Save £20 on a DataStation development kit. See page 16
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Audio Precision — system 1 — Dual Channel Audio Test System £2200 H H H
ENI 550L Amplifier (1.5 to 400MHz) 50 Watts £2500 Rad 10 Commu n Icatlons TeSt Sets
Hewlett Packard 3314A Function Generator 20MHz £750 Hewlett Packard 89208 (opts 1,4,7,11,12) 6750 3 COMMENT 12 REDUCING THE STRESS IN
Hewlett Packard 3324A synth. function/sweep gen. (21MHz) £1950 LR T e R S £2000 Too much regulation? PLANAR RESISTORS
Hewlett Packard 3325B Synthesised Function Generator £2500 Marconi 2955 £1250 . .
Hewlett Packard 3326A Two-Channel Synthesiser £2500 Marconi 2955B/60B £3500 Lesll? Green explains how best to mount
H.P. 4191A R/F Imp. Analyser (1GHz) £3995 Marconi 2955 £1995 5 NEWS resistive elements on PCBs
gePw lﬂ?f)icll;;dlr:g ﬁlsllyier (IISMI;z) tetar (4 T10MHS) ;;ggg Motorola R2600B £2500 @ Bacteria makes electricity from sugar
ector Impedance Meter (4- z R X o
. acal 6103 (opts1, 2 £5000
Hewlett Packard 4278A 1kHz/IMHz Capacitance Meter £3500 s Scfwsarz Sl\)/IFP ) 01500 ® Optocouplers will use silicon 17 AUTOBIAS FOR MOSFET
H.P. 53310A Mod. Domain Analyser (opt 1/31) £3950 @ Super magnet breaks field record
Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier ~ £2000 Rohde & Schwarz CMD 57 (opts B1, 34, 6, 19, 42, 43, 61) £4995 s OUTPUT _STAGE_S .
Hewlett Packard 8508A (with 85081B plug-in) Rohde & Schwarz CMT 90 (2GHz) DECT £3995 1ng the hot spots If you think biasing for vertical d-MOSFETS in
Vector Voltmeter £2500 Rohde & Schwarz CMTA 94 (GSM £4500 a class AB output stage is not very critical, let
. . . p g Y, >
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1750 Schlumberger Stabilock 4015 £3250 Edmond Stuart put you right.
HewlegsPac‘I;ard $9440¢ VecCtor Signal Analyser (1.8GHz) o Schiumberger Stabilock 4031 £2750
opts AY8, AYA, AYB, AY7, IC2 £995 Schlumberger Stabilock 4040 £1300
JLE-BSG D0V EG HzsSiprial Gon by Wavetek 4?03 (GSM 900) Mobile phone tester £1500 2 l TIME MACHINE 2
Marconi 6310 — Prog’ble Sweep gen. (2 to 20GHz) — new £2500 John Morrison concludes his article on
Marconi 6311 Prog’ble sig. gen. (10MHz to 20GHz) £2995 MISCELLANEOUS accurate time measurement on a budget.
Marqc%ni 6313 Prog’ble sig. gen. (10MHz to 26.5GHz) £3Zgg Ballantine 1620A 100Amp Transconductance Amplifier £1250
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2) £2. EIP 545 Microwave Frequency Counter (18GHz) £1000
Rhode & Schwarz UPA3 Audio Analyser £1500 EIP 548A and B 26.5GHz Frequency Counter from £1500 24 AN INTRODUCTION To
Rhode & Schwarz UPA3 Audio Analyser £2250 EIP 575 Source Locking Freq.Counter (18GHz) £1200 T‘ M
Fluke 5700A Multifunction Calibrator £12500 EIP 585 Pulse Freq.Counter (18GHz) £1200 NE ORK ANALYSIS
Fluke 5800A Oscilloscope Calibrator £9995 zuke SOGOA and B Signai gen. 10kHz - 1050MHz f §95° Software based circuit simulators are all very
enrad 1657/1658/1693 LCR meters rom £500 . : :
OSCILLOSCOPES Gigatronics 8541C Power Meter + 80350A Peak Power Sensor £1250 well bl.lt JOhn, Ellis thinks he can SIVeHOma
8°u:g jggi 188%:2 4‘%‘8“9/' DS40 B | g} fgg Gigatronics 8542C Dual Power Meter + 2 sensors 80401A £1995 better lI’lSlght into the usefulness of these tools.
ou = =
g - 7 E s £1600 Hewlett Packard 339A Distortion measuring set £600
Hewlett Packard 54502A - 400MHz — 400 MS/s 2 channel
Hewlett Packard 54520A 500MHz 2ch £2750 Hewlett Packard 436A power meter and sensor (various) from £750
Hewlett Packard 54600A - 100MHz — 2 channel £675 Hewlett Packard 438A power meter - dual channel £1750 29 N Ew PRODUCTS
Hewlett Packard 54810A ‘Infinium’ 500MHz 2ch £2995 X s
Intron 2020 - 20MHz. Dual channel D.8.0 (new) 450 Hewlett Packard 3335A — synthesiser (200Hz-81MHz) £1750 The month’s top new products.
Iwatstu SS 5710/SS 5702 - from £125 Hewlett Packard 3457A muli meter 6 1/2 digit £850
Kikusui COS 5100 - 100MHz - Dual channel £350 Hewlett Packard 3784A - Digital Transmission Analyser £2950
Lecroy 9313% 300MHz - 4 c}’?anr:)elé; N £2750 Hewlett Packard 37900D - Signalling test set £2500 34 CIRCU 'T IDEAS
Meguro MSO 1270A - 20MHz - D.S.0. (new) £450 " ]
Philips 3295A - 400MHz - Dual channel £1400 ﬂew:e: Eaciard ig;gr\LM;n'meeter ;ggg o g @ Simple code clock
Philips PM3392 - 200MHz - 200Ms/s - 4 channel £1750 He""le Packarj prie LgR Meter b ® Capacitive coupling is fast @ Staircase waveform generator
Philips PM3094 - 200MHz - 4 channel £1500 ewlett Packart eter
Tektronix 2213/2215 - 60MHz - Dual channel £300 Hewilett Packard 4276A LCZ Meter (100MHz-20KHz) £1400 ® IEE merger backed by Government ] :
! - : . @ Voltage-controlled capacitance/inductance
Tektronix 2220 - 60MHz - Dual channel D.S.0 £850 p
ot s g s Dua\ Cha”“el oieTc) s Hewlett Packard 5342A Microwave Freq.Counter (18GHz) £850 @ DAB radio reference design . -
TZkt:g::;i 2035 ) 100MFle_ by S?Jafcﬁgrr:ﬁel " £500 Hewlett Packard 5385A - 1 GHz Frequency counter £495 @® An inductance multlpher
Tektronix 2245A - 100MHz - 4 channel £700 Hew|étt Rackard|6060Aand|B|Electionicll 5adi300W om{=1o0 @ A simple driver circuit for stepper motor
Tektronix 2430/2430A - Digital storage - 150MHz from £1250 Hewlett Packard 6622A - Dual O/P system p.s.u £950
Tektronix 2445 - 150MHZ - 4 channel +DMM £850 Hewlett Packard 8350B - Sweep Generator Mainframe £1500 @ Cut relay power to a quarter
Tektronix 2445/2445B - 150MHz - 4 channel £800 Hewlett Pack —_ hi ; i £2500
Tekironix 2465/2465A /24658 - 300MHz/350MHz 4 channel from £1250 Howott Packarg 22222 Sh 'ghhperfozna.ncelR/F synifiesiSer (0.1-1050MHz) -
Tektronix 7104 - 1GHz Real Time — with 7A29 x2, 7B10 and 7815 from £1950 ewlelt Fackar e o denerator
Tektronix TDS 310 50MHz DSO - 2 channel £750 Hewlett Packard 8656B - Synthesised signal generator £995 46 CAPACITOR & AMPLIFIER
Tektronix TDS 420 150 MHz 4 channel £950 Hewlett Packard 8657A - Synth. signal gen. (0.1-1040MHz) £1500
Tektronix TDS 520 - 500MHz Digital Oscilloscope £2500 Hewlett Packard 86578 - 100MHz Sig Gen - 2060 MHz £3950 DISTORTIONS
SPECTRUM ANALYSERS Hewlett Packard 8657 D - XX DQPSK Sig Gen £3950 | . ] . ]
Advantest 4131 (10kHz — 3.5GHz) £3000 Hewlett Packard 8901B - Modulation Analyser £1750 Cyril Bateman concludes his latest distortion
Advantest/TAKE DA RIKEN - 4132 - 100KHz - 1000MHz £1350 Hewlett Packard 8903A, B and E - Distortion Analyser from £1000 series with tests on resistors and Op-amps.
ﬁndo A(;SG;2\1615-A1 .7GHz e ‘E;?gg Hewlett Packard 11729B/C Carrier Noise Test Set from £2500
yeorm -65A - 2 to 1000MHz Hewlett Packard 53131A Universal Frequency counter (3GHz) £850
Farnell SSA-1000A 9KHz-1GHz Spec. An. £1250 .
Hewlett Packard 182T Mainframe + 8559A Spec.An. (0.01 to 21GHz) £2000 Hewlett Packard 85024A High Frequency Probe £1000 54 LE I I ERS
Hewlett Packard 853A Mainframe + 8559A Spec.An. (0.01 to 21GHz) £2500 Hewiett Packard 6032A Power Supply (0-60V)-(0-50A) £2000 ® Wideband buffers
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel £1500 Hewlett Packard 5351B Microwave Freq. Counter (26.5GHz) £2750
new:eg gaciafz ggggg\ ‘ég MHZ fOP;CHA"a'YSGT giggg Hewlett Packard 5352B Microwave Freq. Counter (40GHz) £5250 @ Walt Disney University
ewle ackar Z - y4 i S
Hewlett Packard 3561A Dynamic Signal Analyser £3500 Keithley 220 Programmable Current Source iy @ In the defence of Mr Miller READER OFFER
Hewlett Packard 8568A -100kHz - 1.5GHz Spectrum Analyser £3500 Keithley 228A Pragible Voltage/Current Source |EEE. £1950 v i . -
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz—1.5MHz £2500 Keithley 237 High Voltage - Source Measure Unit £3950 ® Volks radio receivers Buy a discounted,
Hewlett Packard 8592B 9 KHz - 22 GHz £7995 Keithley 238 High Current - Source Measure Unit £3750 i
Hew:eg Eactarg gggg E9(Kth4-12.190C15H1105 T ggggg Keithley 486/487 Picoammeter (+volt.source) £1350/£1850 : ADttraCt,mg (y}ounger GEaders soft;.vare bl -
ewlett Packar opt 41, 101, 105, z - 12.8GHz i etention Green configurable seria
Hewlett Packard 8713C (opt 1 E1) Network An. 3 GHz £6000 AL e G D) Sk, ) . g
Hewlett Packard 87138 300kHz - 3GHz Network Analyser £5000 Keithley 8006 Component Test Fixture £1750 ® Cyril’s quiz answer I/O card, courtesy of
Hewlett Packard 8752A - Network Analyser (1.3GHz) £4995 Marconi 6950/6960/6960A/6970A Power Meters & Sensors from £400 . . Observant
Hewett Packard £753A (3000Krz - 3GHz) Network An - £3250 Philips 5515 - TN - Colour TV pattern generator £1400 ©® EMC misconception e
ewlett Packar + etwork An + aram z 00 i B : ectronics.
Hewlett Packard 8754A - Network Analyser 4MHz -1300MHz) £1500 i:!::.ps PTA51934 50 MHz ';.””Ct'on generator zggg ® Help wanted Extended d
Hewlett Packard 8756A/8757A Scaler Network Analyser from £900 S o s ytemplimeriCopnter . 1 xtende ue to
Hewlett Packard 8757C Scalar Network Analyser £3500 Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser £2500 @ Credit cards get smart popular demand!
Hewlett Packard 70001A/70900A/70906A/70902A/70205A - 26.5 GHz Rohde & Schwarz NRV/NRVD Power meters with sensors from £1000 g
pSpecum Analyser £7000 Tektronix AM503 - AM503A - AM5038 Current Amp’s with M/F and probe  from £800 ® European 65nm CMOS disclosed 60 WEB DIRECTIONS
Meguro - MéA 490217 _ S(Z)I\;ngr-taSp?ac Anaylser 2&23(7388 Wayne Kerr 3245 - Precision Inductance Analyser £1750 [ ) Digital TV too Complicated, says DTI Useful web addresses for electronics
Tektronix 492P (opt1,2,3) 50KHz - 21GHz £3500 Bias unit 3220 and 3225L Cal.Coil available if required. (P.O.A) 5 S0 .
Wiltron 6409 - 10-2000MHz R/F Analyser £1250 Wayne Kerr 3260A + 3265A Precision Magnetics Analyser with Bias Unit £5500 L nght emlttmg handbag CNZICELsy
Tek 496 (9KHz-1.8GHz) £2500 W&G PCM-4 PCM Channel measuring set £3750
All equipment is used - with 30 days guarantee and 90 days in | ﬁ;; ; 2
o e ys g y Tel: 02476 650 702 g January issue on sale 4 December
- L] 5
Add carriage and VAT to all goods. F(IX. 02476 650 773
. 3 a . |
1 Stoney Court, Hotchkiss Way, Binley Industrial Estate Web.. www.telnet.uk.com December 2003 ELECTRONICS WORLD 1
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Too much regulation?

