits all standard bottfe 
carriers. supplied with two keys. SALE PRICE £7.99 REF SA32. 

COLOUR 
CCTV VIDEO 
CAMERAS, 
BRA.ND NEW, 
CASED, £119. 
PERFECT FOR 
SURVl:ILLANCE 
INTERNET 
VIDEO CONFERENCING 
SECURITY 
DOMESTIC VIDEO 
Works with most modern video's, TV's, 
Composite monitors, videograbbercards etc 
Pal, 1v P-P, composite, 76ohm. 1/3" CCD, 4mm F2.8, 
600x&82, 12vdc, mounting bracket, auto shutter. 
100x60x180mm, 3 months waminty, 10 or more £99 ea. 

~ Check out our 

WEBSITE 
http://www.pavlllon.eo.uk/bull-eleotrlcal 

GOT AN EXPENSIVEANYTHING?Youneedoneorourcased 
vibratio~ alanns, keyswitch operated, fully cased just fit ff to 
anything from videos to caravans, provides a years protection from 1 
PP3 battert, UK made. SALE PRICE £4.89 REF SA33. 
DAMAGED ANSWER PHONES These are probably beyond 
repair so Just £4.99 each, BT response 200 machines. REF SA30. 
IBM PS2 MODEL 160Z CASE AND POWER SUPPLY 
Complete with fan etc and 200 watt power •uPPty, £9.95 ref EP67 
DELL PC POWER SUPPLIES 145 watt, ~ .-5,+12,·1:Z, 
150x150x85mm complete with swlle11. ft)teads and IEC socket. 
SALE PRICE £9.98 ref EP55 
1.44 DISC DRIVES Standard PC 3.5" drives but relums so they 
Will need attenlion SALE PRICE £4.99 rer EP68 
1.2 DISC DRIVES Standard 5.25' drives bu1 returns so they will 
need attention SALE PRICE NOW ONLY £3.50 refEP69 
PP3 NICADS Unused but some storage marks. £4.99rer EP52 
DELL PC POWER SUPPLIES (Custornerretums)Standard PC 
psu'scompletewlth f1Yleads, case and fan. +12v.-12v,+5v.-5V SALE 
PRICE£1.99 EACH wor111 ltror the bits alone! refOL 1. TRADE PACK 
OF 20 £29.95 Ref Dl.2-

GAS HOBS AN DOVE NS Brand new gas appliances, perfect for 
smaa flats etc. Basic 3 burner hob SALE PRICE £24.99 ref EPn 
Basic small buUt in oven SALE PRICE £79 ref EP73 . 
ENERGY BANK KIT 1006'X6' 6V 100nApanels, 100diodes. 
connection details etc. £69.95 ref EF 112. 
PASTEL ACCOUNTS SOFTWARE, does everything for all 
sizesofbusinesses.lndudeswordprocessor, ,eportwriter.windowlng, 
networkable. up to 10 stations, mUltiple cash books etc. 200 page 
comprehensive manual, 90 days free technical support (01342· 

OR< It M). I 1'1 ON llfl'Ll (ARO 

326009 !rt before you buyl) Curn,nt retail price Is £128, SALE 
PRICE £9.95 ref SA 12, SAVE £120!!1 
RACALMODEM BONAHZAI 1RacaiMPS12231200/75modem 
telephone lead, main~ lead, manual and comms sortw·are, t~ 
cheapeS1 way onto the neH all this for just £13 rel DEC13. 
BULL TENS UNIT Fully buUI and tested TENS (Transcutaneous 
Eledric.al Nerve Sffmulation) unit, complete wl1ll etectrOdes and full 
mS1ruct1ons. TENS is used for the relief of pain etc Jn up to 70,,. of 
sufferers. DrtJg f,ee pain relief, safe and eas.y to use. cao be used In 
corjunelion with analgesics etc. £49 Ref TEN/1 
PC PAL VGA TOTVCONVERTERconvertsacolourTVinto 
• basicyGAscreen.Completewithbuiltlnpsu, lead and st,yar,, .. Ideal 
for laptops or a cheap upgrade.SuppUed In kit form for home 
assembly. SALE PRICE £25 REF i;A34 

EMER~ENCY LIGHTING UNIT Complete unit whh :z double 
bulb 0oo<!llghts,,bulllln charger and auto switch. Fully cased. 6V 8AH 
lead acid req'd. (secondhand) £4 ref MAG4P11. 
YUASHA SEALED LEAD ACID BATTERIES Two sizes 
currently available this month. 12v 15AH at£ 18 ref LOTS and 6V 1 0AH 
(sUitable for emergency lights above) at Jusl E6 rel LOTT. 
ELECTRIC CAR WINDOW DE-ICERS Complete wil11 cable 
plug etc SALE PRICE J~ £4.89 REF SA28 . 
AUTO SUNCHARG ER 155x300mm solar panel with diode and 3 
metre lead ftlted with a cigar plug. 12v 2watt. £8.Jl9 REF SA25. 
M ICRODRIVE STRIPPERS Small ca~d tape drives ideal ror 
stripping, lots of useful goodies lncfuding a smart case, and lots of 
cornpone11ts, SALE PRICE JUST £4.99 FOR FIVE REF SA:26 
SOLAR POWER LAB SPECIAL YougelTW06"x6'6V 130mA 
solar cell.s. 4 LED's, wire, buuer. swttch plus 1 relay or motor.Supelb 
value kit SALE PRICE JUST £4.99 REF SA27 
RGB/CGAIEGA/TTL COLOUR MONITORS 12· in good 
condi1lon. Bacl< ancdlsed metal case. SALE PRICE £49 REF SA 16B 
PLUG IN ACORN PSU 19v AC 14w, £2.99 REF MAG31'10 
13.BV 1.9A PSU cased with leads, Just £9.99 REF MAG10P3 
UNIVERSAL SPEED CONTROLLER KIT O~signed by us for 
lhe 05 motor but ok for any 12v motor up to 3M. Complete wJlh PCB 
etc. A heat slnl< may be required, £17.00 REF: IIAG17 
PHONE CABLE AND COMPUTER COMMUNICATIONS 

PACK Kit contains 100m of 6 core cable. 100 cable clips, 2 llne 
dnvers with RS232 interfaces and an connector,; etc. Ideal low cost 
method or communicating between PCs over a long distance utilizing 
the serial ports. Complete kit £8.99. Ref comp 1. 
VIEWDATA SYSTEMS made by Philips, complete wilh lnlemal 
1200/75_ modem, keyboard, psu etc RGB and composite outputs. 
menu dnven. autodialler etc. SALE PRICE £12.99 REF SA 18 
A IR RIFLES .22Asused byfhe Chlneseannyfortraining p uposes 
so there Isa lot about I £39.95 Ref EF78. 500 pellets£4.50 ref EF80: 
VIDE_O SENDER UNIT. Transmits both audio and video signals 
from ether a vrdeocamera, videorecorder, lVorComputeretc1oany 
standard TV set In a 100'rangel(tune TV to a spare channel) 12v DC 
op. Price is £25 REF: MAG15 12v psu ls£5 extra REF: IIAG5P2 
'MINA TU RE RADIO TRANSCEIVERS A pair or wall<letalkies 
with a range upl:l 2kmlnopencounby. Untsmeasure22x52x155mm 
Including casesandearp'ces. 2xPP3req'd. £30.00pr,REF: IIAG30 
•FM TRANSMITTER KIT housed in a standard working 13A 
adapter!! I~ bug runsdirectiyofflhemains solastsforevert why pay 
£700? or pnce Is £15 REF: EF6Z (kit) Transmits to any FM radio. 
"FM BUG BUILT ANDTESTEDsupenordeslgn tok~. Supplied 
to detectise agencies. 9vbattery req'd, £14 REF: MAG14 
GAT AIR PISTOL PACK Complete with pistol, darts and pellets 
£12.95 Ref EF828 extra pellets (500) £4.50 ref EF80. 
6"X12" AMORPHOUS SOLAR PANEi. 12v 155x310mm 
130nA. SALE PRJCE «.98 REF SA:Z4. 
FIBRE OPTIC CABLE BUMPER PACK 10metres for £4 99 
ref MAG5P13ideal for expenmenterS! 30mfot£12.99relMAG13P1 

MIXED GOODIES BOX OF 
MIXED COMPONENTS WEIGHING 2 KILOS 

YOURS FOR JUST £6.99 

4X28 TELESCOPIC SIGHTS Sll1able for all air rifles, ground 
lenses, good light gathering properties. £19.95 ref R/7. 
GYROSCOPES Rememberthese?well we have found a company 
that Sbll manufactures these popular sdentiflc toys, perfed gift or for 
educational use etc. £6 ref EP70 
HYPOTHERMIA SPACE BLANKET 215x150cm aluminisect 
foil blanket, reflects more than 90'11, ot body heat. Also suitable fo, the 
constn.Jctlon or two Waymirr0<s! £3.99 each ref O/L041. 
LENSTATIC RANGER COMPASS Oil filled capSUle, strong 
metal case. large luminous points. Sight line with magn~ng viewer. 
50mm dla. 86gm. £10.99 ref OIK004. 
RECHARGE ORDINARY BATTERIES UP TO 10 TNESI 
WM the Battery Wizard! Uses the latest pulse wave charge system 
to charge all popular brands of ordinary battenes AAA. AA c o four 
at:3 time I Led. system shows when battenes are charged, aui,,,;atioany 
~1:1f."~i"':b::r":'~; i".omplete with mains adaptor. BS approved. 

TALKING WATCH Yes. it actually tells you theUme atthe press of 
a button. Also feal~r~sa voice ala n-n that wakes you up and I ells you 
wllot the time Isl Lithium cell induded. £7.99 ref EP26. 

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 
YOUR LICENCEI The new multlband 2000 radar detector can 
prevent even the most responslble of drivers from losing their Hcence! 
Adlustableaudible aiann with 8 flashing ledsglves Instant warning of 
radar zones. Detects X, K, and Ka bands, 3 mite range. 'over the hln' 
'around bends' and 'reartrapfacmties. micro m e just4.25·x2.s•x. 75•, 
Can pay for Itself in just one da)t £79.95 ref EP3. 
3" DISCS As used on older Amstrad machines. Spectrum plu~·s 
etc E3 each rer BAR400, 
STEREO MtcROSOPES BACK IN STOCK Russian, 20ox 
c~plete with lenses. lights, futers etc etc very comprehensive 
m,_croscope that would non-nally be around the£700 mark. our price 
lS rust £299 (full money bacl< guarantee) full details in catalogue .. 

WEBUYSURPLUSSTOCK 
FOR CASH 

BUYERS DIRECT LINE 0802 660377 
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Please quote "Electronics World" when seeking further information 

~~CJIVE 
A-to~D and 0-to-A 
converters 
1 OOMsample/s a-to-d converter. 
From Strategic Test and 
Measurement comes CompuScope 
8012, said to be the world's fastest 
analogue-to-digital conversion 
system. It is an IBM-compatible ISA 
bus card carrying out 12-bil a-to-d 
conversion in real time at sampling 
rates up to 1 OOMsample/s in single· 
channel mode (50Msample/s In 
dual-channel mode), while 
maintaining a 60d8 s:n ratio. On­
board memory s1ores up to four 
million samples for later reading by 
the computer, since the conversion 
is faster than the bus, and a special 
'stacking' teatura enables high-prf 
pulses to be handled. Software 
supplied with the card allows it to be 
used as an oscilloscope, complete 
with storage, analysis, printing and 
expon for spreadsheets, etc. 
Strategic Test and Measurement 
Systems Ltd. Tel., 01189 795950; 
fax, 01189 795951 . 

Discrete active devices 
Surface-mount tunnel diodes. 
Advanced Control Components' 
ACTM Series of s-m tunnal diode 
detector modules are meant for use in 
low-noise video work. Although 
measuring 4.6mm square and 2mm 
high, these devices contain full 
detector circuits with de return, rt 
bypass capacitors and the option of 
input pads for range alteration or 
protection. In six bands, the series 
covers 10MHz-4GHz; sensitivity is 
800· 1 OOOmV/mW with no bias supply 
needed, at a flatness of 0.2·0.4d8. 
Thermal stability is 0.015d8 from 
- 55°C to 1 OO' C. Anglia Microwaves 
Ltd. Tel., 0 1277 630000; fax, 01277 
631111 . 

Voltage references. Zetex introduces 
the ZRC400!500 voltage references, 
which are micropower devices tor 4V 
and 5V respectively, operating with 
extremely low knee currents: ZRC400 
takes a minimum 23µA and the 
ZRCSOO 25µA, nominal maximum 
being 5mA, although they will handle 
much more. The devices altain stable 
operation in microseconds, need no 
external slabilising capacitor and will 
drive capacitive loads. Power 
dissipation depends on package type, 
between 330mW and 625mW. 
Zetex pie. Tel., 0161-627 5105; fax, 
0161-627 5467. 

linear integrated 
circuits 
Cheap Instrumentation amplifier. 
AD622 from Analog Devices is the 
first in a series of amplifiers at a price 
to make one think twice about rolling 
one's own two or three op-amp 
circuits - particularly as they are said 
to offer better cmrr (>86d8 at a gain 
of 10), linearity and temperalure 
stabilily, not to mention taking up less 
space; voltage noise is 12nV/✓Hz al 
1 kHz. No external passives are 
needed for a unity-gain amplifier and 
a single resistor for gains between 2 
and 1000. Analog Devices Ltd. Tel., 
01932 266000; fax, 01932 247401. 

Jfet op-amps. Linear introduces the 
L T1462/3 (slew rate 0.13V/µs) and 
L T146415 (slew rate 0.9V/µs) jfel op· 
amps characterised by input bias 
currents of 1 pA and 0.5pA 
respectively, together with unity gain, 
10nF capacitive load stability. Supply 
current for the 175kHz 1462/3 
versions is 45µA; for lhe 1 MHz 
1464/5 types, 200µA. Linear 
Technology (UK) Ltd. Tel., 01276 
677676; fax, 01276 64851. 

Microprocessors and 
controllers 
"Most powerful" 16-bit controller. 
Milsubishl says ils M16C family of 
16-blt microcontrollers Is the most 
powerful yet. The mcu is a compact 
design, optimised lor high-speed, 16· 
bit operation, its 18mW power 
consumption and number of on-chip 
peripherals allowing its use in 
previously unsuitable designs. 
Features include efficient C 
programming, good noise 
suppression and advanced 
debugging. On-chip peripherals 
comprise 126Kbyte ot rom, 1 OKbyte 
ram, with dmac, ere. usart, fast a·to·d, 
d•to-a, eight 16-bit timers and 
multltunction inpuVoutput. Program 
bugs discovered after masking can be 
corrected by an interrupt in software. 
Clock speed is 1 0MHz. although 
single-cycle instructions confer a 
performance lhat belies the clock 
speed, being equivalent to 40-60MHz 
in other mcus. Mitsubishi Electric UK 
Ltd. Tel. , 01707 276100; fax, 01707 
278692. 

200MHz embedded VXJ controller. 
VX/pc-8501200 ls an improved version 
of National's 133MHz and 166MHz 
Pentium embedded controllers, lhis 
one using the 200MHz Pentium. 
Simple upgrades are available. All 
controllers in the series are VXI plug 
and play types and compatible with 
software tools such as the company's 
LabWindows/CVI and Lab VIEW. 
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ogic 
"World's fastest" logic famlly. 
Already in production by Atmel 
Corporation are the first 
members of what is claimed to 
be the lastest industry-standard 
fast cmos logic devices. the 
Atmel Fast Logic (AFL) sarles. 
Speed is down to 2ns and the 
first circuits in the series are 16· 
bit devices for 5V· a bidirectional 
transceiver (AT16245). a 
buffered line driver (A T/6244), a 
transparent latch (A Tl 6373) and 
a tri-state register (A T16646) ; 
16-bit, 3V units are to come 
next. Atmel UK. 
Tel., 01276 686677; 
fax. 01276 686697 

Prices on all Pentium-based 
embedded VXI controllers have been 
reduced by 25%. National 
Instruments UK. Tel., 01635 523545; 
fax, 01635 523154. 

