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Hewlett Packard 3314A Function Generator 20MHz £1250 Radio Com mu nications Test Sets
Hewlett Packard 3324A synth. fl.mctlon/sw‘eep gen. (21MHz) £2250 Anritsu MT 8801C Radio Comms Analyser 300kHz - 3GHz (opt 1,4,7) £6500
Hewlett Packard 3325B Synthesised Function Generator £3250 Hewlett Packard 89208 (opts 1,4,7,11,12) £6750 3 COMMENT 16 RECEIVERS OF THE
Hewlett Packard 3326A Two-Channel Synthesiser £3000 Hewlett Packard 8922M + 83220E £2000 Th ¥ St D
H.P. 4191A R/F Imp. Analyser (1GHz) £4995 Marconi 2055 £1250 rowing Stones in glasshouses. THIRD REICH
H.P. 4192A L.F. Imp. Analyser (13MHz) £4000 Marconi 2955A £1750 Valve radios of the late 30’s took ;
i a design
Hewlett Packard 4193A Vector Impedance Meter (4-110MHz) £3000 Marconi 2955B/608 £3500 5 NEWS t der the then G t ¢
Hewlett Packard 4278A 1kHz/IMHz Capacitance Meter ~ £3750 Marconi 2955R £1995 ® G : UTh gher teiitien Serimalgoverumelt.
H.P. 53310A Mod. Domain Analyser (opt 1/31) £3950 Motorola R2600B gfggg overnment targets UK electronics Jeremy Stevens winds the clock back.
Hewlett Packard 83498 (2 - 20 GHz) Microwave Amplifier ~ £2500 Racal 6111 (GSM) ® Transistors switch 10kW
Hewlett Packard 8508A (with 85081B plug-in) L £1750 e
Racal 6103 (opts1, 2) £5000 ® Samsung leapfrogs a generation in
Vector Voltmeter £2500 £1500 5
3 X . Rohde & Schwarz SMFP2 LCD dlsplays
Hewlett Packard 8904A MPltlfunctlon Synthesiser (opt 2+4) £1950 Rohde & Schwarz CMT 90 (2GHz) DECT £3995 i
H.P. ESG-D3000A 3GHz Signal Gen £6995 Rohde & Schwarz CMTA 94 (GSM) £4500 ® Toy uses advanced British technology
Marconi 6310 - Prog’ble Sweep gen. (2 to 20GHz) — new £2500 Schiumberger Stabilock 4015 £3250
Marconi 6311 Prog’ble sig. gen. (10MHz to 20GHz) £2995 Schlumberger Stabilock 4031 £2750
Marconi 6313 Prog’ble sig. gen. (10MHz to 26.5GHz) £3750 Schiumberger Stabilock 4040 £1300
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2) £2750 Wavetek 4103 (GSM 900) Mobile phone tester £1500
Fluke 5700A Multifunction Calibrator £12500
Fluke 5800A Oscilloscope Calibrator £9995 MISCELLANEOUS
H.P 3458A DMM (8.5 digits) £3750 Ballantine 1620A 100Amp Transconductance Amplifier £1750
EIP 545 Microwave Frequency Counter (18GHz) £1000
OSCILLOSCOPES EIP 548A and B 26.5GHz Frequency Counter from £1500
Gould 400 20MHz - DSO - 2 channel £695 EIP 575 Source Locking Freq.Counter (18GHz) £1200
Gould 1421 20MHz - DSO - 2 channel £425 EIP 585 Pulse Freq.Counter (18GHz) £1200
Gould 4068 150MHz 4 channel DSO £1250 Fluke 6060A and B Signal Gen. 10kHz - 1050MHz £1250
Gould 4074 100MHz - 400 Ms/s - 4 channel £1100 Genrad 1657/1658/1693 LCR meters from £500
Hewlett Packard 54201A - 300MHz Digitizing £750 Gigatronics 8541C Power Meter + 80350A Peak Power Sensor £1495
Hewlett Packard 54502A - 400MHz — 400 MS/s 2 channel £1600 Gigatronics 8542C Dual Power Meter + 2 sensors 80401A £1995
Hewlett Packard 54520A 500MHz 2ch £2750 Hewlett Packard 339A Distortion measuring set £750 23 N Ew PRODUCTS
Hewlett Packard 54600A - 100MHz — 2 channel £675 Hewlett Packard 436A power meter and sensor (various) from £750 X
Hewlett Packard 54810A ‘Infinium’ 500MHz 2ch £2995 Hewlett Packard 438A power meter - dual channel £2000 The month’s top new products.
Hitachi V152/V212/V222/V302B/V302F/V353F/V550BV650F from £100 Hewlett Packard 3335A — synthesiser (200Hz-81MHz) £1995
Hitachi V1 100A - 100MHz - 4 channel £750 Hewlett Packard 3457A muli meter 6 1/2 digit £850
Intron 2020 - 20MHz. Dual channel D.S.O (new) £450 Hewlett Packard 3784A - Digital Transmission Analyser £3750 3 l CIRCUIT IDEAS
Iwatstu SS 5710/SS 5702 - from £125 Hewlett Packard 37900D - Signalling test set £2950 . g
Kikusui COS 5100 - 100MHz - Dual channel £350 Hewlett Packard 34401A Multimeter £450 @ Lead Acid Battery Conditioner
Lecroy 9314L 300MHz - 4 channels £2750 Hewlett Packard 4274A LCR Meter £2000 1 :
Meguro MSO 1270A - 20MHz - D.S.0. (new) 252(5)8 Hewlett Packard 4275A LCR Meter £2750 ® Relay economiser
Philips 3295A - 400MHz - Dual channel Hewlett Packard 4276A LCZ Meter (100MHz-20KHz) £1400 : 3
Philips PM3070 - 100MHz - 2 channel - cursor readout £650 Hewlett Packard 5342A Microwave Freq.Counter (18GHz) £850 5 ® Active am.p.lltude. modulator
Philips PM3392 - 200MHz - 200Ms/s - 4 channel £1750 Hewlett Packard 5350B 20KHz Microwave Freq.Counter £2000 @® Where there’s a heart @ Very sensitive microphone
Philips PM3094 - 200MHz - 4 channel £1500 Hewlett Packard 5385A - 1 GHz Frequency counter £495 ® IEE merger looks likel : :
$elk(ttron!x 32?3/;2?2AH€320DM§10 Dual ch I gggg Hewlett Packard 6033A - Autoranging System PSU (20v-30a) £750 24 Y ® Frugal pllOt hght
(LGS - ZEibual channe Hewlett Packard 6060A and B Electronic Load 300W from £750 ® Walls have selectiv i
F"k(:'o”!x 333? i ggm:z i g“a: c:anne: ggg gggg Hewlett Packard 6622A - Dual O/P system p.s.u £950 & bueb hell < heanng
e ronix ) Ziuaicnanneliu.o; Hewlett Packard 6624A - Quad P I £1750 =
Tektronix 2235 - 100MHz - Dual channel £500 e A 8;’39,2 i gﬁg;,ﬁ‘;ggvy_s " e e e DO PapeT 36 PROFESSIONAL
Tektronix 2245A - 100MHz - 4 channel £700 Hewlett Packard 8350B - Sweep Generator Mainframe £1500 SDI ROUTER
Tektronix 2430/2430A - Digital storage - 150MHz from £1250 Hewlett Packard 8642A — high performance R/F synthesiser (0.1-1050MHz) ~ £2500
Tektronix 2445 - 150MHZ - 4 channel +DMM £850 Hewlett Packard 8656A - Synthesised signal generator £750 . s ¢ SRR T
Tektronix 2445/24458 - 150MHz - 4 channel £800 Podieti e leecene R Emil Vladkov, Sofia’s ‘Mr. Digital’, has
] - Synthesised signal generator £995
Tektronix 2465/2465A /24658 - 300MHz/350MHz 4 channel from £1250 Hewlett Packard 8657A - Synth, signal gen. (0.1-1040MHz) T PHILPS desiened and built ial digital vid
Tektronix 7104 - 1GHz Real Time — with 7A29 x2, 7810 and 7B15 from £1950 s, e uden. U esigned and built a serial digital video
Tektronix TAS 475 - 100MHz - 4 ch | £850 Hewlett Packard 8657B - 100MHz Sig Gen - 2060 MHz £3950 N k
I i Zsielanng Hewlett Packard 8657D - XX DQPSK Sig Gen £3950 ! ; routing system for you to enjoy.
Tektronix TDS 310 50MHz DSO - 2 channel £750 Hewlett Packard 89018 - Modulation Anal £2250 Aoywsitd
Tektronix TDS 520 - 500MHz Digital Oscilloscope £2500 e Stac kAl pogoduation Anayee e pansorpes
Hewlett Packard 8903A, B and E - Distortion Analyser from £1000 A LT Pumplinks 46 CAPACITOR sou N DS "
SPECTRUM ANALYSERS Hewlett Packard 11729B/C Carrier Noise Test Set from £2500
_ Hewlett Packard 53131A Universal Frequency counter (3GHz) £850 L. .
Advantest 4131 (10kHz — 3.5GHz) £3750 " 2
Advantest/TAKEDA RIKEN - 4132 - 100KHz - 1000MHz £1350 :Z“:”V:Z:: 222::::3 SSQSXAP'ZJ?; ZES;E”(COYGFJ\‘;;’?O - 55888 The ubiquitous Cyril Bateman explains
Anritsu MS261 -6 -60V)-(0- . . . . .
A?]rdlgsxc 32161 3A1 %k(;:_Z'Z G e, ANy Sey g?ggg Hewlett Packard 5351B Microwave Freq. Counter (26.5GHz) £2750 hOW dleleCtnC absorpuon with DC b1as
Avcom PSA-65A - 2 to 1000MHz £750 Heyvlen Packard 5352B Microwave Freq. Counter (40GHz) £5250 determines capacitor sounds’ second
Farnell SSA-1000A 9KHz-1GHz Spec. An. £1250 Ke!thley 220 Progralmmable Current Source £2000 R . i
Hewilett Packard 182T Mainframe + 8559A Spec.An. (0.01 to 21GHz) £2000 Keithley 228A Progble Voltage/Current Source IEEE. £2000 harmonic distortions
Hewlett Packard 853A Mainframe + 8559A Spec.An. (0.01 to 21GHz) £2500 Keithley 237 High Voltage - Source Measure Unit £4500
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel £1500 Keithley 238 High Current - Source Measure Unit £4500
Hewiett Packard 3585A 40 MHz Spec Analyser £3000 Keithley 486/487 Picoammeter (+volt.source) £1350/£1850 ¥ 5 3 LETTE Rs
Hewilett Packard 356 1A Dynamic Signal Analyser £3500 Keithley 617 Electrometer/source £2200 ® Digital system verifi
! 4 g y erifies passports :
Hewlett Packard 8568A -100kHz - 1.5GHz Spectrum Analyser £3500 Keithley 8006 Component Test Fixture £1750 - 3 A @ Smug Editor
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz—1.5MHz £2500 Marconi 2840A 2 Mbit/s Transmission Analyser £1100 @® Supercomputer built from PlayStations ;
Hewlett Packard 8596E (opt 41, 101, 105,130) 9KHz - 12.8GHz £9950 Marconi 6950/6960/6960A/6970A Power Meters & Sensors from £400 : g ® Fourier and Catt
Hewlett Packard 8713C (opt 1 E1) Network An. 3 GHz £6000 Philips 5515 - TN - Colour TV pattern generator £1400 o Energy saving output driver @ DTV qualit
Hewlett Packard 8713B 300kHz - 3GHz Network Analyser £5000 Philips PM 5193 - 50 MHz Function generator £1350 q y
Hewlett Packard 8752A - Network Analyser (1.3GHz) £4995 Phillips PM 6654C System Timer Counter £750 @ Back to basics
Hewlett Packard 8753A (3000KHz - 3GHz) Network An. £3250 Panasonic VP 8175A Sig. Gen. (100KHz-140MHz) AM/FM/CW as new £650 - )
Hewlett Packard 8753B+85046A Network An + S Param (3GHz) £6500 Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser £3750 o Amphfler compensation
Hewlett Packard 8754A - Network Analyser 4MHz -1300MHz) £1500 Rohde & Schwarz NRV/NRVD Power meters with sensors from £1000 'I 4 FUN DAME NTAI-S
Hewlett Packard 8756A/8757A Scaler Network Analyser from £900 Schlumberger 1250 Frequency Response Analyser £2250
Hewlett Packard 8757C Scalar Network Analyser £3500 Tektronix 1720 Vectorscope £1150
Hewlett Packard 70001A/70900A/70906A/70902A/70205A - 26.5 GHz Tektronix 1735 Waveform Monitor ; £1150 OF 802. .I l 60 WE B DIRECTIONS
Spectrum Analyser £7000 Tektronix AM503 - AM503A - AM503B Current Amp’s with M/F and probe  from £800 . . . s
IFR A7550 - 10KHz-GHz - Portable £1750 Wavetek 178 Function generator (50MHz) £750 Ian Poole gets to grips with wireless Useful web addresses for electronics
Meguro - MSA 4901 - 30MHz - Spec Anaylser £600 Wayne Kerr 3245 - Precision Inductance Analyser £1850 1 engineers.
Tektronix 492P (opt1,2,3) 50KHz - 21GHz £3500 Bias unit 3220 and 3225L Cal.Coil available if required. (P.O.A) networkmg and hOW s gOt there. &
Wiltron 6409 - 10-2000MHz R/F Analyser £1250 Wayne Kerr 3260A + 3265A Precision Magnetics Analyserwith Bias Unit £5500
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
some cases.
Add carriage and VAT to all goods.

1 Stoney Court, Hotchkiss Way, Binley Industrial Estate
Coventry CV3 2RL ENGLAND

Tel: 02476 650 702

Fax: 02476 650 773

Web: www.telnet.uk.com
Email: sales@telnet.uk.com
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The Handyscope 3 is a powerful and versatile two channel measuring
instrument with an integrated function generator.

° USB 2.0 connection (USB |.| compatible)
° sample speed up to 100 MHz per channel
° 8 to 16 bit resolution (6 uVolt resolution)
° 50 MHz bandwidth
° input sensitivity from 200 mVolt up to 80 Volt
° large memory up to 131060 samples per channel
° four integrated measuring devices
° spectrum analyser with a dynamic range of 95 dB
° fast transient recorder up to 10 kHz
° several trigger features
° auto start/stop triggering
° auto disk function up to 1000 files ; = :
° auto setup for amplitude axis and time base B f'g TAES A
° auto trigger level and hysteresis setting Tt ‘ ”HIH[, e
° cursor measurements with 2| read-outs e st w1
° very extensive function generator (AWG) 0-2 MHz , 0-12 Volt

TiePie engineering (UK)

28, Stephenson Road, St. lves
Cambriageshire, PE17 3wJ, UK
Tel: 01480-460028

Fax: 01480-460340

HANDYSCOPE HS3
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Disclaimer
We work hard to ensure that the

information presented in Electronics World
is accurate. However, Electronics World's

publisher - Highbury Business
Communications - will not take
responsibility for any injury or loss of
earnings that may result from applying

information presented in the magazine. [t
is your responsibility to familiarise yourself
with the laws relating to dealing with your

customers and suppliers, and with safety
practices relating to working with

electrical/electronic circuitry - particularly
as regards electric shock, fire hazards and

explosions.

Throwing Stones in Glasshouses

Authority holds minds, not people. Two
years ago, the whole physics department at
Essex University closed. The staff moved to
mathematics, electronics, and computing. Last
year, their mathematics department was under
threat. At Gloucestershire University there is
no physics taught at all. This is not an isolated
case. The problem is that everybody in
authority in physics is always right because
they can hide behind obfuscation. This is not
altogether a healthy environment for students!

I have just finished studying computer
programming, multimedia, and marketing
courses. The reason? Research is fast becoming
a dead end through its own inert authority. T.
Theocharis, author of the 1987 Nature paper
“Where Science Went Wrong”, has recently
explained this problem by the following
brilliant analogy.

A “theory” is now what a mouse makes up to
decide whether to turn right or left in a maze.
It is therefore a physicist, guessiug which
options to pursue without proof. It continually
hopes for eventual confirmation that “it was
right all along” if it finally - after many
blunders - arrives at a small piece of cheese.
This absurdity is true.

Take the Catt Anomaly. We know the speed
of electricity, and we know the speed of
electrons. We know that for a typical 1 amp
current, the electron drift speed is 1
mm/second, and conduction electrons account
for less than 0.1% of the mass of any
substance. Kinetic energy is given by E = 1/2
mv?, so electron drift delivers less than
0.5x0.001mx(0.001)2 = 0.0000000005 Joules
per kilogram of wire. “Gibberish, I don’t
understand physics, I am just plain wrong.”
Unfortunately, not correct.

Faced with evidence of a problem, a group
of idiots have a choice between ignoring it,
which is a short-term option only, or trying to
discredit it by foul means. The idea of a third
choice, of proper discussion, or fear-of-all-
fears, of actually making progress in science
by bringing clarity to bear on an important
problem, would be admitting ignorance.
Hence, every point raised is seen to be a
danger to a fragile subject that it must be
guarded against the slightest inspection. An
anomaly must be ignored or ridiculed.
Progress would be a threat to the authority of
those who fear revolutionary progress. So they
would prefer to shoot themselves in the foot in
the long-term, by opting for speculations
instead of provable facts. They can still hope
that the short-term cover-up will sweep away a
problem for long enough for it to literally die.

Now we have the electric current used in
science to deliver the energy we actually use.

Authoritative geniuses will respond with
“there is no anomaly”, giving no proven
explanation. (As Ivor Catt says, “if you have
anything new it will first be ignored, then
ridiculed, and then finally those same people
will claim that they discovered it first!”)

Two diametrically opposed views of this
anomaly exist among those with a few more
brain cells. One is that the electrons are in
effect “touching” each other, and thereby
transmit energy, like a line of ball bearings
pushed from one end. This is wrong, because
not only is the kinetic energy delivered
thousands of billions times too small (see the
calculation above), but the reason why the
electric speed is that of light in the medium
between the two wires remains disingenuously
unexplained. Electrons do drift, so the
mechanism does exist. I do not discredit
electron motion, I just point out the drift
mechanism does not explain the electricity in
terms of energy! The alternative view is that
electromagnetic energy, which carries the
actual energy, causes the electric drift current.
Since it travels at light speed, it is more
reasonable.

The point of the Catt Anomaly has, says
Ivor, nothing to do with his theory. It is an
anomaly between rival textbooks and
professors. They will answer his polite query
in their condescending authoritative manner
until they are told that their “explanation” is
the exact opposite of thattaken by other
authors and professors. Then they cannot be
induced to communicate with one another to
resolve the problem. They use the term
“fearful heresy” where more rational beings
use “discussion”. However, since the Catt
Anomaly and Theocharis’ work appeared, both
originally in Wireless World, everyone is at
least subconsciously aware that there is
something fishy going on!

Physics has gained a reputation for
gobbledegook. It is losing its gloss, not
gaining respect, by hanging on the last word of
gentlemen popularising without proof
multiple-universes, 26 dimensions in space,
etc. Anyone who points out a contradiction or
gives a mathematical proof for a simpler, less
obscure mechanism is (1) ignored, (2)
becomes a target for a repeat of the
gobbledegook they are replacing, or (3) gets a
dose of good old political propaganda in
response from the establishment spokesperson
(misquoting the argument in an effort to claim
that the person who is defending science
against gobbledegook is actually attacking
science).

Nigel Cook
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Quasar Electronics Limited

PO Box 6935, Bishops Stortford,
CM23 4WP

Tel: 0870 246 1826

Fax: 0870 460 1045

E-mail: sales@quasarelectronics.com

QUASAR O871

electronics

CREDIT CARD
SALES

Infrared RC Relay Board

Motor Drivers/Controllers Individually control 12 on-

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.

Government targets UK electronics

The British Government has turned
its eye on the electronics industry,
with the setting up of an ‘Electronics
Innovation and Growth Team’. The
aim is to boost the UK’s electronics
industry in the coming 10 to 15
years.

Industry executives and senior
Government officials from the
Department of Trade and Industry
will come together to discuss the
industry’s needs.

“We need to understand the key

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

issues that will shape the future of
this important sector and to ensure
that the UK can best respond to the
competitive challenges it will face,”
said DTI minister Stephen Timms
MP. “The UK has some great
strengths in electronics but we
cannot rest on our laurels —
competitors are learning quickly and
implementing fast.”

The team will address the
challenges for the whole product life
cycle, from design to manufacturing,

with the aim of increasing
employment and exports.

A steering group will be led by
David Kynaston, formerly European
head of Solectron and v-p for
electronics at trade body Intellect,
which is supporting the initiative.

Electronics is not the first port of
call for the DTI and its innovation
and growth teams. It previously
created teams for the aerospace,
automotive, chemicals and
environmental industries.

Add £2.00 P&P to all UK orders. 1st Class Recorded - £4. VISA |
Next day (insured £250) - £7. Europe - £5. Rest of World - £10, ===
payable to Quasar Electronics Limited.
Prices include 17.5% VAT. MAIL ORDER ONLY. @
i visa ||
over 300 electronic kits, projects and modules. S
board relays with included
infrared remote control unit.
range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.95

We accept all major credit/debit cards. Make cheques/PO’s EUROCARD

Call now for our FREE CATALOGUE containing details of
Toggle or momentary. 15m+ . |
Assembled Order Code: AS3142 - £59.95

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

Kit Order Code: 3067KT - £12.95

Assembled Order Code: AS3067 - £19.95

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

PIC & ATMEL Programmers

We have a wide range of low cost PIC and
be learnt by one Rx (kit in- ATMEL Programmers. Complete range and
cludes one Tx but more avail- =~ & documentation available from our web site.

able separately). 4 indicator LED ’s. Rx: PCB

Programmer Accessories:
77x85mm, 12VDC/6mA (standby). Two and

40-pin Wide ZIF socket (ZIF40W) £15.00

NEW! PC / Standalone Umpolar
Stepper Motor Driver
Drives any 5, 6 or 8-lead

Ten channel versions also available.
Kit Order Code: 3180KT - £41.95
Assembled Order Code: AS3180 - £49.95

Power supply (PSU201) £5.95
Leads: Parallel (LEAD108) £4.95 / Serial

Transistors switch 10kW — v

(LEAD76) £4.95 | USB (LEADUAA) £4.95

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 - £9.95

Assembled Order Code: AS3179 - £16.95

Toshiba has developed a possible
successor to the IGBT with its
injection enhancement gate
transistor (IEGT) that, in module
form, can switch voltages up to
4.5kV at currents of 2.1kA.

The IEGT combines a trench gate
semiconductor structure with thin
wafers, said the firm. Each
individual transistor can handle
1.2kV and 40A. By combining

power switches.

Compared to conventional non-
punch through devices, the IEGT has
23 per cent lower saturation voltage
and 400A latch up capability at
1258€C.

The device retains the positive
temperature coefficient of NPTs,
enabling the parallel connection
needed for making high power
switches.

modules are suitable for high-end
motor drives, uninterruptible power
supplies (UPS), power transmission
schemes, HVDC designs and
transportation systems, it said.

The 3.3kV module comprises 24
IEGT chips and 12 diode chips and
handles currents up to 1.2kA.

The new 4.5kV device has a
package diameter of 125mm while
the 3.3kV module has a footprint of

Computer Temperature Data Logger
4-channel temperature log-
ger for serial port. °C or °F.
Continuously logs up to 4
separate sensors located
) 200m+ from board. Wide

y & 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 - £22.95
Assembled Order Code: AS3145 - £29.95

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 3.11-XP Software.
Kit Order Code: 3128KT - £49.95
Assembled Order Code: AS3128 - £54.95

PC Controlled Dual Stepper Motor Driver
- Independently control two
Enhanced “PICALL” ISP PIC Programmer

unipolar stepper motors
' (each rated up to 3 Amps
max.) using PC parallel

) port and software inter-
face provnded Four digital inputs available for
monitoring external switches and other in-
puts. Software provides three run modes and
will half-step, single-step or manual-step
motors. Complete unit neatly housed in an
extended D-shell case. All components, case,
documentation and software are supplied
(stepper motors are NOT provided). Dimen-
sions (mm): 55Wx70Lx15H.
Kit Order Code: 3113KT - £15.95
Assembled Order Code: AS3113 - £24.95

NEW! Bi-Polar Stepper Motor Drlver
Drive any bi-polar stepper =
motor using externally sup-~
plied 5V levels for stepping
and direction control. These
usually come from software
running on a computer.
Supply: 8-30V DC. PCB: 75x85mm.

Kit Order Code: 3158KT - £12.95
Assembled Order Code: AS3158 - £27.95

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

Additional DS1820 Sensors - £3.95 each

NEW! DTMF Telephone Relav Switcher
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 - £39.95

Assembled Order Code: AS3140 - £59.95

Serial Isolated I/0O Module
PC controlled 8-Relay
e Board. 115/250V relay
- outputs and 4 isolated
“digital inputs. Useful in
[ 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/500mA.
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

Will program virtually ALL 8
- to 40 pin PICs plus certain
ATMEL AVR, SCENIX SX

| and EEPROM 24C devices.
Also supports In System
Programming (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 - £54.95
Assembled Order Code: AS3144 - £59.95

ATMEL 89xxxx Programmer
Uses serial port. No spe- [E
cial programming soft-
ware required. 4 LED's
display the status. ZIF g
sockets not included. Supply: 16VDC
Kit Order Code: 3123KT - £29.95
Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection makes
it ideal for field use. Free

7\ 9x/NT/2000 Windows software.
Call or see website for PICs
Gsupported. ZIF socket not incl.
Kit Order Code: 3149KT - £29.95
Assembled Order Code: AS3149 - £44.95

www.quasarelectronics.com

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

IEGTS the firm can make high The firm’s 4.5kV and 3.3kV 140 x 190mm.

Samsung leapfrogs a generation in
LCD displays

Large panel liquid crystal displays
could tumble in price over the next

However, Samsung claims the
sixth generation size is inefficient

few years as manufdcturers for making 40-inch panels, hence the

accelerate moves to larger glass
substrates.

Within two years Samsung, one of
the top two makers of LCDs, will be
producing 2.2 x 1.87m panels from
its Korean factories.

This marks a jump from today’s
fifth generation substrates directly to
the seventh generation, and will give
glass able to yield twelve 32-inch or
eight 40-inch displays.

According to Samsung, each new
generation cuts manufacturing costs
by 20 to 30 per cent. The 40in.
screens will be cheaper than similar
sized plasma panels, the firm
claimed.

LG.Philips LCD, Samsung’s main
competitor in the market, has already
announced plans for a sixth
generation (1.5 x 1.85m glass) plant
by 2005.

jump direct to the seventh
generation.

The fifth generation substrates in
production today by several firms
measure 1.1 x 1.25m.