I’ve been following the letters in the last

few months concerning EMC and CE marks.

Reader consensus seems to be about 50-50
on whether in fact there is a conspiracy or
not. My own opinion is that I am sure the
regulations do some good — but is it too
little for the cost to the consumer. Does the
consumer get his/her money’s worth? I
don’t think so. Putting aside industrial,
military and transport electronics for a
moment, my own experiences are that the
things that traditionally cause interference
still do. If I want to listen to AM radio, I
must make sure I’m nowhere near my TV or
fluorescent lighting. If I’'m using a sensitive
microphone amplifier, I must make sure
there is not a refrigerator on the same power
circuit. My mobile phone (only spewing a
few watts at very high frequency) will
interfere with anything audio I own. And so
it goes on — so regulations for the
aforementioned interferers don’t seem to
work or they are not worth the paper they
are printed on.

When it comes to industrial gear — in
particular when life is at risk if anything
went awry — I can see some sense. Although
quite what it is that comes out of a
CD/MD/DVD player that can affect an
aircraft I can’t imagine. But most flights
these days ban them. And all this when the
jury is still out on links to cancer from
overhead power lines and transmitters.
Something’s not making sense.

If you read last month’s leader, you’ll
know I went to Rhodes on holiday. Whilst
there I spied a fascinating pole mounted
power distribution system. Looking closely
and also working out roughly the load on
what appears to be a 125A feeder — I
suggest that the latest IEE regs were not
followed. But does it really matter? The
pole has been there for years and there was
no evidence of overload or indeed any other
problems. So, does it matter that we
sometimes don’t follow the advice of the
gurus? In this instance obviously not.

Wireless

Last month I suggested that G3 franchise
holders ought to sell to the business
fraternity and low and behold, Motorola
have just announced that they are working
on a network card that will hook into a Wi-
Fi network if available and if not — seek out

a G3 connection. Well done. Perhaps the
porn industry won'’t be the ‘killer app’ for
G3 after all.

Welcome

I’d like to welcome Caroline Fisher to our
little EW team. Caroline has taken over from
Jackie and will be your first point of contact
for all things administrative. So, for those of
you who were wondering if you’d ever get a
response from us — hopefully you will soon!

Phil Reed

New editorial and
advertising address

The Highbury Business Communications
office previously at Cheam, Surrey has
moved to Swanley in Kent. All
correspondence intended for the editorial
and advertising departments should be
addressed to:

Electronics World,

Highbury Business Communications,
Nexus House,

Azalea Drive,

Swanley,

Kent, BR8 8HU

The switchboard phone no. is

01322 660 070

Advertising sales (Reuben Gurunlian)
Tel 01322 611292

Fax 01322 616 339

Electronics World is published monthly.
Orders, payments and general
correspondence to Jackie Lowe,
Highbury B C icati
Nexus House,

Azalea Drive, Swanley,

Kent, BR8 8HU

Newstrade: Distributed by COMAG,
Tavistock Road, West Drayton, Middlesex,
UB7 7QE Tel 01895 444055.

Subscription rates
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Peterborough, PE2 6YN
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Quasar Electronics Limited
PO Box 6936, Bishops Stortford,

Tel: 0870 246 1826
Fax: 0870 460 1046
E-mail: sales@quasarelectronics.com

Add £2.00 P&P to all UK orders. 1st Class Recorded - £4.

Next day (insured £250) - £7. Europe - £5. Rest of World - £10. =
We accept all major credit/debit cards. Make cheques/PO’s ErEzmm &2
payable to Quasar Electronics Limited.

Prices include 17.5% VAT. MAIL ORDER ONLY.

Call now for our FREE CATALOGUE containing details of
over 300 electronic kits, projects and modules.
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QUASAR O87 1

electronics

CREDIT CARD
SALES

Motor Drivers/Controllers

Here are just a few of our controller and
driver modules for AC, DC, unipolar/bipolar
stepper motors and servo motors. See
website for full details.

| Controllers & Loggers

Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU203 £9.95

DC Motor Speed Controller (6A/100V)
Control the speed of almost any common DC
motor rated up to 100V/SA. Pulse width
modulation output for maximum motor torque
at all speeds. Supply: 5-15VDC. Box sup-
plied. Dimensions (mm): 60Wx100Lx60H.

Kit Order Code: 3067KT - £12.96
Assembled Order Code: AS3067 - £19.96

NEW! PC / Standalone Unlpolar

Stepper Motor Driver P -
Drives any 5, 6 or 8-lead
unipolar stepper motor
rated up to 6 Amps max.
Provides speed and direc-
tion control. Operates in stand-alone or PC-
controlled mode. Up to six 3179 driver boards
can be connected to a single parallel port.
Supply: 9V DC. PCB: 80x50mm.

Kit Order Code: 3179KT - £9.96

Assembled Order Code: AS3179 - £16.96

PC COntroIled Dual Stepper Motor Driver
Independently control
two unipolar stepper

. motors (each rated up to
3 Amps max.) using PC
parallel port and soft-
ware interface provided. Four digital inputs
available for monitoring external switches and
other inputs. Software provides three run
modes and will half-step, single-step or man-
ual-step motors. Complete unit neatly housed
in an extended D-shell case. All components,
case, documentation and software are sup-
plied (stepper motors are NOT provided).
Dimensions (mm): SSWx70Lx15H.