Control starter kit. EasySlart Kit by 
Z-World offers a rapid and simple 
method of programming embedded 
mlcrocontrollers In C for beginners, as 
well as making life easier for 
experienced programmers. The kit 
consists of the Windows-based 
EasyStart C software-development 
suite, including editor, compiler and 
debugger for a simplified version of 
standard C, and the Little Star 
controller, which has 16 ttl inputs and 
14 high-current digital outputs. It is 
complete with 9MHz ZIBO, 126Kbyte 
of eprom and 32Kbyte of static ram. 
Also in the kit are led and keypad, 
manual, demo board, power supply 
and cabling. Z-World. Tel., 001 916 
7573737; fax, 001 916 7535141 . 
E-mail http://www.zworld.com 

Mixed-signol l Cs 
RS232 transceivers. Analog's 
ADM2xxE 5V RS232 and V28 
transceivers, which meet EU emc 
requirements, protect against ±15kV 

of discharge and ±2kV of fast 
transients. They are meant for 
modems, laptop and notebook 
computers and generate 
electromagnetic emissions to 
EN55022 and are immune enough to 
satisfy IEC-1000•4-x. These devices 
are protected against latch-up, are 
Immune to high rf fields and will work 
in unshielded enclosures in 
"electrically harsh environments". 
There is a number of driver/receiver 
combinations, in SOIC, SSOP and 
TSSOP packages. Advanced Micro 
Devices (UK) Lid. Tel., 01483 
740440; fax, 01 483 756196. 

Optical isolato rs . PVl5013R 
dual-channel opto-isolated 
mosfet gate drivers by IR are 
new members of the Gen2 
range and are the first to offer 
last turn-off circuitry. The two 
channels will drive two devices 
or can be connected in parallel 
or series to give h igher-current 
drive tor power mosfets or 
higher voltage for igbts. 
lnput-'output isolatio n is to 
3.75kV rms and input-output 
isolation 1.2kV de. 
International Rectifier. Tel., 
01883 732020; lax, 01883 
733410 

159 



NEW PRODuas CLASSIFIED 

Please quote "Electronics World"when seeking further information 

Communications mmic. NEC has a 
silicon microwave ic up-converter and 
quadrature modulator, the 
µPC8104GR, which has a frequency 
range of 900MHz-1.9GHz and is 
Intended for digital communications 
work in lans and telephones. it 
oper,ites from 2.7-5.SV, taking 28mA 
at 2V and 0.1 µA when power-saving. 
There is a digital phase meter on 
chip, with a self-phase compensation 
facility, and an internal 90° phase 
shnter, which has a phase error of 
0.86°and modulation accuracy of 
2.1%. NEC Electronics (UK) Ltd. Tel., 
01908 691133; fax, 01908 670290. 

Motors and drivers 
Microstepplng driver. Allegro's 
SLA7042 multi-chip module controls 
two-phase stepper motors and 
provides microstepping operation, 
containing two independent pwm 
current-control ics with four nmos lets 
In an 18-lead Powertab sil package. It 
is rated for motor voltages to 46V, 
peak outputs to SA and 1 .2A 
continuous. By means of digitally 

150MHz, 4Mword dso. 
Yokogawa·s OL1540L - a 
four-channel, 150MHz, 
200Msample!s digital 
storage oscilloscope - has a 
4Mword memory, or 1Mword 
on each o f four channels. As 
an example of performance, 
the signal from one lrack of 
a magneto-optical disk or a 
whole composite Iv field can 
be captured, low and high 
frequencies included, and 
the standard waveform 
measurement function also 
benefits. The instrument has 
a b uilt-in floppy dr ive and a 
printer. Martron Instruments 
Ltd. Tel., 01494 459200; fax. 
01494 535002. 
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selected motor-current ratios and 
linear input reference control, the 
device may be used as a half-step, 
full-step and microstep driver, all 
modes providing smooth drive. No 
heat sinks are needed. Allegro 
Microsystems Inc. Tel., 01932 
253355; fax, 01932 246622. 

Optical devices 
Infrared receiver. New Japan Radio 
has a new infrared remote-control 
receiver. In the one three-pin 
package, there are a photodiode, 
bandpass filters, a limiter and a 
preamplifier, so few external 
components are required. Low 
pulse-length distortion of 50µs 
provides a clean signal and noise 
becomes less of a problem, the metal 
case helping to increase screening 
and affording some physical 
protection. The device will operate at 
all the common frequencies from 
32.75kHz to 56.SkHz and is effective 
at a range of up to 18m. Young-ECG 
Electronics. Tel., 01628 810727; fax, 
01628 810807. 

PASSIVE 
Chip inductors. Toko's LL Series of 
multi-layer chip inductors now come 
in the 0402 size, as well as in 0805 
and 0603 sizes. This new type is 
suitable for frequencies up to 6GHz, 
inductance being 1-27nH and Q 50 at 
1 GHz. The 0805 1.5-470nH size 
copes with frequencies to 2.5GHz, 
with a Q of 30 at 800MHz and the 
0603 operates to 3GHz, its 
inductance being 1.2-1 OOnH and Q 30 
at 800MHz. Cirkit Distribution Ltd. 
Tel., 01992 444111; fax, 01992 
464457. 

Connectors and 
cabling 
Backplane connector. GTK has a 
new range of backplane connectors to 
give up to 192 pins for signal or power 
circuits al 1 A or 3A. Metrix connectors 
are available in 12, 24, 48 and 96mm 
modules with contacts on a 2 by 2mm 
grid, the basic 12mm module 
providing 24 signal contacts or eight 
power contacts. All can be made as 
press-fit or through-hole types. GTK 
(UK) Ltd. Tel., 01344 304123; fax, 
01344 301414. 

Pga sockets with preforms. 
Robinson Nugent's through-hole pga 
sockets eliminate the time and 
expense of a separate soldering 
operation by the provision of solder 
rings on the socket's pin tails, the 
solder preform ref lowing into the pcb 
hole by capillary action. Matching the 
preform to the board ensures that 
there Is the right amount of solder and 
that there is no residue and no need 
for screening or solder paste. 

Robinson Nugent (Europe) Ltd. Tel. , 
01256 842626; fax, 01256 842673. 

Displays 
Loop-powered displays. Trolex has 
a range of loop-powered displays with 
IS certified versions for hazardous 
areas. Displays can be in panel­
mounting, DIN-rail or 19in rack­
mounting form, as well as in a field­
mount type. They are usable with all 
standard sensors. process instruments 
and pies, all having a loop test facility 
and direct connection to two-wire 
process signal loops. Signal processing 
is to 12-bit accuracy and the four-digit 
display is an led. Trolex Ltd. Tel., 0161 
483 1435; fax, 0161 483 5556. 

Hardware 
Emergency stops. EAO-Highland 
now provides bright yellow shrouds 
for its range of emergency stop 
swilches, which meet the 
requirements of the EU Machinery 
Directive with regard to inadvertent 
operation. This new shroud sticks up 
above the top of the E-stop actuator 
so that the switch cannot be 
accidentally operated and it has 
cut-outs in the side to allow it to be 
twisted to release it after a genuine 
fault. EAO-Highland Electronics Ltd. 
Tel., 01444 236000; fax, 01444 
236641. 

Zif bga sockets. Adding only 2.2mm 
to the height of a device, Methode's 
zero-insertion-force ball-grid array 
socket needs no external hold down 
and its 25 by 25 array of pins are 
inspectable. It incorporates heatsink 
capability and the metal-to-metal 
connections have a self-inductance of 
5nH. A sliding carrier has actuator 
slots to mate with the bga device, 
horizontal movement locking and 
unlocking the device to and from the 
socket. Methode Electronics Europe 
Ltd. Tel., 01389 732123; lax, 01389 
732777. 

Bobbins, bases. Coil bobbins and 
mounting bases for inductors used in 
switched-mode power supplies and in 
power conversion can be had from 
BFI lbexsa. They are all UL approved, 
are particularly suitable for 
development but are also offered in a 
low "skyline" range for EPC and EFD 
use. BFI IBEXSA Electronics Ltd. 
Tel., 01622 882467; fax, 01622 
882469. 

Test and 
measurement 
20MHz oscilloscope. Goldstar's OS· 
5020P is a 20MHz, dual-channel, 
general -purpose oscilloscope for use 

Mufti-turn s-m pots. VTM 439 
Series of multi-turn, surface­
mounted trimmers will handle all 
soldering processes and meet the 
requirements of MIL-R-22097, 
characteristic F. Although the pots 
have eleven turns, dimensions 
are the same as those of single­
turn devices. Resistance range Is 
ion to 2MQ at 0.25W and 300V. 
Surtech Interconnection Ltd. Tel., 
01256 51221 ; fax, 01256 471180. 

in education or servicing. Vertical 
sensitivity Is SmV/div, plus a x5 
position, and sweep speed 0.2µs/div 
with a x 1 0 switch. Combined 
Precision Components pie. Tel., 
01772 654455; fax, 01772 654466. 

Power-off board testing. Prober II 
by Huntron automatically tests boards 
up to 35.6cm square with power 
swilched off, combining analogue 
signature analysis with a probe, which 
needs no additional fixture and will 
cope with pin or test-point spacing of 
0.01 in, moving in 0.001 in increments. 
Parameters such as v, i and fare 
programmable and the Star feature 
(safe tracker active range) prevents 
damage to components. There is a 
ccd camera vision system, which runs 
under Workstation for Windows, and 
an output for other test instruments. 
Martron Instruments, Tel., 01494 
459200, tax 01494 535002. 

Multlmeters. MX528/548!55B/56B 
handheld multimeters by Metrix are 
provided with an RS232 interface with 
a view to data transmission to a pc or 
printer. All versions have a 50,000 
count display, 0.025% accuracy, true­
rms reading and test functions. 
MX568 is the top version, with its 
100kHz bandwidth, timer-counter, 
audio power measurement (in 
decibels), indication of mains 
disturbance and pulse width 
measurement down to 20µs. Metrix 
Electronics pie. Tel., 01384 402731 ; 
fax, 01384 402732. 

logic analyser. Thurlby Thandar's 
TA4000-80 logic analyser provides 
synchronous data capture at up to 
400MHz on 16 channels with a 
memory depth of 8Kword. At this 
speed, timing resolution is 2.Sns, 
which is usable with 50MHz logic; at 
50MHz and below, the number of 
channels may be increased to 80. 
Sixteen channels can be displayed 
simultaneously, with a marker scale, 
and a group of channels can be 
defined as a bus and shown on one 
line of the screen. Triggering may be 
performed by up to four trigger words 
ORed together (NOTed, if required). 
GPIB and RS-232 interfaces are 
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provided for control and data transfer 
and there is a Centronics interface for 
screen dumps to a printer. Thurlby 
Thandar Instruments Ltd. Tel. , 01480 
412451; fax, 01480 450409. 

Literature 
Ac/de power. Coutant Lambda offers 
a new guide to the company's range 
of ac/dc power supplies. The guide is 
free of charge. Coutant Lambda Ltd. 
Tel., 01271 865656; fax, 01271 
864894. 

Power mosfets. Toshiba mosfels, 
which handle 16-1 OOOV and 1 A·60A, 
are described in a new short 
catalogue, including types for direct 
drive from 3.3V logic. Toshiba 
Electronics UK Ltd. Tel., 01276 
694600; fax, 01276 694800. 

Surtech. Surtech Distribution has a 
new catalogue of hardware such as 
Cs, Rs, Ls, suppression components, 
piezo and magnetic products, 
connectors and switches from people 
like Murata and Mettlode. 
Surtech Interconnection Ltd. Tel., 
01256 51221 ; lax, 01256 471180. 

Navigation systems 
GPS starter pack. Rockwell offers 
the Jupiter Starter Pack, which is an 
easier way to have a GPS application 
up and running. The unit is based on 
a Rockwell Jupiter-12 GPS engine to 
give rapid signal acquisition even in 
town centres and foliage. It a llows the 
connection of power, antenna, serial 
cable for a pc port and differential 
input, with option setting. Software 
includes Rockwell's Labmon monitor 
program, the Psion NMEA GPS 
monitor and other utilities. Telecom 
Design Communications Ltd. Tel., 
0 1256 332800; fax, 01256 332810. 

Power supplies 
Efficient de-to-de converter. Philips 
has the TEA1204t aw de-to-de 
converter ic which is 95% efficient. It 
is intended for the telephone market, 
to extend talk and standby time. It will 
convert the output of a two or three­
cell NiCd/NiMH battery or a single-cell 
Li-ion pack to 3.3V or SV or the output 
of a four-cell pack down to 3.3V or 
3.6V, configurations that cover 
virtually all mobile telephones. A 
combination of pwm and pulse 
frequency modulation not only confers 
high efficiency, but allows rapid 
response to changing loads, so that 
the device is particularly suited to 
GSM telephones using burst-mode 
transmissions. Philips 
Semiconductors (Eindhoven). Tel., 00 
3 1 40 2722091; fax, 00 31 40 
2724825. 

Auto-pie, ac/dc supply. Computer 
Products introduces the NLP65 65W, 
ac/dc input, open-frame supply, said 
to be the smallest of its type to have 
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automatic power-factor correction by 
an active low-frequency method. The 
unit complies with European 
harmonics and flicker standards and 
is CE marked. Package size is 5 by 3 
by 1 .26in, this being achieved by 
means of a new 100kHz switched­
mode technique, the high frequency 
helping to reduce emi. II a lso uses a 
patented flyback boost technique to 
improve efficiency under full load, 
giving a power sensitivity of 4W/in3. 

Input is universal at 85-264 V ac or 
120-370V de and outputs are 5, 12, 
15 or 24 V de from the single units, 
5/12V or 5124V from dual types and 
5/±12V, 5/±15V from the triple 
versions. Computer Products, Power 
Conversion Ltd. Tel., 01494 883113; 
fax, 01494 883419. 

600W dc•to-dc supplies. Single­
output de-to-de power modules in 
Coutant Lambda's PH600S range 
provide 330-600W of output at fixed 
voltages between 3.3V and 48V. Input 
voltage is 200-400V de, switching 
frequency 300kHz and efficiency at 
280V de and maximum output current 
is 86%. Facilities include remote 
sensing, overcurrent and overvoltage 
protection and there is provision for a 
remote on/off control. Coutant 
Lambda Ltd. Tel., 01271 865656; fax, 
01271 864894. 

Ups. PowerWorks A30 is a new 
uninterruptible power supply by 
Fiskars, designed to replace 
PowerServer 20 and 30 ranges. This 
one uses "double conversion on-line 
technology" to provide reliable 
protection for computers and 
workstations, etc. In the 600VA-6kVA 
range. These units are modular in 
form for simple installation and offer 
"plug-and-play" expansion, with four 
hours backup. An automatic switch 
takes power directly to the load to 
handle temporary overload - a feature 
that removes the need for excessively 
large ups - and the units use new 
Lansafe Ill power management 
software. Widened input voltage 
ranges help to conserve battery 
power. Fiskars Electronics Ltd. Tel. , 
01 734 306600; fax, 01734 305868. 

Lead battery charger. Mascot's 9319 
lead battery charger is over 80% 
efficient and delivers a current up to 
2.4A. Output voltage is adjustable 
between 11 .SV and 1 SV, with others 
to special order, and there is a current 
limiter to prevent overcurrent at the 
start of the charge cycle. This 
CE-marked unit is provided with a UK 
or European mains p lug built into the 
case and a choice of output plug 
leads. Relec Electronics Ltd. Tel., 
01962 863141; fax, 01962 855987. 