RS e s

A Website devoted to the writings and | grcs
papers of Albert Einstein has gone live at £
www.alberteinstein.info. [

With over 3,000 digitised images and |
an archive with access to over 43,000 §
related documents, the site gives the first |
major public access to Einstein’s work.
The online work includes scientific
papers, his diaries, correspondence and ‘-
notebooks. |
The website is a joint collaboration |
between the California Institute of
Technology and the Hebrew University of
Jerusalem. |
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UPDATE

Century-old measuring technique

gets a face lift

In a move to cut the cost of ac current
sensing using the Rogowski
technique, Swiss sensor maker LEM
has developed a novel variation on
the Rogowski coil.

Invented in 1912, Rogowski coils
are air-cored toroidal windings
which, when wrapped around a
current-carrying conductor, produce a

voltage proportional to the
differential of the current flowing in
the conductor

Having no magnetic core
bandwidth is wide, as is dynamic
range because there are no saturation
effects.

The coils are made virtually
immune to external magnetic fields
by returning one end of the coil along
the centre of the solenoid, making the
coil an incomplete turn to interfering
signals.

Turns are traditionally evenly
spaced around the toroid and careful
design means output voltage is
largely independent of distortions in
the shape of the toroid. This last
feature means flexible wrap-around
Rogowski coils can be quickly
attached to unbroken conductors.

Winding has to be precise, and
therefore non-trivial, to maintain
accuracy while shrugging off external
fields.

In its patented development, LEM
has move away from distributed
toroidal windings to use a series of
discrete fixed coils arranged in two
concentric circles around the
conductor being measured.

By careful choice of geometry and
winding, the two-coil arrangement
can like the traditional coil be made

almost immune from external fields
and remain sensitive to current in the
conductor-under-test.

However LEM’s method has the
added advantages of reducing a
complex winding to a PCB,
controlling the physical juxtaposition
of the various turns, and allowing the
conductor-under-test to be introduced
through the gaps between coils.

In LEM’s case, cost is further
reduced because the precision
discrete coils are themselves small
eight-layer PCBs soldered into the
main board.

As output current is proportional to
the differential of current-under-test,
all Rogowski coils need an integrator
on their outputs to create a voltage
proportional to current. In the LEM
case, this is built into the units, of
which there are two ranges: AP with
a rectified average current output, and
APR for true-RMS work.

Both families have 12 devices
covering 10A to 400A.

In-built electronics with 0-5,
0-10V(external 24V supply), or loop-
powered 4-20mA output are
available. With all, errors are better
than 0.8 per cent, bandwidth is 10Hz
to 1kHz and temperature range is —20
to 60°C.

www.lem.com

Toy worm uses advanced

British technology

Wokingham’s Innovision R&T has
teamed up with UK research
organisation QinetiQ to develop a
system which can identify the
presence of specialist inks in minute
dilutions.

The technology combines an
optical filter and synchronous light
detector at a price which makes it
suitable for toys.

“The simple detector system uses
low voltage, performs well in high
levels of ambient light and can be
easily incorporated into assembly
line production,” claimed Innovision.

In its first application - an
educational game for young children
called Contactor - the reader detects
inks printed so faintly they are
invisible to humans. Fitted in a
model glow-worm, it provides
visible and audible feedback to

multiple choice questions on brightly
coloured quiz sheets.

“Our mission is to bridge the gap
between the lab-bench and the
commercial market place,” said
Marc Borrett, managing director of
Innovision. “In this instance QinetiQ
helped Innovision in the
development of a filter suitable for
the application and will have a share
in the royalties from sales of the
product.”

Further products and
collaborations are planned. “We are
now exploring a range of potential
applications in other sectors
including low-cost security and
brand protection,” said Borrett,
“Innovision and QinetiQ continue to
work together on new developments,
and further announcements are
expected in due course.”

il

Where there’s a heart

A remote video link for heart
transplant experts is being developed
by Xiomed, a startup firm from
Cambridge.

With the help of a £45,000 Smart
Award, the firm hopes its system will
help with the assessment of potential
donor hearts by experts at Harefield
Hospital.

“The problem Harefield has got is
that when a donor becomes available
there’s limited time to assess the
heart,” said Gerard Wimpenny, co-
founder and director of Xiomed.

Often the only tests that can be
carried out are checking blood type

Digital system verifies passports

The Generics Group claims to have
invented a cheap digital identity
verification system for use with
documents such as passports.

The technique uses an analogue
source, such as the photo on a
passport, to generate a large number.

Generics has found a way to

IEE merger looks
likely

Talks are ongoing between the IEE,
the Institute of Incorporated
Engineers (IIE) and Institution of
Mechanical Engineers (IMechE) with
a view to merging the three
professional bodies.

Following a recent meeting, the
president of the IEE, Professor Mike
Sterling, said: “Most of the comment
and questions concentrated on how to
proceed rather than whether we
should.” 1

All three organisations are carrying

Bye bye paper, hello e-paper
Electronic paper developer E Ink has joined up with
Philips Electronics to create working prototypes of

electronic books.

The designs are engineering samples for a
customer, not just technology demonstrators, said the
firms, and use commercial grade components.

The book pictured has a resolution of 160dots/inch.

This is higher than previously shown, and combines
the E Ink material with Philips’ thin-film transistor

backplane.

The firms expect their customer to go into full
scale production sometime next year.

E Ink has also demonstrated a display on a steel
foil substrate less than 0.3mm thick. It can be bent to

aradius

and age, giving rise to broad
judgements on the heart’s suitability
for transplant. Some suitable organs
might be wrongly rejected, while
others might be selected only to be
found unsuitable at a later stage.

More in-depth checks on blood
flow and heart valve operation give
better results, but this requires the
use of a Doppler echocardiograph
while the donor is still on life
support.

“But people who can do this are
few and far between,” explained
Winpenny. “What is needed is a
means of connecting together the

repeatably generate the same number
from the photo - critical to the scheme’s
success. The firm describes the number
as “highly reliable and discriminatory”.
The number can be stored on the
passport alongside the photo, perhaps
encrypted using public key
cryptography into a bar-code.

out consultation with members. IEE
members can give their views at
www.iee.org. A final vote on the
proposed merger will be carried out in
the autumn.

“We are increasingly persuaded of
the need for a strong, multi-
disciplinary professional body
covering all sections of the
professional register,” said Sterling.
“Both members and their employers
would find such a body more relevant
to the first decade of the 21st century."

Between them, the three UK bodies
have around a quarter of a million
members.

PHILIPS

UPDATE

specialist and echocardiograph
machine.”

Xiomed’s system will do just this,
giving video, audio and text links
between the surgeon and machine
operator.

“We’re developing a system that
will run over the NHS net, an IP
system,” Wimpenny said.

Video data will be multiplexed with
other instrumentation data and the
verbal guidance from the specialist.

Data rate could be as low as
50kbit/s, said Wimpenny. It will use
object based encoding to get
resolution where it is needed.

“Any attempt to modify the
photograph or any other element of the
documentation would be uncovered as
soon as the bar code was scanned,”
said the firm.

The system also ensures privacy, as
the biometric data does not need to be
stored in a central system.

Walls have selective hearing

Culham Electromagnetics and Lighting has won a year-long
contract from the Radiocommunications Agency to lead research
into frequency selective surfaces (FSS).

The work could lead to more efficient use of radio spectrum
inside buildings, said the Abingdon-based firm.

Arup Communications, the National Physical Laboratory, and
Warwick University will join Culham in the programme.

FSS are structures that can be transmissive at some frequencies
and reflective at others.

The concept could be applied to screens and partition walls that
would block wireless LAN frequencies inside buildings, thereby
avoiding interference and improving network capacity.

Both fixed and tuneable FSS will be developed as part of the
work.
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UPDATE

A supercomputer built from PlayStations

Researchers at the US National Center

for Supercomputing Applications
(NCSA) in Champaign, Illinois are
building a supercomputer from
PlayStation2s (PS2s).

“This is literally a hand-made
supercomputer assembled by a

creative group of researchers who are

constantly pushing the limits of our
field,” said Dan Reed, director of
NCSA. “Many people have talked

PlayStation2 plus announced

Sony remains silent on anything to do with the
PlayStation3, but recently announced details of what
could be described as PS2+.

To be called PSX, the up-market machine will retain
the Emotion Engine and graphics synthesiser chips from
PS2, which means it will still play PS and PS2 games as
well as DVDs, but it will look like a piece of hi-fi and do
a whole lot more.

Inside Sony plans a looking slot-type DVD recorder as
well as a 120Gbyte hard drive, with a built-in TV tuner
to record programmes on either.

On the back is Ethernet, USB 2.0 and a Memory Stick
slot.

PSX “will be launching in Japan in this fiscal year and
in other territories in the next fiscal year, which means
we may see the PSX in Europe in 2004 or 2005, said
Sony.

Sony has also announced a portable 60mm optical
disc-based PlayStation, called PSP.

L AR e 6 P 6 W A e

Linux cluster?

about the possibilities of the
PlayStation’s graphic processors, but
to our knowledge, no one else has
attempted to make these machines
perform as a large, integrated Linux
cluster. We have shown it is possible,
and the long-term result could be
another low-cost computing
alternative for the scientific
community.”

PlayStation has two fast ‘vector
units’ (VUs) designed to
mathematically manipulate polygons
for game displays.

“There are 65 compute nodes
[PS2s] in the cluster,” NCSA scientist
Craig Steffen told Electronics World.
“Each PS2 has two VUs, and each
VU has four floating-point multiply-
accumulators [FMACs]. Each FMAC
does two floating-point operations per
clock, and the clock runs at 300 MHz.”

This means, flat-out, each machine
can do 2x4x2x300million=4.8 billion
FMAC operations per second -
written as 4.8GF.

With 65 PS2s, “that’s 312GF as an
upper bound to the speed of this
cluster”, said Steffen. “Keep in mind
that getting 75 per cent of the
theoretical peak is very good, and
we’re not anywhere near that.”

At the moment, having connected
the PS2s together, the team is writing
basic software. “Right now we’re
working on the low-level libraries to
use the vector units. This is at the
proof-of-concept stage at the
moment,” said Steffen, “When we get
a little farther, and we can use the
vector units as efficient computational
engines, then we’ll start thinking
about serious benchmarks.”

What will finally limit cluster
performance, processors or
interconnection, can be guessed at
said Steffen: “That’s going to vary by

Many of today’s supercomputers are so-called clusters. These are shelves or racks of simple
computers, frequently PCs, connected together by a network, usually Ethernet.
Linux, the alternative PC operating system to Microsoft’s Windows, suits cluster applications

well because it is good at networking and is free.

For PlayStation2, Sony makes its Linux Kit which gives programmers direct access to the
PS2’s vector units and provides a working and development environment with tools found on

more traditional Linux systems.

It also includes 100baseT Ethernet hardware which attaches to the PS2 box.
The PS2 Linux cluster has 70 PS2s: 65 for processing, four as user terminals and one for

software installation tests.

Two HP Procurve 2650 switches each network roughly half the cluster and the two switches are
connected together at 1 Gbyte/s, and to the firewall/fileserver at the same speed.

“http://arrakis.ncsa.uiuc.edu/ps2/ps2_network_diagram.jpg” \* MERGEFORMATINET

® 19" RACK MOUNTING
DISTRIBUTION PANELS WITH
IEC 320 SOCKETS AND REAR
CABLE MANAGEMENT

application. Until we get the VU’s
under control, it’s limited by CPU.
Once the VUs are running fast, some
apps will be network limited, some
will probably still be CPU limited.
Unfortunately, a lot of apps will be
precluded from running at all due to
the non-expandable 32 Mbyte of main
RAM.”

So far, the project has proved
commodity game hardware can be
used for scientific work and now the
team is working out if the cluster can
do it well.

If it can, “then we hope that the time
we’ve spent working on the PS2 will
let us hit the ground running with the
PS3,” said Steffen.

www.ncsa.uiuc.edu/.
http://arrakis.ncsa.uiuc.edu/ps2/cluster

php
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UPDATE

Energy saving output driver

Cambridge company Adiabatic
Logic has invented an output driver
that can cut power consumption in
the I/O of integrated circuits by up to
75 per cent.

With modern ICs such as
microcontrollers and Asics burning
half their power in the I/O, the
firm’s design could have dramatic
effects on power consumption.

“This came out of some work on
adiabatic clocking on chips,” said
Geoff Harvey, chief technology
officer at the firm.

The intelligent output driver (I0D)
makes use of reflection along a
transmission line, a textbook
phenomenon.

To shift a chip’s output from a
zero to a one, the IOD first raises the
output voltage to half the rail
voltage. This uses charge stored in
an on-chip capacitor, passed through
a three-pole switch. The reflection
from the receiver chip will double
the voltage to the rail. When this

happens the switch automatically
takes the output up to the rail
voltage.

When moving from a one to a zero
on the output, the charge returned to
the driver is stored in the capacitor
ready for the next low to high
transition.

“In theory you can save 100 per

As a way to get reasonable quality audio into PCs and
laptops without pulling them apart, Creative has
introduced Sound Blaster MP3+. The 16-bit 48kHz
external sound card plugs into a USB portand includes
analogue and digital inputs and outputs as well as a
software bundle.

typically need five to seven times the
load capacitance for the reservoir
capacitance, so we're talking about
0.lmm?. That’s about the same as
the bond pad,” Harvey said. A single
capacitor can be shared between
multiple I/O pins.

Several companies are said to be
interested in licensing the IOD for
use in ICs.

www.adiabaticlogic.com

cent of the charge, but we’re limited
to 75 per cent because of real-world
losses,” said Harvey.

The system will also save cost,
said Harvey,-as it does away with the
need for serial termination resistors.
“And with IOD you already have an
inductor in the PCB tracking.”

The extra capacitor needed in the
1OD for driving outputs high should
not take up too much room. “We

B A FEEGEIEA Y
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Consultancy firm The Technology Partnership (TTP) has _de\{eloped a
module for transmitting video over the Internet. The unit is almejd at
delivering video-on-demand in systems such as in-flight entertainment or
around the home to multiple TVs. Adding a hard disk drive, said the firm,
would turn the unit into a personal video recorder. Multiple units could be
used, connected via Internet to a central set-top box or gateway. IBM’s
PowerPC processor runs the Linux operating system and can handl_e
MHEG, MHP and Java. The unit decodes an MPEG-2 stream running over
Cat-5 or coaxial cabling. TTP is working on a wireless LAN version.

Hard drive company Seagate is trying to persuade IT equipment makers
to switch to 2.5 inch hard disks for professional storage - so called
‘enterprise’ - applications. ; i :

“Systems built around these small enterprise-class disc drives will
provide data centres with unparalleled levels of input/outputs per second
performance in a smaller system space compared to what's being
delivered today” said the company. ad

Compared with traditional 3.5-inch drives, Seagate is c]almlpg: lower
power consumption, smaller size, faster /0 and quieter operation.

“The performance density offered by these new systems will ‘create
storage solutions that are 33 to 200 per cent smaller than today's
systems,” it said.

Seagate’s 2.5-inch drives for IT use will be produced for tt}e current
versions of Fibre Channel and Ultra320 SCSI, as well as Serial Attached

SESIE
Systems based on these disks should appear in 2004.
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£1 BARGAIN PACKS

PIEZO ELECTRIC SOUNDER. also operates
efficiently as a microphone. Approximately 30mm
diameter, easily mountable, 2 for £1. Order Ref:1084.
LIQUID CRYSTAL DISPLAY. On p.c.b with i.c.s etc.
to drive it to give 2 rows of 8 figures or letters with
data. Order Ref: 1085

30A PANEL MOUNTING TOGGLE SWITCH. Double
pole. order Ref: 166

SUB MIN TOGGLE SWITCHES. Pack of 3. Order Ref
214.

HIGH POWER 3in SPEAKER. 11W 8ohm, Order
Ref: 246

MEDIUM WAVE PERMEABILITY TUNER. It's alimost
a complete radio with circuit. Order Ref: 247
HEATING ELEMENT. Mains voltage 100W, brass
encased. Order Ref: 8.

MAINS MOTOR. With gearbox giving 1 rev per 24
hours. Order Ref: 89.

ROUND POINTER KNOBS for flattend '/4in spindles.
Pack of 10. Order Ref: 295.

REVERSING SWITCH. 20A double-pole or 40A single
pole. Order Ref: 343.

LUMINOUS PUSH-ON PUSH-OFF SWITCHES. Pack
of 3. Order Ref: 373.

SLIDE SWITCHES. Single pole changeover. Pack of
10. Order Ref: 1053

PAXOLIN PANEL. Approximately 12in. x 12in. Order
Ref:1033.

CLOCKWORK MOTOR. Suitable for up to 6 hours.
Order Ref: 1038.

HIGH CURRENT RELAY. 12V d.c. or 24V a.c.,
operates changeover contacts. Order Ref: 1026.
3-CONTACT MICROSWITCHES, Operated with
slightest touch, pack of 2. Order Ref: 861.

HIVAC NUMICATOR TUBE. Hivac ref XN3. Order
Ref: 865 or XN11 Order Ref: 866.

2IN. ROUND LOUDSPEAKERS. 50 coil. Pack of 2
Order Ref: 908.

5K POT, standard size with DP switch, good length
"/ain. spindle, pack of 2. Order Ref: 11R24.

13A PLUG, fully legal with insulated legs, pack of 3.
Order Ref: GR19.

OPTO-SWITCH. on p.c.b., size 2in. x 1in., pack of 2.
Order Ref: GR21.

COMPONENT MOUNTING PANEL, heavy Paxolin
10in. x 2in., 32 pairs of brass pillars for soldering
binding components. Order Ref: 7RC26.

HIGH AMP THYRISTOR, normal 2 contacts from top,
heavy threaded fixing underneath, think amperage to
be at least 25A, pack of 2. Order Ref: 7FC43.
BRIDGE RECTIFIER, ideal for 12V to 24V charger at
5A, pack of 2. Order Ref: 1070.

TEST PRODS FOR MULTIMETER with 4mm
sockets. Good length flexible lead. Order Ref: D86.
LUMINOUS ROCKER SWITCH, approximately 30mm
square, pack of 2. Order Ref: D64.

MES LAMPHOLDERS slide on to '/4in tag, pack of
10. Order Ref: 1054.

HALL EFFECT DEVICES, mounted on small
heatsink, pack of 2. Order Ref: 1022.

LARGE MICROSWITCHES, 20mm x 60mm x 10mm.
changeover contacts, pack of 2. Order Ref: 826.
COPPER CLAD PANELS, size 7in. x 4in., pack of 2.
Order Ref: 973.

100M COIL OF CONNECTING WIRE. Order Ref: 685.
WHITE PROJECT BOX, 78mm x 115mm x 35mm.
Order Ref: 106.

LEVER-OPERATED MICROSWITCHES, ex-equip-
ment, batch tested, any faulty would be replaced, pack
of 10. Order Ref: 755.

MAINS TRANSFORMER, 12V-0V-12V, 6W. Order
Ref: 811.

QUARTZ LINEAR HEATING TUBES, 360W but
110V so would have to be joined in series, pack of 2.
Order Ref: 907.

REELS INSULATION TAPE, pack of 5 several
colours. Order Ref: 911.

LIGHTWEIGHT STEREO HEADPHONES. Order Ref:
989.

THERMOSTAT, for ovens with '/4in spindle to take
control knob. Order Ref: 857.

MINI STEREO 1W AMP, Order Ref: 870.

BT TELEPHONE EXTENSION WIRE. This is a
proper heavy duty cable for running around the
skirting board when you want to make a permanent
extension. Four cores properly colour coded, 25m
length only £1. Order Ref: 1067.

VERY THIN DRILLS. 12 assorted sizes vary between
0.6mm and 1.6mm. Price £1. Order Ref: 128.

EVEN THINNER DRILLS, 12 that vary between
0.1mm and 0.5mm. Price £1. Order Ref: 129.

MES BATTEN HOLDER. Pack of 6. Order Ref: 26.
SCREW DOWN TERMINAL. Can also take 4mm plug.
Mounts through metal panel with its own insulators
and 2 quite hefty nuts for securing the cable. Pack of
3. Order Ref: GR42. Only red ones available.

1000 WATT FIRE SPIRALS. Useful if you are repair-
ing old types of porcelain body heaters. pack of 4.

Order Ref: 223.
L

SELLING WELL BUT STILL AVAILABLE
IT IS A DIGITAL MULTI-
TESTER, complete with
backrest to stand it and
hands-free test prod holder.
This tester measures d.c.
volts up to 1,000 and a.c.
volts up to 750; d.c.current
up to 10A and resistance up
to 2 megs. Also tests
transistors and diodes and
has an internal buzzer for
continuity tests. Comes complete with test prods, battery and
instructions. Price £6.99. Order Ref: 7P29.
INSULATION TESTER WITH MULTIMETER. Internally
generates voltages which enable you to readinsulation directly
in megohms. The multimeter has four ranges: AC/DC volts, 3
ranges DC milliamps, 3 ranges resistance and 5 amp range.
These instruments are ex-British Telecom but in very good
condition, tested and guaranteed OK, probably cost at least
£50 each, yours for only £7.50 with leads, carrying case £2
extra. Order Ref: 7.5P4.
REPAIRABLE METERS. We have some of the above testers
but slightly faulty, not working on all ranges, should be
repairable, we supply diagram, £3. Order Ref: 3P176.
BT TELEPHONE EXTENSION WIRE. This is proper heavy
duty cable for running around the skirting board when you want
to make a permanent extension. Four cores properly colour
coded, 25m length only £1. Order Ref: 1067.
HEAVY DUTY POT. Rated at 25W, this is 20 ohm resistance
so it could be just right for speed controlling a d.c. motor or
device or to control the output of a high current. Price £1. Order
Ref: 1/33L1.
1mA PANEL METER. Approximately 80mm x 55mm, front
engraved 0-1000. Price £1.50 each. Order Ref: 1/16R2.
D.C. MOTOR WITH GEARBOX. Size 60mm long, 30mm
diameter. Very powerful, operates off any voltage between 6V
and 24V D.C. Speed at 6V is 200 rpm, speed controller
available. Specialprice £3 each. Order Ref: 3P108.
FLASHING BEACON. Ideal for putting on a van, a tractor or
any vehicle that should always be seen. Uses a Xenon tube
and has an amber coloured dome. Separate fixing base is
included so unit can be put away if desirable. Price £5. Order
Ref: 5P267.
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, this plugs
into a 13A socket, is really nicely boxed. £2. Order Ref: 2P733.
MOTOR SPEED CONTROLLER. These are suitable for D.C.
motors for voltages up to 12V and any power up to 1/6h.p.
They reduce the speed by intermittent full voltage pulses so
there should be no loss of power. Made up and tested, £18.
Order Ref: 20P39.
BALANCE ASSEMBLY KITS. Japanese made, when
assembled ideal for chemical experiments, complete with
tweezers and 6 weights 0.5 to 5 grams. Price £2. Order Ref:
2P44.
CYCLE LAMP BARGAIN. You can have 100 6V 0.2A MES
bulbs for just £2.50 or 1,000 for £20. They are beautifully made,
slightly larger than the standard 6.3V pilot bulb so they would
be ideal for making displays for night lights and similar
applications.
SOLDERING IRON, super mains powered with long-life
ceramic element, heavy duty 40W for the extra special job,
complete with plated wire stand and 245mm lead, £3. Order
Ref: 3P221.

FOR YOU
A 16 range multitester, analogue or digital, your choice, free
of charge providing your order is £12 or over.

ULTRA-VOILET VIEWING UNIT. This is self-contained, free-
standing unit. Mains operated but all live parts are protected in
its metal housing. The lamp is in the top frame of the unit so
anything you want to view can stand underneath. Ultra-violet
light activated fluorescentmarkings as used on documents and
vouchers. A genuine bank note under ultra-violet lamp will stay
dull but a forged bank note will glow. Unit complete with UV
lamp £12, order Ref GT17.
MES BULBS - ANOTHER BARGAIN OFFER. These are quite
standard, 6V .2A and offered at a very low price of 100 for
£2.50, Order Ref 2.5P36, or 1000 for £20, Order Ref 20P42.
MINI POWER RELAYS. For p.c.b. mounting, size 28mm x
25mm x 12 mm, all have 16A changeover contacts for up to
250V. Four versions available, they all look the same but have
different coils:

6V — Order Ref: FR17 24V — Order Ref: FR19

12V - Order Ref: FR18 48V — Order Ref: FR20
Price £1 each less 10% if ordered in quantities of 10, same or
mixed values.
RECHARGEABLE NICAD BATTERIES. AA size, 25p each,
which is a real bargain considering many firms charge as much
as £2 each. These are in packs of 10, coupled together with an
outputlead so are a 12V unit but easily divideable into a 2x 6V
or 10 x 1.2V. £250 per pack, 10 packs for £25 including
carriage. Order Ref: 2.5P34.
4 CIRCUIT 12V RELAY. Quite small, clear plastic enclosed
and with plug-in tags, £1. Order Ref: 205N,
NOT MUCH BIGGER THAN AN OXO CUBE. Another relay
just arrived is extra small with a 12V coil and 6A changeover
contacts. It is sealed so it can be mounted in any position or on
a p.c.b. Price 75p each, 10 for £6 or 100 for £50. Order Ref:
FR16
1.5-6V MOTOR WITH GEARBOX.
Motor is mounted on the gearbox
which has interchangeable gears
giving a range of speeds and motor
torques. Comes with full
instructions for changing gears and
calculating speeds, £7. Order Ref:
7P26.

1 BARGAIN PACKS

FIGURE 8 FLEX, figure 8, flat white PVC, flexible with
0.4 sq mm cores. Ideal for speaker extensions and
bell circuits. also adequately insulated for mains
lighting, 12m coil. Order Ref: 1014.

SOLENOID COIL. 6V DC or 12V AC, only needs a
plunger which could be a nail, you would then have a
really efficient solenoid. Pack of 10. Order Ref: 1/L2.
ONE OHM 20W RESISTOR. Made for the Admiralty
in 1952 but being wirewound is probably just as good
as when new. Pack of 2. Order Ref: 7/19R4.
COLVERN 5K POT. Totally enclosed with good
length spindle. Pack of 2. Order Ref: 7/19R5.
DITTO but 20k. Pack of 2. Order Ref: 7/19R6.
PHILIPS TRIMMER CAP. Sometimes called the
beehive trimmer as this is in two sections, the top
being on a threaded rod. Capacity is altered by
twisting along the rod. Pack of 2. Order Ref: 7/19R19.
THREE BOOKS: The Mullard Uniles Handbook,
Practical Electronic Projects and Short Wave
Receivers for Beginners. Order Ref: 400.

SMITHS COOKER CLOCK. Their Ref OCU9900/1 in
its own metal case but without a face plate, still in
maker’s packing. Order Ref: 2/17L7.

SUPERIOR FERRITE ROD AERIAL. This is an extra
special Y/4in diameter rod so the long and medium
Wave coils are extra robust. Order Ref: D203.
DOLLS HOUSE SWITCH. A very neat white body
with red control tag. Pack of 2. Order Ref: 57.
MAINS RELAY. Plugs into octal base, double-pole
changeover contacts which look OK for up to 10A.
Order Ref: 7TOP14.

THERMAL DELAY SWITCH. Length of delay
depends upon the voltage applied to its heater coil
which causes the 10A contacts to open. This again
plugs into octal base. Order Ref: 7TOP15.