Kit Order Code: 3113KT - £16.96

Assembled Order Code: AS3113 - £24.96

NEW! Bi-Polar Stepper Motor Drlver
Drive any bi-polar stepper g
motor using externally sup-
plied 5V levels for stepping §
and direction control. These f
usually come from software f&
running on a computer. e
Supply: 8-30V DC. PCB: 75x85mm
Kit Order Code: 3158KT - £12.96

Assembled Order Code: AS3158 - £26.96

Most items are available in kit form (KT suffix)
or assembled and ready for use (AS prefix).

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.

4 channels. Momentary or

latching relay output. Range

up to 40m. Up to 15 Tx's can

be learnt by one Rx (kit in-

cludes one Tx but more avail-

able separately). 4 indicator LED 's. Rx: PCB
77x85mm, 12VDC/6mA (standby). Two and
Ten channel versions also available.

Kit Order Code: 3180KT - £41.96
Assembled Order Code: AS3180 - £49.96

Computer Temperature Data Logger
4-channel temperature log-
« ger for serial port. °C or °F.
. Continuously logs up to 4
}{' . separate sensors located
(E 200m+ from board. Wide
=3 range of free software appli-
cations for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS1820 sensor and four header cables.

Kit Order Code: 3145KT - £22.96
Assembled Order Code: AS3145 - £29.96
Additional DS1820 Sensors - £3.96 each

NEW! DTMF Telephone Relayv SW|tcher
Call your phone number ;
using a DTMF phone from .
anywhere in the world and ,
remotely turn on/off any of _
the 4 relays as desired. _
User settable Security Password Anti-
Tamper, Rings to Answer, Auto Hang up and
Lockout. Includes plastic case.
130x110x30mm. Power: 12VDC.

Kit Order Code: 3140KT - £39.96

Assembled Order Code: AS3140 - £69.96

Serlal Isolated I/O Module

PC controlled 8-Relay
. Board. 115/250V relay
.« outputs and 4 isolated

Se=eessestettiett a variety of control and
‘sensing applications.
Uses PC serial port for programming (using
our new Windows interface or batch files).
Once programmed unit can operate without
PC. Includes plastic case 130x100x30mm.
Power: 12VDC/S00mA.

Kit Order Code: 3108KT - £64.96
Assembled Order Code: AS3108 - £64.96

717 71638

Infrared RC Relay Board
Individually control 12 on-
board relays with included
infrared remote control unit.
Toggle or momentary. 1Sm+
range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.96
Assembled Order Code: AS3142 - £69.96

PIC & ATMEL Programmers

We have a wide range of low cost PIC and
ATMEL Programmers. Complete range and
documentation available from our web site.

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £16.00
18V DC Power supply (PSU201) £6.96
Leads: Parallel (LEAD108) £4.96 / Serial
(LEAD76) £4.96 / USB (LEADUAA) £4.96

NEW! USB 'All-Flash' PIC Programmer
USB PIC programmer for all

‘Flash’ devices. No external

power supply making it truly

portable. Supplied complete with

40-pin wide-slot ZIF socket, box

and Windows Software.

Kit Order Code: 3128KT - £49.96
Assembled Order Code: AS3128 - £64.96

Enhanced “PICALL” ISP PIC Programmer
‘ _ Will program virtually ALL 8
"« to 40 pin PICs plus a range
of ATMEL AVR, SCENIX
SX and EEPROM 24C de-
“ vices. Also supports In Sys-
tem Programmlng (ISP) for PIC and ATMEL
AVRs. Free software. Blank chip auto detect
for super fast bulk programming. Requires a
40-pin wide ZIF socket (not included).
Kit Order Code: 3144KT - £64.96
Assembled Order Code: AS3144 - £69.96

ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms .
program. 4 LED's display
the status. ZIF sockets s
not included. Supply: 16-18VDC.
Kit Order Code: 3123KT - £29.96

Assembled Order Code: AS3123 - £34.96

NEW! USB & Serial Port PIC Programmer
¥ USB/Serial connection. Ideal for

field use. Header cable for ICSP.

Free Windows software. See

g Pwebsite for PICs supported. ZIF
{{ =~ socket not incl. Supply: 18VDC.

Kit Order Code: 3149KT - £29.96

Assembled Order Code: AS3149 - £44.96

www.quasarelectronics.com

Secure Online Ordering Facilities  Full Product Listing, Descriptions & Photos _ Kit Documentation & Software Downloads

Bacteria makes electrlaty from sugar

Sugars can be converted to
electricity with an efficiency higher
than previously known, claim
researchers at the University of
Massachusetts Amherst.

Professor Derek Lovley has
discovered a micro-organism that is
capable of stable, long-term
electricity production by oxidising
carbohydrates - but it is early days.
“I don’t want to give the impression
thatit’s ‘Back to the Future,” where
we stuff a banana in the engine and
go,” said Lovley, “but it’s a pretty
good leap from where microbial
fuel cells were before.”

Lovley’s cell produces 600mV at
between 600 and 800xA.

The organism, Rhodoferax
ferrireducens, transfers electrons
directly onto an electrode as it
metabolises sugar, producing
carbon dioxide as a by-product.

“There’s been a lot of interest in
microbial fuel cells trying to
convert sugar into electricity,”
Lovley said. “But in the past,
they’ve converted ten percent or
less of the available electrons, and
we’re up over 80 per cent. And
previous attempts to convert
carbohydrates to electricity have
required an electron shuttle, or
mediator, which is typically toxic to
humans.”

This organism doesn’t require a
mediator because it attaches
directly to the surface of the
electrode, said Lovley: “That’s one
of the big advances. People have
done it without a mediator before,
but their recovery of energy was
less than one per cent. In the end,
the electrons in the fuel cell are
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"~ DirectElectron
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transferred to oxygen, so what we
are really doing is putting a wire in
between the microbe and the
oxygen and harvesting this electron
flow that otherwise would just go
directly to oxygen.”

Rhodoferax was isolated at the
university from aquifer sediments in
Virginia. “We found that it had the
unique ability to oxidise sugars with
the reduction of iron oxides,”
Lovley said. “This was of interest to
us because last year we reported
another group of iron reducers,
known as Geobacter, could transfer
electrons to electrodes. We
reasoned that Rhodoferax might be
able to do the same thing, which
proved to be the case.”

In theory, a cup of sugar in a fuel
cell could produce 60W for 17 hours.

Opcouplers will use silicon

Silicon - great for ICs, but terrible
at emitting light. That view may
soon change as STMicroelectronics
plans to sell optocouplers made
using conventional silicon.

The French/Italian chip firm has
demonstrated light emitting silicon,
and says the efficiency is better
than more expensive gallium
arsenide.

Moreover, the devices could be
integrated with power electronics
and control circuits, reducing the
number of packages in applications
such as motor control.

ST’s emitters avoid using
silicon’s indirect bandgap by
embedding rare earth elements,
such as erbium, into a layer of
silicon dioxide. When charge is
injected into the SiO; layer it
excites the erbium. Photons are
released, in erbium’s case, at
around 1.5pm.

Power output is claimed to be
1mW per mm? of silicon. More
photons are emitted, at a set
current, than conventional LED
materials such as AllnGaP and
AlInGaN, claimed ST.
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The organism Rhodoferax shown on an electrode.

STMicroelectronics has produced light from
silicon by doping with rare-earth materials. This
is not new, many research teams have done is
before but, unlike most attempts, ST’s devices
are easily visible - as Electronics World
witnessed during a visit to the development labs
in Catania, Sicily. The emitters have been used
to construct working all-silicon opto-isolators.




UPDATE

The photos show the
microchannel heat
collector attached to
a mounting plate
that connects the
heat collector to the
CPU. Fluid flows
through the
collector, back to a
radiator that
transfers heat to the
air, then into a pump
located below the
radiator. The pump
moves the fluid back
through the
microchannel heat
collector,
completing the
sealed loop.

Soothing the hot spots

Technology developed at Stanford
University in the US has been
applied to the cooling of
microprocessors, which could exceed
100W next year.

The system, from a firm called
Cooligy, uses a series of
microchannels etched into a silicon
sheet that is placed upon the surface
of a processor chip. Water is forced

>

A superconducting magnet has’
generated a magnetic field of 25
Tesla for the first time.

In the experiment, carried out at
the US National High Magnetic
Field Laboratory, a 5T high
temperature superconductor (HTS)
‘insert’ coil was positioned in an
existing 20T magnet.

. The HTS insert coil broke at least

seven world records, claims the lab,
including the highest field generated
in a superconducting magnet and

highest increment of field in an HTS

through the channels by an “electro-
kinetic” pump, said the firm.

The advantage of this technique,
versus heat sink and fan cooling, is it
copes better with hot spots on the
surface of the processor.

“These hot spots, typically found
above areas where the most amount
of work is performed on the chip,
must be kept to within a specified

Super magnet breaks field record

materials for state-of-the-art
magnets,” said project leader, Dr
Justin Schwartz.