Radio communications 
produds 
Telemetry transceivers. A new 
range of radio telemetry transceivers 
by Wood & Douglas enables the 

company to offer equipment covering 
the 130MHz to 500MHz range of 
frequencies. The T/00/200/400 range 
is meant for use outside Europe, 
being designed to meet the FCC 
specification; more stringent demands 
of European use call for the 
EI00/200I400 alternative range, 
which meets ETS 300 200, MPT1328 
at vtif and MPT1329 at Uhl. The T 
series radios put out 2W at vhf and 
1 W at uhf, while the European ones 
emit 0.5W. There are 100 fixed 
frequencies or 16 reprogrammable 
ones. Wood and Douglas Ltd. Tel., 
01734 811444; fax, 01734 811567. 

Switches and relays 
Audio connectors. De/Iron's range of 
professional audio connectors, now 
available from Electrospeed, covers 
all audio requirements, including 
phono connectors, loudspeaker types, 
and a range of circular DIN 
connectors of the non-latching, 
latching, insulated, chassis or board 
mounting versions. Silent Jacks are 
two-pole jack plugs which eliminate 
the buzz on insertion, a spring-loaded 
sleeve switch connecting tip and 
sleeve connected until the movement 
of the sleeve on connection reinstates 
the signal; a two-posilion collet allows 
the use of a number of cable 
diameters. Electrospeed. Tel., 01703 
644555; fax, 01703 610282. 

Plezo switches. Schurter's range of 
single-key p lezo switches are rated to 
IP40 or IP67 and are proof against 
water, dust, heat and cold and the 
brain-dead. Piezo-ceramic discs 
generate small voltages when 
touched, the voltages being 
processed internally to control the 
normally open switching action. They 
come in a range of colours and 
materials including chrome-plated 
brass, steel or aluminium. Options 
include special finishes and normally 
closed versions. Actuating force is 
1-3N, contact travel 0.0002mm, 
switching voltage and current 1 OOV 
de, 1 OOmA and breaking capacity 
10W. Radiatron Components Ltd. 
Tel., 01784 439393; fax, 01784 
477333. 

Video 
Remote, digital camera. Active 
Imaging announces the Mv-NET, a 
networked digital camera for remote 
inspection and monitoring. Images are 
sent to the monitoring station, wtlich is 
simply a pc running the relevant 
software, in compressed digital form 
over te lephone lines, lans or 
GSM/wireless Ian. Inside the camera 
are colour Pal sensor, frame-grabber, 
processor, disk storage and a network 
module, all mounted in an enclosure 
with climate control and/or tilt and pan 
control; settings are controlled from 
the monitoring station. The presence 
of the processor means that the 
camera can notify the monitor if an 

Loop tester. A digital loop 
tester, the Avo Megger L T7, is 
a hand-held instrument giving a 
direct reading of prospective 
short-circuit current and earth 
fault current, other tests 
including phase, earth and 
phase and neutral supply loop~ 
performed at both 1 t OV and 
230V socket outlets and 
distribution boards. For circuits 
using reds that would normally 
be tripped by high current, a 
low-current test is available. 
The instrument meets Low­
Vollage and EMC directives. 
PIDA. Tel. and fax., 0756 
799737. 

alarm is activated and can then be 
made to record whatever nefarious 
deed is being perpetrated. Active 
Imaging p ie. Tel., 01628 415444; fax, 
01628 415481. 

Pc to tv. TMC2360 by Raytheon is a 
single-chip VGA-to-PaVNTSC video 
processor, converting analogue 
rgb+sync. from a pc to broadcast 
quality NTSC or Pal video; no external 
memory is needed. The device 
includes three a-to-d converters, an 
interlace filter, clock processors, 
reference and three d-to-a converters 
and a three-line adaptive flicker filter 
with selectable operating modes. 
2001-METL. Tel., 01438 742001; fax, 
01438 7 42002. 

3-D camera. A three-dimensional 
portrait camera, the C3D model 2020 
by the Turing Institute, consists of a 
pod with a stereo camera pair and 
lighting, connected to a pc. In under 
O.Ss, high-resolution polygon models 
can be produced in VRML or DXF 
formats in monochrome or 24-bit 
colour. Simple operation allows non­
technical users to operate the camera. 
The Turing Institute. Tel., 0141 337 
641 O; fax, 0141 339 0976. 
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Transducers and 
sensors 
Touch pad. A semiconductive touch­
pad element by Interlink Electronics 
Inc. is based on the company's force­
sensing resistor, instead of the more 
often seen capacitive technique. The 
device requires a slight touch from a 
finger or stylus and will operate in wet 
or dry surroundings; it uses only 15% 
of the power needed by capacitive 
pads and is more flexible in its use. It 
is mainly intended for use in notebook 
computers, where its power saving, 
enhanced by the inclusion of a sleep 
mode, and its lower cost compared 
with that of capacitive devices, makes 
it an attractive choice. A complete 
touch-pad using the technique, the 
VersaPad oem module, is now 
available. Interlink Electronics Inc. 
Tel., 001 805 484-8855; fax, 001 805 
484-8380. 

Current sensors. Vacuumschmelze 
GmbH has some new compensation 
current sensors for current detection 
in motor control systems or power 
supplies; they are based on existing 
designs, but provide greater current 
ranges in the same shape cases, 
those now available being for 50A, 
t 00A and 400A. The compensation 
principle allows the detection of de as 
well as ac up to about 1 00kHz, and 
enables better linearity than in other 

Fm wireless datacomms. 
Radiometrix has a 
transmitter/receiver pair for 
40kbitis data communication 
over distances of 300m over 
open ground (75m inside). 
They are made for 433.92MHz, 
the transmitter providing 
+ 1 0dBm to ETS 300-220 in 
Europe and 418MHz, 0dBm to 
MPT1340 in the UK; the 
receiver is a double­
conversion superhet, which 
powers up in under 1 ms and 
detects carrier rapidly for 
power saving. The pcb­
mountlng modules can be 
used in analogue or digital 
communication and will work 
with helical, loop or whip 
antennas. Radiometrlx Ltd. 
Tel., 0181 810 8647; fax , 0181 
810 8648. 
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methods. Use of a metallic detector 
instead of a Hall device reduces offset 
and drift by an order of magnitude. 
Vacuumschmelze GmbH. Tel., 0049 
61 81/38-26 29; lax, 0049 61 81/38-
28 60. . 

Pressure sensors. Lucas's NPP 
Series of piezoresistive, board­
mounted pressure sensors are meanl 
for use where small size and 
resistance to mild corrosive fluids are 
important. It is the first to appear in a 
standard SOIC-8 package for 
automatic handling and insertion, the 
lead frame design reducing the stress 
found in surface-mounted ceramic 
types. Ranges are 0-15, 0-30 and 0-
1 00lb/in2(absolute), producing a 
60±20mV output on 3V de. Error due 
to all causes is less than 0.3% of full 
scale. Lucas Control Systems 
Products. Tel., 01535 661144; fax, 
01535 6611 74. 

Humidity sensors. Self-cleaning, 
heat refresh humidity sensors in the 
HS30 from Stealite are for use in 
industrial positions where 
conventional types become clogged 
and stop working properly. 
Measurement range is 10% to 95% 
RH, without condensation, and 
accuracy ±5% RH at up to 80°C. 
Power consumption is 1.35W, rated 
working voltage 1 V ac and heat 
refresh temperature 600°C. Steatite 
Insulations Ltd. Tel., 0121 643 6888; 
fax, 0121 643 2011 . 

Chip thermistor. NTH5G is an ntc 
thermistor on an 0805-size chip made 
by Murata and intended for use in 
temperature compensation in ics, 
transistors and oscillators. Its 
construction provides resistance to 
humidity; resistance tolerance is ±5%; 
maximum power 20mW; and B 
tolerance ±3%. Resistance values in 
the range 22on-1 00kn are available. 
Murata Electronics (UK) Ltd. Tel., 
01252 811666; fax, 01252 811777. 

COMPUTER 
Computer board-level 
products 
PCl-bus logic analyser. From RAM 
Technology comes the half-card 
TA200 logic analyser that is simply 
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plugged into the bus, no probes being 
needed. It allows users to debug and 
characterise hardware and software 
using Windows-based software, 
which, it is said, gives a good balance 
between simplicity and analysis 
capability. An enhanced parallel 
interface to the host enables very fast 
data transfer and the board is 
compatible with all PCI systems 
including short-form designs. Future 
developments are taken care of by 
on-board sram and fpga technology; 
updates will be available on disk and 
from a Web site. RAM Technology 
Ltd. Tel., 01825 761456; fax, 01825 
761543. 

Computers 
Fault-tolerant computer. Blue Chip's 
Icon series of rack-mounted pcs are 
available with dual redundant power 
supplies. Both operate normally but, 
in the event of a fault, each is capable 
of handling the full 250W load, an 
alarm sounds and a led illuminates; 
this signal can also generate a pop-up 
alarm, using a watchdog card. Further 
alarms may be generated by the use 
of Blue Chip's Pentium cpu card, 
which monitors the power supply and 
temperatures. Blue Chip Technology. 
Tel., 01829 772000; fax, 01829 
772001 . 

Data communications 
"World's smallest" transmitter. An 
am transmitter by RF Solutions looks 
like a small ceramic capacitor in that it 
is encapsulated in epoxy and has two 
wires; you can have it in a key fob, if 
you ask properly. It is for short-range 
telemetry and data comms and things 
in cars and works over a 30m range. 
Licence-exempt in the UK, it is 
approved to MPT1340 and is 
available for European operation at 
433MHz. Power is 5-12Vat 2.5mA 
and the two aforementioned wires are 
for cmos/ttl data input and output to a 
whip aerial. RF Solutions Ltd. Tel., 
01273 488880; fax, 01273 480661. 

Development and 
evaluation 
USB controller emulator. An 
emulator for Intel's 82930 universal 
serial bus controller, which is an Intel 
251 micro with an interface to the 
12Mb/s bus, is now available. 
iSYSTEMS 82930 power emulator 
probe allows real-time execution 
without wait states, the trace option 
recording every instruction cycle and 

Enhanced ICEPIC. RF Solutions 
has extended the coverage of its 
PIC emulator by the introduction 
of a new daughter board. ICEPIC 
is a non-intrusive emulator for 
PICs working at up to 10MHz, for 
source-level debugging in 
assembler or C. This new 74A 
board allows ICEPIC to cover 
16C62/63/64/65/72 and 74 
processors, and comes with all 
new emulators, being available as 
an upgrade for older ones. RF 
Solutions Ltd. Tel., 01273 
488880; fax, 01273 480661 . 

breakpoints being set at any location 
without slowing execution. C 
compilers are supported and dos or 
any of the Windows variants will 
support the emulator. Clock speed is 
up to 100MHz and the optional trace 
butter is 96bit wide. Changing pods 
on the emulator adapts it to over 200 
8-bit and 16-bit devices. Computer 
Solutions Ltd. Tel. and fax, 01932 
829460. 

32-blt 68020 emulator. Noral 
Micrologics·s Flex Tools family of 
real-time development tools mow 
includes the Flex-lCE020, a hand­
held, non-intrusive, zero-wait-state 
emulator for all 68020 derivatives up 
to 33MHz. It is compatible with the 
company's Windows-based debugger, 
Flex, and has an expandable 32K by 
128 real-time, time-stamped buffer for 
analysis without breaking execution. 
Dual porting provides emulator ram 
access for ICE and target to give real­
time read and write of system 
memory. The unit accommodates 
over 500,000 breakpoints. Noral 
Micrologics ltd. Tel., 01254 682092; 
fax, O 1254 68084 7. 

Computer security 
Computer enclosure. Completely 
proof against dust and water, lntek's 
stainless steel Armagard Flat Panel 
Enclosure takes almost any lap-top pc 
and any flat panel display to form an 
industrial pc, terminal or remote 
monitor, no modifications being 
needed to allow the pc to be housed. 
A lap-top pc is opened out flat, its 
display being viewed through a sealed 
transparent panel and an external 
membrane keyboard connected to it 
for data entry. Cable access is by 
gland plates and the rear door swings 
out to provide access for servicing. 
lntek Electronics Ltd. Tel., 01352 
810603; fax, 01352 810403. • 
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M EASURE 
wow and f utter 

With so much digital audio equipment around, it is easy to 
overlook the fact that a meter for checking fluctuations in the 
speed of analogue replay systems is still a useful tool. 
Christopher Kuni explains how to design such a meter. 

M easuremcnt of wow and flutter may 
seem anachronistic in this age of 
digitised, locked-in, rock-stable audio 

reproduction. However, a glance at the display 
window of any commercial electronics shop 
will reveal that analogue equipment, with its 
susceptibility to speed variation, is still very 
much with us io the form of cassette and even 
reel-to-reel tape machines, and video recorders. 
And there are still millions of phonograph disks 
in existence. 

Every turntable and analogue tape transport 
has measurable speed variations that worsens 
with age. Checking wow and flutter requires a 
measuring instrument with reasonable 
sensitivity and precision; such instruments have 
become rare and expensive. 

The meter described here has proved more 
than adequate. Its most sensitive range is 0.1 % 
full scale, peak or nns-indicating average. The 
-3dB points of its frequency response are 
0.4Hz and 180Hz. Alternatively, the frequency 
response weighting curve recommended by the 
major standards associations can be selected1. 

Output level of the typical moving-magnet 
cartridge provides adequate drive without 
preamplification. Only one simple calibration 
adjustment is required, or, if rudimentary 
accuracy can be tolerated, hig!i precision (i.e., 
repeatability and internal consistency) can still 
be enjoyed with no calibration at all. 

Figure 1 shows the overall system design. A 
3 or 3.15kHz signal of a few millivolts to a few 

In Amp/filter squarer 

volts rms is amplified, if necessary, to an 
adequate level before bandpass filtering to 
remove noise. A zero-crossing detel.'.tor then 
squares the signal to further reduce noise effects 
and to condition the signal for a phase-locked 
loop, or pll, frequency discriminator. 

Demodulated signal passes through a 
wideband bandpass filter that sets the overall 
wow-and-flutter frequency response. A 
weighting filter can be switched in if desired. 
Peak or average rectifiers can be chosen to 
drive the storage capacitor, the potential of 
which is measured by a de voltmeter. 

Circuit details 
Figures 2-6 show circuit details. All op-amps 
in the prototype are TL071, -72, or -74 types. 
Similar types will function equally well. Each 
nor gate is one section of a c-mos 4001. 

The input carrier signal sees the high input 
impedance of /C1, Fig. 2. Together with its 
associated components, /C2 provides up to 
20d8 gain. This gain control circuit, described 
by R. Williamson2, has an approximately 
exponential characteristic that I find convenient 
when the expected level of the input signal may 
cover several orders of magnitude; a circuit 
with a linear characteristic may, of course, be 
substituted. 

Noise transmission to the pll is reduced by the 
filter formed by /C3,4,5. A biquad circuit was 
chosen because of the flexibility it affords in the 
choice of Q and gain, and because of its easy 

PLL 
demodulator 

Weighting & 
bandpass 

fillers 

Rectifier Storage 
capacitor 

DC amplifier 

Fig. 1. In this simple sensitive wow-and-flutter, weighting is switch selectable. 
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tuning. The main trade-off in the design of this 
filter is between wow-and-flutter bandwidth and 
noise rejection. A high-Q filter will limit the 
upper frequency components of the wow-and­
flutter signal but will also reduce the undesirable 
effect of noise in the input carrier signal. 

This consideration is more critical than you 
may first think. Although the pll demodulator is 
inherently noise-insensitive, the modulation 
levels that we are dealing with are extremely 
low - down tc less than 0.01 %. Even a pll will 
show significant relative noise sensitivity at 
these levels, so line transients, clicks on the test 
record, rumble in the turntable and other noise 
signals can spoil measurements . 

The bandwidth of a frequency-modulated 
signal is approximately equal to twice the sum 
of the frequency deviation and the modulating 
frequency3. For a 3k.Hz carrier modulated at 
1 % peak deviation at 200Hz, the bandwidth is 
thus about 2x(30+200)=460Hz. 