TINY MAINS MOTOR. This is only 2in square, the
shaded pole type with good length of '/sin spindle.
Order Ref: 7/1R7.

COMPUTER DUST COVER. Made for Altai, these
dust covers are a special opaque plastic measuring
22in. long, 14in. wide and 6in. deep, nicely boxed.
Order Ref: D204.

PROJECT BOX. Conventional plastic construction
colour is beige and size approximately 250mm x
130mm x 50mm deep. Divides into 2 halves, held
together by screws. Ventilators in the top and bottom
corners, but these are quite a decoration and give the
box a pleasing look. Order Ref: D201.

LIMITED SPACE LIGHT SWITCH. It is only about
2in. x 1in. brown Bakelite but rated at 15A 250V. It is
easy to fix in a small space. Its operating toggle is
labelled off for up and on for down. Pack of 3. Order
Ref: 1/11R27.

IN-LINE FUSEHOLDERS. Just cut the wire and
insert, fully insulated Pack of 4. Order Ref: 969.
MINI MONO AMP. 3W into 4 ohm speaker or 1W into
8 ohm. Order Ref: 495.

15V DC 150mA PSU. Nicely cased. Order Ref: 942.
6V 1A MAINS TRANSFORMER. Upright mounting
with fixing clamps. Pack of 2. Order Ref: 9.

SUCK OR BLOW OPERATED PRESSURE
SWITCH, or it can be operated by any low pressure
variation such as water level in tanks. Order Ref: 67.
12V SOLENOID. Has good "/zin. pull or could push if
modified. Order Ref: 232.

NEON INDICATORS. In panel mounting holders with
lens. Pack of 6 . Order Ref: 180.

12V ALARMS. Make a noise about as loud as a car
horn. Use one lead and case for DC, all brand new.
Pack of 2. Order Ref: 221B.

PANOSTAT. Controls output of boiling ring from
simmer up to boil. Order Ref: 252B.

OBLONG PUSH SWITCHES. For bell or chimes,
these can switch mains up to 5A so could be foot
switch if fitted in pattress. Pack of 2. Order Ref: 263.
MIXED SILICON DIODES. Pack of 25. Order Ref:
293.

SHADED POLE MAINS MOTOR. %/4in. stack so quite
powerful. Order Ref: 85.

HIVAC NUMICATOR TUBES XN3 AND XN11. £1
each. Order Ref: 865 for XN3 and 866 for XN11.

TERMS
Send cash, uncrossed PO, cheque or quote credit
card number. If order is £25 or over deduct 10% but
add postage, £3.50 if under 2 kilo, £6 if under 4 kilo.

J & N FACTORS

Pilgrim Works (Dept.E.E)

Stairbridge Lane, Bolney
Sussex RH17 5PA
Telephone: 01444 881965
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Fundamentals of 802.11

Fig. 1. IEEE 802.11
system as used to

provide

connectivity for a

large network
system

Wireless networking is all the rage and could just be what is needed
to connect together entertainment devices in a domestic environment,

let alone its business potential. lan Poole explains how it works

ireless networking is one
of the new growth areas in
electronics with many

chip and circuit card manufacturers
poised to take advantage of the new
markets. Previously wired
connections were always required to
enable PCs to connect to networks
and to other peripherals. Now this can
all be accomplished far more
conveniently using wire-less
technology. It can now be said that
Wireless Local Area Networks
(WLANS) have made the transition
from being a relatively niche market
to a mainstream technology.
Manufacture of chipsets quadrupled
between 2001 and 2002, and this
growth is set to continue as people
take up the advantages of this new
technology.

There are a number of standards
that are used for wireless
connectivity. 802.11, Bluetooth, and
hiperLAN are but three. Each
operates in a slightly different way
and they are used in different areas.

For computer peripheral
interconnections the 802.11 family of
specifications is becoming widely
used.

802.11, rather than specifying a
single standard actually covers a
family of similar standards. Some of
these are ratified and can be
implemented whereas others are not
yet. In fact the 802.11 working group
is just one of the 16 groups that exist
under the IEEE LMSC (LAN / MAN
Standards Committee). (The IEEE is
the Institute of Electrical and
Electronics Engineers that is based in
the USA)

The reason for the large number of
different standards is thatsince the
first proposals were finalised and
launched the industry has moved
forward and it has been possible to
introduce new features and update the
specifications as a result of industry
feedback. Issues such as throughput
rate, operating range, security,
robustness and ease of operation have
all featured high on these lists. As a

result of the success and widespread
use of the system it has been possible
to introduce further variations of the
standard to encompass these issues,
whilst still retaining the earlier
versions to enable manufacturers to
continue with their existing products.

Basic specifications

The first of the 802.11 standards to
be launched onto the market was
developed to support roaming within
an office environment or where
wired connections are not
convenient. As a result WLAN cards
for computers use this standard and
enable people to hot desk and the
like. They may also be used for large
conferences where delegates need to
use their laptop computers to access
data dynamically.

The performance of this 802.11b
standard is comparable with many
wired systems, supporting data rates
of up to 11Mbps. It uses direct
sequence spread spectrum techniques
with a total of 52 carrier centre

Acce?s'
point
(AP)

Wired backbone distribution system

Approximate limit
of access point
communications

Access |
point
(AP)

frequencies. Like many other
applications such as Bluetooth,
802.11b uses the 2.4GHz ISM
(Industrial, Scientific and Medical)
band allocation. Not only do other
data services use the band, but many
industrial and heating applications
such as microwave ovens also use
this band. It therefore has to be very
resilient to interference.

The 802.11a specification is a
higher performance specification. It
uses the SGHz ISM band which is
expected to be less congested. This
specification can achieve data rates
of up to 54Mb/s and employs
orthogonal frequency division
multiplex (OFDM). It is not as
popular as 802.11b, because
manufacturers have now established
their production lines for the
standard and using a higher
frequency costs will be slightly
higher. However for the future it is
anticipated that it will gain
considerable acceptance in some
areas.

As if this was not enough, a further
specification, 802.11g is being
introduced. Due for ratification in
June 2003, chipsets were available at
the beginning of 2003, anticipating
its success. Offering data rates of
54Mb/s and using the 2.4GHz ISM
band it is backward compatible with
802.11b, thereby enabling the new
standard to work seamlessly with
existing 802.11b cards. It achieves its
higher speed by employing OFDM
for the higher data transfer rates and
the enhanced protocol enables the
backward compatibility.

Networks
By using a wireless network it is not
necessary to install a wired network.
Despite the cost of the additional
wireless hardware, the wireless
solution can be considerably cheaper
than the wired solution. This results
from the fact that wired networks are
very costly to install and maintain,
especially if they need to be modified
to take account of a new office plan.
Whilst it may be argued that WLAN
cards are required in each computer,
ordinary LAN cards are needed
anyway for a wired version.
Accordingly the costs for the
hardware tend to roughly balance out.
Apart from the cost the WLAN
provides significant advantages in
terms of flexibility, enabling mobile
office working far more easily.
Using the 802.11 system there are
two types of network that can be
formed. These are termed
infrastructure networks and ad-hoc
networks. The infrastructure systems
require a hard wired backbone. This

WI-FI

Fig. 2. An example
of an ad-hoc
network.

backbone is connected to a server and
uses the wireless link to enable
connection to the full computer
network and other local services such
as printers. The wireless network is
then split up into a number of cells,
each serviced by a base station or
Access Point (AP) which provides
access to the backbone of the full
system. This Access Point may have
arange of between 30 and 300 metres
dependent upon the environment.
Although involving some wired
connections, the wires to the access
points are not constrained in the same
way that fully wired networks are,
and they are therefore much easier to
install.

The other type of network that may
be used is termed an ad-hoc network.
This type of network is formed when
anumber of computers and
peripherals are brought together to
communicate with one another. One
of these networks may be required
when several people come together
and need to share data between their
computers or if they need to access a
printer without the need for having to
use wire connections. In this situation
they only communicate with each
other and not with a larger wired
network and there is no controlling
Access Point. For this type of
operation, special algorithms have
been generated to enable the system
to operate with one of the peripherals
taking the role of master to control
the network and the others acting as
slaves.

Modulation scheme and data
structure

802.11b uses a technique known as
direct sequence spread spectrum
(DSSS). It spreads the signal out over
a wide bandwidth and as a result it

enables the system to operate in an
environment where there are other
users and levels of interference may
be high. A variety of different types
of modulation can be used and they
are chosen dependent upon the rate at
which data is to be transmitted.
Systems running at 1Mb/s use BPSK
(Binary Phase Shift Keying)
modulation, and those running at
2Mb/s QPSK (Quaternary Phase Shift
Keying) modulation. For higher data
rates, systems running at 5.5Mb/ps
and 11Mb/s use CCK
(Complementary Code Keying) and
QPSK modulation. CCK involves 64
unique code sequences, each of
which supports 6 bits per code word.
The CCK code word is then
modulated onto the RF carrier using
QPSK, and this allows another two
bits to be encoded for each 6-bit
symbol. In this way each 6-bit
symbol contains 8 bits, i.e. 1 byte.

The same both ways
802.11 cards are all designed so that
they are symmetrical, with all stations
having the same output power
capability. This must be the case,
especially when the stations are to
operate in an ad-hoc mode as any of
the stations may be called upon to act
as the master. Around the world there
are different power limits, but in most
cases the maximum limit is 100mW
EIRP. The two main exceptions to
this are for the USA where the limit
is 1000mW and in Japan where the
limit is specified differently as
10mW/MHz. A minimum power
limit of 1mW is used as this generally
accepted to be the minimum level
required for communication, even
over a very short distance.

Within the allowable maximum,
and the minimum levels, the power is
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other nearby cells and ensures battery
usage is kept to a minimum.

Protocols

As with any system of this nature
there are operating protocols that are
set up to ensure the correct operation
of the system. When a station wants
to join a cell, it must first synchronise
with the other stations in the cell.
This may be gained in two ways. The
first is passive scanning. The station
waits to receive what is termed a
beacon frame from the access point
or another station in an ad-hoc
network. This frame is a periodic
frame of data that is sent out with
synchronisation information on it.
This enables new stations to
synchronise, and also ensures existing
stations maintain their
synchronisation. The alternative
method is for the station entering a
network to send out a ‘probe’
transmission and then wait for a
response.

Once the new station has the
synchronisation information it can
then request access to the cell. It does
this by going through an
authentication process. Only when
this has been completed can the
station enter the cell and exchange
data. The process includes
exchanging passwords to ensure that
the new station should be in the cell.

Collision avoidance

One of the problems that could occur
with a wireless system of this nature
is that two devices try to transmit at
the same time. This possibility is
accounted for in the software layer

For more information about radio
and electronics technology visit
www.radio-electronics.com Also,
Ian Poole’s book Newnes Guide to
Radio and Communications
Technology (published July 2003)
gives more information about
WLAN technology and many other
new wireless or radio technologies
as well as the basic radio
principles.

What’s on in 802

There are a variety of different specifications that result from the IEEE
LAN /MAN (Local area network/metropolitan area network) committee.
Set up over 22 years ago, this committee has undertaken a vast amount of
work that has shaped much of the networking in the computer and data

communications industry.

There are a total of 16 working groups that operate under the guidance
of the committee and of these the most well known is possibly 802.3, the
Ethernet group. Ethernet has become a very well known standard used for
a vast number of computer networks. However, with wireless
communications rapidly growing in importance, the WLAN working
group, 802.11 is seeing its work rise in importance.

Token ring access method and physical layer specification

802.1 High level interface

802.2 Logical link control

802.3 Ethernet CSMA /CD

802.4 Token Bus

802.5

802.6 MAN (metropolitan are a network)
802.7 Broadband technical advisory
802.8 Fibre optic technical advisory
802.9 Isochronous LAN

802.10 Standards for interoperable LAN / MAN security

802.11 Wireless LAN (WLAN)
802.12 Demand priority
802.13 Not used!

802.14 Cable TV based broadband communications network
802.15 Wireless personal area network (WPAN)

802.16 Broadband wireless access (WMAN)

802.17 Resilient packet ring study group

known as the MAC (Media Access
Controller) by a system known as
CSMA/CA (Collision Sense Multiple
Access with Collision Avoidance).
This is very similar to the CSMA/CD
(Collision Sense Multiple Access
with Collision Detection) system that
is used in 802.3 for Ethernet. A
different system is required for a
wireless network because on a wired
network all nodes will be able to hear
each other, whereas on a wireless
network it is possible that one station
may not be able to hear all the others.

When a station wants to transmit, it
checks the frequency to ensure no
other stations are transmitting. If the
channel is occupied the station delays
sending its message for a random
amount of time. When all is clear it
sends its message. As there is a
possibility another station could
perform the same operation at the
same time, an acknowledgement is
sent to the station from whom the
message is received. If the station
sending the message does not receive
its acknowledgement then it resends
its message.

The first message that is sent is
what is termed a request to send
(RTS). This is done in case there are
other stations that cannot be heard.
This RTS message defines the length
of the message to be sent and the
destination. If this is acceptable a

clear to send (CTS) message is sent.

Information sent across the system
is split into frames. There are three
types of frame: data frames that are
used to send actual data from one
station to another; control frames that
are used to control the way in which
data is sent. Examples of these are the
RTS, CTS and ACK frames that are
sent. Finally there are the
management frames. These are sent
across the system in the same way as
the data frames and they are used to
control or manage the cell, but the
data is not visible to the user.

Summary

The use of WLAN technology is seen
as one of the major growth areas for
the electronics industry. Whilst the
cellular telecommunications industry
may be in recession at the moment,
there is no sign of this for WLANS.
Intel recently announced that it has
set aside $150 million to promote its
adoption and it is obvious that it
intends to play a very dominant role
in this market. Intel’s support alone
would signal the success of the
market, but there are many other
players, large and small that are
already producing large amounts of
product. The question is not whether
the market will be successful, but
how successful and which players
come out on top. |
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ERVICING YOUR COMPLETE PROTOTYPE NEEDJ

Protolypes at a fraction of the cost
f ¥ Tooling and setup included
v 1 Any contour

ﬁ Frd4 1.6mm, 35um Cu

¥ Industry standard quality
& Follow up series runs
£¥ CAM/ CAD consulting

e PRICE EXAMPLE:
i ,q EUROCGARD ssir
' + Tooling

+ Photoplots
+ VAT

= £29.89*

*Sterling rates may vary. Price = €49

&1&‘?

Tel:-+353 (0)61 701170
3o Fox: -+353 (0)61 701164
E-Mail: sales@beta-layout.com

FREE

i With first ordec

Fuﬂ“""

0800-3%? 9

o madg! shoan

St;mp}y send your files and order ONLINE:

WWW.PCB-POOL.COM

B2 @ 4 B 2. D Guontese

WATCH SLIDESON TV &
MAKE VIDEOS OF
YOUR SLIDES
DIGITISE YOUR
SLIDES

(using a video capture card)

"Liesgang’diaty" automatic slide viewer with built in high quality colour TV camera. It has
a composite video output to a phono plug (SCART & BNC adaptors are available). They
are in very good condition with few signs of use. For further details see www.diatv.co.uk
. £91.91+ vat = £108.00
Board cameras all with ’?12x582 pixels 8.5mm 1/3 inch sensor and composite video out.
All need to be houged in your own enclosure and have fragile exposed surface mount
parts.They all require a power supply of between 10 and 12v DC 150mA.
47MIR si;e 60x§6x27mm with 6 infra red LEDs (gives the same illumination as a small
torchbut is not visible to the human (=37 ) T £37.00 + vat = £43.48
30MP size 32x32x14mm spy camera with a fixed focus pin hole lens for hiding behind a
very small hole £35.00 + vat=£41.13
40MC ;ize 39x38x27mm camera for 'C' mount lens these give a much sharper image
than with the smaller lenses £32.00 + vat =£37.60
Economy C mount lenses all fixed focus & fixed iris
VSL1220F 12mm F1.6 12x15 degreesviewing angle...................... £15.97 + vat=£18.76
VSL4022F 4mm F1.22 63x47 degrees viewing angle... ....£17.65 + vat = £20.74
VSL6022F 6mm F1.22 42x32 degrees viewing angle.... ....£19.05 + vat = £22.38

VSL8020F 8mm F1.22 32x24 degrees viewing angle..................... £19.90 + vat = £23.38
Better quality C Mount lenses
VSL1614F 16mm F1.6 30x24 degrees viewing angle........ccccoueun £26.43 + vat = £31.06

VWL813M  8mm F1.3 with iris 56x42 degrees viewingangle........ £77.45 + vat= £91.00

1206 surface mount resistors E12 values 10 ohm to 1M ohm 100 of 1 value £1
1000 of 1 value £5.00 + vat el

866 battery pack originally intended to be used with an orbitel
mobile telephone it contains 10 1.6Ah sub C batteries
(42x22dia the size usually used in cordless screwdrivers etc.)
the pack is new and unused and can be broken open quite
easily £7.46+vat = £8.77

JPG ELECTRONICS
Shaws Row, Old Road, Chesterfield, S40 2RB
Tel 01246 211202 Fax 01246 550959 Mastercard/Visa/Switch
Callers welcome 9:30 a.m .to 5:30 p.m. Monday to Saturday
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A QUANTUM LEAP IN
EMBEDDED CONTROLLERS

IR

ur range provides:

',TO The fastest 68000 based
#, Core up to 66 Mhz.

. Extensive 1/0:- Serial,
¢ IDA, SPI, I2C, Analogue,
Timers/Counters, RTC, etc.
3 .'? » Large Memory Capacity:-
., Flash; SRAM, DRAM.

<" e Supports:-

#%  Mono & Colour LCD's,
H Touch Panels & Keypads,

Ve}y Low Power.

" ALSO LOW COST

ol
[

- -

DEVELOPMENT

myTarget easily & quickly.
u Ful Jl"-NSI ‘C’ compiler, assembler
&xiMiker all Windows32 based.
" Source Level Debug.

5 g'-'ull Driver Support with
1R Libraries.p

Real Time Multitasking OS with
; @free run time licence.

‘& Free Unlimited email support.

www.cms.uk.com

see our web site for full details

CAMBRIDGE MICROPROCESSOR SYSTEMS LTD

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

Telephone: 01371 875644

email: sales@cms.uk.com
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receivers of the Third Reich
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Comparing a valve radio receiver
from the 40s to something from
the present day, you could be
forgiven for wondering how on
earth it worked at all. The
designers in those days were a
lot more innovative that you
might think. Jeremy Stevens
explains

hen as a child I first
started dabbling in
electronics during the

1960s, valves were ubiquitous in
television sets and in the process of
being displaced in radio receiver
applications. Undoubtedly I broke up
a number of potential antiques as
valve radio receivers had virtually no
value at that time.

I have more recently started
collecting interesting examples of
radio history and restoring them for
daily use — much to the chagrin of my
wife. Dealing with valves again
instead of microprocessors can be
therapeutic: the technology is stable
and there is nothing new to learn
other than to refresh one’s memory of
some of electronics’ first principles.

I first became aware of the German
People’s Radio (Volksempfénger)
when an old friend of mine contacted
me, he having been given a DKE38
to repair. The owner, a former
soldier, brought it back to England
after the war and I subsequently
carried out some research on the
subject for my friend and as a result
developed an interest in these
receivers. It was on a visit to the
Techno-Classica exhibition in Essen,
Germany, where I was browsing for
classic car spares that I came across a
pair of Volksempfénger for sale on
one of the memorabilia stalls.
Volksempfénger are particularly
conspicuous when on sale in
Germany because the German eagle
and swastika emblem is always
covered (as dictated by law); this,
paradoxically, draws attention to
these receivers. Somewhat rashly, I

decided to make an offer for a VE301
and after some negotiation I became
its owner.

Historical Background

In January 1933 Hitler assumed the
office of Chancellor of Germany. By
March 1933 the first propaganda
broadcasts had commenced having

been organised by the Minister of
Interior, Frick and SA member
Hadamowsky. (After the war Frick
was found guilty of war crimes at the
Niiremburg trials and subsequently
hanged). In April 1933 engineers
from the Heinrich Herz Institute
under Prof. Leithduser commenced
mapping the field strength of the
main transmitters throughout
Germany. This work established that
reception of national stations could be
achieved using a simple TRF
receiver. Thus the concept of the
Volksempfinger, a mass-produced
cheap radio receiver for the reception
of German State propaganda, was
born. In keeping with the limited
sensitivity necessary to make
reception of stations outside Germany
difficult, the TRF design comprised
just two stages, a first stage detector
with reaction followed by an audio
output stage as shown in Fig. 1.

The electrical circuit design of the
receiver was by Otto Griesing. Walter
Maria Kersting (1889-1970) designed
an emblem for the receiver (20
Century Design ) comprising a
silhouette of an eagle’s head
superimposed over five concentric
rings, like ripples in a pool of water.
The pace of development of this
project was astonishingly fast, the
VE301 was announced at the Berlin
Radio Fair held in late August 1933.
With typical German attention to
detail the model number had a special
significance as it commemorated the
date that Hitler became Chancellor,
30 January 1933. A pre-production
run of 100,000 units was prepared for
sale at the exhibition, priced at RM76
and all the receivers were rapidly
sold. Over the next few years and up
to the outbreak of war, the price was
to fall further. The sets were made in
vast numbers and several variants
were produced by a number of
different manufacturers from 1933 to

1945. When war started in 1939 the
larger radio manufacturers ceased
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Fig. 1. VE 301 circuit diagram and layout.
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domestic radio production,
manufacturing military equipment
instead. Limited production of
Volksempfanger continued only in
small companies. At this time it also
became illegal to listen to foreign
stations. This heinous crime was
categorised as “moral self mutilation”
and, if convicted, the minimum term
in imprisonment was 5 years. The
maximum penalty was death! (The
Past is Myself?).

AC and AC/DC sets were only
available with Bakelite cases. Battery
and DC only sets were supplied in
wooden cases. The stark rectangular
lines of the Bakelite case in particular
reflected the architecture of the time,
as Figs. 2 and 3 illustrate.

Fig. 2. VE 301 Bakelite case.

The original VE301W was an AC
only set (suffix “W” stands for
“Wechselstrom” i.e. “AC”) and was
produced up to about 1938. It had a
distinctive round speaker aperture,
centrally placed arched feature with a

sector cut out to reveal a linearly
engraved tuning scale (Fig. 4) and
multiple aerial sockets on the left side
of the case (Fig. 5). Kersting’s eagle
emblem took pride of place in the
centre of the arch. This receiver
featured on a poster with the caption:
“Ganz Deutschland hort den Fiihrer
mit dem Volksempfinger” (Fig. 6) —
“All Germany hears the Leader with
the people’s radio”. In 1938 the
“Reichsadler” replaced the eagle
emblem. The Reichsadler was an
eagle with outstretched wings and
talons grasping a swastika, that
familiar symbol of the Third Reich
and ultimate evil as shown in Fig. 7.
Griesing’s design used a triode first
stage detector (REN904) and
transformer coupling to the output
valve (RES164). A RGN354 half
wave rectifier provided the HT
supply. Its anode was returned to
chassis via a 700€2 resistor in order to

Fig. 3. VE 301 wooden case.

Siiiiziiaae

provide back-bias for the directly
heated output valve. The loudspeaker
was a high impedance balanced-
armature type directly driven from
the output valve anode, thus negating
the need for an output transformer.
There were a number of aerial
sockets connected to taps on the
coupling coil; three for long wave
and four for medium wave plus earth.
The desired tap was selected in
combination with adjustments to the
tuning and reaction controls
facilitating optimum coupling in line
with the desired listening level and
selectivity. The use of Litz wire in the

Fig. 4. Linearly
engraved tuning
scale.

Fig. 5. Multiple
aerial sockets on
the left side of the
case.
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Gans Deutfchland
hiet den Fiiheer

Fig. 6. Advertising poster.

Fig. 7. The
Reichsadler.

Fig. 8. AF7
pentode.

RF coils was deemed sufficiently
important to be mentioned in the
technical desctiption on the first page
of the handbook of the VE301.

The VE301G was a DC set (suffix
“G” stands for “Gleichstrom” i.e.
“DC”), whilst this retained the central
arched tuning scale, the case was in
wood with the front vertical edges
rounded. The speaker aperture was
square and divided with two closely
spaced horizontal bars to leave the
major part of the aperture at the
bottom. The primary difference on
this receiver was that the rectifier and
mains transformer had been
dispensed with. The valves were
indirectly heated types REN1821 and
RENS1823d. The heaters were wired
in series with a dropper resistor and
drew 180mA.

The two versions of the battery
receiver, VE301B & VE301B2, also
used the wooden case. The former
used two RE034 triodes and a
RES174d output valve. The latter
used different valves (two KC1
triodes for detector and first stage
audio amplifier and a KL1 pentode
output valve. In both cases the 2V
heaters were powered from an
external lead-acid accumulator). Both
sets were introduced in 1933 and the
“B2” version lasted until 1938 but the
“B” version was discontinued in
1934.

In 1935 the AC/DC version,
VE301GW was launched. The mains
transformer was replaced by a
dropper resistor and the valve line up
changed to VC1, VL1 and VY1.
These valves had 55V, S0mA heaters.

In 1937 the VE301Wn was
launched. The suffix “n” stood for
neu or new. A front panel control to
vary the aerial coupling and
bandwidth was introduced to
accompany the reaction control. This
replaced the multiple aerial sockets
employed for the same purpose in
earlier models. The first stage
detector valve was changed from a
triode to an AF7 pentode (Fig. 8) and

Fig. 10. VE301 tuning scale.

Fig. 9. VE301Dyn.

the transformer coupling to the output
valve replaced by a simple RC
network.

In 1938 the VE301WnDyn was
launched and represented the end of
development as the model continued
unchanged in production until 1944.
There was also an AC/DC version
(VE301dynGW) that used the same V
series valves as in earlier models. The
Bakelite case was changed
substantially as it now incorporated a
rectangular loudspeaker aperture (Fig
9) with traditional illuminated glass
tuning scale as shown in Fig. 10. The
scale was calibrated in kHz for both
MW & LW bands. A conventional
moving coil loudspeaker with
energised field replaced the balanced
armature unit. The output transformer
and ballast resistor (28kQ) were also
carried on the loudspeaker frame. The
rectifier was changed to a double
diode (RGN1064), but was still used
in half wave configuration with both
anodes wired in parallel. None of the
front panel controls were identified
on this model (in common with the
earlier wooden cased DC/battery
versions). The three aerial coupling
taps and earth connections were at the

Fig. 11. Braun version of the DKE 38.

Fig. 12. The Deutsche Olympia
portable.

rear of the set. Kersting’s single eagle
emblem was replaced by a pair of
Third Reich eagles moulded in the
case at each end of the tuning scale.
In March 1938 German troops were
welcomed into Austria as the two
countries united under The Anschluss
and the names of Austrian stations
joined the exclusively German Reich
stations on the tuning scale.