The lab worked with New Jersey-
based Oxford Superconducting
Technology.

“The drive for ever higher fields in
commercial NMR spectroscopy
magnets was a compelling
motivation for Oxford’s investment
in this achievement, and we look
forward to using the technological
advances demonstrated in our high
field business,” said Dr Ken Marken,

insert of useful size. These records
were previously held by Japanese

industrial scientists.

“This is a critical and essential
technological breakthrough for high
temperature superconducting

project leader at Oxford.

Oxford supplied long-lengths of
Bi-2212 superconducting wire for
the program and both organisations
“spent much time on conductor
development, conductor

IEE merger backed by Government

The proposed merger between the Institution of

Electrical Engineers (IEE), the Institute of
Mechanical Engineers and the Institute of
Incorporated Engineers has been backed by the
Government.

“This vitally important development reflects
the fact that there is an increasing convergence
between the disciplines within engineering, and
I am sure it will unify and strengthen the
profession as a whole,” said Lord Sainsbury,
minister for science.

“Such an institution would undoubtedly have
a stronger voice and therefore be more
successful at promoting and representing the

engineering sector.”

The IEE itself has indicated that the merger is
more likely to happen than not. The previous
president of the Institution, Professor Mike
Sterling, said earlier this year: “Most of the
comment and questions concentrated on how to
proceed rather than whether we should.”

All three organisations are carrying out
consultation with members. A final vote on the
proposed merger will be carried out in the
autumn.

“Both members and their employers would
find such a body more relevant to the first
decade of the 21st century,” said Sterling.

temperature to ensure high
performance and reliability,” said the
firm.

It claims to be able to remove up to
1,000W/cm?.

Cooligy said its heat sinks would
be attached to the processor die at the
point of packaging. It expects to start
supplying test systems to computer
manufacturers this year.

characterisation, coil winding
studies, and the testing of coils,”
they said.

Capacitive coupling is fast
Scientists at Sun Microsystems have
invented a technique for passing high
speed data between chips without
using a direct electrical connection.

In fact the method uses capacitive
coupling between closely spaced pads
to transfer data from one die to
another. Sun says that in tests a single
channel could reliably send data at
1.35Gbit/s.

In fact the firm has manufactured
test chips with 16 channel links,
capable of transferring data at
21.6Gbit/s. At this speed the bit error
rate was better than 1010, claimed the
firm.

Links made between chips in this
way are a factor of 60 times denser
than using wires.

The technique was invented by Ivan
Sutherland, a senior engineer at Sun
who also invented the micropipeline
method of asynchronous logic.

A transmitter is an inverter directly
driving the pad, measuring around
35x35pum. The receiver’s pad makes
up the other half of the capacitor,
which feeds to back to back inverters.

The smallest pads that gave reliable
transmission measured 25x25um,
said Sun.
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Digital TV too complicated, says DTI

A study published by the Department
of Trade and Industry has warned
that many UK consumers are not
able to use digital TV systems.

The Government’s E-commerce
Minister, Stephen Timms, said:
“Today’s digital TV equipment is
confusing and difficult to use.”

According to consulting firm
Generics, which carried out the
DTT’s research, over seven per cent
of the UK population cannot use a
digital set-top box or TV, even for
simple everyday viewing. This
compares to under three per cent for
analogue TVs.

“The UK leads the world in take up
of digital TV, and we must not
squander the opportunity to make the
most of this advantage. This report
provides a wake-up call to the
industry,” said Timms.

Dr Jeremy Klein, Generics project
leader, outlined the problem: “We
now have a pretty good idea of where
the problems lie. Compared with
analogue TV, digital TV provides
many more useful features; but you
can only access those features by
using the remote control and on-
screen displays.

“Our research indicates that unless
improvements are made, then about
two million people will not easily be
able to use digital TV in its current
form.”

Much of the technology for digital
set-top boxes comes from the PC
world. “That’s fine if you’ve had
experience of PCs, but not everyone
has. Some people simply cannot

understand how to work the
equipment and are scared that they
will make mistakes,” said Klein.
“It’s fine to press the red button”,
claimed Kay Sinclair, Generics’
product design expert, “but it’s what
happens next that confuses people.”

If you are in an interactive service
and you want to go back to the top
menu, then every broadcaster does it
a different way, she said.

Manufacturers should get together
and set design and use standards, the
Government said.

London surrounded with sound

A five-channel, surround sound audio
broadcast trial has started in London,
with UK firms providing the receiving
equipment.

Radioscape is supplying much of the

core broadcast equipment, based on
the digital audio broadcasting (DAB)
standard. Receivers come from
Radioscape and Imagination
Technologies.

The six month pilot scheme sees
Capital Radio broadcasts using
Microsoft’s Windows Media Audio 9
format, which can squeeze 5.1 audio
into a 128kbit/s Internet protocol

stream.

NTL Broadcast is proving the
multiplex for the trial using L-band
(1.4GHz) transmission.

“The high quality and compression
efficiencies of Windows Media 9
Series make 5.1-channel surround
sound over DAB a reality,” said Simon
Mason, head of new product
development at NTL Broadcast.

The Radioscape receivers are two
PCI-bus cards. Imagination is
supplying DAB receivers that output
the five channel data to a PC via USB
cable.

UPDATE

Bluetooth.

2.4GHz band not congested

A Radiocommunications Agency report shows
that the 2.4GHz band remains relatively free
from activity in the UK, despite warnings it
would be saturated by wireless LAN and

The report, from Mass Consultants, said “the
use of 2.4GHz services appears to be very
widespread, although the recorded levels of
activity were generally low, both in terms of
signal strength and the proportion of the time

that signals were present”.

The firm carried out private sector monitoring
in Cambridge and public sector tests in schools,
hospitals and Heathrow Airport. All areas were
covered extensively by wireless LAN.

In fact the main contributor to the band was

microwave ovens, while movement detectors

within the designated limits.

were commonly found at low signal strengths.
No cases of wireless LAN congestion were

observed, said the firm. No out of band

emissions were observed and power levels were

Light emitting handbag

Bag specialist Bree and Bayer Polymers

have teamed up to produce a prototype
illuminating handbag.
“We had been toying with the idea of

illuminating the dark insides of handbags
for quite some time, but lacked an elegant

solution,” said Philipp Bree.

Eckard Foltin, head of Bayer’s creative
centre, had meanwhile been looking for

(EL) technology.

The two met, and the result is a bag with
a7 x 16 EL film embossed with the Bree

another use for the firm’s dashboard and
self-  headlining illuminating electroluminescent

logo that lights up two compartments at the
touch of a button.
“In less than five years, interior light will
be just as common in handbags as mobile
telephones are today,” said Bree.
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European 65nm CMOS disclosed

Philips and Belgian research
organisation IMEC have released
details of the 65nm CMOS process
they are jointly developing.

“The completion of fabrication of
65nm CMOS devices with good
electrical performance marks the
second milestone within the strategic
partnership between Philips and
IMEC,” said IMEC.

65nm is the next step after 90nm,
the most advance CMOS process in
production.

The organisations formed an
alliance at the beginning of 2000 to
explore processing and integration
steps in CMOS. Work on 65nm began
in early 2002 after-achieving the first
milestone: 90nm CMOS.

The 65nm technology is based on a
scaled version of planar 90nm bulk
CMOS.

Devices feature 45nm gate length,
equivalent oxide thickness of
1.4nm, 100nm thick polysilicon
gates and sub-20nm junction
depths. “Gate dielectric recipes
were optimised through plasma
nitridation of ultra-thin oxides for
reduction of gate leakage and
suppression of boron penetration,”
said IMEC. “Shallow source/drain
engineering was performed using
ultra-low energy implantation in
combination with germanium pre-
amorphisation and fluorine co-
implantation (PMOST) and fast
ramping high-temperature spike
anneals.”

Low-temperature deposition
techniques were introduced in the
back-end for spacer, salicide
blocking and pre-metal dielectric
layers to avoid excessive dopant

Credit cards get smart

UK consumers are beginning to
receive credit and debit cards
containing secure microcontrollers as
part of the national Chip and PIN
programme.

The replacement of magnetic stripe
cards has begun in earnest, in a bid to
cut the UK’s annual fraud bill of
£425m.

Replacing the country’s 122 million
cards, 850,000 shop terminals and
40,000 cash machines will cost the
UK banks around £1.25bn.

Chip and PIN was trialed through
the summer in Northampton with over
200,000 cards being issued and 1,000
retailers set up with card readers. In a

survey, four fifths of users were said
to be in favour of the scheme.

“I am encouraged that the lessons
learnt in the trial will be taken
forward as the scheme is rolled out
across the country, so that the
majority of plastic card transactions
will be chip and PIN by 2005,” said
Hazel Blears, minister for crime
reduction and policing. “As well as
fighting fraud, Chip and PIN has also
proved to be an efficient, secure and
customer-friendly system.”

APACS, the Association for
Payment Clearing Services, has set a
deadline of 2005 for a complete
switchover to the smartcards. By the
end of this year 20 per cent of UK
cardholders will be using the cards.

In 2002 the UK banks lost £425m to
card fraud, the majority of which was
to counterfeiting (£148m). Card-not-
present fraud cost £110m, while theft
using stolen or lost cards cost £108m.