For a 200Hz, J % flutter signal, the system 
will suffer about a 3dB loss in sensitivity if 
filter Q is 3000/460=6.5. The values shown in 
the biquad filter give a Q of about 5.5; this 
filter, in conjunction with the bandpass filter 
following (he pll , gives an overall system 
bandwidth of about 180Hz, a reasonable figure. 
Rejection of the noise in my environment is 
sufficient IQ allow measurements near the 
bottom of the 0. 1 % range. 

Filter Q can be changed, if desired, by 
changing Ra; Q=R0/33,000. With the values 
shown, gain of the biquad filter is 50 - a value 
that can be maintained if Q is changed by 
altering Rb; gain=Q(33,000/Rb)· 

Further noise rejectiotl 
A zero-crossing detector with hysteresis JC6 
further rejects noise. Transistor Tr1 still further 
squares the 3 or 3.15kH.z signal from IC6 and 
shifts the negative-most level of the square 
wave to near zero. The diode and associated 
voltage divider give a de signal that allows for 
gain adjustment; gain should be adequate to 
give a clean square wave at Tr 1 's collector but 
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Fig. 2. In the 
input amplifier 
and filter section 
of the wow-and­
flutter meter, the 
gain control has 
an approximately 
exponential 
characteristic. 

R8 1B0k 

1n6 

not so high that the biquad filter is overloaded. 
After S1 in Figs 3, 4 & 5 is switched to the 'set' 
position, the biquad is tuned for maximum 
meter reading and the gain is adjusted for a 
reading anywhere in the top two-thirds of the 
meter scale. 

The squared carrier signal is sent to the 4046 
pll, IC7, Fig. 3. Demodulated output from the 
pll goes to two filter chains, selected by S2, to 
give either a flat or a weighted bandpass (/C8,9 
or /Cs.to,11• 

Op-amp IC12 provides appropriate gain for 
0.1 %, 0.3%, or 1 .0% full-scale meter deflection; 
range is selected by S3. The 180kQ resistor at 
S1A causes the gain of the IC 12 circuit to yield 
rms-reading average measurement when S1 is 
set LO 'average'. 

The feedback resistors around /C12 are 

150n 

'B' )--1-- +-, 

From 
Fig. 2 
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2M7 
+12VTo'O' 

Flg. 5 

~----4To ·e.· 

IC7 
4046 

10n 

Ffg. 5 

68k 

39k 

1n6 

10k 

calculated for a meter movement on which the 
full-scale values are l0dB apart - i.e., 1.0 on 
one scale and 3.16 on the other. Use of the less 
common movement, on which the full-scale 
values are 1.0 and 3.0, would require 
recalculation of the resistors. Output is provided 
for monitoring the detected, ti.ltered signal with 
an oscilloscope·or a spectrum analyser. 

The detected signal is sent m a full-wave 
rectifier consisting of IC13, I4, and associated 
parts, Fig. 4. When SI is set for average 
readings, the low impedance output of !C14 
charges and djscharges Ca through Re so that 
the voltage across Ca is the average value of the 
rectified signal. 

Two series diodes at lC15 limit the voltage to 
which c. can be charged in off-scale conditions 
such as switching transients. This minimises the 

Set 
<>-

s1a Av 

22k <>-
Pk 

180k 

10k 

Weighted 

Op Amps powered from ±12V 

100k 

1201( 

5k1 

settling time once normal conditions have 
returned. When S1 is set for peak readings, /C1s 
and j[s feedback diode form a low impedance 
charging source for Ca through Rd but no 
discharge path; the sole djscharge path is then 
through Re, 

Time constants 
Charge and discharge time constants for 
average readings and the discharge time 
constant for peak readings are 7.3 seconds; this 
somewhat Jong time constant gives stable 
readings even for the 1.8s period of33rev/min 
wow. The charge time constant for peak 
readings is 36ms, which is short enough for a 
significant response to only a few cycles of a 
I 80Hz flutter signal. 

Reduce Rd to decrease the peak-reading time 

52k3 1% 1,0% 

221k 1% 0.3% 

S3 
0Q.1% 

475k 1% 

"-__.__. __ ..__,To 'C' 

39k 

Fig. 4 

Fig. 3. Phase-locked loop 
and weighting filter. 
Squared input feeds the 
pll, whose output passes 
to either the weighted 
or flat filter. 
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constant at your own risk. Doing so will 
drastically increase sensitivity to impulse noise. 

Charge voltage of Ca is sensed by lC16, 
which drives the meter movement. The 
movement, one that happened to be on hand, 
has a 200µA full-scale sensitivity and a 
resistance of I k30.. Standards associations 
specify meter ballistics, but l chose not to 
attempt to duplicate these s pecifications 
electronicaUy. Instead, I subjectively 
determined a driving impedance for the 
movement such that the resulting ballistics 
appeared close to those of a borrowed 
professional wow-and-flutter meter. 

The movement's open-circuit barnstics are 
on the sluggish side, so a rather high driving 
impedance proved satisfactory. The resistors 
associated with IC16 could be changed to 
accommodate virtually any reasonable meter 
movement. 

Circuit Fig. 5 serves two purposes. First, the 
logic circuitry detects the lock condition of the 
pl! unambiguously. l wanted the led al Tr2 to 
be completely extinguished when the pl! is not 
perfectly locked and to be lighted without 
flfoker when the pll is locked. l also wanted ii 
to to follow the state of lock virrually 
instantaneously. ff this situation can be 
accomplished directly from the 4046 without 
external logic, I haven't discovered how. 

Secondly, Tr3 discharges Ca summarily when 
the pll falls out of lock, preventing wild swings 
of the meter pointer when the carrier is 
switched in or out or when the instrument is 
switched oo. This function, plus the series 
diodes ar IC1s in Fig. 4, keeps the meter tamed. 

The power supply in Fig. 6 is 
strnightforward. A separate + 12V supply for 
the pll is necessary to prevent 3kHz. spikes 
originating in the pU from leaking into the rest 
of the circuj t. 
Calibration options 
Several options exist for calibration. Wheo a 
200µ A, I .3kQ meter movement is used, the 
simplest is merely to set the calibration 
potentiometer, Fig. 4, to the ceotre of its range 
and forget it. Although absolute accuracy will 
suffer, the instrument will be perfectly 
satisfactory for almost al I uses. Should you find 
this approach unacceptable, you have at least 
three alternatives for accurate calibration. 

ln the first me[hod, the demodulator-filter 
sensitivity is measured, and a signal generator 
is used to inject a simulated flutter signal of 
amplitude conesponding to 1 % into the 
amplifier preceding the meter rectifiers. 
Temporarily short ihe 150nF capacitor at JC8 of 
Fig. 3. Connect a stable audio generator set to 
3kHz to the system input. With S1 switched LO 

'set', peak the tuning control and adjust the 
gain control for a reading in the top two-thirds 
of the meter scale. 

Monitor the generator frequency with a 
counter and the voltage at the output of IC9 
with a digital voltmeter. Vary lhe generator 
frequency around 3k.Hz and tabulaie frequency 
versus the IC9 output voltage. The change in 
voltage divided by the corresponding 
percentage change in frequency is the 
sensitivity of the demodulator and the /C9 
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10k 1% 

Op Amps powered from ± 12V 

10k 1% 

470n 

·c·>-1---' 
From 
Fig. 3 2M 

Fig; 4. Meter drive 
and full-wave 
rectifier. With S1 
set for average 
readings, 

1N914 

low-impedance output of IC4 charges 
and discharges Ca through Re-

10k 

lowpass filter. fn my case this was 0.18V per 
1.0% frequency deviation. 

Remove the short from the l 50nF capacitor. 
Temporarily ground Tr3 's base, Fig. 5, and 
disconnect lhe pole of S2 from the pole of SIA in 
Fig. 3. Inject a I00Hz or so signal with an 
amplitude corresponding to 1.0% peak 
deviation, for example 0.18V peak, into the pole 
of StA· Set St to ' peak' and S3 to ' 1.0%. Adjust 
the calibration pot for a l.0 reading. lf3kHz and 
3.15kHz are not well within the capture range of 
the pl!, trim the 68nF capacitor at IC7. 

tf you have a good ear for music, a own a 
generator, but no counter, then zero-beat the 
generator to a piano or other fixed-pitch 
musical instn1ment. The frequency of each note 
is l.059463 times that of its semitone-lower 
neighbour. On the International music scale, 
defined by Ai=435Hz, 0 7 is 3100Hz. On the 
American Standard scale, where A,i=440Hz, 0 7 
is 3136Hz. 

For the second method, lash up an frn 
generator with an 8038 function generator chip 

'D' 
From 

To 'F' 
Fig, 5 

Sel 
o---t----+---<'A' 

s,b Av From 
f-- -..-4-o--o--' Flg. 2 

l
ea 

330n 

1k2 

Pk 

500R 

Re 
22M 

oscillating at 3k.Hz and swept to l.0% peak 
deviation by a low-frequency second osciUator. 
Initially, connect a variable de voltage source 
and a dvm to the modulation terminal of the 
8038, and monitor the 8038's oscillation 
frequency with a counter. Once the 8038"s 
modulation sensitivity is known, its modulation 
terminal can be driven by a sine wave of 
appropriate amplitude for 1.0% peak deviation. 
The output of the 8038 is then used as a test 
signal for the wow and flutter meter. 

The thlrd method uses a desk-top computer 
with a sound card. A few lines of code can 
generate a sound ti.le that represents a digitised 
3kHz carrier modulated at any level and 
frequency aod that can be played through the 
sound card. Or, lo avoid the programming, use 
one of the several available inexpensive digital 
audio editors that feature flexible generators. 

1 have tried all three methods of calibrdtion. 
The most accurate and flexible is the third, but 
nm everyone has the necessary computer 
hardware and either the software or the desire 

Fig. 3 1N914 

Sot 
--<> 

All gates powered lrom + 12v 

1N914 

+12V 

1 
Loct< Ind. 

AV S,c 1 Tr2 
2N2222 

Pk 

100k 

-12V 

+ 110µ 
Fig. 5. Lock detector and Tr3 discharging transistor, 
which stops the meter pointer swinging wildly when 
the detector falls out of lock. 
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to write software. Methods two and three have 
the theoretical advantage of allowing for testing 
or calibration of the whole system at once. The 
first method is fast, almost as accurate as the 
third, and can be done in a pinch with only an 
audio generator and a voltmeter. 

Summary 
This simple meter has been in use for years with 
no problems. The effects of flywheel or platter 
weight and balance, bearing wear, and drive-belt 

~~:I' 
. .................... . 5 100+) 

tMJY/t0+~:=,.!~~1~g'!1!~1:.~-~-~~::::::::::::::~Y:;~ 
..... .............................................. ................. £1.•4 100+ 

CaAs fIT k, ... · tc.ibgc curn:n1 58873 .............. £12.95 dch 
,............................ .£9.95 10+ 

., .................................................................. £7.95 JOO+ 
8S2.SO P channel mosfci .. , ........................................... £0.15 

:g:~~~~'~!i:~::::::::::::::::::::::~::::::::::::::::::~Jtrr=r,1.:J 
74LSO.S hex in,·crto.-..................................... £10.00 per 100 

- 12V 

Fig. 5. Power 
supply. 
Mains-rated 
filtering at the 
transformer 
primary may 
be needed to 
prevent mains 
borne 
interference 
affecting 
readings. 

quality are easy to measure objectively. 
Readings are within a few percentage points 

of those obtained on a calibrated, professional 
wow and flutter meter when both meters are set 
up similarly and driven with a sine-modulated 
test carrier. Congruence is sometimes rather less 
for non-sinusoidal impulsive functions, and this 
difference may be due in part to the differences 
in meter movement ballistics. 

Drift measurement was not included in the 
design, because drift is easily tracked with a 

frequency counter. This feature could be 
included with the addition of a de amplifier and 
a second meter movement having a centre-scale 
zero. Provision would be required to tune the 
pll exactly to the carrier frequency. 

One last word: if you've never measured 
wow and flutter, you'll be surprised at the 
apparent discrepancy between manufacturers' 
specifications and reality. The peak-reading, 
non-weighted settings are the most useful for 
trouble-shooting and for testing design changes, 
but new equipment is usually specified with a 
weighted rms-calibrated average reading. The 
difference between these measurements can be 
nearly an order of magnitude. On the other 
hand, a superb turntable may have less speed 
variation than the residual of even a good test 
record, especially given the difficulty of 
centring the record precisely on the platter. • 
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Dictionary of· 
Communications 
Technology 
Terms, definitions and 
abbreviations 

• _,, 

Gilbert Held, 4-Degree Consulting, 

Mocon, Georgio , USA 
In response to the changing 
face of the 
telecommunications industry 
and the rapid expansion in 
the use of microprocessors, 
fibre optics and satellites, Gil 
Held has updated his earlier 
telecommunications dictionary 
to bring readers in line with 
the very latest developments 
and terms in communications 
technology. 

Features Include: 
• Over 9000 references and 
250+ illustrations 
• Comprehensive coverage of 
data and computer 
communications 
• New entries on PC LANs, 
the Internet, client/server 
operations and 
communications testing 
• Trade name information 

First Edition Review: 
"For a consultant or 
telecommunications operative, 
this book is a must. It is 
comprehensive and timely ... 
an excellent reference for the 
IS professional." 
Data Processing Digest 
ISBN 0471955426, 512pp, hGrdbadc, UK 
£68.50, Europe £73, ROW £85 
ISBN 0471 95126 9, 512pp, paperback, UK 
£38.50, Europe £43, ROW £55 

Testing, Troubleshooting 
and Tuning Local Area 
Networks 
Techniques and tools to 
isolate problems and boost 
performance 
Gilbert Held, 4-Degree Consulting, 

Mocon, Georgio, USA. 
Recognising the problems 

.! 

-

encountered by network users 
and administrators on a daily 
basis, this book is designed to 
assist readers by focusing on 
testing, troubleshooting and 
tuning of Ethernet and Token­
Ring networks. It is devoted 
exclusively to: how things go 
wrong how to recognise, 
monitor and test for problems; 
network analysis and network 
management products that 
assist users in examining the 
flow of data in a complex 
network. 
ISBN 0471 95880 8, 275pp, hardback, UK 
£37.50, Europe £40, ROW £50 

Wireless Information 
Networks 

Koveh Pohlovon, Worcester 

Polytechnic Institute ond Allen H 

Levesque, GTE Government Systems 

Corporotion. 
Wireless Information 
Networks organises all major 
elements of wireless 
technology - cordless and 
cellular telephony, Personal 
Communications Systems 
(PCS), mobile data networks 
and Wireless Local Area 
Networks (WLANs), 
presenting them from a 
logical, systems engineering 
perspective. Technical 
material is thoroughly 
integrated with special 
applications and focuses on 
four main areas: Wireless 

) 

standards and descriptions of 
systems and products; 
Measurement and modelling 
of radio and optical wave 
propagations; Wireless 
transmission techniques and 
Wireless multiple access 
techniques. 
Contents: Overview of 
Wireless Networks. Frequency 
Administration and Standards 
Activities. Characterisation of 
Radio Propagation. Channel 
Measurement and Modelling for 
Narrow-band Signaling.· 
Measurement of Wide-band 
Channel Characteristics. 
Computer Simulation of the Radio 
Channel. Modem Technology. 
Signal Processing for Wireless 
Applications. Spread Spectrum 
for WIN Systems. Wireless 
Optical Networks. Networks and 
Access Methods. Standards and 
Products. 
ISBN 047110607 0, 304pp, hordbodc, UK 
£63.50, Europe £68, ROW £81 

• i 
Applied Cryptography 
2nd Edition 
Protocols, Algorithms and 
Source Code in C 
Bruce Schneier, Security 
Consultant and President of 
Counterpane Systems, USA 
This revision of the 
programmer's and system 
designer's guide to the 
practical applications of 
modern cryptography 

provides the most 
comprehensive, up-to-date 
survey of modern 
cryptographic techniques, 
along with practical advice 
on how to implement them. 
New to this edition: 
• Detailed treatment of the US 
government's Clipper Chip 
encryption program 
• New encryption algorithms 
(eg. 'GOST') recently 
obtained from the former 
Soviet Union 
• More detailed information 
on incorporating algorithms 
and programming fragments 

• 

into working software 
• The latest developments in 
the fields of message 
authentication (' digital 
signatures') and digital cash. 
ISBN 0471128457, 816pp, herd bode, UK £59, 
Europe £64, ROW £78 
IS8N0471117099,816pp, ~UK£44, 
Europe £49, ROW £63 

~ata D,!la lmage1 
Compression . 
4th edition 
tools and techniques 
Gilbert Held, 4-Degree Consulting, 

Macon, Georgia, USA 
Data and image compression 
are key issues in computer 
communications with the 
increasing demand for data 
transmission capacity. 