Also in 1938 a smaller, cheaper,
receiver was introduced, the DKE38,
shown in Fig. 11. The DKE38 model
name is short for “Deutsche Klein
Empfanger (19)38”. This receiver
was available in AC/DC and battery
variants. Also available in a Bakelite

or wooden case, it was cheaper than
the VE301 and featured a high
impedance balanced armature
loudspeaker and simple Bakelite
tuning knob with engraved linear
scale acting directly on the tuning
capacitor. Capable of receiving MW
and LW stations, an ingenious band
switching method was employed,
activated when the circular tuning
dial was rotated past its 180° end
position. The scale engraving was
repeated in two colours, white for
MW and red for LW. Volume and
selectivity adjustment was by means
of a front panel adjustable aerial
coupling control as in the VE301Dyn.
The version of the DKE38 for mains
operation had just two valves with
55V heaters, a rectifier type VY2 and
triode-pentode, typeVCL11. It was
nicknamed “Goebbels-Schnauze” —
literally “Goebbels Snout or
Mouthpiece” thus underlining the
receivers’ intended use as a
propaganda instrument of the Third
Reich. Small changes to the circuit
design, primarily in the power supply,
were made to the DKE38 in 1940 and
1944.

There were two more propaganda
receivers; a portable known as the
“Deutsche Olympia” (Fig 12) and a
workplace set without an internal
loudspeaker. The Olympia had the
model designation DO36 & DO37
indicating the model years of 1936 &
1937 respectively. The Deutsche
Arbeitsfront Empfanger had the
model designation DAF1011 and
dated from 1935. As with the VE301,
the model number had a special
significance as it commemorated 10
November 1933 when an address by
Hitler to workers in a Siemens
factory was broadcast. Although a
TRF design, the DAF1011 had both a
RF stage and extra audio
amplification to provide sufficient
power for driving multiple external
loudspeakers.

Photographs of the VE301W,
VE301Dyn, DKE38 and DAF1011
are published in Bakelite Radios'.

Initial Examination

At the time of purchase I was only
able to ascertain that my VE301
receiver was complete, that the case
was undamaged and that the
manufacturer was Philips. Although
clean, everything appeared original
including the valves, mains lead and
plug. The rubber wiring to the

HISTORY

loudspeaker and loudspeaker
mounted scale lamp was in a terminal
state of decay.

The valve line-up was as follows:
Rectifier RGN1064, Output pentode
(directly heated) RES164, (L416D)
shown in Fig. 13, and RF detector
pentode AF7. The valves were all
made by Valvo and had 4V heaters.
All the valves carried a warning that
they were only to be used in a VE301
receiver!

v W 4.,-4 ﬁ"ﬂ
Fig. 13. L416D output valve.

Removal of the chassis was a little
difficult because the control knob
grub-screws had seized. They were
freed by a judicious application of
easing-oil. On AC/DC sets these
screws are a potential source of
electric shock as they can become
live if the mains connections are
reversed. The same can be true of the
AC only sets if there is a fault in the
insulation of the mains circuit.

When the chassis was eventually
removed the set’s excellent overall
condition was confirmed, only one
repair was evident and that was the
replacement of a smoothing
capacitor. The replacement (dated
1946) has clearly failed as the pitch
encapsulation had run out of the case.

Before proceeding further I decided
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to draw out the circuit diagram. [
could have saved myself the trouble
as I later discovered that circuit
diagrams are available on specialist
German websites.

An initial check of all the passive
components revealed that as might be
expected all the resistors measured
higher than their claimed values but
not sufficiently high to warrant
replacement. However, it was a
different matter with the foil and
electrolytic capacitors: all were leaky.
I had assumed that as Philips made
my receiver it dated from post 1940,
possibly 1942. However, the
electrolytic capacitors gave a clue to
the date of manufacture as all the
original parts were dated October
1938. The capacitors were made by
NSF and FRAKO and carried the
emblem of the Third Reich (in
common with just about every other
major component in the receiver).
Luckily, they were of a type of
construction that rendered restoration
possible. The capacitor element was
housed in a cardboard tube sealed at
the ends with pitch. It was a relatively
easy matter to remove the complete
element by placing the capacitor in an
oven at 70°C for about half an hour
to soften the pitch and then pushing
on the end. Modern components are
almost invariably smaller and can be
placed inside the original case and
sealed in place with the original
pitch.

One of the capacitors was a
multiple foil type, something I was
not expecting to find. The single
wound element was tapped giving

Fig. 14. Restored
multi-capacitor.

Web sites:

Jan Philipp Wiisten Electronic:
VE301 restoration:

Wumpus’ Old Radio World
Joachin Herzig’s web site
Radiomuseum Rottenburg

www.ve301.de

www.fragjanzuerst.de
www.geocities.com/radioflier.geo/ve301res.htm
www .oldradioworld.de/volks.htm

values of 0.1uF+0.1uF+0.2uF with
respect to a common ground terminal.
It was slightly ' more challenging to
squeeze modern replacements into
this item. The restored component is
shown in Fig. 14.

Another surprise was the unit of
capacitance printed on some of the
smaller values manufactured by NSF,
namely “cm”. Some research
revealed that “cm” was once used as
the unit of capacitance! According to
the Bosch Automotive Handbook*
1uF=0.9x10%m and originates from
now defunct CGS units system for
electrostatic units where the Farad is
defined as 9x10!'cm. In other words
a capacitor of value 1cm is equivalent
to 1.11pF. This apparent anomaly
results from the attempt to define all
units in terms of mass length and time
only in the CGS system.

Switching on for the first time
The new capacitors having been fitted
and the insulation of the mains wiring
checked I switched on and eagerly
awaited the results as the valves
warmed up. I was disappointed to be
greeted with a faint hum and nothing
else. Prodding the control grid of the
output valve indicated that at least
this was working, but there was
absolutely no response from the top
cap grid of the AF7. At this point I
noticed the absence of a reassuring
glow from the heater. Unfortunately
the valve proved to be soft. This
temporary setback was soon
overcome when I discovered Jan
Wiisten’s web site. I was able to
purchase a brand new AF7 and Jan
supplied me with the data for all the
valves used in my receiver. [
therefore had no need to initiate my
back-up plan of installing an SP4, the
nearest equivalent English valve, on
to a side contact base.

It took a week to obtain the
replacement AF7 and on fitting it the
VE301 finally showed some slight
signs of life. The audio quality was
acceptable, certainly helped by the
large loudspeaker. True to its
designer’s brief the sensitivity was

www.rolaa.de/sehensw/radio/radiomus.htm

poor; a long aerial was required to
receive anything at all. On long wave
there was not even a hint of signal on
198kHz (Radio 4). As I intended to
put the receiver into daily use
something had to be done!

Circuit Overview

The circuit is worth some detailed
examination as it has some interesting
features. The power supply employs
an RGN1064 with both anodes
strapped in parallel as a half-wave
rectifier and returned to ground via a
450Q resistor. In this way a negative
bias voltage is developed for the
directly heated RES164 output valve.
A bleed resistor of 28k increases
the overall current draw on the HT
supply to boost the field current of
the loudspeaker. (This component
started to increase in value at an
alarming rate when the set was once
more put into use and on replacement
was found to have reached a value of
43kQ.) This resistor also has a
swamping effect on variation of the
speaker’s field current as a result of
changes in the anode current of the
output valve. The back bias circuit
develops around —12V with respect to
the receiver’s chassis. It has a
residual 50Hz component that is not
well filtered by the following 200kQ2
and 0.1uF capacitor with the result
that approximately 0.8V p-p ripple
appears on the output valve’s control
grid. The presence of a ‘humdinger’
potentiometer allows for cancellation
of injected hum from the AC
energised, directly heated, cathode of
the output valve. It is a pretty
fundamental requirement in this
design as any particular valve’s
emission will not be even along the
length of its filament. The pot enables
the hum to be nulled for all
reasonable valve spreads and may
well help to achieve an ‘aggregate
null’ taking in account the hum
injected by the grid bias supply, but
with obvious limitations due to phase
shifts, waveform distortion, etc.

The RES164 output valve is
specified for an anode current of
12mA at 250V and under these
conditions has a mutual conductance
(g™) of 1.4mA/V. The screen grid
current draw is about 1mA. Keeping
comfortably away from saturation, an
anode current swing of about 18mA
p-p with a corresponding voltage
swing of 300V p-p will develop an
audio output power of about 0.9W
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Fig. 15. Pre-amp circuit.

RMS at the output valve’s anode:
720mW at the loudspeaker, allowing
for an output transformer efficiency
of 80%. This implies that the anode
load resistance is about 16kQ2. With
this in mind the anode filter capacitor
(5000cm, 5500pF) results in a HF roll
off (=3dB) in the output stage of
1.8kHz. Thinking this too low I
disconnected the capacitor but found
the receiver broke into oscillation! I
had forgotten that this capacitor also
had the job of filtering residual RF
from demodulated signal. It had,
however, gone significantly high, it
measured 7500pF on my bridge, so
was replaced. Output stage voltage
gain can be calculated by multiplying
the mutual conductance by the anode
load resistance i.e. 16k x 1.4mA/V
=22.4. One can deduce, for full audio
output, that a p-p grid voltage of
approximately 300V/22.4 = 13.4V p-
por 4.7V RMS is required.

The output from the AF7
Demodulator stage (‘Audion’) is
capacitively coupled to the output
stage’s control grid with no
attenuation other than an RF filter.
There is no conventional volume
control in this receiver. Volume (and
to some extent selectivity) is
controlled by adjusting the aerial
input coupling, affected by rotating
the input coil through 90°. This has
the advantage that the possibility of
overloading the AF7 on strong

crackling and noise.

well.

signals is minimised. In addition, not
having a conventional potentiometer
volume control means that gain
adjustment does not suffer from

So how does the detector work?
The incoming RF is AC coupled to
the AF7 grid by a high pass network,
physically realised as a single
component, with a cut-off frequency
of about 700Hz. The RF signal is DC
restored by diode action between the
control grid and cathode of the AF7.
A negative bias is therefore
developed on the control grid,
proportional to the amplitude of the
RF envelope. The tuned circuit is
only lightly loaded because, in the
steady state, the grid current only
flows at the most positive excursion
of the RF input. The cut-off
frequency of the input coupling
network is such that grid voltage
follows the modulation envelope of
the RF carrier. As a larger RF input
voltage develops a more negative grid
voltage, the output at the AF7
becomes more positive, thus the
output is in phase with the incoming
RF envelope. The detector stage
therefore not only demodulates the
incoming RF waveform but also
provides some useful audio gain as

As the output is positive going, the
AF7 operating conditions must be
chosen for a relatively low quiescent

anode voltage and this has been
achieved in this design by limiting
the screen grid voltage. As the earthy
side of the tuned circuit is grounded
the cathode must also be returned
directly to ground to avoid negative
biasing of the detector diode formed
by the grid and cathode of the AF7.
This approach also saves an
additional resistor and capacitor in
the cathode circuit
From the voltage drops in the
circuit it can be deduced that the
anode and screen grid currents are
approximately 400uA and 130uA
respectively rather than the valve’s
rated currents of 8mA and 1mA
respectively. By running the valve at
a low anode current a high value
anode load resistor may be used in
order to maximise the voltage gain
(A=g™x RL). The rated g™ for an
AF7is 2.1mA/V, even if this is
reduced to 1.5SmA/V by operation at
reduced screen grid potential, a
respectable voltage gain of about 750
may be expected before applying
reaction. Allowing fora DVM
resistance of 10MQ, the screen grid
runs at about 24V and the anode at
about 70V with no signal. On a
strong local signal in London the
audio signal on the AF7 anode was
approximately S0V p-p, grossly
overdriving the output stage.
It will be noticed from the circuit

diagram that the screen decoupling
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capacitor is 0.2uF, a seemingly large
value for RF frequencies. It must be
remembered that the valve is
amplifying the detected audio
frequencies and the screen grid must
be at a good AC ground. It was found
that a 0.047uF de-coupler produced
noticeably less gain than the specified
0.2uF.

Gain and selectivity can be boosted
in this type of circuit by applying a
controlled amount of positive
feedback (reaction). Residual RF at
the anode of the AF7 is fed back to
the input tuned circuit via a variable
capacitor. The medium wave coil
comprises two bank wound coils
sandwiching a single turn reaction
winding. On long wave, the reaction
winding occupies the bottom layer or
so of the coil. The two reaction
windings are wired in series.

Taking into account the gains of
both stages, for full output power
without reaction, a RF envelope of
about 19mV p-p is required at the
AF7 grid.

Finally we reach the receiver’s
interface to the outside world, the
aerial coupling coil. This has two taps
and in conjunction with a 300cm
capacitor, provides three possible
aerial connection options facilitating
matching to different aerials over the
wide operating frequency range of the
set (150kHz to 1.5MHz). In order to
determine the inductance of the two
sections of the coupling coil they
were tuned with a 47nF capacitor and
a resonant search performed. Thus
the inductance for each of the two
sections was found to be 33uH and
800uH.

Improving Performance
The biggest irritation with this
receiver is the need for a long wire
aerial. I decided to carry out a few
experiments with separate ferrite rod
aerial (removed from an old transistor
radio) and pre-amplifier circuit. The
pre-amplifier’s supply could be
borrowed from the —12V bias supply
provided the currentdraw was less
than 2mA. By adopting this approach,
only one easily reversed modification
to the VE301 was necessary. As well
as improving the receiver’s
sensitivity a tuned pre-amplifier
would also improve adjacent channel
interference — often a problem with
TREF sets. The final circuit is shown
in Fig. 15.

In order to prevent the possibility of
RF instability caused by the
proximity of the ferrite rod to the

receiver, it was decided to mount it
remotely, using a 75Q coaxial line for
coupling. Remote mounting would
also facilitate rotation of the ferrite
rod to suit the direction of the
received signal. The next decision
was what configuration of pre-
amplifier to use? It had to be simple,
match reasonably well to a coaxial
line and interface to the available
input and output coils; namely the
aerial coils of the VE301 and ferrite
rod antenna.

After some thought and
consultation of the Mullard and
Siemens data books ¢ %7, I decided to
opt for a split cascode pair using
bipolar transistors. With a maximum
of 2mA available at 12V, the old-
faithful BC109C or BC548C looked
like good candidates at the
frequencies of interest, both devices
giving near identical performance.
The best noise performance depends
on source impedance and collector
current and is generally at a lower
collector current than that required
for maximising the current gain. It is
also necessary to consider the
dependence of transition frequency
on collector current as this falls with
falling collector current. A good
compromise between these
conflicting requirements could be
achieved at an operating current of
2mA and a collector-emitter voltage
of about 5V on each transistor.

A cascode pair consists of a
common emitter input stage driving a
common base output stage. The input
and output impedance of a common
base stage are highly interdependent,
in general the input impedance is
very low and the output impedance
moderately high. The 800uH aerial
coil of the VE301 presents a load
impedance to the pre-amplifier of
about 1k at 198kHz and 7.5k at
1500kHz. This is sufficiently low not
to increase the input impedance of the
common base stage much above 202
over the frequency range of interest.
Thus the coaxial line can be fairly
well terminated by simply adding an
appropriate resistor in series with the
common base stage’s emitter. The
common emitter half of the cascode
pair is mounted remotely along with
the ferrite rod antenna and its
collector is arranged to drive the
coaxial line directly. As the coaxial
line presents a low impedance, the
voltage swing at the collector and
hence the reverse coupling is
minimised. In effect this stage
provides current gain only. Under

these conditions the input impedance
of the transistor approximates to h;,
(about 9k when operating at 2mA)
correctly loading the ferrite rod
antenna, thus ensuring the “Q” and
hence bandwidth are right. A pre-set
trimmer was used to tune the LW coil
to 198kHz with a variable capacitor
on the MW coil. The two coupling
coils were wired in series thus
eliminating the need for a band-
switch on the pre-amplifier. To avoid
an additional wire for the power
supply, the base bias for the common
emitter stage is derived from the
collector.

Some consideration was given to
delivering more power to the aerial
input coil of the VE301 by the use of
transformer coupling. The common
base stage has a fairly high output
impedance, necessitating a large turns
ratio in order to achieve an optimum
power match and hence a large
inductance on the transformer
primary. There is a danger that the
inherent collector capacitance might
cause the transformer to resonate in
the desired pass-band. This idea was
therefore dropped. Although the
output of the cascode stage is not
optimally matched from a gain point
of view, in practice the circuit works
very well, is stable and meets its
objective of eliminating the need for
an external long wire aerial.

I have only outlined the design
process for the pre-amplifier, as this
could easily be the subject of another
article. In the process of development
I discovered the value of older books
where the theory is dealt with in
fundamental detail. I also found that
the results from SPICE programs
although useful should not be relied
upon unless one understands the
approximations within the library
models. |
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LEDs have built-in
reflectors

Rohm has introduced a series of
side-emitting LEDs that use
built-in reflectors and lenses to
optimise intensity with respect
to physical size and power.
Available in red, orange, yellow,
green, and blue, the SML-A12
devices measure 0.55mm high
with a footprint of 1.15mm. The
blue LEDs use InGaN on SiC
semiconductor technology while
the other colours are AlGalnP

on GaAs devices. All are

packaged with a reflector with a
white diffused epoxy lens.
Typical luminous intensity for
the red, orange and yellow
devices is rated at 63mcd with
forward current (If) = 20mA
with the green device rated at
40mcd. The blue LED has
typical luminous intensity of
11.5mcd and forward voltage of
just 3.0V at forward current of
SmA. Maximum recommended
forward current is 25mA in each
case, while peak forward current
is rated at 60mA. The maximum
power dissipation of all devices
is just 62mW.

ROHM

www.rohm.co.uk

Tel: +44(0) 1908 282666

RTC goes in small
places

Ricoh’s latest real-time clock is
designed for small spaces on the
PCB. The R2043k, with an
oscillator frequency of
32.768kHz comes in a FFP 12
package that measures 2 x 2 x
0.85mm. According to the
supplier, PCB area is further

Green Hills Software has two
dual-mode IPv4/v6 Internet
Protocol (IP) stacks for its
integrity real-time operating
system (RTOS), IPNET and
IPLITE. Developed by Green
Hills Software’s technology
partner Interpeak AB, the
protocol stacks provide
backward compatibility with
current IPv4 requirements
while overcoming 32-bit
address limitations and
security shortcomings. This
makes it possible to securely
connect IP devices to the
Internet. According to the
company, the design
challenge is that many
systems now need to be
connected to the Internet and
as a result require unique IP
addresses. The current 32-bit
standard, IPv4 provides
approximately four billion
unique IP addresses. The 128-
bit technology used by IPv6

IP adds billions of unique addresses

by contrast, provides nearly
600 quadrillion IP addresses.
Green Hills Software has also
said it plans to support
Motorola’s PowerQUICC 111
family of processors with its
Integrity RTOS. Green Hills

Software already provides
PowerQUICC 111 support
through its MULTI IDE and
C/C++ optimising compilers.
Green Hills Software
www.ghs.com

Tel: +44(0) 1844 267950

reduced as the device can be
used in combination with a
small crystal having a crystal
CL range of 6 to 9pF. Its time
keeping voltage is typically
0.66V and power consumption
is typically 0.45uA. It comes
with a time trimming function
for oscillator adjustment.
Ricoh
www.ricoh-semiconductor.com
Tel +31 2054 74310

PCl adds I/0 for

boundary scan access

JTAG Technologies has I/O
products to support test access
of boundary-scan designs with
PCl interfaces. Two are for
testing PCI slots on
motherboards and backplanes,
and for testing PCI card
interfaces. These are plug-in
cards, compatible with standard
32-bit and 64-bit PCI slots and
supporting 3.3V and 5V PCI
busses. The third I/O module,
for general use, is a DIMM
carrier that provides boundary-
scan access to up to 256

customer-configurable test
points designed for mounting
when no test fixture is available.
This carrier can contain one or
two of the firm’s DIMM DIOS
modules. All1/0 products can
be used in combination with
JTAG Technologies’ boundary-
scan controllers. They can be
configured in separate boundary
scan chains or can be
incorporated in any other chain
already available in the design.
JTAG Technologies
www.jtag.com

Tel +44(0) 1234 272226

FPGAs programmer
runs on a laptop in
the field

Actel has available a FlashPro
Lite programmer for use with
the company’s flash-based
ProASIC Plus family of FPGAs.
Designed to allow customers to
program devices using a laptop
computer the programmer
supports the Standard Test and
Programming Language
(STAPL), making the device

independent of any specific
programming algorithms. The
algorithm is embedded into the
programming file, independent
of the FlashPro software,
enabling the same programming
file to be used with other
STAPL-compliant programmers.
The programmer draws power
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from the target board rather than
an external power brick. It also
implements a 26-pin header to
connect to the target board,
thereby allowing designers to

program a board built for

FlashPro Lite using either the
firm’s FlashPro or Silicon

Sculpter programmers.

Actel
www.actel.com
Tel +44(0) 7823 3224

SMPTE/Firewire

interfaces for video

test system

Tektronix has responded to the
growing number of digital video
formats and standard interfaces
by introducing two interfaces for
its MTX100 MPEG recorder and

player - a SMPTE 310M
interface and IEEE1394

(Firewire) interface. The firm
has also added an HD-SDI stress
test module for its TG2000
Multi-format Video Signal

Generator Platform. The

MTX100, with the SMPTE
310M synchronous serial

interface, now supports
19.39Mbit/s for 8-VSB
terrestrial broadcasting. It also
includes an ASI interface,
allowing for the acquisition or
play out of transport stream data
in ASI format. The SMPTE
310M provides for the stimulus
of DTV devices under ATSC
standards.

Tektronix

www. tektronix.com

Tel +44(0) 1344 392000

Venturi fan blows
275m3/hour on a
standard footprint

Papst’s latest range of fans are

designed to increase airflow on

a standard footprint. The
mechanical design of the
DV4112 incorporates an air
channelling venturi which is
conical shaped as opposed to
cylindrical, with the fan blades
following the same profile

which according to the company

increases the air pressure
characteristics at the exhaust
side of the fan. The fan is

designed to achieve a maximum
flow rate of 275m3/h,
approximately twice the
performance level attainable
from a similarly sized axial fan,
and able to operate against static
pressures of up to 300Pa, said
the supplier. Built on the
VarioPro programmable control
platform, the fan can be factory
customised to meet the airflow
requirements specified by the
customer. The DV4112 series
operate from 12V DC and
consume 23W of power running
at a nominal speed of 6,000rpm.
Papst

www.papstpic.com

Tel +44(0) 1264 333388
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868MHz wireless
module for Europe

Aerocomm has released an
868MHz spread spectrum
wireless module designed for
the European market.
Designated the AC4486, the
transceiver module interfaces
with OEM’s designs via a serial
TTL level connection and will
provide bi-directional links
using the firm’s proprietary RF-
232 transparent protocol. It
provides two channels - one
operating at SmW and 100 per

The options for custom SoC
design on a budget of less than
£50k have increased with the
latest cost-reduced applications
specific device platforms from
Fujitsu and Chip Express. Gate
array supplier, Chip Express has
pushed the gate count of its
devices to 1.8 million usable
gates with its 0.18um CX5000
family. This brings the gate
array company into direct
competition with Asic company
Fujitsu Microelectronic which
is addressing a similar cost-
reduced custom device market

Asics on a budget get a makeover

with a range of higher clock

speed devices that it claims can

reduce costs for 500,000 plus

gates Asics by 80 per cent. The

Chip Express system slice is
designed as a platform gate

array offering eight size and on-

chip memory options. At the

low end, the 189-pad CX50041
delivers 44k gates and 64kbit of

SRAM/ROM. The largest

device, the 1089-pad CX51761,

has 1.8 million gates and

2.6Mbit of SRAM/ROM as well
as PLL and DLL macros. There

are also four versions with

added memory and are available

with between 1.0 and 4.5Mbit
of memory with a memory to
logic gate ratio of over 500 per
cent. The gate arrays are
intended to sit in

cost/performance terms between

high NRE cost Asics and high
end FPGAs. Design NREs
range from £20k ($35k) to 65k
($100k) depending on the level
of design. Although the
company claims that the
limiting factor on speed is
power consumption, not gate
delay, and it argues that

constrained logic areas will run
faster. The CX5000 system slice

preliminary libraries are

available for download from the
company website for customers

targeting system slice design

handoffs from this month, with
production silicon in September

2003. The company will begin

accepting the extended memory

version, called Memory Pig,
design handoffs in September.

Last year another Asic supplier,
LSI Logic made a similar move

to cut up-front Asic costs with
its RapidChip product which
combines standard cell Asic
design with up to eight million
uncommitted logic gates. This
is based on 0.13pm process
technology and pre-defined
hardware circuit elements,
which the firm is aiming at
medium volume applications in
that middle ground between
FPGAs and full custom Ascis.
In comparison Fujitsu’s Accel
Array is built on 0.11pm
process technology. Customer
designs will be implemented
using three metal mask layers
and there will be pre-defined
circuits such as high-speed
interface I/O and incorporates
pre-designed global clock trees
and 24 flexible peripheral local
clocks. There is also built-in
logic scan, JTAG and RAM
BIST. The first pre-fabricated
platforms include SRAMs, flip
flops and Asic logic.

www.fujitsu.com
www.chipexpress.com
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cent duty cycle for short range
applications, the other at
500mW and and 10 per cent
duty cycling for longer range
deployment. Dual frequency
bands are provided covering
902-928MHz, and 868-870MHz.
Intended for applications such as
vending machines, automated
meter reading, lighting control
and security, the transceivers
will operate over the industrial
temperature range of —40 to
80°C and are agency approved
for use in portable, mobile and
fixed applications in Europe.
Various antenna options are
available including integrated,
external or solder pads, and the
modules feature adjustable
receiver sensitivity from —85dB
to 102dB depending on data
throughput. The modules
operate from a 3.3V supply and
measure a compact 48 x 42 x
Smm.