Sonarics Labs has unveiled a DAB
radio reference design.

Called CSM1, the design is based
around Analog Devices' $5 Blackfin
general purpose DSP. Running on this,
Sonarics' software implements DAB
Band 111 and L-Band decoding, MP3
playback from a flash card and digital
sound recording. The evaluation
module in the picture is available for
£199 ($299) and is 76 x 66 x 15mm.
Sonarics estimates the parts would
cost $25 in production.

www.sonarics.com

diffusion and de-activation.

Finally a two-step nickel
salicidation was integrated to
improved control of line width
effects as well as reduced junction
leakage and contact resistance.

Drive currents of 7904 A/um for
NMOST and 355 A/um for
PMOST were obtained at Vdd=1V
and an off-state current of
100nA/pm.

Devices exhibit good short
channel effects control.

“The achieved electrical
performance, which compares
favourably with results from other
companies, demonstrates that a
successful step has been made in the
joint exploration of the 65nm
technology at IMEC and Philips
Research,” says Dr Carel van der
Poel, senior v-p of Philips Research.

Superlattices transducer

Improved ultrasound transducers could
spring from theoretical computer-based
studies at the University of Arkansas.

“We can design new materials based
on our predictions,” said researcher Igor
Kornev.

Using a computer model first
described in 2000, Kornev and fellow
researcher Laurent Bellaiche looked at
hypothetical ferroelectric superlattices
made of layers of lead zirconate titanate
(PZT) with different titanium
compositions.

In particular, superlattices with
between one and six layers of 44 per
cent titanium PZT alternating with layers
of 52 per cent titanium PZT.

The average titanium composition of
these is 48 per cent - the composition at
which normal - disordered - PZT
exhibits a huge piezoelectric response.

With six layers of each, the
superlattice exhibited a phase transition
not previously seen in any piezoelectric
material.

This transition created an even larger
piezoelectric response than the phase
transition known in the disordered
material.

In addition, they found that the
superlattice can be stuck in a higher
energy state than the ground state, which
implies commonly used and assumed
statistical laws are not always valid, said
the team.

“These superlattices are thus important
not only for technological applications
but also from a fundamental physics
point of view” Kornev said.
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NEW! svGa Il now has a slimline case, 9 display outputs at 648°4889, 8866808 &
1824*768. Colourbars, crosshatch, dot, black, red, green, blue, white and flashing white
patterns. Test and set-up computer monitors without a PC.

15 way D type output, runs on 8-12V DC adapter and be built in a couple of hours.
New lower kit price of only £29.58.

Can be supplied in PC Bone or Black case. Software upgrade available for original SVGA generator.

MULTIGEN VIDEO GENERATOR

From the Author of SVGA generator and Videogen comes a new all in one unit. Ten
display outputs in PAL, NTSC & VGA of testcard, colourbars, grayscale, crosshatch,
centering, red, green, blue, white and flashing white.

PAL 625 lines 56Hz - NTSC 515 lines 68 Hz, Composite & S Video outputs - VGA
640480 66 Hz, 15 way D - AUDIO 1 KHz Phono output.

Unit can be powered via 8-12V DC adapter, 2 AA alkaline or rechargeable batteries
that are recharged via adapter.

Full kit of parts to build the Multigen, £58 or £62 including 1.6A/hr NiMH Batteries.

Based on a 50 mips Ubicorn/Scenix miciv running sofiware routines to ereate fully interlaced test patterns. An Analogue devices AD722 chip
performs the RGB conversion giving a [Volt signal into 75 ohm termination. A DC:DC converter power supply enables just 2 AA cells to
power the Multigen. Audio tone output is a sinewave generated by a wien bridge oscillator circuit with a buffered output. The kit comes with a
high quality double sided PC B with ready programmed micro and AD722 chip ready soldered. All components including case. self adhesive
overlay, drill template and full construction details are supplied in the kit. Only soldering of components to PCB and drilling, filling of plastic
end panels is required to constnuct Multigen.

The unit can be built in three to four hours. Visit our Website for cireuit diagrams, layout details and actual screen shots of the different
patteims produced.

Note: Micro can be re-programmed onboard for future software upgrades.

Now availlable in PC Bone or Black case, please stale when ordering.

Please add £2 postage to all orders. £3 for overseas orders. Send cheque, Postal Orders or International Muney Orders to:
J Harding. 43 Jonathan road. Trentham, Stoke-on-Trent, Staffs, ST4-8L.P England.
Comming soon, D-GEN a PAL 512*288 digital pattern generator with 3:4/ 16:9 Testcards & Scart RGB output.
For more information on these two Kits and future products, send S.A.E or.

Visit our website ""http://www.videocorner.co.uk" or Email us at "roy(@ videocorner.co.uk'

Easy-PC [
World Beating Value in PCB DESign SO"Wﬂre

from High performance Windows based PCB Design Capture,
£97 Simulation and Layout software at prices you’d expect
’ from your local computer store!

NEW! in Easy-PC 7

e Library Databook

e Step and repeat plotting
e Swap Connection Mode
* Dimensioning

* Copy to Metdfile

plus much more......

Stop press... by customer demand, now
with Tsien Boardmaker 2 design import...

Number One Systems delivers true 32 bit Windows software
applications including features that a few short years ago would
only have been available in software tools priced in the thousands!

Test drive Easy-PC and Easy-Spice for yourself and be prepared to be
o amazed at the super value...

Call for a brochure, price list and demo CD
on +44 (0)1684 773662 or email sales@numberone.com

Number One Systems

ALEAR L or download from

www.numberone.com

Tewkeshury, Glos GL20 7LR
United Kingdom

|\T01 Number One Systems
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UPDATE

Correction

The UK’s most
powerful computer,
HPCx, is not located
in Oxfordshire as we
reported in the
September edition of
EW, but Cheshire, and
is part of Daresbury
Laboratory near
Warrington. More
information about this
facility can be found
at:
www.cse.clrc.ac.uk/hp
cx/index.shtml.

Better audio and smaller PCs from VIA

PC component maker has introduced
a new audio chip, aimed at home
entertainment PCs.

Called Eight-TRAC Audio, the
device complies with AC’97 revision
2.3, supports 8 channel outputs, and
up to 20-bit resolution with 96kHz
sampling rates.

Hardware down-mixing allows PC
users to play 6-channel audio with
two or four speakers and the analog
mixer circuitry includes stereo
processing to provide 3D surround
sound effect for stereo media. A
high-quality headphone amplifier is
also included on the chip.

Automatic jack detection allows
users to connect a record or playback

audio device to any jack. The chip
will detect this and the user can then
configure the correct I/O to the jack
in use through the PC.

VIA also announced a smaller PC
motherboard format.

The successful 17 x 17cm mini-ITX
PC motherboard format was initially
promoted by the firm 18 months ago
and it is now mooting a full-function
PCon a 12 x 12cm board - dubbed
nano-ITX.

It is aimed at “the next generation
of smaller, quieter, digitally
intelligent home, office, mobile,
industrial and commercial devices”,
said VIA.

WWW.via.com.tw

VIA Eight-TRAC Audio chip

AC97 rev 2.3 compliant
96KHz sampling

20-bit ADC and 20-bit DAC
>95dB signal/noise

7.1ch outputs

96kHz S/PDIF output
Direct CD input to S/PDIF output
Integrated headphone amp
3.3V or 5V analog power
3.3V digital power

48-Pin LQFP package

Laptop batteries can out-perform specialist traction
batteries when it comes to electric vehicles.

Laptop batteries can out-perform
specialist traction batteries when it
comes to electric vehicles.

Californian firm AC Propulsion
recently revamped its tzero prototype
car to make the ‘super LIght

versION’. A move from lead-acid
batteries to lithium-ion (Li-ion)
saved 230kg and tripled the vehicle’s
energy capacity.

Power comes from 6,800 65 x
18mm diameter (18650 size) Li-ion

Carbon shines perfect light

Carbon nanotubes are “ideal photon
emitters”, said researchers at the US’
University of Rochester.

“The emission bandwidth is as
narrow as you can get at room
temperature,” said professor Lukas
Novotny of the university's optics
department.

Precise, discrete, wavelengths are
emitted by the tubes, unlike the
wider band output of most materials
at room temperature.

The team was using confocal
microscopy, illuminating a single
nanotube with a focused laser beam
to see what was re-emitted by
fluorescence.

“The emission wasn’t just perfectly
narrow, it was steady as far as we
could measure,” said researcher
Todd Krauss.

Molecules, said Rochester, usually
emit their photons for a certain time
and then cease, only to resume again

10

cells - as used in laptop battery
packs. “The market for big cells is
small so they cost too much,” said
company president Tom Gage. “The
small cells for the tzero cost less, in
total, than the nickel-metal hydride
battery in the Toyota RAV4 electric
vehicle, and they hold twice the
energy.”

Gage look into getting ‘vehicle’
cells made. “We got a quote from
one battery company for a Li-ion
pack made from 100 much larger
cells,” he said. “Their price was ten
times higher, and neither the energy
or the power were as good as we get
from the small cells. If you want to
start building electric cars right now,
as we do, you have to have a
commercial battery. Right now,
18650s are the only game in town.”