Guiding the reader through 
the main techniques, this book 
explains how practical data 
and image compression 
techniques are now vital for 
efficient, low-cost transmission 
and data storage 
requirements. Building on the 
success of the previous 
editions of Data Compression, 
the scope of the fourth edition 
has been considerably 
expanded. Now covering 
image and fax compression, 
the text has been restructured 
to take account of the many 
new advances in this 
important field. It is also 
accompanied by an updated 
disk containing compression 
routines. 
ISBN 0471 95247 8, 450pp+disk, hardback, 
UK £58.50, Europe £63, ROW £75 

HaJ1dboo~ for Digital 
Signal Processing · 
S.K. Mitra, University of 
California and J.F. Kaiser, Bell 
Communications Research, New 
Jersey, USA 
This is the definitive source of 
detailed information or:i all 
important topics in modern 
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digital signal processing. The 
only current handbook of its 
kind, it meets the needs of 
practising engineers and 
designers of hardware, 
systems and software. Written 
by world authorities, the 
Handbook for Digital Signal 
Processing is supplemented 
with hundreds of informative 
tables and illustrations. For 
professional engineers, 
designers and researchers in 
electronics and 
telecommunications, this work 
will be an indispensable 
reference - now and for years 
to come. 

Contents: Introduction; 
Mathematical Foundations of 
Signal Processing; Linear Time­
Invariant Discrete-Time Systems, 
Finite-impulse Response Filter 
Design; Digital Filter 
Implementation Considerations; 
Robust Digital Filter Structures; 
Fast DFT and Convolution 
Algorithms; finite Arithmetic 
Concepts; Signal Conditioning 
and Interface Circuits; Hardware 
and Architecture; Software 
Considerations; Special Filter 
Designs; Multirate Signal 
Processing; Adaptive filtering 
Spectral Analysis; Index. 
ISBN 0471 61995 7, 1302pp, hardback, UK 
£110.50, Europe £118, ROW £138 

Solving Interference 
Problems In Electronics 
R. Morrison, Eureka Colilornio, USA 

Interference in electronic 
equipment is a constant 
source of difficulty for the 
design and systems engineer. 
Until now, there has not been 
a c~herent theory that 
engineers can refer to in their 
design work and the solution 
of interference problems hos 
therefore often considered to 
be on 'art'. Written by an 
acknow_ledged expert in the 
field, th,s new title provides 
met_hods and techniques for 
teSllng and evaluating 
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designs, and covers 
interference questions in 
computer manufacturing and 
systems design. 
ISBN 0471 12796 5, 206pp, hardback, UK 
£47.SO, Europe £48.50, ROW £54 

L. A Coldren and S. W. Corzine, 
both of the University of 
California, Santa Barbara, USA 
Diode lasers are found in 
numerous applications in the 
optoelectronics industry, 

telecommunications and data 
communications, ranging from 
readout sources in compact 
disc players to transmitters for 
optical fibre communications 
systems. This new title 
provides a comprehensive 
treatment of diode laser 
technology, its principles and 
theory, treating students as 
well as experienced engineers 
to an in-depth exploration of 
this fast growing field. 
ISBN 0471 11875 3, 620pp, hardback, UK 
£63.SO, Europe £67, ROW £78 
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•"II.prices are fully 
i~~lusive of packing 
and delivery 
Return to Jackie Lowe, Room l333, Quadrant 
House, The Quadrant, Sutton, Surrey, SM2 SAS 
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Please supply the following titles: 
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One stop solutions 
for all your radio 

telemetry module needs. 
When the success of your prod ucts depends on radio 

telemetry modules, you need a business partner you 
can trust. A skilled and experienced manufacturer that 

can offer modules of the highest q uality, operating over 

a wide range of frequencies. 

In other words, a partner like Wood & Douglas. 

Founded on technical e xcellence, Wood & Douglas 

is a British company that specialises in the d esign, 
development and production of radio-based products. 

With over 30 staff dedicated to meeting your 

requirements, the company is able to provide true 
one-stop purchasing - whatever your RTM needs. 

All radio modules are highly functional, capable of 

meeting a wide range of requirements. Designed to 
offer efficient, easy-to-use radio telemetry components 

for system designers, they can open up a ~ 
whole new world of product poss ibilities. ~ 

From portable bar-code readers to earthquake 

monitors, Wood & Douglas can help you make the 
most of the opportunities in radio telemetry. 

To find out more about the possibilities, contact ... 

~ 
Lattice House, Baughurst, Tadley, Hampshire RG26 5LP, England 

Telephone: 0118 981 1444 Fax: 0118 981 1567 
email: info@woodanddouglas.co.uk 

web site: http://wWW.woodanddouglas.co.uk 
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PCB Designer Eo-1~-=-
For Windows 3.1 ' '95 o_r_N_T _____ A_m_e_x1_A_c_ce_s_s1_o_e_11aN_--,isa 

Looking for the price? 
It's just £49.00 all inclusive! 
... no VAT ... no postage ... 
... no additional charges for 

A!~~=-,,=r.::::i=i"I overseas orders. 

~ -

Dealers and distributors wanted. 
Phone (01432) 355 414 to order 

Produce Single or Double sided PCBs._ 
Print out to any Windows supported pnnter. 
Too/bar for rapid access to commonly used 
components. 

✓ Helpful prompts on screen as you work. 
✓ Pad, track & IC sizes fully customisable. 
✓ No charges for technical support. 
✓ Snap-to grid sizes 0.1", 0.05" 0.025" and 

unrestricled. 
✓ SMT pads and other pad shapes. 

Also available from, 
South Africa: JANCA Enterprises, PO Box 32131 , 9317 
Fichardtpark at A299,00. Phone/FAX: (051) 223744 
France: Telindel, Quartier Les Pradets, Chemin des Veys, 
83390 Guers. Phone: 94 28 66 67 
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ADVERTISERS 
PLEASE 
NOTE 

For all your 
future enquiries 
on advertising 

rates 

Please contact 
Malcolm Wells on 

Tel: 0181-652 3620 
Fax: 0181-652 8956 

ELECTRONICS WORLD 
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Letters to "Electronics World" Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS 

LVD is not new 
ln his editorial, EW Oct '96, Rod 
Cooper paints a more gloomy picture 
than is justified - and one statement 
is quite wrong. The Low Voltage 
Directive came into force in 1976 -
yes, 20 years ago. What happened on 
I January I 997 was that you had to 
use CE mark. But you have had to 
do that, for safety as well, since I 
January 1996, for anything that falls 
within the EMC Directive. 

It is very imponant for the heahh 
and welfare of the electronics 
industry in the UK not to encourage 
people to close down projects or 
even companies through fear of the 
Directives. More stringent 
regulations have been in force in 
Gennany and Austria for more than 
a decade, and their small electronics 
businesses have learned how to 
cope: so it is possible. 

The chance of any large company 
trying to use a Directive against a 
very small competitor is minimal. ll 
is certainly impossible to forecast 
that there will be no chief executive 
who suffers a fit of paranoia and 
goes down that route, but most 
would see that the game is not worth 
the candle - particularly if there are 
actually no grounds for the 
complaint. 

It is true that the engineering 
profession is disunited, but it is not 
to be expected that they could unite 
in opposition to requirements 
introduced under the EMC Directive. 
For example, the requirements of EN 
61000-3 (all four Sections) are 
bound to be looked on with favour 
by the power industry, which would 
like to preserve their 50Hz sine­
waves undistorted. But the 
regulations are a bane to equipment 
designers. 

The idea of eliminating immunity 
tests has been raised before, and 
seems attractive at first sight. But 
lack of immunity can result in quite 
dangerous situations, which are 
almost entirely unpredictable 
because the manufacturer often has 
no idea what his equipment may be 
used for. Of course, these are the 
events that captured the imaginations 
of the politicians in the first place, 
and helped to 'sell' the Directives to 
them. 

Furthennore, complaints of lack of 
immunity in the field receive 
virtually no publicity, bur the 
broadcasters, BT and the electricity 
suppliers receive thousands of 
complaints every year - usually 
directed to quite the wrong body. 
The cost of following these up, and 
solving them where possible, is quite 
large. 

On the subject of EMC in Australia 

(page 724 of the same issue), 
without the 'benefit ' of Brussels, the 
SMA seems to have produced 
requirements which are more severe 
than apply in Europe at present, 
although they have backed off on 
some points. 
John Woodgate 
Rayleigh 
Essex 

Fooling stereo 
In his article 'Music in mind' in the 
Oct. '96 issue, lan Hickman 
wondered why his gyroscopically­
controlled headphones refuse to 
work in stereo. 

I wasn't totally convinced by 
explanations from the experts in the 
letters pages of subsequent issues, so 
here's my guess. While processing 
time or volume differences, the brain 
needs the signal from both ears to be 
approximately equal, as in a mono­
signal. It is impossible to detennine 
phase difference from two 
completely different signals. 

If you mixed, say, a third of the 
right-hand channel's signal to the left 
channel and a third of the left 
channel 's signal to the right, the 
brain would maybe have enough 
infonnation to fool it. 
Hannu Multanen 
Joensuu 
Finland 

Preamp defence 
I would like to comment on Mr 
Allen Wright's letter (Electronics 
World, Nov. 1996) concerning 
Douglas Self's pre-amp. 

My comments come from two 
viewpoints - as a collaborator with 
Douglas in the design of the pcb for 
the pre-amp, and as a self-employed 
designer in the professional audio 
industry. 

Over the past 15 years, my work 
has taken me into a number of UK 
companies specialising in the design 
and manufacture of top-of-the-range 
mixing consoles that end up in 
radio, television and recording 
studios throughout the world. All the 
companies use 5532 and 5534 
devices; they also all use large-value 
electrolytics for signal coupling. 

It is a fact that Douglas's 
preamplifier has been designed with 
the same criteria used to design 
professional mixing consoles. 

Mr Wright states that budget 
mixing console manufacturers 
stopped using the 5532 years ago. I 
will not contest the budget 
manufacturers' lack of use of the 
5532, as my experience is not at the 
budget end of the market. But may I 
be so bold as to suggest that the tenn 
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'budget' is significant? The 5532 is 
expensive. Is it financial constraints 
rather than sonic perfonnancc that 
preclude its use? 

As for the existence of an 
"unpleasant sonic signature" from the 
5532, l am surprised. I would like Mr 
Wright to tell us more about it. 

The ultimate conclusion to his 
statement of the existence of a 
"signature" is that virtually all live 
and recorded sound will be afflicted 
with the "signature" by vinue of !he 
recording and/or broadcast 
equipment used to get the sound to 
the lisrener. 

No mailer what devices are used in 
a preamplifier, if it is well designed, 
it will faithfully reproduce at its 
output what is offered to its input. 
The output will include Mr Wrighl's 
alleged, "unpleasanl sonic 
signature", which wilJ have been 
introduced earlier in the signal 
chain, and is therefore beyond the 
control of !he pre-amp designer or 
the listener. 
Gareth Connor 
GJC Designs 
London 

Shifting phases? 

CAD inadequacies? 
The reviews on pcb cad failed 10 
answer the one question I wanted 
answered. All the packages seem to 
work on the same basis: having 
designed your circuit, you use the 
schematic drawing package to 
produce a professional printable 
schematic and the computer does the 
rest - i.e. it produces for you a parts 
list, it captures the circuit for the 
layout and even simulates the circuit 
perfonnance. 

The problem comes in the phrase 
'having designed the circuit'. A 
word processor package doesn 't 
assume that you had produced hand 
written draft before you slart typing 
and pcb cad shouldn't assume you 
have done a paper circuit first. I 
design the circuit on-screen. I may 
import bits from earlier circuits. 
When I draw a bias chain I don't 
know what the values are going to 
be, that is left until I'm happy that I 
have got the configurarion right. The 
design process may inc lude several 
changes of mind, adding 
components, taking the out, etc. 

I am looking for a circuit to phase shift by 90° the components of a signal 
with frequencies in the range IOHz to about 350Hz. Although simple 
inregration or differentiation can achieve this, they do so at the expense of 
a frequency dependent change in the signal amplitude which I cannot use. 

In Electronics World April 1993, Terrance Finegan mentions that such 
'a useful analogue function may be realised differentially with all-pass 
filters' , but this hint has proven insufficient. Text books even mentioning 
all-pass filters seem to be the exception - at my level of malhematical 
sophistication anyhow. 

Are there any readers with a solution to this problem? It would help me, 
and being an unusual function may inspire other inreresring designs. 
Alan Scrimgeour 
London 

(This question is repeated from p 790, Oct '96 issue - ed) 

In answer to Alan Scrimgeour's query, it is only possible to produce an 
approximation to a wide-band 90" phase-shift. The complexity of the 
solution depends very much on the tolerable errors. To handle I OHz 
signals, only active all-pass filters are really practicable. The design 
procedure is too lengthy to reproduce here but is not difficult, and a good 
source of the infonnation is the 'Electronic filter design handbook' by A 
B Williams (McGraw Hill). The ISBN of the first edition is O 07 070430 
9, and this deals with the subject fully, but there is a larer edition. 
John Woodgate 
Rayleigh 
Essex 

ln answer to the question from Alan Scrimgeour: The need to phase shift 
audio frequencies by 90" is also required in !he phasing method of ssb 
generation. The article on 1his subject in E/ecrronics World March 1994, 
pp202-206 covers this subject along with !he merits of polyphase 
networks versus 'all-pass' filters. 
John Crabtree 
Connecticut 
USA 
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When l am happy with the 
configuration I renumber the 
components, talce a print, get the 
c11lculator out and work out the 
values and decide on whether a 
capaci10r needs to be a I% 
polysryrcne, or a ceramic, or 
whatever. ln other words when I am 
drawing the circuit J do not know 
either the value or the package of the 
components and the chances of the 
circuit reference remammg 
unchanged is negligible. 

To simply re-number one 
component in liasy PC Professional 
XM requires switching from 
keyboard to mouse to keyboard to 
mouse 10 keyboard lo keyboard and 
finally to mouse. 

What l want is a cad package 
which at the schematic stage does 
not worry about value or package 
~iie. 
John Kennaugh 
Callington 
Cornwall 

Rod replies: 
It think that John Kennaugh has not 
rcod 01c fir:,t issue, i.e. Sept. '96. 111 

which r said, "The review is not 
intended to enable the reader to 

choose one program to sun his or 
her particular requirements .. " and 
this leuer is about just Lhat. 

I don't think John can have read 
the October issue either. in which I 
said "I think relative 10 having the 
circuit drawn before you on real 
paper, all methods of representing 
the circuit on screen are inferior if 
planning a circuit from scratch . 
rather than just drafting ... neither 1s 

the mouse a good drawing tool." 
The comparison between a word 

processor and cad is not 
satisfactory. II would be vu lid lf you 
h.ad 10 give a value and ;pccify a 
package for the letter" A", letter 
"B" and so on, then position it as 
you do with the parts in n ~chematic 
program. Then a word processor 
would be just as clumsy as today's 
M:hema1ic drawing programs! 