Aerocomm
www.aerocomm.com

Tel: +44(0) 1908 326342

Windows CE.net gets
debug support

Lauterbach is providing kernel
support for the Windows CE.net
operating system. The firm’s
TRACE32 debugger is capable
of visualising the OS resources
(such as process tables) and
allows debugging of kernel,

drivers, processes and DLLs. If
the user adds the optional trace
module, they can then execute
real-time performance analysis
at the threads level. This
functionality is free for all new
users of TRACE32 and existing
users can upgrade free if they
are in the software maintenance
period of their contract. The
family consists of three main
categories of hardware
debuggers: ITAG debug
systems, JTAG debuggers with
trace (where supported by the
microprocessor) and full blown
In-Circuit Emulators.
Lauterbach
www.lauterbach.com

Tel: +44(0) 1256 333690

Image digitiser has
configurable amplifier

Datel’s latest image digitiser
designed for direct connection to
high performance CCDs (charge
coupled devices) contains a
user-configurable input
amplifier, a critically important
correlated double sampling
(CDS) function, and a high
speed (SMHz), 14-bit A/D
converter in a 40-pin TDIP
package. The ADCDS-1405 has
a sampling rate of SMegapixel/s,
noise of 50uV -145uVrms and
signal-to-noise ratio of 73dB
min. Dynamicrange is 16,384 to
1 and differential nonlinarity is

+0.9LSB max. Additionally,
users can vary the bandwidth of
the 1405’s input stage to trade
off noise against sampling rate.
The 145uV rms noise specified
at SMPPS can be reduced to
50uV (approximately 1/3 of an
LSB) at lower conversion rates.
Datel

www.datel-europe.com

Tel: +44(0) 1256 880444

Power modules push
down thermal
resistance

Toshhiba’s latest 600V and
1200V intelligent power
modules feature thermal
resistance (Rth) ratings up to 50
per cent lower than previous
technologies, claims the
supplier. Suitable for general-
purpose inverters and motor

AMI Semiconductor has a
family of micro-stepping
motor driver products for
remote and multiple axes
positioning applications. The

device integrates bus
connection, positioning
electronics and a motor driver
in a single SOP20 package.
The AMIS-3062x family

Driver micro-steps in remote and multiple axes applications

consists of two products; one
has a LIN bus interface and
the other a serial bus
interface. Both versions are
designed for small-positioning
automotive applications such
as headlamp levelling and
swivelling, cruise control and
idle control. The device can
also be used in a range of
industry applications such as
XYZ tables, robots, climate
control and process control.
The 30261 with LIN interface
is suited to remote, single or
multiple axes positioning
applications

AM | Semiconductor
www.amis.com

Tel: 32 5533 2211

drives, the C-IPM modules
integrate up to seven 1GBTs,
drive and protection circuitry in
a single package. Rth values as
low as 0.033°C/W are achieved
by using silicon nitrite (SIN)
rather than aluminium oxide
(A1203) as an insulation sub-
strate, and by reducing isolation
plate thickness by 50 per cent to
just 0.32mm. These changes

TOSHIBA c-p

mean that the IGBTs used in the
600V, 100A device for example,
have an Rth of 0.21°C/W. The
modules are available with
current ratings of S0A, 75A,
100A, 150A,200A, 300A and
400A. The 600V versions also
offer a 600A option. The device
can be supplied with a variety of
configurations.

Toshiba
www.toshiba-europe.com

Tel: 49 211 5296 254

Schottkys are tailored
for output rectification

International Rectifier has
introduced 15V and 20V
Schottky diodes for server and
telecoms power systems that are
tailored for output rectification
and output ORing circuits. The
80CPTNO15 diode is rated at
15V, and housed in the TO-247
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package. An improved barrier
material is designed to support a
maximum junction temperature
of 150°C. Maximum forward
voltage drop is 340mV, 40A at
125°C. This allows 10 per cent
reduction of power dissipation,
said the supplier. The
80CPTO15 is also rated at 15V,
and has a typical forward
voltage drop of 270mV at
125°C. The 60CTTO015 and the
60CTTNO15 are 15V devices in
the TO-220 package, with a
typical voltage drop of 0.28V at
30A and 0.33V at 30A,
respectively. The 60 CTTO15 is
targeted towards ORing
applications and has a Tj(max)
of 125°C. 60CTTNO15 has a
max junction temperature of
150°C. The leakage current of
the 60CTTNO15 is a very low
250mA at 125°C, making it
suitable for operation up to a
maximum junction temperature
of 150°C, without any fear of
thermal runaway.

International Rectifer
www.irf.com

Tel: +44(0) 20 8645 8003

Putting surface mount
magnetics into the
network

Pulse has introduced a range of
surface-mount discrete magnetic
components, the Star Magnetics

range, for applications which
include PCMCIA (H0055/56),
single-port fast-Ethernet
network interface cards (H1260,
H1265 and H1278), gigabit-
Ethernet multi-port 1IN and 2N
applications (H1259 and
H1266). The range offers
frequencies in the range IMHz
to 1000MHz.

Pulse

www.pulseeng.com

Tel: +44(0) 1483 401700

Digital potentiometer
operates up to 8V

Xicor has introduced the X9318
family of 100-tap, non-volatile
digitally programmable
potentiometers which can
operate at up to 8V. Operation at
8V across the potentiometer is
allowed while the digital control
operates between OV and 5V.
The device features a 10-tap
wiper with 99 segmented
resistors and an R(total) of
10k€2. According to the
supplier, using the UP/DOWN
interface, the system designer
can adjust the wiper position to
the appropriate setting. This
setting can then be stored in the
internal EEPROM memory. The
aim, said the company, is to
eliminate the need for an on-
board microcontroller. Target
applications include process
controls requiring retention
parameters, data acquisition
systems requiring pre-
configured voltage reference
levels and signal conditioning
circuits requiring zero offset and
span correction in various
sensors (such as temperature,
pressure, IR, strain gauge, etc.).
Other applications include
power amplifier biasing for RF,
audio and amplifiers that require
gain or phase control.
Production samples are available
in 8-lead SOIC and DIP
packaging.

Xicor

www.xicor.com

Tel: +44(0) 1993 700544

DC power converter

for 12V bus

Vicor has stepped up its DC-DC
converter offering for distributed
power designs based ona 12V
intermediate bus. It has

seeking further information

introduced a family of bus
converter modules (BCM)
which take a 48V input to derive
anisolated 12V output. The
company is presenting the step-
down converter as an alternative
to traditional quarter brick
converters in a significantly
smaller surface mount package.
Available in a BGA surface
mount package, called the VIC,
the 200W BCM B048K120T20
requires less than a third of the
board area of intermediate bus
converters in quarter-brick style
packages, said the supplier.
Available in two mounting
styles, it has an above-the-board
height of 4mm (in-board
mounting) or 6mm (on-board
mounting). Power density is
800W/in’.

Vicor

www.vicor.com

70-185W AC/DC supply
has four custom

outputs

Power firm XP is offering a 70-
185W AC/DC power supply
with up to 4 standard and
customisable output voltages.
Suitable for applications that
require multiple voltage rails
such as instrumentation,
broadcast, medical and
analytical equipment, it can
source both standard and non-
standard DC voltages from a
single unit. Called the RLM, it
can deliver at least 2A on all
outputs making it suitable for
driving both logic and linear
loads. Less than 1U high, the

power supply offers a power-fall
signal and comprehensive
overload protection as standard.
Options include isolated outputs,
remote on/off, screw terminals
and metal covers. Remote
sensing is available on both
single and multiple output
models. The RLM product range
features a universal 85-256V
AC input, standard output
voltages of 3.3 to 48V DC and
typically efficiency of 82 per
cent at full load. With an
operating temperature range of
0°C to +70°C, the RLM is
approved to all major
international safety and
EMI/RFI specifications.

XP

www.xpplc.com

Tel: +44(0) 118 984 5515

Thermal insulator is
“easy-to-handle”

An electrically insulating phase
change material is designed to
simplify the implementation of
thermal managements by
providing an easy-to-handle
thermally conductive and
electrically isolated interface
between electronic power
devices and heatsinks. Available
from Bergquist, Hi-Flow 300 is
an electrically insulating
material consisting of a
thermally conductive phase
change compound coated on two
sides of a thermally conductive
polyimide film. According to the
supplier, the polyimide
reinforcement means that the
material is easier to handle than
conventional interface
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Bill of materials, DRC reports and much more.
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Proteus VSM - Co-simulation and debugging for popular Micro-controllers

¢ 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.
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e Visual PCB packaging tool.
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e Point and click DRC report.
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e Multiple undo/redo.
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depending on application additional devices to simplify Waterproof connector Fact: most circuit ideas sent to Electronics World get published

requirements. The material is the design time required for the : . . .

flame-retardant in accordance e g A A locks in one move Thfa |f>est circuit ideas are ones that save time or money, or stimulate the thought process.
with UL94 V-0. g%el\/ll)asesuliti/m; gl'slf; ilz(—)bit, A range of ?ll-pk}iié vaaterproof This includes the odd solution looking for a problem — provided it has a degree of ingenuity.
Bergquist sample/s connectors from urope Your submissions are i . . .. . .
www.bergquistcompany.com analogue-to-digital converter, incorporate a one-touch lock judged mainly on their originality and usefulness. Interesting

modifications to existing circuits are strong contenders too - provided that you clearly
acknowledge the circuit you have modified. Never send us anything that you believe has been
published before though.

the THS4271 high-speed mechanism and are designed to
operational amplifier, the fit into small electronic devices
Four wideband-CDMA CDC7005 clock synthesiser and including servometers. The

a single-chip digital down- push-and-twist type one-touch

Tel: +44(0) 1908 263663

carriers on one DAC converter and up-converter, the mechanism featured in the JN1 Don't forget to say why you think your idea is worthy.
alternatives - including grease - Texas Instruments (TI) has a GC5016. For single-carrier and JN2 miniature circular Clear hand-written notes oo . T 2 .
while a phase change programmable dual digital-to- WCDMA signals, the DAC5686  connector series is designed to “miMs on paper are a minimum requirement: disks with separate drawing
temperature of 55°C minimises analogue converter (DAC) has demonstrated ACPR better simplify mating with a device and text files in a popular form are best - but please label the disk clearly. Where software or
shipping and storage problems. supporting up to four wide- than 68dBc at frequencies up to profile down to 30.3mm. The files are available from us, please email Jackie Lowe with the circuit idea name as the subiecf.

with a thermal conductivity of band-CDMA (WCDMA) 122.88MHz. For dual carrier receptacles are available in both
1.6W/m-K and a dielectric carriers. Offering three modes of =~ WCDMA signals, ACPR better thru-hole and crimp versions
breakdown voltage of 5000V, operation as well as three than 71dBc is possible up to that can be mounted directly on

Send your ideas to: Jackie Lowe, Highbury Business Communications, Anne Boleyn House,

9-13 Ewell Road, Cheam, Surrey SM3 8BZ email j.lowe@highburybiz.com

the material is suitable for both
discrete power semiconductors
and modules and is available
with standard film thickness of
0.25mm, 0.38mm and 0.51mm.
It is available in roll form, sheet
form or as die-cut parts

separate clock modes, the DAC
allows for a low input data rate
with a programmable
interpolation rate of 2x - 16x up
to an output rate of
500Msample/s. The DAC is
designed to be used with four

61.44MHz, said the supplier.
The three clock modes are: PLL
mode, DAC clock mode and
Data/DAC clock mode.

Texas Instruments

www.ti.com

Tel: 49 8161 80 3311

the board, while the plug is a
reliable crimp connection type
with simple wiring and
assembly. The all-plastic body
of the new range contributes to a
low weight of 11g for the IN1
devices and 30.5g for the IN2

Lead Acid Battery Conditioner

I recently began using a sealed 12

whilst the relay contacts are in mid

clean switching for the relay. C1

volt lead acid battery, which had not flight. At the maximum charge

provides some filtering for the

PCI Mezzanine card with 500Mbytes/s bandwidth been used for some six months, but voltage set by VRI, about 14.5 volts,  sampled battery voltage and also
. had been stored in a fully charged the comparator output falls, turning prevents a noisy relay switch over.

Orange Tree Technologies has the PCI controller addresses the ~ both the FPGA and the PCI bus. condition. the BCX38B Darlington off, thus de- The relay should be chosen such l‘
announced a PCI Mezzanine issue of I/O bottleneck by There is also 16Mbyte of flash. I was surprised how quickly the energising the relay and switching the  that it will energise at the discharged |
Card (PMC) based on a Xilinx achieving a sustained baqdwidth Four programmable clocks terminal voltage fell even with a light  unit into discharge mode. Also at this voltage of the battery, a nominal 12 ‘
Virtex-11 FPGA with 64-bit of 500Mbyte(s. The 64-bit data generate frequencies from load. After several recharges the time the reference voltage is switched  volt relay will normafly be OK. The
data paths from the FPGA to paths to multiple double data 400kHz to SOQMHZ. They. can battery again performed as I would by contact A 1. This voltage will load resistor may be chosen to éuit
each memory bank and the PCI rate (DDR) memory banks be_ used on thelr_own_ or with the have expected. I remembered reading  govern the point at which discharging  the ampere-hour capacity of the
controller. With enough enable multiple 128-bit words to  Virtex-11 on-chip Dlglta} Cl'ock at sometime that lead acid batteries will cease and is set by VR2 to be battery. A chart recorder could also
processing power for be accessed in every clock cycle. Managers to en.able z}pphcatlons : thrive on work and this gave rise to about 10 volts. At this time the e com.1ected to the battery to record
applications such as radar, sonar, ~ There are six memory banks, to be run at their optimum parts. Features include the accompanying circuit that will comparator output the goes positive, the battery’s recovery progress ‘
software radio, image each with an independent 64-bit frequency and with different environmental protection such condition the battery automatically by  energising the relay, and the charge R.A. Joyce P . “
processing, and digital signal data path. Four banks connected  clock domains. Full software as water proofing and dust automatically cycling from charging cycle starts again. R,esistors R4 and Ll.J[O‘n ‘
processing, the 64-bit data paths  to the FPGA are double datarate  support for Windows and proofing conforming to IP67 to discharging conditions. It will not R3 provide some positive feedback Bedfordshire EJ
in the Zest 100 are suited to high ~ (DDR) SRAM with 4Mbyte VxWorks operating systems is specifications, as well as recover a battery that has been stored around the comparator to provide UK
precision arithmetic but can also  each. One further bank provided, together with example safeguards against vibration and in a discharged condition 1
equally be used for low connected to the FPGA is logic cores for all the FPGA oil. and allowed to sulphate and f
precision arithmetic with very 32Mbyte of DDR SDRAM. The interfaces. JAE Europe become open circuit, if J
high memory and I/O remaining bank is 128Mbyte of Orange Tree Technologies www.jae.uk only! The conditioner BATTERY + I
bandwidths, said the firm. SDRAM connected to the PCI www.orangetreetech.com Tel: +44(0) 1276 404000 requires to work in fl
According to the UK company, controller and accessible from Tel: +44(0) 1235 511020 conjunction with an external CHARGER +

8051 core comes with current limited power

A . supply.

free evaluation kit When a partly charged

The embedded e8051 core battery is connected to the

available from Huntone runs at conditioner, the relay RLA

over 100M.ips.in K PGAS and will energise and it will go BCX388B

200-300Mips in Asics. A free into the charge mode. IC1A DISCHARGE

evaluation version is intended to is half of an LM358 op-amp LOAD

enable small test programs to be and is used as a comparator. RESISTOR

run at full speed in the user’s Resistors R1, R2 and VR1

own target hardware. According provide a sample of the SRR

to the supplier, the e8051 block battery voltage which is BATTERY _

can be dropped into the design, compared with a 6.8 volt

and programs developed using reference provided by ZD1

standard software tools. [ | and buffered by IC1B, the

Huntone other half of the LM358. C2

www.e8051.com provides a temporary store

Tel: +44(0) 1202 849078 of the reference voltage,
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Relay economiser

Current required by the coil of a relay
to hold it closed is normally much
less than that for its initial actuation.
This is because the gap in the
magnetic circuit falls to a minimum.
For example, the Schrack 12V relay
shown in Fig. 1 needs typically 8V at
130mA to swing it from open to
closed, but very much less to hold it
there: the actual drop-out voltage
translates into 7 or 8mA, and to keep
the contacts properly closed and also
survive moderate vibration it is
reasonable to assume a figure of
around 15mA. So there is
considerable scope for power-saving
available to the initiated. It is
certainly extravagant to feed the coil
with the full 12V at 44mA — which
corresponds to more than half a watt.
Although it might be possible in
theory to make use of the change in
inductance between the open and
closed states, this method was found
to be unreliable. Instead, the CMOS
IC shown in Fig. 1 provides a
guaranteed turn-on pulse of 20ms
when enabled, then a train of shorter
pulses for holding the relay closed.
The duty-cycle of these pulses is
determined by the supplyrail, i.e.
31% at 15V, 34.5% at 12V and 38%
at 9V, so that the ‘hold’ current is
sustained at more than 10mA
regardless of supply voltage. This
pulse-width modulation is achieved
with the aid of the internal clamping
diodes in the MC14011 and bias
- resistor Rs.
As Table 1 indicates, the correction

Table 1. On and off times against supply voltage and current.

Vs
v
il
12
9
Z9

On-time Off-time  Coil current Supply current

Hs 7] mA mA
162 362 16.4 7.4
180 343 14 6.4
192 318 13143 5.4
203 307 10 4.9

Frugal Pilot Light

This circuit uses the negative resistance effect from a pair of

Enable

* See text

supply voltages.

RL;=RP821012, D;=BYV27-50, Tr;=ZN4216A

Using a switching signal, this relay drive circuit saves a significant amount
of power. It also self-adjusts, maintaining its efficiency over a range of

— 0OV

is not perfect, but is very simple. The
overall frequency is set at
approximately 2kHz, which is a
compromise between two principles.
Firstly it avoids mechanical chatter
and hence wear of the contacts.
Secondly, it reduces switching losses
in the core, coil and the switching
transistor.

Also, to minimise RF emission and
associated EMC problems, the value
of the gate resistor Rg is chosen such
that the rise and fall times at the drain
are fairly slow, around 1ms. The
value of the bias resistor Rs may need
to be more than 1M, depending on
the threshold of the IC.

Consumption of the oscillator
circuit itself is only 0.4mA so most of
the supply-current goes usefully to
the relay. In fact, the situation is even
better than this, since the combination
of RL; with the MOSFET and the
recirculating diode D; behaves like a
switch-mode power supply, trading
voltage for current. Thus, at 12V, to
maintain an average current of 14mA

JFETs to voltage double a 1.5V supply in order to light an LED Frugal Pilot Light

. The output voltage is 2.9V with a 1.5V supply. The unusual L1

feature of this oscillator is the extremely low power Sesfat
——.0200

consumption. This was measured at 250uA.

If the LED is removed the circuit draws 60uA. If a piezo
transducer is added across L1, it will produce a tone dependent

on the series resonant frequency of the inductor used.
L1 should be as large a value as possible to get a low

frequency output. Note that this circuit will also detect shorted

turns in an inductor as it will not work if one is present.

One possible use of this circuit is a fishing float light for night

fishing.
André de Guérin Vale Guernsey

through the coil, the actual supply
current — including that for the IC —is
amere 6.4mA. This means the saving
in power, compared with traditional
driving of around 530mW, is
considerable: the consumption is
77mW, so the saving is no less than
453mW or 85%!

This economy canbe put to good
use where the only available power is
from a capacitive ‘mains dropper!’,
but C; should be increased to 470 uF
in order to feed the initial surge
current of 20ms duration.

The lowest supply voltage at which
the circuit will always turn RL; ‘on’
is 7.5V. However, once ‘on’, the
relay will stay ‘on’ till the supply
fails below 5.0V — assuming of
course the ‘enable’ signal has not
been removed already.

C J D Catto

Cambridge

UK

* Catto, C J D, ‘Op-amp supply direct
from mains’, Electronics World, May
1997, p.378.

]
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Very sensitive microphone

This microphone and AGC
amplifier circuit is very sensitive
but definitely not high fidelity.
Recordings of distant birds sound
realistic. My barking dog 2m
away though sounds distorted,
but not much louder than the

attenuated.

1998 issue of Electronics World.
The extra diode in the feedback
loop delays the point at which the
amplified microphone signal is

The Maplin catalogue
recommends that 4.5V is an

background hiss from this cheap
microphone capsule.

Don’t use part of an LM324 as
a voltage splitter as there is
internal crosstalk — a 5V
regulator works fine.
Mike Belford

birds. ey optimal supply voltage for the Cooraclare
The circuit is based on John microphone, whose part number County Clare
Hey's circuit idea in the August is FS43W. There is very little Ireland
100k
o N 12V
¢ O/P

= 1u poly.

ov o

*Maplin microphone type FS43W 100k§

5v '
32 oy 32Vwith

v barking dog

100k

i

Although not hi-fi, this
microphone amplifier
circuit is very sensitive
and includes AGC.

Active amplitude modulator

Amplitude modulation is one of the most powerful
techniques used in the field of telecommunications.
Typical amplitude modulators involve inductors and
capacitors to achieve the desired modulated output.

The circuit presented here uses active elements to
modulate the cainer signal according to the information
signal. Because only active elements are used, the
technique lends itself fo IC fabrication.

Amplitude modulation is achieved by changing the
amplitude of the carrier in accordance with the amplitude
of the modulating signal. The theory of this circuit is to
change the voltage gain of the amplifier in accordance
with the amplitude of modulating signal.

Carrier is applied to the inverting terminal of an op-amp
and the voltage gain of the op-amp is changed in
accordance with the amplitude of the modulating signal.

A typical equation for an AM signal is:

m
V(‘) = Vf(max) cosw,t + —Z—Vc(max) cos(a)c +w, )t +

% V. max) cos(wc -w, )t
Here, w, is the angular frequency of the carrier, w,, is the
is the angular frequency of the modulating signal Ve, is
the maximum carrier amplitude and m is the modulation
index.

The above equation contains three frequency
components: upper sideband, lower sideband and the
carrier.

In Fig. 1, the op-amp is used in inverting mode. Carrier

is applied to its inverting input. Any change in drain
resistance of the FET changes the gain of the amplifier. A
change in draing resistance is caused when the FET’s
negative gate voltage is varied.

A fixed negative voltage, Vs is applied to the gate in
addition to the modulating signal. The gate voltage must
always remain negative to avoid distortion so:

1Vs1=Vin(max)

The fixed negative voltage must be greater than the
maximum value of the modulating signal in order to
maintain the gate of the JFET at a negative value. “It is
important to keep in mind that the drain curves of a JFET
can be assumed linear near the origin. So, a change in the
drain resistance of the JFET can be assumed linear for a

Fig. 1. Active
modulator simulated
on a PC.

V. is the carrier at 200mV, 10kHz and 0°
V, is the modulating signal at 200mV, 1kHz and 0°
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Fig. 2. Output
from the active
modulator circuit
shown in Fig. 1.

small value of drain-to-source voltage (around 100mV)”
said Albert Paul Malvino in the tenth edition of ‘Electronic
Principles’ on page 449.

An expression for the drain resistance of a JFET is:

T = Koo + 7o

Here, 45 is the AC drain resistance with zero gate-to-
source voltage, k is a constant and v, is AC gate to source
voltage.

An equation for the output voltage of the op-amp is:

Vo = -Avin

Here, 745=(kIVgd+7a50)-
v, = i(vc)(k + rdw)/ R,

Vs

Here, v,=1Vgl+v,,, modulating signal
Vin=Vin(max)COS(@t and carrier signal v.=V(pqx)cos(w,)z.

v, = i-(vc){k(v,,, +|Vosl) e rd:o]/ R

Fig. 3. Adding
a summing
amplifier to
the circuit of
Fig. 1 allows
the carrier to
be
eliminated,
providing
double-
sideband
suppressed-
carrier
output.

V. is the carrier at 200mV, 10kHz and 0°
Vi is the modulating signal at 30mV, 1kHz and 0°

5

J2N5951

Fig. 4. Simulation
of output from
the double-
sideband
suppressed-
carrier circuit
Fig. 3.

Lol t[k(vc)(vm)/Rl ar (vr)k|VGS|/ R+ (Vc)rdw / Rl]

o

W = tk(vc)(vm)/ R - (k|VGs|+ rdm)(vc)/ R,

o

v, = i—kcos(a)c +w, )t = Lcos(wc = wm)t =

1 1 (2)
(k|V<;s| 7, )(vc) /'R,

Output voltage of the op-amp contains three frequency
components. They are the upper sideband:

+k

———cos(wc +w,, )t

2R,

the lower sideband:
+k

2—Rlcos(wc -w, )t

and the carrier:

—(k|VGS' * Taso )(Vc ) 'R,
Therefore the above equation can be regarded as an

equation of AM signal.
Output of the circuit of Fig. 1 is shown in Fig. 2.

Circuit for generating DSB carrier
Double-sideband suppressed carrier, or DSBSC,
modulation is preferred as it saves transmitter power.
Generating DSBSC can be achieved by eliminating the
carrier term from the equation 2.

If a summing amplifier is cascaded as a second stage
added to that of Fig. 1, the carrier can be eliminated to
provide double-sideband suppressed-carrier output, Fig. 3.

Let v,; be the output of the first stage and v, the output
of the summing amplifier shown in Fig. 3. Now:

Vo = _vol(Al) - vc(Az)

v, = (v Ky # 7a0) £ (Ko + 70)
v (K| +720) R

vy == = (kv |+ 7o)/ R

v, = —[—vmvck R = v, (K| + 7o)/ R,]
v (K] + 70 )/ R

v, =k /R

Here, the modulating signal v,,=V,nax)c0s(®,,)f and the
carrier Ve 8 V(max)COS(WC)L.

Figure 4 shows a simulation of the circuit’s output. Both
circuits were designed and simulated using Electronics
Workbench EDA.

Again, v, contains two components:

They are the upper sideband:
+k

—cos(wc +w,, )t

2R

the lower sideband:

+k
—cos(wc -w, )t
2R,

and the carrier:
—(k|VGS| + 7, )(vc) /' R
No carrier is present in the modulated signal so DSBSC is

achieved.
Tahir Farooq Gujranwala Pakistan
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x1, x10 switchable
oscilloscope probes,
only £21.74 a pair,

fully inclusive*

*Additional pairs as part of the same order, only

£19.24 each pair.

Please supply the following:
Probes
Total

Name

Address

Postcode Telephone

Method of payment (please circle)
Cheques should be made payable to ELECTRONICS WORLD
Access/Mastercard/Visa/Cheque/PO

Credit card no

Card expiry date Signed

Please allow up to 28 days for delivery

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

® fwo x1, x10 switchable probe bodies
@ two insulating tips

® two IC tips and two sprung hooks
@ trimming tools

There's also two BNC adaptors for using the
cables as 1.5m-long BNC-o-BNC links.
Each probe has its own storage wallet.

To order your pair of probes, send the
coupon together with £21.74 UK/Europe to
Probe Offer, Jackie Lowe, Highbury
Business Communications, Anne
Boleyn House, 9-13 Ewell Road,
Cheam, Surrey, SM3 8BZ

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

| Specifications

Switch position 1

Bandwidth

Il Input resistance

Input capacitance
Working voltage

DC to TOMHz
1MQ —i.e. oscilloscope i/p

40pF+oscilloscope capacitance
600V DC or pk-pk AC

Switch position 2

| Bandwidth

| Rise time

Input resistance

| TMQ

i Input capacitance
Compensation range
Working voltage

DC to 150MHz
2.4ns
10MQ +1% if oscilloscope i/p is

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

Switch position ‘Ref’
{ Probe tip grounded via 9MQ, scope i/p grounded
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Known commercially as the ‘DVRS-8x8’, Emil Vladkov’s stackable serial
digital interface router uses National’s dedicated CLC chip set to provide
eight inputs and outputs for digital video signals running at up to

400Mbit/s.

automatically provides data and clock

BROADCAST

DVRS8x8

recovery with low jitter specifications of
just 130ps pk-pk. L { Cable
The CLCO16 has improved perfor- equaliser
mance relative to its predecessors when Cable
handling the pathological data patterns equaliser
inherent in the SMPTE 259M video Cable
industry standard. Pathological data equaliser
patterns are worst-case patterns designed

T

. ; 2] Cable
to stress, i.e. test, the PLL and equaliser. S 7 equalis
. o er
Carrier-detect and output-mute func- c
tions are provided. These prevent o e Ci\tl)iie
.. g
random transitions at the outputs when 2 Sdisel _
no signal is present at the inputs. —lp l Cable
The retimer/reclock is suitable for equaliser |
recovering the following standard data _| [ Cable
rates: NTSC/PAL serial digital compos- equaliser
ite signals (143 and 177Mbit/s), 4:2:2 Cable
serial digital component signals _’{ e;ualiser

(270Mbit/s) and wide screen digital

reclock

Crosspoint matrix

reclock
Retimer/

reclock

Retimer/
reclock

Retimer/
reclock

Retimer/
reclock

SDI outputs and clock signals

Retimer/
reclock

Retimer/ Fig. 1. At the

RARRERRZRAERREREE

reclock heart of the serial

video signals (360Mbit/s).

digital interface
routeris an eight-

These are the data rates that the
DVRS-8x8 serial digital-video router can CD

GUI, communications and

device controller

by-eight cross-

Bit rate point matrix.

indication

evelopments in the field of
D advanced semiconductor design

have made it possible to
construct and implement a powerful
and relatively low-cost routeing system
for the uncompressed serial digital
video transport standard SDI.