Tzero weighs 900kg and will drive
250 miles in 75-80mph traffic. “On
any type of standardised drive cycle
it will go over 300 miles,” said Gage.
Its best 0-60mph time is 3.6s.

www.acpropulsion.com

later. The tubes that Krauss and
Novotny measured remained steady
to the limits of their
instrumentation. “This is very
exciting because for any application
in quantum optics, you want a
steady and precise photon emitter,”
said Novotny.

Narrow steady emissions could
help with the development of single
photon emitters - used in quantum
cryptography.
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® Powerful & flexible schematic capture.
® Auto-component placement and rip-up/retry PCB routing.
® Polygonal gridless ground planes.

® Libraries of over 8000 schematic and 1000 PCB parts.

* Bill of materials, DRC reports and much more.

' Mixed Mode SPICE Circuit Simulation

® Berkeley SPICE3F5 simulator with custom extensions for
true mixed mode and interactive simulation.

® 6 virtual instruments and 14 graph based analysis types.

. ® 6000 models including TTL, CMOS and PLD digital parts.

® Fully compatible with manufacturers’ SPICE models.

® Supports PIC, AVR, 8051, HC11 and ARM micro-controllers.

® Co-simulate target firmware with your hardware design.

® Includes interactive peripheral models for LED and LCD displays,
switches, keypads, virtual terminal and much, much more.

* Provides source level debugging for popular compilers and
assemblers from Crownhill, IAR, Keil, and others.

dDhcerftie

Tel: 01756 753440
Fax: 01756 752857

Contact us for
Free Demo CD
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53-55 Main Street, Grassington. BD23 5AA
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Proteus VSM - Co-simulation and debugging for popular Micro-controllers
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Virtual System Modelling

New Features
in Version 6

e Drag and drop toolbars.

e Visual PCB packaging tool.

e Improved route editing.

e Point and click DRC report.

e Multiple design rules (per net).
e Multiple undo/redo.

Call Now for Upgrade Pricing

Works with
PIC Basic Plus

from Crownhill
Associates

www.labcenter.co.uk
info@labcenter.co.uk
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Reducing the stress

Fig. 1. Gradient
plot of a plunge
cut.

In planar resistors

A well-designed resistor should
have a flow pattern that is
smooth and gradual. And
choosing which track pattern
would be most suitable for high
stability resistors is also very
important. Leslie Green (CEng
MIEE) takes us through some of

the pitfalls

measure ‘stress ratio’ was

introduced to give a quantitative
rule for choosing which track pattern
would be most suitable for high
stability resistors. In this last part of
the article the subject of trimming is
discussed. Without careful trimming,
all the work that went into designing
a stable resistor pattern would be
wasted; the trimming range is

| n the first part of this article, the

required to be so great that it has a
strong influence on the final stress
ratio in the trimmed resistor.

The stress ratio is so important to
this discussion that it is repeated
again below:

Peak Electric Field Strength
Mean Active Field Strength

Regions in the distribution which
have a field strength of less than 5%
of the peak field strength are not
taken into account when calculating
the mean field strength, hence the
term ‘mean active field strength’.

Stress Ratio =

Trimming

The problem with the resistor design
so far is one of accuracy. It is very
difficult to control the material of the
film and its thickness accurately.
Without some form of trimming the
resistor would typically have a
tolerance of around +19%. Given that
trimming techniques consist of
making cuts in the film, it is more
natural to express this as a one sided
tolerance of the form +0% —30%. The
resistor is then trimmed up to the
desired value.

You might think that there is an
error in the above paragraph because
from +19% you might have expected
to go to +0% —38%. The answer is
that large percentages don’t behave in
a nice additive way.

Trimming is of major importance to
manufacturers and users alike; it
makes the difference between a good,
stable resistor, with excellent voltage
withstand properties, and a poor
resistor not having these qualities.

Trimming Techniques

The best possible way to trim a
resistor is to uniformly thin down the
film. Remember that the resistance of
the film is inversely proportional to
its thickness. Unfortunately this is not
as easy to achieve in practice, as it is
to consider theoretically. Possible
techniques include surface abrasion,
wet etching or gaseous-phase dry
etching. These are all difficult and
expensive processes, particularly
when you consider that a dynamic
trim is the optimum method. By
dynamic trim I mean that the resistor
is being measured whilst it is being
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trimmed. Otherwise you can imagine
having to guess how long to leave the
resistor in the etching tank to achieve
the desired amount of trimming.
Amongst these three trimming
techniques, as far as I know, only dry
etching is currently being used
commercially.

And now we go from the very best
techniques to one of the worst. One
of the worst ways to trim a resistor is
to put a laser cut partly through the
middle, perpendicular to the current
flow. This is shown in Fig. 1.

With electrodes on either side this
rectangular element we should have a
resistance of two squares. By cutting
half way through it at the middle, the
resistance is increased to 2.454
squares. This is horrible in terms of
the peak electric field intensity, as the
gradient field plot of Fig. 1 shows.
The stress ratio is 7.09.

The straight cutat right angles to
the current flow is known as a
plunge, a plunge cut or a P-cut. It is
not only lousy in terms of the
resulting stress ratio. It is also
difficult to get accurate trimming,
because the percentage resistance
change per micron of cut length
increases as you cut further into the
film.

Laser Cutting

Laser trimming of resistive films is a
detailed technology in its own right.
The laser is not a continuous beam, as
you might have expected, but is a
series of short bursts of intense
energy at a low duty cycle.

Each short pulse evaporates the
material in a small circular region,
but the edges of the ‘cut’ are not
distinct. The laser beam has a finite
focus in terms of its intensity, so that
there is a small region around the
edge of the hole where the resistive
material has been overheated but not
evaporated.

As you can imagine, this region is
not an ideal place for high current
densities. It is also more likely to drift
in resistance value, and if it is
contributing more than its fair share
of resistance to the overall resistance,
then the resistor will not be as stable
as it should be.

To get a cutline in the resistor, the
beam is stepped to a new position,
designed to overlap the previous
position by as much as 90%. This
gives a clean cut, also called a kerf, in
the film. Another problem associated
with this cut is micro-fractures . The
resistive material is being heated
sufficiently to evaporate it; although
only a small amount of material is

being removed, the surrounding area
still gets heated significantly. This
results in micro-fractures spreading
away from the lased path. These
fractures will spread with time and
are one cause of the resistance
increasing after the trimming
operation.

For this reason the manufacturer
has to use predictive trimming to set
the value lower than the final
required value, so that the resistor
will drift up to the correct value a few
tens of hours after the trimming is
complete.

Another problem with the laser
trimming technique is that a narrow
laser cut in a relatively large sheet of
resistive material allows significant
distributed capacitance across the
resistor2. When used in an attenuator,
such a resistor cannot be
compensated to give a response that
is flat to within a few percent.

Symmetry

It is evident from the previous plot
that the field is mirror symmetric
about the central cut. This symmetry
is useful in terms of the accuracy of
the finite element analysis. Because
of the symmetry, it is actually only
necessary to simulate half of the
resistor. In this way there are twice as
many simulation elements used in
each direction, giving 4x the
resolution in terms of the number of
elements.

It is a general principle of any sort
of computer simulation to take
advantage of symmetry whenever
possible, to either improve accuracy
or reduce the simulation time.
Unfortunately the L-cut of Fig. 2.
which is used because itis easier to
get a fine trim than with the P-cut,
wrecks the symmetry. However,

COMPONENTS

throughout this article I have not
made use of any available symmetry,
in order to make the resistor designs
easier to understand.

The resistance is increased by
taking the cut parallel with the
current flow, forming an L shape.
This pattern has a resistance of 2.45
squares and a stress ratio of 3.48. The
L-cut therefore gives a considerably
better stress ratio for the same
resistance as the P-cut. The only
possible drawback is that the length
of the cut is longer.

Now the cut on the film has been
shown as being very narrow. This
would apply to a laser cut, typically
around 25um, on a relatively large
thick film resistor. On a resistor of
0603 size, the simulated cut would
appear considerably wider. This
would reduce the distributed
capacitance and the field stress ratio.

For a larger thick film resistor
another method is to use an air
abrasion cut. This is wider than a
laser cut and therefore reduces the
stress ratio and the distributed
capacitance; the penalty is increased
cost because the machine is slower.

Obviously what we would like to
do is to remove whole strips of the
resistive material parallel to the
current flow. This just is not feasible
with a laser because the trim time
would be enormous and the resistor
would overheat. Clearly, since the
length of cut determines the trim time
and therefore the trim cost, this has to
be balanced against the achievable
accuracy and stress ratio achieved.

The User’s Problem

You may not be designing the
resistor, but you do need to
understand what can happen in
routine production. If you approve

Fig. 2. Gradient
field plot of an
L-cut.
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Fig. 3. Above
gradient plot of a
lazy-J cut.

Fig. 4. Gradient
plot of a top hat
pattern. The
orange area is the
(insulating)
substrate.

Fig. 5. Below
gradient plot of a
serpentine trim.

the design of custom resistors based
on one sample batch, you can get
caught out. Suppose the prototype
batch happened to have high sheet
resistivity. This would mean that the
resistors would not need to be heavily
trimmed. Thus any distributed
capacitance effects and voltage
breakdown effects would not
necessarily be evident. Then, when
you are in routine production, you get
a batch where the sheet resistivity is
low and all the nasty problems
surface. This is why a user would
need to consider what the
manufacturer was doing in the design
of the resistor.