Schema11c drawing programs are 
only there as an entry into those 
things you just cannot du well with 
pen and paper - sirnulntinl!, a circuit, 
routeing a pcb - and are rcgurded as 
a necessary evil. The difficulties arc 
minimised 10 Circui1Moker and 
Elcc1ronlcs Workbench, and 1 make 
this clear in the revlew. but they are 
still there. Moreover, in the more 

Note 
ICI, IC2 7AHC161 (or 74AC161 ii necessa,y) 
Pins 11 , 12, 13. & t~ are NC 
Pins 3, 4, 5, & 6 must be connected either high or low 

Divide by integers to 256 
This circu,I appeared os port of Nick Wheeler' s article on poge 893_ of rhe 

November 1996 issue, Apologies. The original ctrcu,t redraw contooned on 

error in lhe connedion.s around the output. 

e~pensive up-market products. 
schematic drawing does not get any 
easier: you just get more foatures. 

My review was aboul producing 
pcbs. and nol about using the 
monitor M:reen as an improvised 
circuit design tool. So it is not 
surprising the review did not nnswer 
John KcnnaugJ,'s question. The vc1y 

title should have told him Lh~t. 

ls there a need for a ·scribble-pad' 
type of schematic druwing program 
for designing r11the.r 1h11n drafting? 
J'm not sure there is. 1f there were a 
need, I think that one of the current 
generation of softwnr~ wnrerS 
would have produced n by now. • 
Rod Cooper 
Sul/on Coldfield 
West Midlands 

NEW & HARDLY USED TEST EQUIPMENT 
Wl lldVI Ill( IVIO[Sl CHDIC[ Of 

UIEO OSClllOICOPES IN IHE CIIUKIIIY 

DUM. TUC£ 2GIIIIZ OSC!UOSCOPl 1100£l KC3~Z 
SMY-'lflllfY'lt:0 21,s.c,1oo.­

X-Y, XS~1f..,.1VSV,.,e1< 
Ultd £1IO t/ft<ll,d t220 
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Q · _ , 

PAMASOHIC YP81 lJA FM/AN SIGIIAL 6ENEIIAIDR 
IOOl(HZ-tlOMHl; Ou!puo -19d8 to 9948: 

(M 0-lOO~HZ: Aij ~ 32 PttS<t M<mor/, O;it!Al 
O"llY!fltQUtl'Cl&~.~--J t 750 

U...St450 -
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Qi .. • .. - ~ 
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PANASONIC VPl631A STEREO SIGIW. &OEJIATOR 
Geno10tes Boo>dc"t fM - ROS/ARI PrtS.t l!,m,ry: GPIB 
U>td £400 U1Wltd £700 

' - ' ,, :ii ; . 
- - I '''l>.c'D = • - - ~ 

,om11u &Fe 1010, 
FREQUOICY COUlllU 
Rt"i" IHZ-120ltl1Z, 8 

o.a,1 lliSplay; 
l 5mYrms ~n,i(MI) 

Un-u...t £95 
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AIIALD&UE 
11111.llllmR llodtl 

KC260TR 
i.JOC 'lo't>: DC Cu<toAt 

10 Amps, 11 R111tts 
Coottnul\Y Suuer, 
Trwi!l0<Testt1 
Ur,-uMd £15 

(;]:[;] 
~~-~c.~ 

POWER SUPPLY •aou MSP3010 
0-30Vo11,0-IOM,ps.C-Oll~ z,_., 

u...i £235 Uo-used £275 
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COODWlll ;¥T 421 
DUAL CMANWEl At 
lllllll'lllTIIET£l 
!~V 3QOY,n 12 

roJ'iel: f~ !OHZ• 
JMHL 

U.... £100 u.-£125 

- ~"'i . , 

CODOWlll "& IOI& 
l UDIO CEkEWOR 

Slno/54;..,, !Olll-!IIKI. 
,. .,.....,at'llLoo 

Datortcoo: ~ stops QU1pUI 
Attef\UB!Dr, 

Used £60 Un-uud £80 

SPECTRUM ANALYSERS 

UHd •qulpment - QUARANUIID, Manual• supplied If i,osalble. 
This ,s I VERY SMAil SA!ol'L£ Of STOCll Sol£ or T~ tor H.ts Please ched ava1labiltly befo,e ordenn1 

CARRIAGf:aU un,tstl6. VAT lo be adOed to Toi.II of Goods and c.m,,._ 
STEWART of READING 

J 10 WYKEHAM ROAD, READING, BERKS. RG6 lPL ~ 
Telephone: (0118) 9268041. Fax: (0118) 9351696 lllliiilil 

Calills Welcome 9am-5 JOpm Mooday lo fodl) (Ol/ler ~.,,. bi arr1n1ementl 
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DC TO DC CONVERTl!RS 
DRM58 Input 10-4Mc output 5v BA £15 
DRM128 Input 17-40\ldcoutput 12118A E50 
ORM158 inpul 20-40Wcoutput 15118A £50 
ORM248 ,nput 29-40,,dc output 24V 8A £40 
DRS1231npu1 17-40.ldc output 12113A £20 
DRS153 lnput 20-40\/dc oulpul 15v 3A £20 
DRS243 Input 29-40\/dc output 24V 3A £15 
SOLID STATE RELAYS 
CMP-OC200P 3-32wc oPeraUO!I, 0-200Ydc 1A £2.~ 
SMT20000t'3~24""coPer1tron 2&-280-lac3A t4 ~ 
SMT20000l4 3-24'1dc 01>eroeon. 2$-280\lac 4A t5 00 
ZRA6021SF 2&-280Yd/acoporaton. 2&-281M.c26A £'7,00 
200 WATT INVERTERS Nicety cased units 12v rnput 240V 
output 1!i0wa" cootinuous. 200max £49 rel LOT62 
6.IMW HELIUM NEON LASERS N61 units, £65 rel LOT33 
COINS LOT TOKENS You moy nave a usefo,tnne? mlxedl)ag 
of 100 tokens £10 re! LOT20 
PORTABLE X RAY MACHINE PLANS E'uy 10 construct 
plans on a 51mple and cheap way 10 bu~d a homo X-ray mactoinel 
Eneclvo device, X-rey sealed • ••embll .. can bo used !or 
eXponmental purposes. Nol a 10y or tor minors! (BIHi Roi FIXP1 
TELEKINETIC ENHANCER PLANS My5tlfy•ndomazeyour 
tnends by creoung molo<! wrttt no known apparent m..,n, or cause 
Uses no elec;Ujcaj or mecllanoc:al ccnn&Ction., no 19e<11i gl/MICclcs 
yetproaucesp 01111',oo molon and effed. E>icellenttor lder,cep,ojeds, 
magic shows, party demOflstnatlons or serious researcn & 
de•~oPmonl o11n1s strange aM amazing phycl11e phenomenon_ 
£4~ Rel FITKE 1, 
ELECTRONICHYPNOSISPLANS&DATAT!llsda!ashows 
..,.,e,-i ways 10 put subjecia under your oOllllCI lnclUGe<I i.. a ,,. 
volume refe19nce te,rt and ...,,ral conSlfUCIIOn plans lllat when 
assembloG can p«>duce tvgl>ly effectiv• s 111TI\111 TN• ma!Mo! must 
be used cautiously. His fa, u .. n onter1aJnment a l parlios elO only. 
by ftioH O)(J)OOllOOod In Its use. £ 15/sel Rel FIEH2 
GRAVITY GENERATOR PLANS This unique plan 
demon1lrelff I simple o!eclltcalphenomena lhalproduees an anu. 
graY!ty llffe<:I Ycucanaciually blolld a :smaa node 11>1CH11ip out of 
Slffll)lomatlflals and w1~any,1so01e means.- eeuoeff toleVitate 
E 10/oet Rel F.GRA 1. 
WORLDS SMALLEST TESLA COIULIGHTENING 
DISPLAY GLOBE PLANS Produce,; up lo 750,000 vc,jls 01 
discharge, oxperfment w,tn extraorc11nary HV effects, 'Pla,ma In a 
jaf. St Elma• ff re. Corona exoelf ent sclenc• prqeci or CO!\Versar,cn 
piece £&.et Ref F/BtC11lG5 
COPPER VAPOUR LASl!R PLANS PrcdUCIH 100mW or 
VISlble green ligM Hcgn coherancy and spectral quality Slrniar ,a 
Argon la•er but easier and 1.,.. cos!ty lobulld yot <• more efficient 
Tnisparl ~ardn gnwas developed attne Atoo11c EnoogyCommsion 
or NEGEV In ISfoel. £10/sel Roi F/CIL 1-
VOICI! SCRAMBLER PLANS Mlnalure gc,jld stale system 
lums 19eoct1 sound Into Indecipherable nolse that canno1 be 
unoe.-.tccd w,11\0~ a secono matcnong un1 Use oo te!epl\One 10 
P""'"nl llllrd party Wstan1ng ancl bugging E6/sel Rel FNS9 
PULSED TV JOKER PLANS unre nand neld device ullllr.es 
pulse tedlrrlques that • ill oomp1e1my disrupt 1V picture ancl ..,undl 
wollcs oo FM tool DISCRETION ADVISED. Ea/set Rel P/TJ5 
BODYHEAT TELESCOPE PLANS Highly olrect1onal loog 
range dev,ce uses recent technology to deled Iha presence olli..,ng 
bcdl~ w1rmandholsp01s.healleakull: lnlenclodf'"se,;unty law 
enlor0llffl0fll research and development e1C Exeelfer!I secunty 
d...,oe or vorylnleresting sclenoe prqect. £8/set Rer F/8HT1 
BURNING, CUTTING CO2 LASER PLANS ProJetls an 
1nvtslble belllTI ot hea1 cop able of b u1n1n9 and me1an9 ma1ena1s aver 
a considerable a1stance This laser is one or trwt m°"I effidenl 
converting 1~1r,putp...,orln10uu!U1output Notontylstnl$devlce 
a wcrichofw lnwe!d,ng, cUllnganG heatprocessong matenats but 11 
,s also a likely candidate as an effeave directecJ "'ergy beam 
weapon agllnll mlssles, a,rcrall. ground-10-ground. etc Partiae 
beam• may very wen ulllize a 1asor or tNs type lo blall a cnannel In 
the atmo'Ph&re ror a tiigh energy stream of neultons or other 
partcles rho device is ea51ry nppffcable to burning and elCl\lng 
wood, cttttng. plaslcs. lmlos e1C£12/sel R<f F/lC7 
MYSTERY ANTI GRAVITY DEVICE PLANS Uses slmpla 
concept ootoc:u lloal In an •ncl move lo the 1oucn Deller; graYily 
amaz,ng g,ft. conveisaliOn plece, maglelncl< or scleneaprqect. £.61 
set Ref FIANT1K. 
ULTRASONIC BLASTER PLANS Laborolorysoun:o ofson,c 
snoci< waves Blow hotos In molal. produce 'oold' steam. atcrn,ze 
llqUldes Many cleaning useo ta, PC boards. jowHery, coons. small 
pans l!CG. (6/set Ref FI\JLB1 
ULTRAHIGHGANAMP/STETHOSCOPICMIKE/SOUND 
AND VIBRATION DETECTOR PLANS unrasen11avedev1c:e 
enables ooe 10 h,.., a whc,je now wcr1d of sounds Uslen tnrough 
watts, wlnd~s, floors etc. Many appltcaffons shown. from law 
entoroement. no1ure 1lstenlng1 meolc.l hear1bc1t, to mechanical 
de..,ces £6/set Re( FIHGA7 
ANTI DOG FORCE FIELD PLANS Hcohly offoa've circllll 
produces lime variable p,ues of acco.,sbcal ene,gy that dogs 
canoot lderaleC6/Sel Ref FIDOG2 
LASER BOUNCE LISTENER SYSTEM PLANSAl!o'#syou 
IO hoer sounds from a premises 1/1111\out ga/nlng access. £12/Sel Rel 
Fll.LIST1 
LASER LIGHT SHOW PLANS Ooltyourse!t plonsshClll lhree 
methods £6 Ref Fills, 
P HASOR BLAST WAVE PISTOL SERIES PLANS 
Handheld, n• 1 large transduc:e< and battery capaoty Ol~h extemal 
oonlrols (6,lset Ref F/PSP4 
INFINITY T RANSMITTER PLANS Telephone line grabber/ 
room monitor Tne ultimate In name/office secuoty and nle\)'1 simple 
to u~• c,n your hane or omce pnone push a secret tone on your 
terepnone lo access e1111er ~ On premises sound and vok:es or Bl 
E>asllng ccnversaboo with brtalvln e,apatxlty lor emetgenoy 
mOUo\\1• (7 Ref F/TELEGRAB 
BUG Dl:TECTORPU.NS1.iha1someonegelllngthegoodson 
you? Easy lo COOSlfuct doVlce locales any hiddon •ource of radio 
eAergy1 Sniff• out and finds bU',11 and otner •ouroes of bothersome 

ELECTRONICS WORLD 

lntalference Oetocls loW, high i nd UHf frequencies. £51511 R•r Fl 
801 
EL!CTROMAGN!TIC GUN PLANS P,ojectsameralobjecta 
conslderoblo dlstanc• requlres adult suporvlllon £5 ref FIEML2. 
ELl!CTRIC MAN PLANS, SHOCK PEOPLE WITlf THE 
TOUCH OF YOUR HANOI £5/sel Re! FIEMA1. 
PARABOLIC DISH MICROPHON! PLANS ll$tentodlllan1 
sounds and vc,cer,, c,pon window,, aound sources in 'hard 10 get' or 
holl!e premisu. Uoes Hle!Nte technology 10 galher di slam , ound• 
and locus thorn to our u1t11 senslBve e1ac1ron1cs. Plan ... 1s0 show an 
opbonll wlreleu link &ystem. Ell/set rot F/PM5 
2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND 
HIGH DC VOLTAGE, SOLID STATE TESLA COil AND 
VAR"-BLE 100,000 VDC OUTPUT GENERATOR PLANS 
Ope rat .. on~ 12vdc:, many possible u perimonts. £10 Ref F/HVM7/ 
TCL4" 
INFINITY TRANSMITTERS Tho u1amale'bOg'!l1to1n~ 
phone or lno, undetectable. llslen 10 tho converuOons In lh• room 
from an)Where In tne woc1<11 24 hours• day 7 clays a weel<I juSI calf 
the n...,ber • CIG pin •• butlOn on the moni cont,ole1 (suppt,ed) 8'\d 
you can hear ovory1h,ng• Monitor ccnve1M1lons lor as long as Y01J 
choose f.249 oacn. complete Witll leods and mlnl con1rolle~ Rel 
LOT9. Undetectable Wllh normat RF detectors. ltted In •econds. no 
banenes requlre<i, las.la foreverl 
SWITCHEDMODEPSU'S 244wall,'632A.•126A. -502A -
120 2A. Therelulso•noPbcna/ 3.3v 25A rallavallilllle. 120/240, U 
P ~ sed. 175x9(ll( 145mm IEC Inlet Slffllble I« PC u .. (6 d/dnve 
connectors 1 nwcard) E10 rel PSU1 
VIDEO PROCESSOR UNITS?/8v 10AH BATTS/12V IA 
TX Nol too w re what the fOnciion ollhose unlls 1sbU1 tt,ey cel1Allnly 
mike good strippers! Measull!S 390X320X120mm, on the front are 
conltofl for scan opeed. scaA delay, scan mode, loads of connoctons 
ootherear lnsdo2x6V ,OAH .. aleoleadadd balls,pcb'sanda8A? 
12vtonoldiat traralom,or (roainsin) Condton not koown, may ha"" 
one or two brclten knobs due to pco1 1101'1ge. C17 50 rwl VP2 
RETRON NIGHT SIGHTRecogni~on of• standi~ man 11300m 
1n 114 mocnflgn, nenn1t1ca11y sealed, ,uns on 2 AADaaenes, 80mm 
F1 5 leos, 2()nw lnt1ared laser lnduded £325 1el RETRON 
MIN I fM TRANSMITTER KIT Very ttlgh gaJn preamp, suppUed 
complete wftl! FET ellcttl!C mictcphone. Designed 1o cover 88-108 
MhLbU1easllychanged lo cover ~130Ml\1 WOtl<swllh a ccmmor, 
9v (PP3) ball•ry 0 ffi RF C7 Ref 1001 
WOV POWER SUPPLY KITV1rtablo. slablllzed power1upply 
to, lab use, Shortcirco«proleete<1, suitable for pmfeslonalor am1tour 
use 24" 3A lran,rormerls needed to complete Ille kh £14 Rot 1007. 
1 WATT FM TRANSMITTER KIT S14>plled with prezo oloarie 
m,c &-JOvdc. At 26-JOv you 'IO!I get nearly 2 watts! £12 re! 1009 
l'M/AM SCANNER KIT Wel not qUcte, YOtJ nave lo tum Ille knob 
your seff bUlyou wrll hear lhtngsoo lnls radrolhal youwOIAd not hear 
on on ordinary radio (even TV) Covers 80-160mhz o• bOU, IWI and 
FM BLln ln5wattampllfler, inc spooke,. £15 re! 1013. 
3 CHANNEL SOUND TO LIGHT l<ITWl1elesssyslom, mains 
opetateo, sepam!O sen>INvlty adj ustmonl for eaeh croannet, 1,200w 
po,Ner handMng. mJCICf)none lndude<l £14 Rol 1014 
4 WATT FM TRANSMITTER KIT Small but powertLI FM 
1,an1mmer. 3 RF lilages, mJcropllone and audio pr- lndu<led 
£.70 Rer 102s 
STROBE LIGHT KIT Adjustable trom 1-60 t><. (a lot l111er lhM 
convenllOnaf strot>eo). MoJnsoperaled (tG Ref 1037. 
COMBINATION LOCK KrT9key, progra,nmable.~etewhh 
keypad, Will.., • .,, 2A maons. 9v de opern on £10 rel , I 14 
PHONE BUG DETECTOR KIT l!U dllVlce will wa,n you 11 
soroebody,. ....,...,loP~ng on YOIJ' lne C6 ref 1130. 
ROBOT VOICE KIT Interesting grcu~ Illa! drstorts ycur v01ee1 
aaJustable, an,wertn.pnonew111\ a different voice! 12vdc £9 rel t 131 
TELEPHONE BUG KIT Smau bug P""'•red by the "pnono line, 
,i.,,.. ttansmllling auocn as lhe pnonel•p1Cked upl £& Ref , 135 
3 CHANNEL LIGHT CHASER KIT 800 watts per channol, 
ljleed andC11recllon conuol .. uppl,ed ""' 12 LEOS(you can lttnacs 
rnsteaa lomal<e IOI molns. not ~ plied) 9-12vdc £17 rer 1026. 
12VFLOURESCENT LAMP DRIVER KITUghllJ!>4 fool lubes 
from yow car bartoryl 9v 2a lranslom,or olso requlred. £8 rel 1069. 
VO X SWITCH k.lTSolHld aclivaled sw111:hideal lormaking bugging 
lope recorder• etc:. adjU>labtesensltlvtty ta rer 1073 