The subject of this article is an eight-
input, eight-output cross-point router
with equalising and reclocking capabil-
ities. It makes extensive use of
National Semiconductor’s SDI chip-set
comprising the CLC006, CLC014,
CLC016 and CLCO18!.

An industry-standard 80C51 micro-
controller and supporting hardware is
at the heart of the system. There are
two ways of operating the router. One
is to use a dedicated keypad, described
later. The second method is to connect
the router to a PC and issue commands
from the PC’s keyboard using a
graphical interface that I have devel-
oped.

Chip overview
CLC006. This is a serial digital cable
driver with adjustable outputs? it is

Main features of the router

especially designed to drive 75Q
digital transmission lines (Belden
8281) at data rates up to 400Mbit/s.

Output voltage swing — typically
1.65V —is adjustable from 0.7V pk-pk
to 2V pk-pk using external resistors.
The output stage of the driver is class
AB, which consumes less power than
similar designs.

Typical controlled rise and fall times
of 650ps minimise transmission
induced jitter. The CLC006 can drive
both coaxial transmission lines — as in
the case in this design — and twisted
pairs. I find it an excellent choice for
digital routers, serial digital interfaces
for the broadcast industry and
SDH/SONET and ATM drivers.

CLC014 — The function of the
CLCO014 monolithic cable equaliser? is
to compensate for signal losses in any
media with dispersive loss characteris-
tics. The chip automatically equalises
up to more than 300m of Belden 8281
cable. At this length, the spectral
component of the signal at 200MHz is
usually attenuated by more than 40dB.

The CLCO014 is capable of both
single-ended and balanced operation.
In the design described here, single-
ended mode is used. A carrier detect
output, labelled CD, indicates the
presence of a signal at the input. A
mute pin, when tied to the CD-output,
disables the output of the equaliser
when no signal is present.

Pathological patterns are defined in
the standards for the serial digital
interface. These are specific data
patterns with low transitions count or
high DC-content. The CLCO014 is
insensitive to these patterns.

CLCO016 — adata-retiming PLL with
automatic data rate selection®. This
chip is designed for high-speed serial
data and clock recovery. Being highly
integrated, this chip simplifies design.
Auto-rate select circuitry is incorpo-
rated. The device selects up to four
different data rates between 40 and
400Mbit/s. Data rates are user
selectable with a single resistor! If the
auto-rate select circuitry finds a rate
that matches the user-selected rate, it

recover and process. I should mention indication
here though that the same chip is univer-
sal and can be used in data recovery in External
SDH/SONET and ATM networks. control (PC

or PVRS-2)

DVRS-8x8 specifications

Video specifications — DVRS-8x8

Serial inputs

Sampling 4:2:2 or 4fsc, 10 bit

Line/field rate 525/60 and 625/50

Bit-serial To ANSI/SMPTE 259M and EBU
Tech.3267-E

Data Rate 143,177,270 & 360Mbit/s

Cable equalisation Automatic up to 300m (Belden 8281)

Impedance 75Q internally terminated

Return loss >15dB, 5-270MHz

Number of inputs
Level

8
800mV pk-pk nominal

Serial data output (SDI 1)

Bit-serial To ANSI/SMPTE 259M and EBU
" Tech.3267-E

Data Rate 143,177,270 & 360Mbit/s

Cable drive Up to 300m (Belden 8281)

Impedance 75Q :

Return loss >15dB, 5-270MHz

Level 800mVp-p nominal (terminated)

Rise and fall times 650ps

Data jitter +200ps

8x8 digital cross-point switch capable of
operating at data rates exceeding
360Mbit/s per channel;

Non-blocking architecture;

Low channel-to-channel crosstalk;

Channel jitter 200ps pk-pk typ.;

Fast output edge speed: 650ps typ.;

Input type: 800mV, 75Q, BNC;

Output type: 800mV, 75, BNC (Belden
8281 or equivalent transmission
lines);

Conforms to SMPTE 259M serial digital
interfaces: NTSC/PAL, 4:2:2
component, 360Mbit/s wide screen,

also 540Mbit/s 4:4:4:4 (optional);

Clock and data recovery at all channels
at fixed data rates: 143, 177, 270 and
360Mbit/s. The data rate of the
reclocked signal is displayed at the
front panel;

Carrier detection and output mute for all
input channels. The carrier detected
signal is displayed at the front panel;

Automatic equalisation of all input
channels: up to 300 metres of Belden
8281 cable;

Control via button panel (with
indication) or Windows 95/98

graphical user interface;

Visual indication on the local front panel
of the routeing system (64 channel
cross-point LEDs plus 8 input CD
LEDs plus data rate indicators for
output channels 1-8);

Lock control preventing accidental
switching;

Stackable using standard RS-232 cables
— up to four devices can be
independently controlled via the PC
user interface;

Start-up configuration selectable by user;

Mains powered.

Number of outputs 8 (additional 8 outputs at SDI 2)

Serial clock output (if SDI 2 is not configured)

Impedance 75Q

Number of outputs 8

Clock jitter 130ps @ 270Mbit/s

Duty cycle 44/56

Rise and fall times 230ps

Level 800 mV pk-pk nominal (unloaded)

Serial data output 2 (SDI 2, in place of the Serial Clock
Output)

Bit-serial To ANSI/SMPTE 259M and EBU
Tech.3267-E

Data Rate

Cable drive
Impedance
Return loss

Level

Rise and fall times
Data jitter

To the next
stacked
devices

143,177,270 & 360Mbit/s

Up to 300m (Belden 8281)

75Q

>15dB, 5-270MHz

800mV pk-pk nominal (terminated)
650ps

+200ps

Number of outputs 8 mirror SDI 1 outputs

Router control system

Local control
Display:

Output data rate

Configuration:
Keyboard control:

PC control
Type:

Configuration:
Interface:

8 rows x 8 LEDs matrix configuration
8 LEDs for input carrier detect (CD)

8 x 2 LEDs for output data rate

LED1 LED2 Data rate (Mbit/s)

On On 360

On Off 270

Off  On 177

Ooff  Off 143

Indication only

PVRS-2 device, connected to the serial port
of the first device in the stack with the
power plug inserted

GUl-application, running under Windows
95 or 98

Full control, stackable

Serial RS-232, 9600bit/s

Mechanical & climatic

Height
Width

Depth
Weight
Temperature
Humidity

44mm (1RU, 1.75in)
483mm (19.00in)
235mm (9.00in)
3.5kg

+5°C to +35°C

96% maximum
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Figure 2 presents the cross-point
matrix /C;, which is a CLC018, and
the input cable equalisers /C,_g, which
are CLCO14s. The cable equalisers
work in single-ended mode and the
signal is applied at input connectors J._
g. You can use conventional 75€ BNC
connectors, but the high-frequency
nature of the signal — typically
270Mbit/s — makes the use of dedicat-
ed SDI or digital BNC connectors a
better choice.

Resistors R3 9 15 2127,33,39 and Rys are
terminating resistors for the input
signal. The signal is AC-coupled to the
CLCO014 through capacitors
C16,11,1621,26,31,36- The inputs of the
chip are self-biasing.

Note that all components are surface-
mount types. At the high frequencies
involved, it is impossible to use
through-hole components and universal
prototyping boards. Therefore I have
designed a PCB, which can be ordered
via this magazine — details later.

As the CLCO014 equalisers are
designed to be operated in differential
mode, and here a single-ended input is
used, there is a need for an additional
balancing network to minimise the
effects of noise. For the first equaliser
1C, this network consists from the R,-
C,-R4 and for the other equalisers from
the corresponding components.

The inputs are isolated from the input
terminating network through serial
resistors, which are R; and R, for the
first equaliser. The equaliser adaptive-
loop time constant is set through a
single capacitor connected between the
AEC-pins of the CLC014. The corre-
sponding capacitors are
Cs,10,15,20,25,30,35.,40-

Although the device manufacturer
recommends a value of 100pF for these
capacitors, I found in experiments that
a value of 100nF provides more
reliable operation. The equaliser tries
to reconstruct every noise at its inputs
if no signal is present and the time
constant is too small when 100pF is
used.

The carrier-detect output of every
equaliser, CD, connects to the mute
pin, but also to the 74HCO04 inverting
buffers, which drive the corresponding
LEDs to indicate the presence of a
signal. These buffers are /C355_p and
IC3¢c.p- The LEDs are Dg,_g9, Which
are 3mm yellow devices. Resistors
R160-167 are current-limiting resistors
for the LEDs.

Each CD output is filtered at every
equaliser chip with capacitors
C38,13,18,23,28,33,38- Power supply is
filtered immediately at the chips
through Cy 9 14,19,2429 34,39, Which are
each 100nF. Additional supply filtering
is provided with tantalum capacitors

Cig5.c192-

Capacitors Cjp9-1016 have a minus-
cule value of 2.2pF and are optional.
Their use depends on the printed
circuit board design. Usually they
suppress the crosstalk between equalis-
er chips and the amplification of the
noise component. If you have problems
with too large an input sensitivity and
the CLC014’s CD ontput indicates a
valid input signal when there is no such
signal present, then these additional
components will be necessary.

Outputs DO and DO\ of every
equaliser are connected to the inputs of
the cross-point matrix CLC018 DIx
and DIx\. Note that all of the signal
processing internal to the DVRS-8x8
device is carried out in differential and
not single-ended mode.

Care should be taken when designing
the printed circuit board so that the
lengths of the tracks for the signal DO
and the inverted signal DO\ are equal.
Even small differences in track length
will lead to phase differences between
the signals in the differential signal
pair, which at the high frequencies
involved will produce bit errors.

The CLCO014 does not produce true
ECL - or more strictly speaking PECL
or positive ECL — signals. The cross-
point matrix expects ECL levels at its
inputs. For this reason, the outputs of
the equaliser chips are set to correct
ECL levels using an additional match-
ing network.

For the first input equaliser this
matching network consists of diode D,
resistors Rs ¢ and the filtering capacitor
Cp;. The same function for the other
equaliser chips is accomplished
through the following components:
diodes D,_g, resistors
R11,12,17,18.23,24.29,30,35,36,41,42,47,48 and
capacitors CD,_g.

The outputs of the cross-point matrix
should be also set at correct ECL levels
before entering the inputs of the
retiming/reclocking circuits. This is
done using of diodes Dyg_;¢, resistors
Ry9.64 and capacitors CDg_q.

As the CLC018 cross-point chip can
operate with data rates in excess of
1.4Gbit/s, proper supply filtering as
close as possible to the chip body is
vital for the successful design. The
filtering is accomplished through
ceramic capacitors Cy4y_44 and tantalum
capacitors C183,184-

What the microcontroller does
The 80C51 microcontroller configures
the CLC018 matrix through port P1
and two signals from port P3, namely
P3.2 and P3.38. The configuration
logic of the switch is double-register
architecture. A particular register in the
firstrank is selected through a valid
address at the OA0-OA?2 address pins.
This register corresponds to an output

of the cross-point matrix.

The content of the register consists of
four bits IAO-IA2 and TRI (tri-state).
These represent the input connected to
the selected output or a third state of
the output if this is disabled. When
loading the first rank registers, the
chip-select input CS should be high. In
my design, the chip-select is perma-
nently connected to the positive supply
rail.

Loading of the first register is done at
the low-to-high transition of the LOAD
input pin. The content of the first rank
of registers is transferred to the second
rank — which actually affects the
outputs — at the low-to-high transition
of the CNFG input signal.

The whole cross-point matrix can be
placed in an initial state of all outputs
connected to input O or disabled. When
TRI is held low and a high-going pulse
is applied to the RES input, the outputs
become active. When TRI is held high
and a high-going pulse is applied to the
RES input, the outputs are disabled.

The whole process of configuring the
cross-point switch, which at first
glance may look a little bit confusing,
is done by the firmware residing in the
controller. The data bus of the CLC018
can be either +5V or ECL-levels
compatible, depending on the state of
the logic-level power supply pin Vi .
In this case normal CMOS level
compatibility is used.

Data and clock recovery
Figure 3 presents the data/clock
recovering circuit for the first output
channel which comprises CLC016,
labelled ICy(, and accompanying
components. The four data rates 143,
177,270 and 360Mbit/s at which the
PLL locks are set through resistors
Re7.63,69.70- I suggest that these resis-
tors are 1% tolerance or better.

The frequency detector output FD
connects to the VCO control lines VC
and VC\ through the loop filter consist-
ing of components Reg and Csy 5. The
loop filter controls the PLL dynamics
and acquisition time.

Capacitor Cy45 determines the period
of scrolling through the different data
rates until the chip finds a suitable one.
Filtering network Rgs/Cy6 connects the
loop-unlocked output SER to the data
rate scrolling-oscillator enable pin
ACQ/WR. The AUTO control line of
the chip connects to the positive supply
rail, which enables the automatic rate
selection, or ARS.

It is also possible to operate the chip
manually. In this mode, the user selects
the data rate with pins RDO/RD1. In
automatic mode, the RDO and RD1
lines act as outputs reflecting the
searched/locked data rate at the
moment. They are used in the proposed
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Fig. 3. Data/clock recovery circuit for the first output channel comprising

1Cy9 and associated components.
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design to indicate the data rate of
the output signal at the front panel
of the DVRS-8x8. For this purpose,
the RDO/RDI signals are inverted
and buffered via the 74HC04
buffers /C3gp g These drive yellow
LEDs Dy 101 through current-
limiting resistors Rj¢g and Rygo.
Table 1 presents the output combi-
nations of the LEDs and how they
reflect the valid data rate.

The CD and MUTE pins of the

chip are tied together, preventing
random output oscillation when no
input signal is present. Capacitors
C47.49 are for power supply decou-
pling.

Special attention needs to be paid
to the optional capacitor CA; — in
this case 2.2pF+1pF SMD. It is
situated at oné of the differential
input lines to the retimer chip and
compensates for eventual bit errors
arising from signal track differ-

ences and parasitic capacitance at
the DO and DO\ complementary
lines. As I mentioned earlier, even
small differences in the phase of the
two signals in the differential pair
can have high impact on the bit
error rate at the high data rates
involved. .
Outputs of the CLCO016 retimer
are ECL/PECL compatible, but not
native ECL outputs. In fact, they
are outputs from the collectors of

the output transistors. To provide

BROADCAST

correct ECL/PECL levels, networks 1k1 Rgg \D19
- , N RD;, 1N4002 ‘
consisting of diodes D, ; 5, capacitors L e ¢ Fig. 4b). Power
Cs2,53 and resistors R;;_74 are used. Rower LEy LM1085-3A supply and
In Out regulators. Also
. r 2x7.5V, 1.6A Y
Clock slgnal .deta|ls | coo Gnd[ 1Cp5 Cos : Zhown 7;: the
A clock s1gna1. is extracted from the Mains in 2200u 1000u 3§gn s h
serial data. This clock output is taken 16V I 16V I capa(;/to'r s, whic
from the SCO output and is AC D AT are distributed
coupled to BNC-connector Jg through g around the
capacitor Cjqg;. Note that terminating LM1085-3A system.
the clock-output with a 75Q tap will Ll In Out | _ i
i P DY 0+5VA
result in 6dB signal decrease, which Gnd| IC l_L
may be not suitable for every applica- o] B e 108% 0 Cog
tion. . . . 2200u 16V i md
As I mentioned earlier the provision I 16V
of a clock output is an extra design

feature and is usually not implement-
ed on most commercial designs.
Depending on your needs, the clock
outputs can be configured as second
SDI outputs (SDI 2), mirroring the
corresponding SDI 1 outputs.

The same data reclocking circuits
are implemented for the other output
channels too. They are contained in
the circuit hierarchical block entitled
‘Retiming add-on section’ in Fig, 3.
Details on this section next month.

Outputs from the data/clock
recovery circuits are fed into cable
drivers /Cyy.;5. As the adjustable gain

+5V --- VCC
10107 Icws Icm IC182
I100nI100n I100nI100n

is user selectable and is loaded when
the device is powered on — is stored
in the 24C02 serial EEPROM?, IC,3.
Serial communication is integrated in
the 80CS51 microcontroller, but the
correct RS232 levels are obtained
through the use of the interface driver
ICy, and capacitors Cyg3.1g6. It should

3mm LEDs, arranged in eight rows
(outputs), consisting of 8 columns
(inputs) each.

Each row consists of LEDs con-
nected to an output from one of the
latches /C,7.34. The latches are loaded
with the data from data port PO of the

feature of the cable drivers is not used

in this design and the preset output
levels are accepted the gain-setting

pins 3 and 4 of the drivers should be
left unconnected. To provide greater
noise immunity the capacitors Csy_g9

are connected to these pins.
As the CLC006 has dual comple-

be mentioned that there are two

RS232 interface ports associated with
this driver — one for connection with

the PC master, labelled Py, and one
for the connection with the next
stacked device slave, P,.
Communication with the ‘master’,
which can be either a PCor a key-

microcontroller. Data is clocked into
each latch by clock signals obtained
at the output of the address decoder
Us4. This device decodes part of the
address space of the microcontroller —
addresses 8000;4 to B800;5 — and is
enabled by the write pulse at pin WR\
of the micro.

A write pulse appears each time

mentary outputs, these can easily be
used to effectively double the number
of outputs of the serial digital router
from 8 to 16. The polarity of the

board, is bidirectional, so that the
controlling device can retrieve
information from the router.

that the controller tries to access
external data address space and is
transferred to the appropriate latch by
the address decoder. So the LED-

signal has no effect on how it is
interpreted as the SMPTE 259M

proposes an NRZI-code for the serial

digital interface.
The non-inverting outputs are tied
to BNC-connectors J;(_;7 and the

Status display

Visual indication of the active

configuration is achieved with 64 red

rows are visible to the microcon-
troller as cells in its address space.
The LEDs are D3 91 and the

® : g g ? ¢ D i
Veco— 99109919 rTreryy oo \ R g 5
Dopias g D343 .o 9 8491 @ 24
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inverting outputs to J;g.»s. Resistors
R75.90 are the 75Q line interfacing
and impedance matching resistors.
Capacitors C7_gs are the DC-block-
ing capacitors. Power supply filtering
is achieved through Cgg_o3.

Figure 4 shows the device con-
troller. It is built around an 80C51
microcontroller, /C,g9, and associated
components®. The microcontroller is
clocked at 11.0592MHz using X,
with Cyg 102 and is automatically
reset at power-on via Rg; and Cjgp.

Firmware for the microcontroller —
the object code for which is presented
later, resides on the 27C256 EPROM,
ICy0. Latch IC5; provides
address/data demultiplexing of the
ports of the microcontroller.

The start-up configuration — which
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current limiting resistors are Rgg.|59.
The PCB is designed to be expanded
in future with other features or more
Cross-points, so expansion ports P 4
are provided. Power supply filtering
is accomplished with Cjp7.11¢ and

Cis0-182-

Power supply

Because there’s a great number of
components in the design, current
consumption is high. Fortunately all
components share a common supply
voltage of +5V DC.

I'had two choices when designing
the power supply section. One was to
use a power transformer and a linear
regulator. The other was to use a
220V switch-mode power supply. My
choice was the linear power supply,
which provides significant less noise,
both radiated and fed into the power
line. I considered that the whole
digital router was noisy enough — I
had to screen the whole 1RU-high
module — without adding yet more
noise sources.

Current consumption of the circuit
is more than 3A. I have used 5V, 5A
linear regulators from National
Semiconductor. I had a problem in
that power transformers that can
provide more than 3A at their sec-
ondary, are usually bulky and don’t
even fit into 3U modules let alone the
1RU used here. So I have found a
way of using a transformer with two

means splitting the power supply into
two sections.

Voltages at the secondary windings
are rectified independently through
power diodes Djj.,7 and capacitors
Co4.97. The regulators are LM1085
types from National Semiconductor —
ICys 6. Output filtering is accom-
plished by Cos 96 58 99- Reverse biased
diodes RD; , provide additional
protection. The regulators are mount-
ed on large heat sinks.

The two power supply rails are +5V
and +5VA. The +5V supply supplies
the device controller and all associat-
ed components, the cross-point matrix
and the input equalisers. The +5VA
rail supplies the retimer/reclocks and
the output cable drivers.

I experienced no problems as the
two supplies start simultaneously.
Raw input to the first regulator
section is used to provide the DC-
supply for the external keyboard
through the power jack socket J33 and
the short circuit protective fuse F}. A
value of 250mA is marginal; you may
want to use a greater value to prevent
false alarms.

The same raw input lights the
power-on LED D g through current-
limiting resistor Rgs. ]

In his next article, Emil discusses the
keyboard and retiming add-ons and
also details the firmware for the
microcontroller. Details of PCB and

Further reading

Watkinson, J., The Video Engineer’s
Guide to Digital Audio — An NVISION
Guide. ISBN 0-9640361-3-4.

Atmel, 8-Bit Microcontroller with 2K
Bytes Flash., AT89C2051 Data Sheet,
www.atmel.com.
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Distortion v Time v Bias

Cyril Bateman shows how dielectric absorption with DC bias
determines capacitor sounds’ second harmonic distortions

y last article described the
design and construction of a
low cost, real time

distortion analysis hardware system,
able to measure second and third
harmonic distortions from 60dB to
120dB below a 1 volt test signal.
Distortion levels are displayed using
two alternative methods, a rapid
response tree of twenty LEDs,

&

TIrrrTTey

Fig. 1. This real time hardware system replaces the
soundcard and software used for my earlier series.
Monitoring the second harmonic distortion amplitude at
C27 and DC bias across the test capacitor using my Pico
ADCT100 digitiser, produced the plots for this article. The
upper DMM displays the stabilised second harmonic, the
lower the third, testing the 0.1uF X7R ceramic capacitor
with DC bias, as figure 1 my last article.

showing distortion change in 3dB
steps, as well as two low cost DMM
panel ameters able to display 0.1dB
changes, better accuracy and
resolution but slow response while
the displays settle.

This equipment complements my
very low distortion test generator and
notch filter/preamplifier assemblies,
originally used with a soundcard and
FFT software as described in my
original EW Capacitor Sounds series
of articles. With this I was able to
measure distortions imposed onto the
test signal by many capacitor types
found in high quality audio systems.
This test system uniquely provided
the facility to measure additional
distortions found with most
capacitors when subjected to a DC
polarising voltage!. This DC blocking
or polarised usage is a fundamental
reason for many and perhaps most,
capacitor applications.

To reliably measure distortions
produced by the better quality
capacitors requires a measurement
system producing less than 1ppm
distortion, together with a noise floor
better than -120dB below a 1 volt test
signal. Such equipment, although
optimised for measurement of
capacitor distortions, is equally suited
to measuring and identifying pre-
amplifier and power amplifier
harmonic distortions.

To prove this new hardware
method, I measured large numbers of
capacitors, comparing the new
equipment results with those found
using the soundcard/FFT software
method. I found excellent agreement
between the two methods, but soon
noticed that distortions from some
capacitors seemed to take a
significant time to settle. This was

especially noticeable watching the
two LED columns, when with some
but not all capacitors, the second
harmonic display in particular ‘ran’
up and down the LED column for
several seconds after charging or
discharging the DC bias voltage.
Fig, 1.

Equipment or capacitor
behaviour?

Careful comparison measurements
made using this prototype with those
for the computer and soundcard
software method confirmed an
excellent correlation when measuring
good, low distortion capacitors. Both
methods can produce stable distortion
measurements with and without DC
bias.

Comparing poorer capacitors,
especially using DC bias, highlighted
capacitor distortion anomalies as the
capacitor charges or discharges.
These were instantly visible watching
the LED trees but were masked using
the soundcard and software method
or the DMM displays, because of the
trace averaging time or while the
DMM displays settled. However, all
methods produced almost identical
results when the capacitor finally
stabilised.

Investigations since made into these
anomalies have revealed additional
insights into how dielectric
absorption really does dominate
capacitor sound second harmonic
distortion and why the distortion
continues to change after the figure 2
capacitor has become fully charged or

discharged. Figs. 2, 3.

Capacitor Anomalies
In production, every capacitor is
tested for conformity against four
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specific departures from the ideal
capacitor.

Capacitance value and tand at 1kHz
(small values test at IMHz, large
values 100Hz).

Insulation resistance.

Voltage withstand test.

Voltage withstand is always
performed using substantially
elevated voltages relative to the
capacitor’s rated voltage. Considered
as potentially damaging if repeated, it
is defined as a ‘once only’ test.
Multilayer ceramic capacitors will
typically be tested using 250% rated
voltage for 5 seconds with charging
current limited to S0mA, foil and film
capacitors using twice rated voltage
for 2 seconds and aluminium
electrolytics at their surge voltage
rating, usually 120% rated voltage.

Metallised film capacitors are
different, typically testing at 160%
rated voltage for 2 seconds. One other
significant difference results from
their use of thin dielectric and
‘metallised’ electrodes, is that small
faultareas in the plastic film
dielectric can be ‘cleared’. An excess
voltage in production evaporates
away or ‘clears’ the metallised
electrode surrounding any localised

faultareas in the dielectric. If
excessive, this clearing could result in
non-ohmic electrode areas, increasing
third harmonic distortion and
dielectric absorption®

Insulation resistance, usually
performed at a much lower voltage, is
extremely time consuming, so to
reduce test times makers usually
specify relatively ‘easy’ limits. These
two capacitor voltage tests, apart
from any metallised film ‘clearing’
effects, can have little impact if any
on sound distortions generated by a
capacitor.

The need to test for capacitance
value is obvious, but why measure
tand? In fact what is tand? The
theoretically perfect capacitor does
not exist, but some construction
methods do provide near ideal
capacitor behaviour. However all
‘solid’” dielectric capacitors must
exhibit dielectric losses which appear
as loss resistances in series and in
shunt with the capacitor element,
together with small but inevitable
series resistances introduced by the
metallic electrodes, leadout wires and
connections.

In effect each capacitor

incorporates a high value shunt and
low value series resistor. As a result
the phase angle difference measured
between the capacitor through current
and capacitor voltage for every
practical capacitor will always be less
than the 90° expected for a perfect
capacitor.