Other Cuts

The L-cut can be enhanced by a P-cut
at the ‘open’ end. When the plunge
does not intersect with the L, a fine
trim is achieved and the stray
capacitance across the cuts is
reduced.

If the plunge intersects the L, the
path becomes continuous; a section of
resistive material is isolated and it
becomes a box cut.

Looking at the stress patterns on the
P-cut and the L-cut, it is clear that all
the problems come at the sharp
corners. Looking back in this article
at how the stress in the square corner
problem was solved, a new cut is
suggested. This consists of a sloping
line which ends in a curved path. We
could call this new cut a lazy-J as
shown in Fig. 3.

The resistance is 2.52 squares and
the stress ratio is 2.59. This makes it
better than the L-cut. To get a finer
trim, a sloping line should be cut up
from the outside towards the open
end of the arc. If this cut were
continued, the shape of the cut would
be a mirror symmetrical round-
topped triangle. The fine trim cut also
helps to reduce capacitance across the
cuts, by reducing the potential
difference across them.

Dynamic Circuit Trimming

The previous trimming techniques
have been to get the final resistor to a
predetermined value. Another
possibility is to trim a circuit to a
defined operating point by adjusting a
resistor appropriately. This might be
done for a hybrid circuit, for
example, where it would be
unacceptable to use a pot.

Because we are trying to emulate
the range of a pot, the trimming range
of the resistor needs to be
considerably increased. In this case
the top hat and serpentine cut can be
used.

ELECTRONICS WORLD December 2003

Figure 4 is one form of ‘top hat’
trim; it is good for making larger
resistance changes, but it suffers
badly from the electric stress
problem, with a stress ratio of 6.16 in
this simulation. Another method of
getting greatly increased resistance is
the serpentine trim of Fig. 5. This is
just a series of interlocked plunge
cuts.

This example has a resistance of
4.75 squares, which is a considerable
‘trim’ from the starting value of 2
squares. Again the stress ratio is very
poor at 7.22. A better method is to
use a lazy-J serpentine cut, shown in
Fig. 6.

Figure 6 has a resistance of 5.30
squares and a stress ratio of 3.75.
This new cutting pattern is therefore
considerably better than the old
serpentine cut. The top hat pattern is
considerably more difficult to
improve. First the basic shape of the
corners is changed by pushing them
inwards, as was done earlier on the
single corner section. Then the top of
the cut needs to be made circular as
shown in Fig. 7.

This gives a resistance of 7.24
squares with a stress ratio of 3.45.
The circular cut on the end of the
plunge needs some explanation. This
is not as infeasible as it might at first
appear. Once the plunge is past the
‘brim’ of the top-hat, the change of
resistance with cut depth is easily
predictable. The fringing part of the
field is relatively constant because the
height of the hat can be made much
larger than the cut depth.

It is therefore also true that the
circular artefact on the end will have
a relatively constant.effect on the
resistance and so it is possible to
predict when to start the circular part
of the cut. A fine trim can be done by
a P-cut into the side of the hat, some
distance above the circular cut.

Link Cutting

An even better way of getting large
trims without affecting the stability of
the resistor is to use link cutting. In
one method the resistive film is used
to formshort links that bypass larger
loops or ladders. When the link is cut,
the current has to pass through the
longer loop, thereby increasing the
resistance.

These methods are very prone to
the problems of stress in corners and
can in fact be enhanced by the corner
smoothing techniques mentioned
earlier.

The key advantage of these link
cutting methods is that the resistive

film is completely cut away. Thus the
resistive material which has been
overheated around the edge of the cut
is no longer used to carry current.
Another method to overcome the
trimming problem is to have strips of
conductive material under the
resistive bar, following the
equipotential lines as shown in Fig. 8.
These conductive strips can be
connected to each other with laser
cuttable strips and the resulting pattern
will have a stress ratio approaching 1.
Notice that this is an equipotential
plot; the gradient plot would show
nothing because the gradient is the
same throughout. The capacitance of
the bars will not be as significant as

you might at first imagine, simply
because there is very little potential
difference between them.

Conclusion

There are many factors that affect the
stability of a planar resistor. The
initial shape of the resistor is
important in order to give a low stress
ratio and therefore the optimum
performance from a given
technology. Trimming a resistor with
a laser is problematic. As far as the
film integrity is concerned, the laser
cut should be as narrow as possible.
This minimises the heating of the
film and therefore reduces the micro-
cracks that form around the cut. The

COMPONENTS

Fig. 6. Gradient
plot of an
improved trim
method, a lazy-J
serpentine trim.

Fig. 7. Gradient plot
of an improved top-
hat trim.
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Fig. 8.
Equipotential plot
of the ultimate in
stress-free
trimmed resistors.
The white strips
are conductive
material either
over or under the
resistive film.

disadvantages of this are that the
parasitic capacitance across the cut is
higher and the stress ratio is worse.

It is very easy for the micro-fracture
problem to be an order of magnitude,
or more, larger than the effect due to
the stress ratio. Thus the stress ratio
has greater importance when the
micro-fracture problem is dealt with.
The micro-fracture problem and the
overheating of the film around the
edges of the laser cut are both dealt
with by 100% cuts of individual
current paths. This allows the benefits
of the stress ratio improvements to be
realised.

It is not possible to verify the
performance of a custom designed

resistor based on a prototype that
happens to have high sheet resistivity.
The fact that it has not been heavily
trimmed means that its voltage
withstand capability, long term
stability, 1/f noise and AC
performance will be superior to a
future part which is made from a
lower resistivity material.

A possible solution to this problem
is to get the manufacturer to trim such
a part up to the maximum possible
adjustment range. This will make the
resistor the wrong value by up to
30%, but may give a more
representative sample in terms of the
adverse effects mentioned previously.
The 2-dimensional field patterns in

planar films are very beautiful to look
at when seen in full colour.
Unfortunately the gradient patterns
are at their most beautiful when the
stress ratio is the worst. Thus a truly
beautiful resistor design has a very
plain looking gradient plot.

A well-designed resistor has a flow
pattern that is smooth and gradual.
Sharp lines and angles need to be
avoided. If you look at the
equipotential plot, you can see where
the current is flowing; it always flows
at right angles to the equipotential
lines. This is an area where artistic
ability can improve electrical
performance. Thus a beautiful resistor
has technical as well as artistic merit.

Interested readers can download
demo field plotting software from
www.logbook.freeserve.co.uk
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It’s said that biasing vertical d-mosfets in a class-AB output stage is
less critical than biasing their bipolar counterparts. So many
designers are content with the classical Vg multiplier as bias
generator. However, the accuracy needed for utmost performance (in
terms of cross-over distortion and quiescent dissipation), cannot be
provided by such a circuit, even when it is thermally coupled to one
of the output devices. Edmond Stuart explains

s everal factors may contribute to
the lack of accuracy:

1) Mismatch between relative
temperature coefficients of mosfets
and bjts as consequence of the
variability of the gate threshold
voltage as well as the temperature
coefficient of Vg,

2) Thermal delay and attenuation
of the coupling between output

for each individual amplifier.

So it seems natural to replace the
Vgg multiplier - which in fact
provides a kind of error feed forward?
- by a control loop based on feedback
of the bias current itself. In the past,
several attempts has been undertaken
in this direction, but none of them
seem to me suitable for high-end
applications, as they are intrusive also

could be too complex7. Nevertheless,
reference 5, ingenious in its own
right, inspired me to a re-design that
overcomes these shortcomings.

The new design comprises three
sections: a bias current sensor, an
isolator and an integrator. Each of
them will be discussed below in
detail.

Bias sensor

AUDIO

Fig. 1. Circuit

device apd sen§iqg element. on other parts of the amplifier. This diagram of the
3) Drivers - if included - that could raise distortion®*, complicate The bias sensor’s purpose is to detect autobias
operate at a different temperature. HF compensation®* or be any deviation from the nominal bias generator
4) Long-term drift of thTBSPOId incompatible®#- with a level without being influenced by the connected to a
voltages as a result of ageing'. complementary source follower current distribution over the output typical mosfet
5) Errors in adjusting the bias level  arrangement (which I prefer), or transistors, i.e. independently of the output stage
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35V T1: 2SK1530 or IRFP240 T7: BSS92 or BS250 D3:1V7 LED
T T2: 25J201 or SFH9154 T8: BC550C; D1,2: 1N5818 D4; 1N4148
& T3.T6: MAT04 or CA3046 U1,2: MCT5210 or MCT5211 D5: see text
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Fig. 2. Simulated

error signal as
function of bias
current
(Iree=1mA,

R1,2=0. 1679, RL=

©),

Fig. 3 Simulated

error signal as

function of output

current at bias

levels (from top to
bottom) of 60, 90,

120, 150 and
180mA. Notice
that at 120mA
this signal stays
close to zero.

~~200}----

lerr (UA
3

current delivered to the load (Ryp). This
is accomplished by sensing the
voltages across the source resistors of
the output stage and passing them to a
non-linear network, comprising two
current mirrors (transistor pairs T3 4
and Ts ¢ respectively). Two equal
reference currents are supplied to the
inputs of the mirrors via Rg and Rg.
Since the voltage across each source
resistors adds an off-set to Vgg of T3
and T, the currents reflected by them
will be lower than the reference.