Check out our 

WEBSITE 
http1/ /Yt1WW.pavlllon.oo.uk/bull-eleotrloal 

PREAMP MIXER KIT 31npul mono mixer. sep bass and treble 
oonlrotsplus indlvldUol level contrcls. 18vde, lnputsens 100TIA £15 
rot 1002. 

•eoMZ OP OUR PROOOcr& IIAT U UKU<ZXSAJU.B DI' 'THE Ult 

SOUNDEFFECTSGENERATORKITPmoucessounasrangJng 
froro bird cnlps to sirens. Complete with 5peaker. add , ound en8d$ 
to your projects for just £9 rel 1045 
16WATT fMTRANllMITTER (BUILT) 4 1tagehighpC111er 
preamp roqUlred 12-18Vdc. can use ground plane, yagt o, open 
dlpOOe, £69 rel 1021 
HUMIDITY METER KIT Bulds lnlo a proc,sion LCD huml~ty 
melor, 9 lc design. pcb, led dl11>lay and all components Included £29 
PC TNER KIT Four ohannel output ccntroilld by your PC, WIN 
swttch high current mains w,tn relays (supplied) Software supplied 
50)'0<l aon progrom tile cnannefs IOdowl\81 you want wnenevoryou 
Wlfll Mlrwnum system ccnftgo,.,,on ts 286 VG.A.. 4 1.6401(. r.enal 
poll, nara drive wltt> min 101)( f,ee £ '.i!ll.99 
FM COROLESSM ICROPHON E This un~II an FM broaacaseng 
staUon In mln11ure, 3 translator transmitter with eleelret ~ondenser 
mlc+lel amp dellgn resul I In max mum sanslDvoty •no broad frequency 
respoose ~105mh2, 50-1$00tiz, 500 t001 rar,go In cpon country! 
PPJ batto,y required. £1600 ,er 15P42A. 
MAGNETIC MARBLES lhey nave been arouno r« • nllmller cf 
years but.ON give rise tocuno,lty and amazt111on1 Apad(of 1215just 
£.3.99 ref GIIR20 
NICKEL PL.A TING KIT Pro"esional elecltoplating k11 tllal 1/1111 
transrotm rusting parts Into showpreces tn 3 hours! WIii plale onto 
steel, Iron. bronze. gunmelal. CoPP«, welded ,silver sdderedorbrazea 
joints KltlncludesoncughlOplale 1,000sqlnehes Ycuwlll also need 
a 12v supply, a con1aner and 2 12>,, light ollfbs £39 99 r,;( NIK39 
Minature adjustable timers. 4 pole clo output 3A 240v, 
HY1230S, 12vDC adjustable rrom 0-30 secs £4 99 
HY1260M, 12vOC adJustable from 0-60 mms. £4 99 
HY2405S, 240v adjustable fro m 0-5 secs £4 99 
HY24060m. 240v adjustable from 0-60 mms £6 99 
BUGGING TAPE RECORDER Sma1 vc,ca1e11valed recoroer 
usesmk>l>cassettecompleiew,tnheadphones £28 99relMI\R29PI 
POWER SUPPLY II.fly cawoo with mains and Olp leads 17V DC 
900nA output Ba,galn pnoo £6 99 rel MAG6P9 
9v DC POWERSUPPLYStandardplug lntypo 150mo9\/ DCwlll1 
lead and DC power plug pnca for awo Is C2 99 rel AUG3P4 
COMPOSITE VIDEO KIT.Convertseompesi1e vldt!<>1n10sepa­
tale H sync, V syllG. and video 12v OC £8 00 REF: IIAG8P2. 
FUTURE PC POWER SUPPLIES These are 295lt135x60mm, 
4 dnve e<>MOCIC1$1 motne1 board connector. 1sowan, 12v ran, lee 
inlet and on/Off swlten. £12 Rel EF6. 
VENUS FL YTRAP Kif Grow yourowncarnl>0rou1plantwtththls 
oimplo kll £3 rel Ef34. 
s·x,2· AMORPHOUS SOLAR PANEL ,:z,,, 1~x310mrn 
130mA._ Barg;in pnee 11111t599 ea REF MAG6P12 
FIBRE OPTIC CABLE BUMPER PACK 10metros !or £4 99 
rel MAG5P131deat lorel(penmentarsl 30 m fa, £12 99 rel MAG13P1 
ROCK LIGHTS Unusual thlngstliese. two pieces or roct( tnatglow 
When rubbed logelherl bollved 10 ca.use ralnl£3 a pair Rel EF29. 
3' by 1' AMORPHOUS SOLAR PANELS 14 :W 700,,A 10 
walls,"''"""""'" frame, screw lem,ina~ t 4'1 !IS rol MAG45 
ELECTRONICACCUPUNCTURE KITBuoldslntoaneleclronlc 
ve,sjon lnslead of neediest good to expenmenl w1tn £7 ref 7P30 
SHOCKING COIL KIT Build tnlslltllebanery 01>eraled devloelnto 
all sorts ortn1ngs, al&o gol5 worms out or tna ground! £7 ref7P36, 
FL YING PARROTS Easily 01..,.,bled klt 1h11 buolds a parrol thal 
aotually laps Its wings and flies! 50 m range £6 N>I EF2 
HIGH POWER CATAPULTS Hinged a,m brace tor •~ltl)' 
tempe<ed sleef yoke. supe, •treng\n latex powe, bands Oepartu"' 
speedof ammundicnts lnexceHof 200moles per noun Range of over 
200 mette.! £7.99 ref RIii 

IIALLOH MANUFACTURING KIT Botlsh made, small blob 
blol/lslnroalargo, longlaSbng balloon. hoursoftunlf.3 99 re!GVE99R 
9-0-9V 4A TRANSFORMERS. c- mcunl £7 relLOTt9A. 
2.6 KILOWATT INVERTERS, Paok•d with battaries etc: 
but•• they .,,.;gh about 100kg CALLERS ONLY1 £120, 
MEGA LED DISPLAYS Bulldyoursel!adcc:k orsomothlng Wllh 
lhesemogo 7 seg a1splays5!>mm hlgh.3Bmmwlde 5on a pell tor just 
E4.99 rer LOT 16 or a bumper pack or 50 dlspl1ys fo, just £29 rer 
LOT17 

CLEARANCE SECTION, MINIMUM ORDER 
£15, NO TECHNICAL DETAILS AVAILABLE, 
NO RETURNS, TRADE WELCOME. 
2_000 RESISTORS ON A REEL (SAME VALUE) HP REF BAR340 
AT LE.AST 200 CAPACrrORS (SAME VALUE 89P REF 8AR3<2 
INFRA RED REMOTE CONTROLS JUST 89P REF BAR333 
CIRCurrBREAll'ERS, OUR CHOICE TOCLEARll9P REFBAR335 
MICROWAVE CONTROL PNIELS lO CLEAR E2 REF SAR 329 
2-TUBES OF CHtPS{2 TYPES OUR CHOICE) 90P REF BAR305 
LOTTERY PREDICTOR MACHIN Ell JUST t1.SO REF BAR313 
HELLA UROVERELECTRIC H/LAMP LE\IELI.ERt2 REF BAR311 
SINCLAIR CS 16" TYRES TO CLEAR AT JUST 7SP REF BAR318 
LAROE MAjtjSIIOTDRS(NEW)TOCLEARAT 7SP REF BAR310 
MOOEMS FTC FOR STRIPPING t2.50 EACH RfF 8AR324 
110VLARGE MOTORS (IIEW)TO CLEAR AT 50P REF BAR33:2 
MODULATOR UNrrs UNKNOWN SPEC JUSl 50!' REF BAR323 
GX4000 GAMES COSOLES JUST £4 REF BAR320 
SMART CASED MEMORY STORAGE DEVICE, LOADS OF errs 
INSIOf, PCB, MOTOR, CASE ETC. BUMPER PACK OF S 
COMPLETE UNrrs TO CLl!AR AT t2.50(FOR SJ REF BAR 330. 
2CORE MAIIIS CABLE2M LENGTHS PACKOFH1 REF BAR337 
PC USERIBASIC MANIJA1.S, LOADS OF INFO, £1 REF BAR304 
PCS Sl RIPPERS TO CLEAR AT 2 FOR 991' REF BAR341 
3M 3CORE MAINS CABLI! ANO 13A PLUG, SOP REF BAR32S 

WEBUYSURPLUS STOCK 
FOR CASH 

BUYERS DIRECT LINE 0802 660377 

FREE CATALOGUE 
100 PAGE CATALOGUE NOW 
AVAILABLE, 45P STAMPS, 

173 



CLASSIFIED 
TEL 0181652 3620 FAX 0181 652 8956 

ARTICLES FOR SALE 

SUPPLIER OF QUALITY USED 
TEST INSTRUMENTS 

CONTACT 

Cooke International· 
ELECTRONIC TEST & MEASURING INSTRUMENTS 

Unit Four, Fordingbridge Site, Main Road, Barnham, 
Bog nor Regis, West Sussex, PO22 0EB, U.K. 

Tel: ( +44)01243 545111/2 Fax: ( + 44)01243 542457 
< /RClf /\CJ I 1; CJ'\ Rfl'I I C ·\RI l 

CONTACT 

Cooke International 
ELECTRONIC TEST & MEASURING INSTRUMENTS 

Unit Four, Fordingbridge Site, Main Road, Barnham, 
Bognar Regis, West Sussex, PO22 0EB, U.K. 

Tel: ( + 44)01243 545111/2 Fax: ( +44)01243 542457 
c /RC II \CJ I IH Cl/\ Rf/'11 < •\IW 
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ARTICLES WANTED 

WE WANT TO BUY!! 
IN VIEW OF THE EXTREMELY 

RAPID CHANGE TAKING PLACE 
IN THE ELECTRONICS 

INDUSTRY, URGE QUANTITIES 
OF COMPONENTS BECOME 
REDUNDANT. WE ARE CASH 

PURCHASERS OF SUCH 
MATERIALS AND WOUW 

APPRECIATE A TELEPHONE 
CALL OR A LIST IF AVAILABLE. 

WE PAY TOP PRICES AND 
COLLECT. 

R. HENSON LTD. 
21 Lodge Lane, N .Finchley, 

London Nl2 8JG. 
5 Mins,from Tally Ho Corner. 

TELEPHONE 
OJ 81-445-2713/0749 
FAX OJ 81-445-5702 

~-······ 
Your costs to continue to stock 

UNWANTED SURPLUS ... EXCESS ... OBSOLETE 
STOCKSOF:­

ELECTRONIC-ELECTRTCAL COMPONENTS & 
ACCESSORIES 

K .B. Components, 
21 Playle Chase, Gt. Totham, Maldon, Essex, CM9 8UT 
Tel:- 01621 893204 Fax:- 01621893180 MobiJe:-0802 392745 

REGISTER TO RECEIVE MONTHL y PUBUSHED STOCK LISTS AT NO CHARGE OF 
ALL EXISTING NEW, UNUSED, STOCKS OF ALL COMPONENTS ANO ACCESSORIES. 

TOP PRICES PAID 
For all your valves. tubes, semi 

conductors and IC's. 

Langrex Supplies Limited 
1 Mayo Road, Croydon 

Surrey CAO 2QP 
TEL: 0181-6841166 
FAX: 0181-684 3056 

**WANTED** 
Test equipment, .Electronic Scrap, 
Valves, Transmitters/Receivers, 

Factory & Warehouse Clearance. 
Confidentiality Assured. 

TELFORD ELECTRONICS 
Phone: 01952 605451 

Fax: 01952 677978 

WANTED 
TOP PRICES PAID 

For all your Test Equipment, 
Receivers, Transmitters etc. 
Factory Clearance, Prompt 

Service and Payment. 

HTB ELEKTRONIK 
Alter Apeler Weg 5 

27619 Schiffdorf, Germany 
Tel: 0049 4706 7044 
Fax: 0049 4706 7049 

40 YEARS WIRELESS WORLD ·s2.·1s 
bound. ·76. ·92 unbound. Offers Telephooe 
01276 65529. 

TEK 576 (S77) Curve Tracers. Phone 01460 
73557. 

HEWLETT PACKARD 
TEKTRONIX 
MARCONI 

TEST EQUIPMENT 
WANTED! 

M&BRADIO 
16 lllshoppu Stnet,leeds LSI •BB 

Tel: (+.•..) 0113 205649 
Fax: (+.•..) 0 I I l 2426881 

SMALL S ELECTION or Aircraft Starter 
motors, DC generators and ro1ary converters. 
Possibly suit electric vehicles etc. £!0 to £50 grr,;~fait condition and type. Tel: BriS10I 

MICROCHIP 'MlCROMASTER' develop• 
men, sy,1cm £1,150. Muhicone 'Vaporeue' .sol• 
dering machine £500, 801h unused. lcclab 
805112 Emulator £400. Tel: 01295 810859. 

RECRUITMENT 

Instrumentation 
Scientist/Technician 

The British Antarctic Survey. a Government-funded body. organises and 
carries out a balanced and optimal programme of research in Antarctica 
of global significance in the Earth. Atmospheric and Life Sciences. As 
well as its headquarters building on the outskirts of Cambridge, three 
permanently manned stations and one summer only s tation are 
maintained in the Antarctic. 