Whenever a capacitor is subjected
to an AC through current, these
dielectric losses and the metallic
resistances dissipate some power
according to I?R and the capacitor
internal temperature rises above
ambient. Except at DC these series
resistances dominate capacitor
behaviour, so for ease of calculation,
all resistive losses are lumped

together, resulting in an ‘equivalent
series’ loss resistance or ESR,
calculated from the capacitor’s
measured phase angle.

Because the capacitor has only two
terminals, we cannot easily identify
these individual loss resistances, we
can only measure the capacitor’s
impedance and its voltage/current
phase angle, or more usually its two
vectors of resistance ‘T’ and reactance
‘x’. The ‘I’ or resistive vector (ESR)
is measured in phase with the
capacitor through current, the ‘x’ or
reactance X, vector 90° later.

Tand is simply the result of
dividing the magnitude of this ‘r’
vector by the ‘x’ vector. Similarly

0.05% -66dB

0.04% -68dB

0.03% -70.5d8B

0.02% -74dB

0.01% -80dB

0.0005% -106d8 |

0.0004% -108d8
0.0003%-110.5d8 } =
0.0002% -114dB

0.0001% -120dB

Fig. 3. Distortion plot of my 0.47+0.47uF KP376 foil and PP near perfect
reference capacitor, scaled 100 times more sensitive than figure 2, using a 12
times bigger test signal and 50% more bias voltage, during the same test session.
This ‘normal’ behaviour shows a near ideal capacitor having no measurable VC
and little dielectric absorption (0.04 %). The two brief switching transients result
from operation of the bias charge discharge switch.

COMPONENTS

Fig. 2. The top plot,
left scale, of a TuF
50V X7R multilayer
ceramic shows
second harmoni¢
distortion increasing
and reducing prior to
a prolonged settling
period, in a
capacitor with large
dielectric absorption
(1.76 %) and a non-
linear voltage
coefficient, using a
0.5V test signal. This
anomalous
behaviour was
hidden using the
soundcard and
software method.
Bottom trace, right
scale, shows DC bias
voltage measured
across the capacitor.
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Fig. 4. The large and
non-linear voltage
coefficient of the figure
2 high ‘K’ X7R
multilayer ceramic
compared with the tiny
VC of the MKS2
metallised PET
capacitor. This MKS2
VC, the largest of the
film capacitors |
measured, was
absolutely linear from

uF

0.99

0.98

0.97

0.96

0.95

0.94

Measured Moltage Cofficients. ;

these capacitors will be QA sample
tested to ensure compliance.

Dielectric Absorption or DA is
another matter, I know of no similar
classification which monitors DA for
any type of capacitor. Two common
methods exist for measuring DA and
both are essentially slow DC
methods, having no direct correlation
to AC usage. The most common
being to charge the capacitor to a
known voltage for a long time, briefly
discharge through a low value resistor
for a few seconds then allow to
recover for some time before

6V to 24V bias 0.93
increasing by just 12 24 36 measuring the ‘recovered’ voltage
0.031%. DC Bias Voltage using a very high impedance
voltmeter. The alternative method
knowing the capacitance value and capacitors. Capacitance value also performs the opposite test by
tand at frequency, either from varies with frequency, however in measuring capacitor charging current
measurement or from maker’s contrast to ESR, capacitance over a long time.
graphs, we can easily calculate the reduction with frequency for the best The problem with both tests is
ESR. Simply multiply its reactance low loss dielectrics such as COG deciding on the charging voltage to
X, by tand, taking care to remember ceramic, Polystyrene and use. Generally the capacitor rated
that tand and capacitance are not Polypropylene is very small. As can voltage is used, but most capacitors in
constant but do vary with frequency be seen in the table, capacitors made transistor equipment are used with
as also must ESR. using lesser quality dielectrics loose much smaller DC polarising voltages,
significant capacitance at audible even with little or no DC bias
Let us explore this ESR frequencies. voltage.
ESR varies with frequency so cannot
have a finite value. This is perhaps Two Non-tested Anomalies Tests performed for this article
the most misunderstood of all Two capacitor anomalies not To investigate the anomalies
capacitor parameters. At low audio measured on production capacitors, illustrated between figures 2 and 3, I
frequencies dielectric losses dominate  are voltage coefficient and dielectric needed to explore the affects change
and ESR measures as a value absorption. in voltage coefficient, tand and DA
“reducing with increasing frequency. Voltage coefficient for most have on second harmonic distortion.
At some higher frequency, when the capacitors, including COG ceramic, Ideally I needed to find and measure
metallic resistances dominate, this metallised Polyester and capacitors having no measurable VC
ESR reduction slows becoming near Polypropylene film types is so small or DA, no measurable VC but large
constant, then at higher frequencies as to be almost impossible to DA, large VC and no DA and some
ESR increases with frequency. When measure. The exceptions are high ‘k’ exhibiting both anomalies.
plotted it follows the ‘bathtub’ shape ceramics and electrolytics. Voltage Apart from allowing sufficient time
seen in the attached table of actual coefficient or VC for high ‘k’ for the capacitor to stabilise,
measured ESR values, for two ceramics is controlled according to measuring capacitance and tand with
typical, good quality capacitors. their CECC, MIL and EIA bias voltage is easily performed. The
Clearly even at audio frequencies, classifications, e.g. BX or 2X1 grade DC bias adapter used with my 100Hz
capacitor ESR is not constant and capacitors must lie within +15% and distortion test equipment also
does vary with frequency, -25% of nominal with maximum attaches to my 0.1% Wayne Kerr
increasingly so with the best low loss rated DC volts applied. Each batch of ~ bridge. Assembled using 450 volt AC
rated, series wound, metallised
Polypropylene capacitors with no
Table 1 measurable VC, this bias adaptor has
been proved free from distortion to
Capacitor Type. 100Hz  300Hz  1kHz 3kHz 10kHz  30kHz 100V DC and was used for all
measurements, with and without bias
100nF metPET - ESR 38.5Q 19.2Q 8.6Q2 4.3Q 1.8Q 0.75Q voltage.
Measured tand 0.0025 0.0037 0.0054 0.0083 0.0115 0.0144 The voltage coefficient of film
Measured Capacitance 102.4nF 102.1nF 1019nF 1013nF 100.6nF  99.7nF capacitors is so small as to be in
Measured IZI 15.6kQ  5.19kQ  1.56kQ 5234Q 1582Q  53.2Q practice un-measurable, so unusual
measures were needed to derive some
100 uF 50v Polar - ESR 507.8mQ 292.6mQ 224.5mQ 203.6mQ 191.3mR 179.4mQ figures for this investigation. In
Measured tand 0.0322  0.0548 0.1384  0.3687 1.095 24725, addition to the obvious need to
Measured Capacitance 100.7uF 99.4uF  98.0uF  962uF  91.2uF  80.6uF maintain a constant room temperature
Measured 1ZI 15:8@—5:35Q 1.64Q  587mQ  258mQ  192mQ I found it essential to shield the
48 ELECTRONICS WORLD August 2003

smaller capacitors from normal room

air movement and low temperature
infra-red. An inverted, black plastic,
empty 35 mm film canister was
placed over the capacitor which was

al!owed to stabilise for some 10
Mminutes following each bias voltage
increment.

Dielectric absorption is even more
time consuming and considerably
more difficult to measure accurately.
Most ‘standard’ test circuits require
Fhe use of an exceptionally high input
impedance voltmeter with 15 minutes
charge and recovery times3. The
usual I0OMQ DVM discharges
recovering 1uF capacitors before a
reading can be taken, so conventional
instruments simply will not do. I
F:onsidered using a very high input
impedance FET opamp buffer, but
the best type I had to hand exhibited a
50pA bias current, sufficient to
charge or discharge many capacitors.

T'also had a matched pair of low
cost PM128 panel meters, these claim
a high input impedance as supplied
set to measure 200mV full scale.

Their voltage readings were almost
unchanged when a 100MQ resistor
was added in series, confirming they
did have an exceptionally high input
impedance. I decided to use these to
measure two capacitors at one time.
With the expected 0.5% DA typical
for PET, a capacitor charged to 30
volts would require some 150mV
recovery voltage to be measured, well
within the PM128 meter’s 200mV
range. Any larger DA would be
measured using a 100MS divider.

A very high voltaée, 40mm
diameter porcelain two gang four way
rotary wafer switch facilitated
switching from charge to discharge,
to recovery then to measure, the two
co-tested capacitors. In this way the
PM128 meters would only load the
capacitors for a few seconds while
noting the readings. Following a few
trials this method worked well with
good repeatability, provided I used a
stopwatch to time the discharge
period. For this I choose to use ten
seconds, discharging the capacitors
into a 56 Ohm resistor.

After many measurements [
managed to locate a number of
suitable test capacitors matching
three of my four target VC and DA
grades. The problem being that all
attempts to identify a capacitor with
high VC and no DA had failed. On
reflection it is almost certain that this

particular combination does not exist
in production capacitors. I managed
to find several good examples
showing little or no VC and DA, but
only one showing almost no VC and
large DA and many samples showing
various levels of both anomalies.

In the end and to restrict the
number of figures for this article, I
selected three 1pF capacitors of
roughly similar size and 200-250 volt
DC rating, also three same case size
IuF 63V rated metallised PET and
one metallised Polyphenylene
Sulphide type.

Test Capacitors
Measuring the voltage coefficient of

the X7R dielectric ceramic capacitor
of figure 2 revealed a large and non-
linear effect. Initially the capacitance
increased with DC bias, but from 12V
to 39V it reduced more than 5%. This
high *k* X7R ceramic type also
exhibited measurable change of tand
with DC bias voltage, 0.0119 at ov,
0.0149 at 12V and 0.0139 with 30V
DC bias. Fig. 4.

Even larger changes were found
measuring Z5U type capacitors, but
COG ceramic types, whether
multilayer or single layer discs, are
quite different in every respect. They
have no measurable voltage or tand

COMPONENTS

coefficients and their +30ppm
temperature coefficient cannot be

% DA, Measured Dielectric Absorption 1uF 200/250 volt Capacitors. .
) B5030KZ :;)gso .‘ri [.):electrlc
ption recovery
P_agir voltages, comparing the
3 B32653 12.74% DA of the 1uF
200V rated
4 Met PP impregnated paper type
*—  B5030KZ of figure 6
o KP376  with the 0.04% of my
Foil PP near ideal 0.47+0.47uF
» —*— 250V type KP376 foil
F and Polypropylene
- reference capacitor of
figure 3 and a good
6.1 MPP capacitor.

0.0005° 10608 |8
00008 10848 |
0.0003% 110508 (
00002% 1140 |

0.0001% -120dB

Fig. 6 This 1pF 200V impregnated Ppaper type B5030KZ capacitor with a
negllgib!y small 0.03% voltage coefficient but very large 12.74% dielectric
abso‘rptlon, clearly shows how dielectric absorption and DC bias voltage
dominate second harmonic generated by the capacitor. With no bias both this
ar'td the figure 3 capacitor measured almost identical second harmonic
distortions, -127.3 and -127.5dB respectively.
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Fig. 7. Recovery voltage ! ) ) » )
comparing three % D.A. Measured Dielectric Absorption 1uF 63 volt Metallised Capacitors.
different 1uF 63V rated, 1 MKS2
same case size, Met PET
metall.:sed PET oL .
capacitors with a Type 370
slightly larger case Met PET
metallised o
Polyphenylene Sulphide Type 470
capacitor. While the Met PET
two BC Components .
types, 370 and 470
show similar DA the EaX SR
Wima MKS2 measured MaliRPS
almost double and Bl
produced the worst
distortion of these four ) .
capacitors. Recovery Time Minutes

bettered, they are much more stable measured +0.005% while a 1uF 200V

than Mica or plastic film capacitors. B5030KZ impregnated metallised

Measuring the 100nF 50V COG

paper measured slightly more, a

types featured in my earlier articles, barely measurable +0.03% voltage

even the fifth significant figure of
capacitance and tand remained

coefficient. Tand for all three
capacitors remained unchanged with

unchanged, when bias was increased or without DC bias.

in 6V steps from 0 to 30V DC.
Other capacitors I measured fell

Dielectric absorption for these three
capacitors however differed

within these two extremes. With 48V substantially. Both Polypropylene
bias my 0.47+0.47uF 250V KP376 types measured extremely small DA

FKP aluminium foil and

but the impregnated paper capacitor

Polypropylene, near perfect reference  exhibited an enormous 12.74%. The
capacitor, increased in value by only FKP capacitor measured 0.04% and

+0.0053%. The 1uF 250V Epcos
B32653 metallised Polypropylene

Dielectric Absorption

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

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

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

Non-polar dielectrics such as COG ceramic,

the B32653 MPP 0.052%. More
significantly while the recovery

voltage for both PP types builds
steadily and slowly with time, that for
the paper capacitor increased almost
instantly to a very high value,
reaching 3.38% in just 1 minute,
almost one hundred times larger than
the PP capacitors fifteen minute
value. Fig. 5
These DA differences clearly show
in the distortion with time as well as
the conventional FFT soundcard
plots. With no DC bias, both the
paper and FKP capacitors measured
almost identical second harmonics at
-127.3 and -127.5dB respectively, the
B32653 MPP -126.8dB. With 48V
DC bias, the second harmonic of the
FKP increased just 1dB, the B32653
MPP type increased by 6.3dB, but the
second harmonic for the metallised
paper capacitor increased by 13dB.
More significantly, the FKP
distortion time plot appears
unchanged with or without bias or
time. In contrast the plot for the paper
capacitor clearly shows second
harmonic distortion continuing to
build slowly, increasing and
decreasing over many seconds.
Figs. 3, 6.
Rather surprisingly, I also measured
significant differences of VC and DA
between the three same case size,
1uF 63V rated, metallised PET
capacitors. While the two BC
Components capacitors, 370 and 470
types, show closely similar DA

Polystyrene and Polypropylene, exhibit small conventional ‘Spice’ simulators, attempting to
losses but polar dielectrics such as PET are model the effects of DA on harmonic

much more lossy. Once charged to a voltage, distortion of capacitors, but none of the

it takes longer for the electron spin orbits in a published capacitor models proved

polar dielectric to return to their original
uncharged state.

successful. A particular difficulty being the
long simulation times needed to ensure

Dielectric absorption is often measured by stability and the care needed when choosing

fully charging the capacitor for several

the final ‘FFT’ calculation window.

minutes, followed by a rapid discharge into a Armed now with the careful capacitor

low value resistor for a few seconds. The

measurements needed for this investigation |

capacitor is then left to restfor some time after ~ was able to refine my models. Using a

which any ‘recovered’ voltage is measured.
The ratio of recovered voltage to charge
voltage, is called dielectric absorption.

Various writers have used this method to
develop capacitor models which simulate the
effect DA has on capacitance value with
increasing frequency. For that purpose such
models can work well.

In the past | had tried without success
however to use these published models with

harmonic balance simulator, developed to
calculate distortion in RF circuits, produced
usable simulation results, supporting the
effects which DA with bias voltage has on
distortion.

So how does dielectric absorption affect the
distortion produced by a capacitor? The main
difference | found is the increasing magnitude
of the second harmonic, with increasing bias
voltage.
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recovery voltages, the Wima MKS2
type shows much increased DA, at
0.724% - almost double that of the
other two metallised PET capacitors.

As expected, the Evox metallised
Polyphenylene Sulphide capacitor,
which performed so well in my
earlier tests, measured 0% VC and
only 0.087% DA when co-measured
with the 470 style capacitor, to make
a direct comparison with that style’s
0.4% DA. Fig. 7.

Three of these four quite similar
capacitors also measured very small
and linear VC when tested using 0 to
30V DC bias, ranging from 0% for
the Evox to a negligible 0.0049% for
the 470 and 0.024% for the 370 style.
The MKS2 style measured the worst
with 0.031% at 30V and 0.062% by
39V. Its VC was ruler straight from
6V to 24V bias, with a small dip from
0V to 6V and increasing deviation
above 30V bias. see Fig 4.

The distortion with time plot for this
MKS?2 capacitor shows a noticeable
dip then increase in second harmonic
as the capacitor discharges and another
small dip, not seen in other capacitor
plots, as it charges. With such a range
of measured distortions, I had no
choice but change scales. The Evox
SMR also BC Components type 470
were measured using the 0.05 volts for
-106dB full scale display, but for the
type 370 and the MKS2 capacitors I
had to use the 0.5 volt, -86dB full
scale display. Figs. 8,9, 10, 11.
Most notable of all is that even with
no DC bias the MKS2 measured some
10dB more second harmonic
distortion than the other two
metallised PET types. Due to its large

DA of 0.724% it also displayed the
largest increase of second harmonic,
more than +26dB with 39V bias
despite starting from a higher unbiased
level (-115dB) than the others. This
behaviour was not unique to this
particular specimen but found in
others of the same style.

Conclusions - VC or DA?

As preparation for this article I
carefully measured more than one
hundred capacitors. As can be seen in
figure 2, a large dielectric absorption
combined with a large non-linear
voltage coefficient does seriously
affect the level of second harmonic
distortion produced by a capacitor.
However such large and non-linear
voltage coefficients simply do not
exist in COG ceramics, foil and film

0.0005% -106¢8 |10
0.0004% 10868

0.0003% 110,508}

0.0002%

0.0001%

0.005%

0.004%

0.003% -90.5dB |

0.002%

0.001%

0.0005% -106de [k
0.0004% 10848
0.0003%-1105dB
00002% 11408 |

0.0001% -120d8

114d8 |

-120dB |

-86dB |

-88dB |

-94dB

10048 |
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Fig. 8. This Evox
SMR 1uF 63V
capacitor size 12.5
x 6mm, with 0%
VCand 0.087%
DA, shows a 10dB
increase in second
harmonic with DC
bias, half that
measured with the
best metallised PET
capacitor tested,
figure 9 and
compares well
with the 6dB
increase of the 26
x 10mm B32653
MPP type.

Fig. 9. BC
Components type
470, 1uF 63V
metallised PET
capacitors
consistently
measure a small
second harmonic
without DC bias
and negligible
0.0049% VC.
However with
0.4% DA, second
harmonic
increases by
19.9dB with bias.

Fig. 10. The same
makers 370 type
shows 4dB more
second harmonic
with no bias and
25.3dB increase
with bias, tested
under the same
conditions,
enforcing use of
a less sensitive
display scale.
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Fig. 11. With

and without DC
bias voltage the
same case size

Wima MKS2

shows much more
distortion than

the other

capacitors. While

discharging, its no
bias second
harmonic

distortion

overshoots then
slowly rebuilds to

-115dB, 10dB

worse than the
others. With bias

its second
harmonic
distortion at
-88.5dB, is ten

times larger than

type 470 and

twenty times the

Evox SMR
capacitor.

0.005% -86dB
0.004% -88dB
0.003% -80.5dB ‘
0.002% -94dB

0.001% -100d8B |

or metallised film capacitors. Some
metallised PET capacitors do exhibit
a small almost un-measurable voltage
coefficient, much too small to
account for the increased second
harmonic distortions I measured with
the capacitor DC biased.

Using a Spice type simulator,
Microcap6 and the advanced
harmonic balance simulator in
Aplac7.62, I explored the effect a
change of DC bias has on capacitor
distortions. Applying a change of DC
bias to a capacitor stressed with a
‘constant AC test signal simply moves
the test signal zero crossing, along

Technical support

the voltage coefficient plot. With no
DA and a non-linear VC plot,
distortion changes in-line with the
degree of VC non-linearity. Given a
linear VC and no DA distortion
remains unchanged with bias, but
when a linear VC was combined with
a DA model and bias applied, my
simulated distortions increased.

Significant non-linear voltage
coefficients will inevitably be found
in high kK’ ceramic capacitors and to
a lesser amount, typically 0.2%, in
aluminium and tantalum electrolytics,
but from my tests are not found in
other capacitor styles.

Full details of this new hardware test method and my original Capacitor
Sounds series 1ppm low distortion oscillator, buffer arpplifier, nptch
filter/preamplifier and DC bias assemblies, together with parts lists,
assembly manuals and full size printed circuit board drawings, all as .
PDEF files arranged for easy viewing on screen or hardcopy, are provided
in my new “Capacitor Sounds” CD ROM. : )

This CD also includes updated and much expanded re-writes with very
many more figures, of my recent series of six ‘C_apacitor Sounds’ articles,
supported now by some ninety capacitor distortion measurement plc.>ts. 1
Also on the CD are PDF re-writes of my earlier ‘Understand Capamtoys
series together with articles how to diagnose failed capacitors »yhile still
mounted on printed circuit boards and essential low cost capacitor
measurement methods, more than twenty popular articles.

This CD is now available, cost £15 Sterling includipg post packing.
Send cheques or postal/money orders in Pounds Sterling only to:-

C. Bateman.
‘Nimrod’
New Road.
ACLE.
Norfolk.
NR13 3BD.
England.

vC

Voltage coefficient is in practise so
small as to be in practice un-
measurable for COG ceramic and the
better film dielectrics such as
Polystyrene, Polypropylene and
Polyphenylene Sulphide. Metallised
PET capacitors do exhibit a small
near linear VC, but not usually of
sufficient level to visibly affect
distortion measurements.

DA

The better dielectrics such as COG
ceramic, Polystyrene, Polypropylene
and Polyphenylene Sulphide do
exhibit a small but measurable
dielectric absorption, usually less
than 0.1% which has little effect on
second harmonic distortion even
when DC biased. However, as has
also been clearly demonstrated, less
than 0.5% DA, found in many
perhaps most, metallised PET
capacitors, does result in substantial
increases in second harmonic
distortion with increasing DC bias.
From these tests, dielectric absorption
is shown to be the dominant second
harmonic distortion mechanism for
COG ceramic and plastic film
capacitors, especially when DC
biased.

These test results reinforce my
earlier recommendation that
metallised PET capacitors should
either be individually distortion tested
before use, or simply not used in any
quality audio system®.

In my next article I explain how my
real time second and third harmonic
analyser described in the July issue,
together with my 1ppm low distortion

1kHz generator, buffer amplifier and
notch filter preamplifier! can be
assembled into a low cost case, as a
self contained free-standing distortion
analyser which can be used testing
both amplifiers or capacitors. |
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A
to the editor

Letters to “Electronics World” Highbury Business Communications,
Anne Boleyn House, 9-13 Ewell Road, Cheam Road, Surrey SM3 8BZ

e-mail j.lowe@highburybiz.com using subject heading Letters’.

Smug editor

I’d promised myself that I would not
waste time and mental energy in
responding to Ivor Catt’s tirade against
EMC (EWW, March 2003). Indeed, I
deliberately filed away the (notably
slender) issue earlier than usual, in an
attempt to ensure this. However, the rather
smug “job-well-done” tone in your April
2003 editorial (“Catt’s Whiskers™) has,
alas, forced my hand.

It is tempting to respond at length to
Catt’s wearisome and paranoid rant on a
point-by-point basis, and I'm confident
that others will rightly do so. Suffice it
instead to say that whatever Catt may
think, EMC, and its associated statutory
regulation, is not some sort of conspiracy
perpetrated against him by outdated and
ignorant veterans of the defence sector.
Rather, it is simply a necessity driven by
very real and modermn technical issues,
such as the prevelance of high-speed
digital signals, switched-mode power
supplies, electronic motor controls and
personal RF communications. If Mr. Catt
truly wishes to consign us all to an
anarchy in which the radio spectrum is
rendered unusable by noise and in which,
for example, it is unsafe to use industrial
machinery in case someone operates a
mobile phone nearby, then frankly I think
we have cause to be very grateful to the
international regulatorsl for protecting us
from his kind.

I was annoyed by the Catt article on two
counts. Firstly, I found its unscientific,
opinionated and self-indulgent nature
insulting to EWW’s readers, and in my
opinion unworthy of publication in what
was once an intellectually demanding
journal. Secondly - and perhaps more
worryingly - it appears to have been
commissioned in order to be deliberately
provocative, rather than because it had a
positive contribution to make to the
subject in hand. Such a low-brow
approach may indeed provoke
correspondence like mine, but I would
have thought that a much better way to
increase the thickness of the journal, and

readers’ interest in it, would be through
quality articles and papers. Controversy
for its own sake is a poor substitute.

I'recently came very close to allowing

my EWW subscription to lapse, but
relented at the last minute on the grounds
that I have valued your journal highly in
the past, and that I might yet miss the
occasional gem. The sort of drivel
exemplified by Catt is not, I hope, an
indication that I have wasted my money.
Michael Turner

Harrogate

Yorkshire

UK

Fourier and Catt

I was intrigued by Leslie Green’s article
(EW March page 48), but after some
playing with MathCAD myself, I have
concluded that he was claiming more than
he should. The MathCAD results are
artificial in that the time axis has been
quantised to increments of one unit. The
absurdity of this is revealed by removing
the 0.5 unit offset in the two formulae,
whereupon the unmodified series with Fn
= 1/n actually never overshoots at all. In
contrast, if you apply much finer time
sampling, say t := -2, -1.9 .. 6, you get the
expected overshoots and ringing.

This then does indeed reveal that the
revised coefficients give both less
overshoot and less ringing, and a bit of
experimentation suggests that the value
for K is about optimal, even though Mr.
Green did not justify it, but the overshoot
is reduced from 8.9% not to 0.3% as
claimed on the last page, but to about
2.9%. I suspect an error in decimal place,
like the 112 in place of 11.2 in two other
expressions.

As regards EMC - I was highly
entertained by Ivor Catt’s article (EW
March 2003, page 44). I entirely agree that
the European EMC regulations were
prepared with far too little consideration
of the real world; this is not surprising
given that a lot of those involved were
academics, not practising engineers
working in design and manufacturing.
Furthermore, I have grave doubts about
the morality of imposing standards for
susceptibility to interference; that is a
matter that ought to be left to the market
place, except of course when safety is an
issue (where in general different and
tighter limits apply). I am however
surprised that Mr. Catt did not point out

that a spur to devising such awkward
standards was the hope that they would
protect European industry against foreign
competition; some of the limits could
never be justified on technical grounds.
However Mr. Catt is quite mistaken (or
perhaps a decade or more out of date)
when he talks about a separation between
those designing the insides of equipment
and those trying to stop emissions or
susceptibility after the fact. It is now
acknowledged that EMC considerations
must be taken into account at every stage
of design, and particularly on internal
printed circuit boards, and in my field at
least (professional audio) we have had to
throw out decades of inherited ‘wisdom’
(e.g. on earthing practice) and go back to
first principles. The result is that new
items of equipment meet the EMC limits,
both emissions and susceptibility, with no
performance impairment and at little
financial cost. In other words, in audio at
least, the EMC regulations, infuriating and
irrational though they were and are, have

DTV quality
With reference to A Cox’s letter on ‘Quality reduction between
TV and VCR’

(EW April 2003). Relating to my own experience of digital set
top boxes,

I myself have had problems.

I recently purchased a Grundig Freeview box and after
connecting it and setting it up I was a little disappointed. I found
that viewing through or recording on the VCR, I got a terrible
picture, the picture cycled between light and dark and the sound
came and went.