Under quiescent conditions, this
offset is such that each mirror reflects
only 50% of the reference current. As
dictated by the laws of physics, this
condition is met if the offset voltage is
18mV (at room temperature).
Together with R; and R,, this 18mV
defines the quiescent current of the
output stage (e.g. 100mA if

R;=R,=0.18Q). To maintain this
condition the reflected currents are
summed together and subtracted from
a third reference current supplied by
Rg. The resulting difference, Iggpg, tells
us whether the output stage is under,
correct or over biased, thus Igggr can
be used as a feedback signal, Fig. 2.
Next, what happPens in the presence
of small or medium signals? This is
illustrated by the middle curve of Fig.
3. It shows the relationship between
error signal and output current at the
nominal bias level. As one can see, the
crux is that the error signal stays very
close to zero. Apparently, the non-
linear behaviour of the mosfets, in
particular in their weak and moderate
inversion region, matches the
characteristics of the bias sensor quite
well. The other curves show the error
signal if the output stage is forced to
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an under - or over-biased state.
Beyond output currents of ca. 0.6A
the error signal is pinched off. This
looks like a disadvantage, but it
turned out to be beneficial, as
explained below.

Finally, what happens in the
presence of large signals? Suppose T,
carries a large current and T, is turned
off. In this case the reflected current
in T3 is zero, while in Tg it is 100%.
Summed together and subtracted from
the third reference, the resultant error
signal is again zero. This is exactly
what we want, as an output stage
operating in class B provides no
information about the quiescent
current, thus the error signal has be
pinched off in order to preserve the
charge of the integrator’s capacitor
().

Since music has a high peak/average
ratio - some 20dB - the average signal
level - even at maximum volume - is
well within the capture range of the
bias sensor. Sine waves at full power
give no trouble either, as the relative
time traversing the capture region is
long enough to let the control loop do
its work. However, a large square
wave pushes the output stage
continuously in class B and no error
signal is produced at all, leaving the
integrator in an undefined state.

Isolator

To avoid any adverse interaction
between common mode and
differential signals at the gates (node
A and B), an isolator has to be
inserted somewhere inside the servo
loop. Putting it between bias sensor
and integrator greatly simplifies the
circuit, as the integrator can now
simply use the bias voltage as supply.
Given the bipolar nature of the error
signal, two opto-couplers (U; U,) are
needed, one for charging, the other for
discharging C3. They are specified for
operating at low currents (<1mA).
Apart from their primary task
(isolation), they serve one more
purpose: masking the tiny deviations
of the error signal, as can be seen at
the middle curve of Fig. 3. The
reduced transfer ratio at very low
currents from which any opto-coupler
suffers (see Fig. 4), meets this
purpose nicely. Ry, delivers the
supply voltage to U;, while being
limited by LED Dj reducing Vg of
T3 and T to approximately the same
level as T4 and T and preventing
simultaneous conduction of U; and
U,.

Integrator

Depending on the mosfets actually
used, bias voltage can vary from 2 to
10V. To handle this range it leads
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almost automatically to the kind of
topology, as shown in Fig. 1. In spite
of its simplicity, this integrator, or to
be more precise - integrating shunt
regulator, exhibits a dynamic output
impedance that is low enough (<2€)
to cope with AC currents from the
driver stage. In order to exclude
interaction at AF, integrator capacitor
Cj israted such that the unity gain
frequency of the servo loop falls
below the audio spectrum,
somewhere between 1 and 10Hz,
depending on the transfer ratio of the
opto-couplers. D4 discharges Cj
during switch off and protects the
gate of T;. For reliable operation, low
leakage at the integrator input is
essential, so D4 should be protected
from light. Zener diode Ds is rated at
the maximum expected bias voltage
plus a small margin and should be
adapted to fit a particular design. If
some component fails or if nasty test
signals have been applied, this diode
protects the output stage against
excessive common mode currents.

Accuracy
The bias level is very sensitive to
mismatches of the transistor pairs and
reference currents. Base-emitter
voltages T3 T4 Ts and Tg respectively
should match at least within 0.5mV.
A quad transistor like a MATO04 or
CA3086, selected on low Vos, meets
this requirement. For the same
reason, Rg, Rg and Rg should match
at least within 0.5% as well as the
equivalent emitter series resistors;
hence Ry and R arerated slightly
higher than R4 and Rs. Since a
MATO04 is equipped with small
reverse connected diodes between
base and emitter, Schottky diodes Dy,
D, are added to protect them.

Now we come to a moot point: the
voltage of 18mV across R; and R,
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which all relies upon, varies linearly
with the absolute ambient
temperature”. Of course, it varies
much less than the junction
temperature of the output devices and
thermal runaway is precluded, but
still it is not constant. It is not yet
clear to me whether this should be
regarded as flaw or feature, as one
could argue that the decreased
transconductance of mosfets at
elevated temperatures just needs an
increased bias level. Interestingly, a
bias control IC from Linear
Technology® shows the same
temperature dependence, which could
not be explained by an inherent
shortcoming of the basic circuit. So I
concluded that this property has been
added on purpose. Asking why,
Linear Technology was unable to
give a satisfactory explanation. If
anybody could shed light on this

* Vgg = VrLn2, where Vp=kT/q, the
thermal voltage (25.86mV at 300K).

matter, please let me know.

Experimental results

To see if the circuit is generally
applicable, I tested it on several
combinations of mosfets, all capable
of delivering 12 to 20A, but of
different types and brands. To
minimise temperature effects,
measurements were done at a reduced
supply voltage of 2x16V, the mosfets
mounted on a large heatsink with
forced air cooling and at a frequency
of 1kHz. Static measurements were
done at an even lower voltage,
2x7.5V. Since these were very time
consuming, I have done this only in
case 1 and 2.

In the first instance, dynamic
behaviour of bias current was
observed by means of an
oscilloscope, but changes at various
output levels were hardly visible and
difficult to quantify, except in case 1,
which showed an increase of 5% at
maximum output power. Instead, I

Ripple amplitude of the error signals measured at Vg = 8Vp, and 1kHz
as well as estimated ripple on bias voltage (Vgp) at 20Hz.

Case = Type Manufacturer Ry (RQ) Igrr (MA &)

1 IRFP240 Int. Rectifier 4 15.9
IRFP9240 Idem 00 62.4

2 2SK 1530 Toshiba 4 4.9
28J201 Idem 00 359

3 IRFP240 Intersil 4 1147
FQA12P20 Fairchild 00 5.0

4 IRFP240 Intersil 4 T’
SFH9154 Fairchild 00 5.6

5 FQA19N20 Fairchild 4 1 1 67
FQA12P20 Idem 00 Syl

IINT (A ff) VRrpL (mVegp)

255! 12.9
157.0 568
<0.1 <0.4
<0.1 <0.4
1.3 4.7
<0.1 <0.4
0.2 0.8
<0.1 <0.4
(). 25
<0.1 <0.4
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used a DVM to measure the ripple
amplitude of the error signal before
and after the isolator under load and
no load conditions. Next, I estimated
the ripple-on-bias voltage at 20Hz,
according to Vgpp, =Iint/ 2t £ C3),
instead of a direct measurement at
20Hz, because thermal modulation
could be disturbing. See table for
results.

The first trial was rather
disappointing, not to say confusing.
The error-function, Fig. 5, is heavily
skewed and ripple currents are high
(see table, case 1). Transconductances
were reasonably matched - within
20 %, so something else spoiled it. It
appeared that the output conductance
(Gps) of the IRFP9240 was the
culprit. At a drain current of 125 mA,
Gog is about SmA/V, while the
IRFP240 shows a Gpg of only
0.4mA/V (corresponding to an Early
voltage of 25V and 312V

respectively). So an increase of output
voltage of 1V - without load - will
increase the quiescent current by
4.6mA. No wonder that the error
function is skewed. At higher drain
currents the IRFP9240 behaves better:
at 1A for instance, the Early voltage
raises to ca. 75V. This explains why
the ripple on Iggg becomes much
smaller when the output stage is
loaded with a low impedance.
However, speaker impedances are not
always that low — at resonance up to
tenfold, so a no-load condition has
also to be taken into account. Without
blaming the manufacturer, I cannot
recommend this mosfet pair. After all,
these devices were designed for
switching, not for driving
loudspeakers.

In the next trial [ used a
complementary pair from Toshiba,
especially intended for linear
applications: 2SK1530 and 2SJ201.

Due to closely matched
transconductances (within 5%) and
high Early voltage (over 300V) for
both N- and P-channel parts, the
results were far better. The error
function, Fig. 6, is in accordance with
the simulation, although skew is
slightly higher and in the opposite
direction. Ripple currents were hardly
measurable.

In the last three cases I tested several
other samples (courtesy of Fairchild)
which are less expensive, but, as in
case 1, primarily targeted for fast
switching. Results were almost as
good as in case 2 and I see no reason
not to use these mosfets, except that
the higher gate threshold voltage
reduces the maximum output power
somewhat, that is, without using a
boosted power supply for the drivers.

I have also investigated a few
combinations of two 20A N-channel
and three 12A P-channel devices.
Because no improvements were seen, I
will not discuss them any further.
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