We are looking to recruit an Instrumentation ScientisVfechnician to 
work with the atmospheric boundary layer group. Duties will include 
calibration and maintenance of micrometeorological equipment for 
eventual deployment in Antarctica. Responsible for the upkeep of 
hardware documentation. other duties will also include the repair and 
possible modification of returning field instruments and some upgrading 
of 'realtime' logger software, 

As you will spend up to six months in the Antarctic each austral 
summer and assist in the deployment of new equipment, you must be 
physically fit. 

The post is for three years. 

You will have a degree in Electronic Engineering, Physics or 
equivalent. Post•graduate experience in instrumentation would be highly 
desirable. However, no expenence of low temperature or extreme 
environment equipment design is expected and training in these areas 
will be provided al the BAS Headquarters in Cambridge. 

Starting salary will be from £13,698 per annum depending on 
qualifications and experience. 

For further details and an application form please contact the 
Personnel Section, British Antarctic Survey, High Cross, Madingley 
Road, Cambridge CB3 OET. Tel: 01223 251508/ 507. Please quote ref: 
BAS 55/96. The closing date for completed application forms is 
23 January 1997. 

British 
Antarctic 
Survey 

• Natural 
Environment 
Research 
Council 

ARTICLES FOR SALE 

ffiercrcil Protect Your Microchips ~ 
~~~ from STATIC DISCHARGE ! ~~~ 

Use an SSE grounding kit. 
Kltlnclud-: 

- •t•tlc dlulpetlv• aolder N•latent 
rubber mat. 

- wrlat •trap 
• ground lead 
• .. rth plug 

Mat alza 70 x 30 cm - offer prfca £1&.as par kit+ VAT • Ref: AGK1 
Met alze 25 11 20 cm• offer prfce £12.615 per kit +VAT· Ref: AGK2 

STATIC SAFE ENVIRONMENTS Payment by CHEQUE/ ACCESS 
127 Hngley Road. Birminghsm 816 axu VISA/ MASTERCARD 
Tel: 01214548238 Fu: 0121 625 2275 catalogue ova,lable 



SPECTRUM ANALYSERS 

ANRITSU MS420J 1 OHz-30MHz network/spectrum 

• ralfe electronics • <>Kcluslvoly 
~ ,T&CM-0 

• 36 Eastcote Lane · SouthlHarrow • Mlddx HA2 808 • England • 
TEL (H-4} 0181-422'3593 • FAX (+44) 0181423 4009 

EST 
41 
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HEWLETT PACKARD 

16408 serial data generator 

analyser £5000 DISTRtBUZIONE E ASSISTENZA. ITALY: TLC RADIO, ROMA (06) 871 90254 
3764A digital transmission analySer 
3335A syntheslzerAevel generator 
3235A switcMest unit 

£500 
£1500 
£2000 
£1000 
£2000 

AVCOM - portable, battery operated, to 1000MHz 
£2000 

TEKTRONIX 492 21GHz portable spectrum analyser, with 
options 1, 2 and 3 £6500 or £7500 with mult1ple,or and mixers 
to 40GHz 
HP8711A 300kHZ· 1 .3GHz network analyser 
HP8753A vector network analyser, 3GHz 
HP87028 Mghtwave component analyser 

(options 006/011) 6GHz 
HP8559A/182T 21GHz 
HP8557A/182T 350MHz 
HP8590A 1.8GHz portable, AS232 option 

MARCONI INSTRUMENTS 

;-;;._--=---

• 
2018 synthesized AM/FM Signal generator 

80kHz·S20MHz 
2019 synthesized AM/FM signal gen 80kHz·1040MHz 
2305 modulation meter 
2828A/2829 digital simulator/analySer 
2955 radio communications test set 
6460/6421 power meter & sensor 10MHz·12.4GHz 
6Sxx waveguide detector lor use with 6501/12·scalar 

analysers 
TF2910 TV Interval timer 

£4000 
£7500 

£10000 
£4500 
£1500 
£4250 

£1250 
£2000 
£2500 
£500 

£3250 
£350 

£350 
£250 

TEST EQUIPMENT 

AORET 740A synthesized signal generator 0. H 120MHz £2500 
ANRITSU MS420J network/spectrum analySer 10Hz·30MHz £500 
8AUEL& KJAEA 2307 level recorder £1000 
8RUfl & KJAEA 2308analogue X·Y pen recorder £750 
CHASE lfA1000 interference measuring recerver 

9kHz-150kHz £1000 
CATRON 1061 & 1061A-various, digltal multimeter & 

1065 - call from £500 
CATRON 1065 digital multime1er all ranges plus IEEE £500 
FARNELL SSG2000 synthesized signal generator 

10Hz·2000MHz 

IS09002 ACCREDffED STOCKIST 
MEASUREMENT & TEST EQUIPMENT 

PHILIPS PM51671mHz·10MHz function generator 
RACAL ·DANA 9300 milli-voltmeter 
RACAL ·OANA 9301 A 1rue RMS RF mill~voltmeter 
SCHLUMBERGER 7081 precision vohmeter 8.5 dlgrts 
TEKTRONIX P6201 FET PROBE 
WANDEL & GOLTERMANN WM30 level tracer 
WANDEL & GOLTERMANN PJM•4S jitter meter for 

SONET & SOH 
WAVETEK 23 synthesized function generator 

0.01Hz·12MHz 
WAVETEK 1067 opt 522 1 ·500MHz sweep generator 
WAYNE KERA 3220 20A bias unit (for 3245 inductance 

analyser) 
TEKTRONIX AM503/P6303 current probe 

C /IU lE MJ I-Ill ON 1/El'I I < AIW 

£2500 

£275 
£400 
£350 

£2750 
£350 
£500 

£5500 

£1250 
£500 

£1250 
£1500 

3324A synthesi2ed function generator 
33320G/33322G programmable attenuators 4GHz, 

with driver 11713A £1000 
As above but 18GHz set £1500 
3581C selective voltmeter £1250 
37790 prlmay multiplex analyssr £5000 
379000 slgnaJijno test set with 2 x 37915A 1nte~ace cardS£5500 
41408 pA/meter, DC voltage source £4000 
4272A muhHrequency lcr meter £3500 
4358 microwave power meter, analogue £400 
5386A 3GHz frequency counter £1500 
54100A 1GHz digitizlno osalloscope, 

now Inc 2 x 1 GHz actJVO prcms 
54502A digltal oscilloscope 400MHz 400MSa/s 
80078 pulse generator 100MHz 
8018A serial data generator 
8082A pulSe generator 250MHz 
8111Apulse generator 20MHz 
8146A optical tdr, with options 2/3/plug-in 8t 465SH 

£2000 
£2500 
mo 

£1000 
£2000 
£1250 

(single-mode) £8500 
816A slotted line 1.8·18GHzwlth 809C & 4478 probe £500 
8444A tracking generator with option 059 £1000 
86222A/8620C 10MHz·2.4GHz sweep generator £2000 
87510A gain-phase analySer 100l<Hz·300MHz £6500 
8753A 3GHz vector network analySer £7500 
J2215A FOOi portable mul1imode test set £1500 
J2219A 486-based, colour option main·lrame £1000 
J2219A/J2171A 486·based colour serene option networl< 

advisor £3000 

SEND FOR LA TEST STOCK UST. WE FAX LISTS 
AND SHIP WORLDWIDE. ALL FULLY 

LAB• TESTED AND NO-QUIBBLE GUARANTEED 

ELECTRONIC UPDATE 
Contact Malcolm Wells on 

0181-652 3620 
Comprehensive new 

LCD brochure 

The widcsI range of colour LCDs, 
LCD monitors and plug and play kits 
available in 1he UK, all in one easy 10 
use brochure, is now available FREE! 

h includes products ranging from 
2.9" monuon 10 16.1" colour LCD 
screens. mono/colour STN TFTs and 
!Ouch screen technology from the 
worlds leading manufacturers. 

Phone Trident !Oday 
for your free copy. 

Tel:: 01737 765900 
Fax: 01737 771908 

CIR( l f ,\0 /~'IO,\ 1/tl'I I CARI) 

NEW Feedback T&M 
Catalogue 

The latest edition of the Feed• 
back Test & Measurement cata· 
logue is now available. Over 60 
pages pac ked with more than 
800 products divided Into over 
20 sections. The catalogue is 
Indexed for both product and 
manufacturer and is fully illus• 
trated. Whether you are looking 
for an individual product , a com ­
plete workstation, or a solution 
to a partic ular Test & Measure ­
ment need the NEW Feedback 
catalogue will save your prob• 
!ems, send for a copy NOW! 

< 11/C IE NO I ; I ON /Ul'I I C Al/ /) 

A regular advertising feature enabling 
readers to obtain more Information 
on companies' products or services. 

1997 Ftt11 Catalogue Data File 
Words. 
The National Instruments 1997 
catalogue features our new 
Bridge VIEW and Lookout software 
packages for industrial automation. 
Other software products include 
LabVIEW, LabWindows/ CVI, and 
HiQ. In addition, our new line of 
IMAQ products provides a complete 
imaging solution. Hardware products 
include GPIB. DAQ, VXJ and new 
serial interfaces for industrial 
communications applications. 

NATIONAL INSTRUMENTS, 
Tel: 01635 523545 

CII/CI E MJ I ;o 08 REPH C,\ 1/IJ 

NEW JENSEN TOOLS 
CATALOGUE 

Colourful new Catalogue, hot off 
the press from Jensen Tools, 
presents unique new tool kits for 
service/support of 
communications equipment. Also 
latest test equipment from many 
major manufacturers. Includes 
hard-to-find tools, PC/LAN 
diagnostics, bench acccessories, 
static control, technical manuals 
and more. 

Ring 0800 833246 or 
Fax 01604 785573 for a free copy. 
Jensen Tools, 10-12 Ravens Way, 
Northamcton NN3 9UD 
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"EVERYTHING YOU NEED TO DEVELOP AN EMBEDDED 8051 PROJECT INC " 

01(1111 t0rir: MPS/,S\'5 £125.00 . 

P1oc/11c ,, ,11{' now ,IV,11/,11,J,, from f,11/1('" (OIIIJ)OIIC'llh 
r I \ . f' . --'=-,_ __ _ 

Microcontroller in-circuit 
re-programming adaptor 

Now you can re-program the entire Atmel mIcrocont10ller 
family in-circuit! 

No more re-moving chips - ideal for 8051 single-chip project 
development 

Supplied with AT89C2051 and AT89CS2 + 11.0592 MHz Crystal. 
(Requires MICro-Pro 51 programmer to operate• see above) .. - ,, . 

Atmel Part Code 

·oLLEAS +~ 

PLCC 44-pin adaptor 

~ Stidilbfe fo1 rno;t 
S051 der ,1.1h t') 

Package Adaptors 

sore 20-pin adaptor 

Order code: AD-SOIC20-A £75.00 
Please enquire for our full range of adaptors 

The 805 1 FLASH microcontroller family 
I 89C51 I 89LV51 89 ;• I 

ft . • I I l' • • K K ~ K H 
RAM (llyles) 
EEPROM MH:M..,_WiMWiMMiMMAMMtJ:M 

2K 

ms 32 

A 
32 

WW 
32 32 --- 32 -•-32 

Watchdog nmer - - 15 

ti 
'fMilWf"M T ful duplex) 

YES 
w:ia ..... w:w ... w,.-w·w veF --ves- YES YES YEF YES YE 

SP! lr>ICrlace 
' • II. I I 

.,. 
O;rta iJ()rnlers 

I 

rocontrollers feature on-chip -programmable FLASH code memory 
cjCclrically eras;ible in undet 15~, (no need for UV eraser) 
,r. ·.ire drop-in fl ASH replacemen or the genrric 87(51187(52 devices 

1119le-chip 8051 in a 20 pin packa .even retaining the serial port 

PU J t:l 

ti Optimising C Compiler 
•-=-....117...,_, ___ __....., ti Macro Assembler 

.... 
.. F" J.,.,,,,,, .. ~ 

- Jwr """""""" 
~ 

., Software Simulator 
ti Device Programmer 
., Sample Devices 
., Hardware/Software Documentation 

""' FREE Atmel CD ROM data book 
• System supplied with 1 x Atmel A189C10S1 

and 1 x A189Q0SI Microcontrol/ers 
• (-compiler + Assembler output 

restricted to 2k total 
program code. 

Order code: AT-89CX051· 

• 'Ir. nhovr.)n'/i'duc1s w11 hout 1nior notir. 



THE WoRLn's Mosr PowERFUL, 
PORTABLE PROGRA- MERS 

!495+VAT The current device library contains over 1800 
of the most popular logic and memory devices 
including GALs, PALs, CEPALs, RALs, 8 and 16· 
bit EPROMs, EEPROMs, PEROMs, FLASH, BOOT­
BLOCK, BIPOLAR, MACH, FPGAs, PICs and many 
other Microcontrollers. We even include a 44-
pin universal PLCC adaptor. 

' ~ (1° t:::::J C 

t::5;] 
8 

t:!:::J 4 

0 

Dataman S4 
Compare the Dataman 54 with any 

other programmer and you'll see why it's 
the world's undisputed number one. 

54 is capable of programming 8 and 16-bit 
EPROMs, EEPROMs, PEROMs, 5 and 12V FLASH, 
Boot-Block FLASH, PICs, 8751 Microcontrollers 
and more. 54 also emulates ROM and RAM as 
standard! 

54 is the only truly hand held programmer that 
ships complete with all emulation leads, 
organiser-style manual, AC charger, spare 
library ROM, both DOS and Windows terminal 
software, and arrives fully charged and ready 
to go! Who else offers you all this plus a three 
year guarantee? 

Customer support is second to none. The very 
latest programming library is always available 
free on the Internet, and on our dedicated 
bulletin boards. Customers NEVER pay for 
upgrades or technical support. 

Orders received by 4pm will normal~ be despatched same day. 

Order today, get it tomorrow! 

Programs a wide range of 20 
and 24 pin logic devices from the 

major GAL vendors. Supports 
JEDEC files from all popular logic 

compilers. 

v I195+VAT 

hi' !ht' Da111m,111 S./ ,>r !Ja/111111111·48 
lt'flhou/ oblig111io11ji1r 30 d1~11s. {(1'1111 do not 
agra 1h111 thnr art· the 11111.111jfi'c1il'c, most 
1111ji1I. 1110s! 1·crs11ti/1• add ii ions you n111 
11111kc lo your proxm111111i11g 100/bvx. 
11·c will n:fi111d your 11111111)' inji,/1. 

Dataman-48 
Our new Dataman-48 programmer 
adds PinSmart® technology to 
provide true no-adaptor 
programming right up to 48-pin OIL 
devices. Dataman·48 connects 
straight to your PC's parallel port 
and works great with laptops. 
Coming complete with an integral 
world standard PSU, you can take 
this one-stop programming solution 
anywhere! 

As with 54, you get free 
software upgrades and 
technical support 
for life, so now 
you don't need 
to keep 
paying just 
to keep 
programmin9 

If you need to program different packaging 
styles, we stock adaptors for SOP, TSOP, QFP. 
and SDIP. The Dataman-48 is also capable of 
emulation when used with memory emulation 
pods. 

Order your Dataman programming solution 
today via our credit card hotline and receive it 
tomorrow. For more detailed information on 
these and other market leading programming 
products, call now and request your free copy 
of our new colour brochure. 

.~~-------
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Dataman l'rograninwr, I.tu, Station l<oa<l . .\lai<lrn \:t11·to11, Dor,c·t I H2 O . .\L l:K 
Trlephont +·14/0 HOO :WJ7l'J lax +44/0 UOO QIIJl2 BBS +44/IJ UOO :Q JWl:i (24hr) 

.\\o<ll'm \ '_:)4/ \'.H/ \'.:)2bis I lrnm pagl': http://lrnw.<lataman.com 
FTP: f'tp.<lataman.rnm Email: ,alt,(0<latama11.rnn1 
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