A quick phone call to the manufacturer revealed the answer.
The problem was that the broadcasters had inadvertently left the
MACRO copy protection switched on. This, I was advised, was
going to be switched off on the 10™ of March and this would
cure the problem. Low and behold, on the evening of the 10™, T
tried it again through the VCR, perfect.

As for the peripheral services, i.e. PDC, I have discovered
something else that is missing. All broadcasters (with the
exception of C5) send the programme title on analogue, i.e
‘Watchdog’ or ‘“Tomorrows World’, not on digital though. This
is something I intend to pursue as my VCR has a built in library
system which automatically registers the title against the
recorded programme.

Alan Jones.
Sutton in Ashfield
Nottinghamshire UK
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actually led to improved products.

So yes, the EMC standards are seriously
flawed, but the requirement to meet them
has imposed a needed discipline on
designers that was lacking before.
Kenneth Gundry
San Francisco
California
USA

More Catt, please

I laughed out loud at the brilliant article
by Ivor Catt, in the March issue of
Electronics World, on the subject of our
ludicrous EMC regulations. Thank God
someone with such impeccable credentials
has had the nerve to speak out about the
farcical shambles of this sorry piece of
‘Eurocracy’.

As an electrical engineer who dabbles
around the edges of electronics, I have
seen many projects stumble and fall in the
face of the extortionate expense of
pointless testing for problems that do not
exist. k

Several years ago, I designed a novel
and accurate, general-purpose electronic
timer that was so robust it even survived
(with not so much as a squeak) when I
inadvertently blew the end off my
screwdriver whilst messing about with the
prototype. It had a component count and
cost of about a third that of comparable
designs and was, to the best of my
available test methods, totally interference
free. Sadly, it’s still on a shelf in my
workshop because I couldn’t justify the
cost of the ridiculous test requirements for
CE/EMC approval. Is it any wonder we
no longer have a proper manufacturing
base in the UK?

Amplifier compensation

Further to the excellent article by John Ellis (EW 3/03) regarding
amplifier compensation. A PSpice simulation of the Fig.12
amplifier, for Vo/p = 28V, Iq=72mA, shows THD = .02% at
20kHz dropping to .0015% at 1kHz and a slew rate of 10V/us.
The 20kHz feedback is 18dB,which is close to the Fig 13 value
of 16dB.

Doug Self/Blameless uses 30dB at 20kHz,so that we need four
times more gain to obtain the Self results. Using C2 = .25nf and
C4 = 25pf gives a 20kHz THD of .005% and .0013% at 1kHz,
and a slew rate of 40V/us.

It would be interesting to know if the practical amplifier is still
stable at the reduced capacitor values, a PSpice step input
suggests that this amplifier is stable. It is agreed that the
differential input signal problems exists, see Fig.10, but is this
important in practice for Miller compensated amplifiers, having
the same THD and slew rates as the PLIL amplifier, especially
when many successful Miller amplifiers have been produced and
utilised.

What further overall system tests are required to highlight
differences between the two types of compensated amplifiers,
other than the less satisfactory aural subjective tests?

Ken Hughes
Wokingham
Berkshire
UK

And to cap it all, many domestic
products that are supposedly CE/EMC
approved cannot possibly have been tested
in any sort of realistic manner, yet are
freely available from manufacturers who
presumably have the resources to pay for
approval. For example: the commonplace
electronic water descalers, which many
people have on theit domestic water
systems, are a major interference source
on both commercial long wave and other
amateur bands. Hardly surprising when
you consider they operate by inducing a
variable radio frequency signal onto the
copper pipe-work, which then acts as a
ruddy great aerial that broadcasts the
signal far and wide. Couldn’t possibly
have been properly tested but widely
available with CE/EMC approval.
Furthermore, ever noticed how your
mobile phone interferes with VHF radio
when it dials up? CE approved of course.

Ivor is absolutely right. This is an
important issue and I’m with him every
step of the way — he sounds like my kind
of a guy so let’s hope we can hear some
more of his entertaining revelations.
Chris Griffiths.

Taunton
Somerset
UK

Back to basics

Spurred by a letter stating that my (3 year)
subscription is about to expire, I have
some misgivings about renewing. This is
new, as it was never a question before. I
am a long-standing subscriber, my first
WW dating back to the early 70’s.

Like many of your readers, I pursue an
engineering career in electronics, as well
as a personal interest in electronics for
audio and music. I am a member of the
AES. A long row of eminently talented
contributors to the magazine has kept it at
the forefront of audio and made it a major
source of knowledge and inspiration
within this field. Many of those articles
remain valid decades later and are often
referred to by contributors in current
literature.

Reiterating the list of those authors and
their accomplishments through the last 35
years should be unnecessary, except to a
newcomer in this field, which I would
direct to the 12 year index CDs from this
magazine. The magazine has thrived as a
forum for these luminaries, and EW
should be proud to provide it, as well as
be grateful for the articles, often founded
on invaluable research done in
commercial establishments, and
generously published for a token writers
fee. I assume that writing for this
magazine in the past was considered an
honour. Maybe this has changed. I doubt
it was ever well paid.

By no means should this be taken as a
plea for more audio, other subjects can be
equally interesting if selected for

originality, current relevance and quality.
My misgivings are further fuelled by the
March 03 issue. The article by Mr. Ellis
B.sc., Ph.d. does deal with audio,
spending a full eight pages on
guesstimations and rather undramatic
results from simulations, concluding in
some vague handwaving about unproven,
possible advantages from the PLIL
compensation method — I’m sorry to say,
but this is not good enough. The article
contains little or nothing new. At most,
the matter deserves a few, but clearly
written pages.

Mr. editor, I expect you to separate the
wheat from the chaff. Repeating a mail
from Richard Black must be a mistake?
However, this, and a letter from Mr.
Bateman leads me to ask you bluntly: Are
you going to bring more articles by C.B.
and similar authors, drawing on their
many years of experience and in-depth
knowledge, handing us a lifetime of
insights in an immediately useful form?
Or should these insights just go to waste?
I find one of these articles worth any ten
Ph.ds.

I'am also concerned with the Catt
article. His statement sums up what many
engineers feel about the EMC legislation
and practise. However I fear it will fill up
your letters pages with more heated
arguments from people with little else to
do than mudslinging and self promotion.
They are free to argue, but please let them
take it somewhere else, OK? This does
not make good reading.

I would request the editor of EW to
strongly discourage any inter-personal
comments in the letters pages, and suggest
to letters contributors that they stay firmly
on the subject of electronics, learning
more from those who know, and less from
those so opinionated. It does fill up EW
pages for free, but I do not like paying for
it. I'd even prefer a few more
advertisements instead, to help finance the
magazine.

I will consider my subscription for a
while now, and for the first time, the offer
of 3years and 33% reduction seems less
tempting - will the magazine survive that
long, what with the price going up, and
the contents going iffy?

With the best wishes for the EW.
Michael Edinger

Denmark

I will try my best to accommodate
some of your comments - Ed.

Shot in the Foot,

continued
I missed A.C. Bloomfield’s letter in the
February EW, but for the sake of
completeness, it’s ‘kai su teknon’. Not
‘technon’ or ‘tekhnon’.

As you no doubt appreciate, these are
Julius Caesar’s dying words (‘Even you,
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USB pre-amp

I'refer‘ to the article “USB-powered high-preci-
sion hi-fi phono preamp” which was published in
EW Jan.2003,p.38.

I’ve been reading EW/WW for more than 30
years and I've never seen in it such a ridiculous
_headline foran electronic design - a design which
is far away from the above mentioned claim for
accuracy. In the past years WW /EW had pub-
lished a broad range of expert’s reports by people
like H. P. Walker, D. R. G. Self and many others
who discussed in depth all aspects of
RIAA-amplification, esp. noise, overloading,
precision of response curve etc. They always had
been - and some of them still are - on top of the
amp-evolution by trying to take things forwaard.
None of these aspects is covered in a “high-preci-
sion” nor in a satisfactory way by Mr.
Baumbach’s design. I wonder why you publish
such a “step back™? On the other hand 1 think it’s
a good idea to tackle such a USB -RIAA-problem
and that’s why 1 would like to add the following

remarks to Mr. Baumbach’s proposal:

In my eyes “high-precision” should only be
called something which is near the optimum (e.g.
a+1 - 0.1--0.25dB) tolerance of the response
curve could be tolerated under precision aspects
for RIAA designs only, a 1anding airplane would
have a great chance to crash at the landing point
if its altitude meter would be calibrated with such
a tolerance) and this can easily be reached by
using the approach given in the application note
AN-346 of National Semiconductor. It should not
be forgotten to mention that the MAX4478 also
has a significant output impedance at 75us
(approx. 30R - 40R at 2120Hz and Av = +3)
which should also be taken into account when
calculating any resistor/capacitor network
following such op-amps (see data sheet)!

The overload problem cannot be wiped out in
general because of the low 3.3V supply voltage
proposed - but it could be improved drastically by

+33V

+33V
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Abb. 2: RIAA-Entzerrer-Verstérker mit MAX4478 - NEU

(among other things) one of the following
measures or all together:

a) move the 75us-filter from the output of OP2 to
its input :
b) use of low-output MM cartridges (<
2,0mVeff) or high-output MC cartridges (> 1
mVeff) only
c) reduction of the overall amplification factor at
1kHz and 0dB (e.g. 5mVeff) input level to an
output level with a minimum of approx.
17.7dB margin before clipping (=150mVeff)
d) replacement of the proposed voltage regulator
with a low-drop type to gain a higher supply
voltage of + 4.5V and thus higher output
swing capabilities which will create an
additional 2.1dB margin before clipping.
Total amplifier generated noise can also be
reduced by redesigning the feedback networks
with the use of very much lower resistor values
(e.g. change from 4k7 to 475R etc.) and higher
capacitor values than shown (a calculation with
the method presented by Nat. Sem’s application
note AN 102 gives an improvement of min. 2.2
dB noise reduction).

Fig. 1 sums up the above-mentioned ideas.

Although I think that people working on the
whole USB field should be supported by publica-
tions like EW your magazine must carefully
check the balance between the high level
demands - which were deeply reflected in many
(thankfully) published letters of your readers not
long ago - and the need to “fill the pages” with
apparently interesting articles.

Kant once said: “less is more!” This - and the
level of quality WW/EW had been producing
during the past years - should be the red rope for
your (our!!!) magazine.

Burkhard Vogel
Stuttgart
Germany

Firstly, apologies to Burkhard who's email got
lost in our server crash. Secondly - as we
don't actually build and/or test circuits
published in EW - | have to take them on face
value. A USB phono pre-amp seemed like a
jolly good idea for those of us who like
transferring our old vinyl music collection to
CD. - Ed.

my son’) to Brutus, according to Caesar’s
biographer. No, he didn’t say ‘Ettu
Brute’: being a very well educated
Roman, he spoke Greek. Brutus was
rumoured to be Caesar’s natural son.

A. Pedant, aka Richard Pickvance
London

UK

DIY audio

Reading Eric Lamarque’s letter in the
April 2003 issue, I wonder if EW is
starting a new career in the ‘people’
press, as we call it in France. As a regular
reader of WW, then EWWW, and now EW
since 1978, this is the first letter I read
with so many comments about family life.
How wonderful that whatever M.
Lamarque does - girls or modifications of
electronic circuits - it ‘sounds better’! His
story is good for the internet chats, but not
at their place at all in EW. Here are two
personal experiences which may
contradict those provided by the ‘audio

DIY-fi’ amateurs like him : - I once
replaced a JCR4558 (I think) with a
NES5532 in a highly rated Onkyo tuner. I
never found it sounded better at all. I once
looked at the inside of an old professional
_ inch tape recorder that sounds lovely - it
was full of antique 741s!
The John Linsley Hood class A

amplifier seems to have established itself,
with a little help of its author, as a legend.
The reason is probably that it was one of
the first published class A projects. My
references say it was in the April 1969
issue of WW. It was preceded by one
project by D.H. Reed published in Hi-Fi
News, April 1968, and followed by
another one by L. Nelson-Jones in
Wireless World in March 1970. These
details partly come from Geoff Moss’s
Class-A amplifier site. In those times,
there were only two commercial (British)
class A units available, one by Richard
Allan and the other by Sugden. The better
specification of JLH’s class A amplifier

was its extended HF bandwidth which
needed to be tamed to avoid oscillations.
Open loop distortion, output impedance
and power supply rejection were rather
poor. With only four transistors, it was not
so simple as it needs an electronic
smoothing power supply with heat sink.
I’ve built this amplifier three times in
1971, 1973 and 1988. I am not very fond
of subjective comments but I may say
that, in 1988, there were far better
sounding amps for me. For example,
JLH’s 1980 Hi-Fi News class B 30 watt
amp. John published a revised version of
the class A project in EW September
1996: directly coupled, with regulated
power supplies and better control of the
standing current. Using Darlingtons in the
output stage would give better
specifications but “for the sake of
historical fidelity”, this modification was
not adopted. To me, this is an unjustified
and very disappointing nostalgia of the
same kind as the myths for tube amps: not
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very scientific. With an ear listening to
the sirens of the subjectivist camp, some
of John’s approaches have not always
been very rigorous, I am sorry to say.
Despite the above negative comments, I
nevertheless enjoyed reading many of his
articles.

Sébastien Veyrin-Forrer

Saint Chartres

France

Praise for audio

While I generally agree with the letter
from Ray Lee BSc “On the demise of
Electronics magazines” (EW Letters,
May), I must take issue with one point -
the statement that designs like Linsley
Hood’s amplifiers are no longer relevant.

Audio amplifiers are one area where it is

still quite possible for the home

Wheatstone revisited

My criticism is about the accuracy estimation of the bridge
measurement calculated in the article (EW April). In the
“Determining the error” box in p.20, it is assumed that the
ratio of A resistance branch to B resistance branch is (100+x)/
100 or 100/(100+x) and then some manipulation is done to
these ratios. This manipulation has no meaning and so its
result is meaningless. If the ratio of A to B is something like
(100+x)/100 then the ratio of D to C has to be identical in
order to null the meter reading. If D (the switch selected
resistor) has absolute accuracy to the knob’s markings and C
has absolute accuracy, then the D value selected will have the
same x percent error as the A to B ratio error.

There is no way to minimise the measurement error caused
by the resistor ratios used in the bridge. Another problem is
using 0.1% accuracy resistors in a 4-decade series connected
resistors (branch D). The finest decade values are within the
error value of the other higher three decades, so its selection is
meaningless.

Victor Koren
Tel Aviv
Israel

Wheatstone

In his interesting article “Wheatstone Revisited’ (EW April)
David Ponting presents, on page 16, a little bit of calculus to
find the minimum value of y =n+2+ ()

He obtains the correct answer, of course, but there is a simple
algebraic rule well worth remembering that avoids the use of
calculus in this case and a number of other problems in
electronics, notably those involving impedance matching for
maximum power transfer and the choice of signal

source resistance for noise minimisation in amplifier design.
Substituting x for n, for generality, the rule states that if
y=x+ (a;) then y(min) occurs for x = Jz and has a value ».f;
Ify- n+2+(;1’—) then ‘a’ = 1 so y(min) = 4.

constructor to outperform commercial
manufacturers on both price and
performance. So designs from the likes of
Linsley Hood and Doug Self, as examples
of how this may be achieved, are of great
relevance. The same applies, in varying
degree, to other non-mechanical items of
audio equipment - preamps, tuners,
mixing desks, effects units.

There s also the point that audio is
perhaps the area of electronics most beset
by ignorance, misinformation and outright
bullshit. Articles and discussion in
Wireless World, especially those involving
the above two authors, stand out like
jewels in a sea of mud.

So it was good to be treated of another
of Doug Self’s articles on subtle behaviour
in audio amplifiers with cures/alleviations
achieved by ingenuity and maybe 10p-
worth of parts.

With thanks for scientific audio articles
past and future,

Pigeon
By email

The Question

Inresponse to Orde Solomons letter last
month (EW July p54) traditionally, when a
TEM step (i.e. logic transition from low to
high) travels through a vacuum from left
to right, guided by two conductors (the
signal line and the Ov line),
(http://www.ivorcatt.com/1 _1.htm) Figure
5, there are four factors which make up
the wave;

- electric current in the conductors

- magnetic field, or flux, surrounding
the conductors

- electric charge on the surface of the
conductors

- electric field, or flux, in the vacuum
terminating on the charge.

The key to grasping the anomaly is to
concentrate on the electric charge on the
bottom conductor. During the next 1
nanosecond, the step advances one foot to
the right. During this time, extra negative
charge appears on the surface of the
bottom conductor in the next one foot
length, to terminate the lines (tubes) of
electric flux which now exist between the
top (signal) conductor and the bottom
conductor.

Where does this new charge come
from? Not from the upper conductor,
because by definition, displacement
current is not the flow of real charge. Not
from somewhere to the left, because such
charge would have to travel at the speed of

Electronics & Wireless World sep84,
reprinted sep87. For further information
on the Catt Anomaly, see letters in the
following issues of Wireless World;
aug82, dec82, aug83, oct83, dec83, nov84,
dec84, jan85, feb85, may85, juneds, jul8s,
aug85.]

Ivor Catt

St. Albans

Hertfordshire

UK

A full response

to Ivor’s critics

will be published next month and then
we will draw a line under the EMC
debate - Ed.

Kirchhoff’s Laws and how
(not) to destroy a

galvanometer.
Revisiting Wheatstone, David Ponting
writes that “Kirchhoff’s ... so-called Laws
don’t go much beyond common sense and
arestatement of Ohm’s [law] ... “. (EW
April 2003, p.12). Actually, the first and
second of Kirchhoff’s laws express the
conservation of charge (the node law) and
the conservation of energy (the mesh law),
applied to electrical circuits. I feel they are
fundamental enough among the law of
physics.

The so-called Ohm’s law, instead, is not
a law of physics at all. Rather, it is a
definition of a class of conductors, the
“ohmic” conductors, namely those
conductors for which the I-V relationship
is linear.

Regarding the compromise between

~ \KN —/
S
RI>>R2 S3

ultra-sensitivity and roughness for a
galvanometer, the “triple switch” was
devised to address the problem (fig. 1):
press in sequence S1, then S1 and S2, then
S1 and S2 and S3, each time zeroing the
bridge at its best. S1, S2 and S3 are
spring-loaded switches that open on
release. If the procedure is started the
wrong way, that is starting with S3
(highest sensitivity to current and to
damage) nothing can happen, as S1 and
S2 are still open. If you want really to
destroy the galvanometer, you must

Bryan Hart light in a vacuum. (This last sentence is
Leigh-on-sea what those “disciplined in the art” cannot deliberately start with a fully unbalanced
Essex grasp, although paradoxically it is obvious bridge and firstly press S1, S2 and S3
UK to the untutored mind.) A central feature together.
of conventional theory is that the drift Marcello Carla
velocity of electric current is slower than Florence
the speed of light. [Published in italy
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The Electronics World Book Service offers access to our
team of specialist publishing experts. We can order any
book or CD-ROM currently in print from War And Peace
to the Reference Data for Engineers. All books are
delivered free of charge within the UK unless otherwise

stated. Contact us at the numbers below:
Telephone: 01737 812727 or 01737 812676

Fax: 01737 813526

THE ART OF
ANALOG LAYOUT
Roy Alan Hastings

This text aims to provide students with
abrood understanding of the issues involved in
successfully laying out onolog-integrated circuits -
ranging from the mechanics of layout to essential
information about many related areas, such as device
physics, processing and failure modes and effects.

DESIGN-FOR-TEST:
FOR DIGITAL
INTEGRATED
CIRCUITS AND
EMBEDDED CORE
Alfred L Crouch

An introduction to the basic concepts of Design-For-
Test, an area in chip design.

1 : 0ct 2000 & 559 pages a HB July 1999 4 350 pages & (D-ROM RO
Email: salesteam@boffinbooks.demon. co.uk Code PEAR 013087061 7 £30.99 Code PEAR 013084827 1 £59.99
HIGH SPEED RF CIRCUIT VERILOG s PASSIVE
DIGITAL DESIGN DESIGN: THEORY & DEVELOPER'S COMPONENTS FOR
Howard W Johnson & APPLICATIONS LIBRARY CIRCUIT DESIGN
Geohom Martin ReinholdLudwig; Pavel Bretchko Bob Zeidman lan Sinclair

Re-issue

Focusing on the field of knowledge lying between
digital and analog circuit theory, this text sets out fo
help engineers working with digital systems shorten
their product development cycles and help fix their
latest design problems. It covers signal reflection and
crosstalk.

This practical guide intorduces RF circuit design
fundomentols while emphasizing a circuit based
approach. It provides MATLAB routines fo carry out
simple transmission line computations and uses a PC-
based commercial RF circuit simulation fool fo
demonstrate actual circuit behaviour.

Verilog is one of the most used hardware description
languages. This text contains a library of useful code
for those users who do not wont forecreateidentical
code for common tasks.

Designed for technician engineers and anyone
involved in circuit design, this fext provides on
introduction into o key area of analogue electronics. It
covers all component types capable of power
amplifications, including: resistors, capacitors,
transformers, solencids and motors.

Aguideto making and using paranormal research electronics.
It describes practical electronic circuits o be usedin
experiments involving instrumental transcommunication ({TC),
the electronic voice phenomenon (EVP), and paranormal
experiments involving ESP. auras, and Kirlian photography.
White and pink noise generators for use in instrumental
transcommunication (ITC) experiments; Kirlian photography;
plasma experiments; extrasensory perception festers;
magnetic fields sensors.

text provides individualized learning goals covering
electronics concepts, terms and the mathematics
required fo understand AC circuit problems.

820 pages a HB 0ct 19994 656 pages a HB Jul 1999 4 450 pages a PB Nov 2000 a 301 pages a PB

Code PEAR0 13395724 1 £44.99 Code PEAQ 130953237 £35.99 CodePEAOT3 081154 8 £79.99 Code HBO 7506 4933 X £23.50
ELECTRONIC PROJECTS [P BASIC AC CIRCUITS INTERFACING WITH C SELF ON AUDIO ;
FROM THE NEXT Clay Rawlins Mike James & Howard Hutchings { Douglas Self ) :(
DIMENSION: paranoRmAL Astep-by-step approach to AC circuits An exploration of interfacing personal Eﬂ‘m s This work offers a collection of sle
EXPERIMENTS FOR HOBBYISTS for beginners, providing thorough computersusing C AnintroductiontoG; | - . Electronics World arficles, including |
Newton Braga coverage of theory and practice. The loops and data conversion; data self-build projects. It cims to demystify

acquisition using C; essentiol mathematics;
convolution; digital filters; Fourier transforms;
correlation; Kolman filters; data conversion;
investigating the spectral and time-domain
performance of z-tronsforms using computer-
managed instruction; introducing audio signal
processing using C; standard programming structures.
Dewey: 005.71262

amplifier design and establish empirical design
techniques based on electronic design principles and
experimental data.

This third edition of Build and Upgrade Your Own PC
is based around building and upgrading to the very
latestsystems running processors with speeds over
2.0 Ghz and ultrafost buses. It also covers upgrading
to Windows XP and Windows Me.

quidance and circuit design basics needed by a
spectrum of students, electronics enthusiasts,
technicians and circuit designers. It provides
explanations and practical guidance, and includes
new sections on SHF techniques and intruder alarms.

Nov 2000 a 256 pages a PB 2nd Edifion a Oct 2000 a PB 2nd edition a Dec 2000 a 308poges Jul 2000 .4 256 pages a PB
Code HBO 7506 7305 2 £28.50 Code HBO 7506 7173 4 £34.50 Code HB 07506 4831 7 £20.50 (ode HBO 7506 4765 5 £28.50
BUILD AND oo PRACTICAL it ANALOG CIRCUIT ELECTRONICS FOR
UPGRADE YOUR i ELECTRONICS Flectronics TECHNIQUES WITH SERVICE
OWN PC ?g HANDBOOK 208 | |piciTAL ENGINEERS
lan Sinclair b k lan Sinclair INTERFACING Joe Cieszynski & Dave Fox

A collection of all the key data, facts, practical Trevor Wilmshurst From simple mathematics and circuit theory to

Aimed at junior undergraduates, this fextbook offers
comprehensive coverage of analogue electronic circuit
design with two full chapters devoted to the use of
SPICE in circuit simulations. programmes leading to
IEng MSc Electronic conversion type courses.

Mor 1999 a 294 pages a PB

transmission theory and aerials, this text provides the
range of knowledge required to service electronic and
electrical equipment. Questions and worked examples
illustrate the concepts described in each chapter.

quantities of o cerfain board design for construction of
osmall number of devices. This book describes the
process of making o printed circuit board, from the
conversion of o schematic diagram into o board
layout to the making of the board itself.

Jul 2002 A 251 pages a PB

Code HB 1878707 507 £21.99

Writtenby professionals for professionals, this fitle is
a complete reference for engineers, covering a brood
range of fopics. As well os addressing radio
technology data, this reference volume
covers digital electronics, computers
and communications.

9th edition a Aug 2001 A 1568 pages
HB & CD-ROM

3rd edition a Jul 2002 a 335 pages a PB Sth edition 4 Feb 2000 4 571 pages a P Mor 2001 & 320 poges 4 PB
Code HB 07506 5758 8 £22.50 Code HB 0750645857 £16.99 Code HBO 7506 5094 X £19.99 Code HBO 7506 3476 6 £20.99
FABRICATING REFERENCE DATA PRACTICAL RF NEWNES
PRINTED CIRCUIT FOR ENGINEERS: HANDBOOK TELEVISION AND
BOARDS RADIO, ELECTRONICS, 1an Hickman VIDEO ENGINEER'S
Jon Varteresian Egngdl”:l%slﬁ:)nﬂs A hit:nds-omguige for enj]ine?lrs, k it POCKET BOOK :
A " technicians, students and enthusiasts workingin
MRSt con ocad o e o Mac E Van Valkenburg design, this comprehensivetextcoversall the key Enpients

topicsin RF, including: analogue design principles;
transmission lines; transformers; couplers; amplifiers;
oscillators; moduoltion; and antennas.

3rd edifion a Feb 2002 a 289 pages
150 line drawings a PB

Code HBO 7506 7291 9

Code HB 07506 5369 8 £19.99

This text provides a pocket ool for service engineers.
It presents a range of essential information in a
compact form, covering television reception, satellite
and coble television, video recorders, colour comera
technology, teletext and fault-finding.

3rd edition a Oct 1999 & 512 pages a HB

Code HB 0750641940 £17.99

T 01737 812727

01737 813526

salesteam @ boffinbooks.demon.co.uk

BEBOP TO THE

BOOLEAN BOOGIE
Clive Maxfield

Comprehensive infroduction to
contemporary electronics - friendly, funny and quirky.
Whether you're an engineer, hobbyist, or student who
needs a thorough and up-to-dote electronics
reference or o non-technical person who wants fo
understand more about this electron dance that hos
seemingly foken over the world, this book is the
answer. Hundreds of diagrams that clarify even the
most difficult subjects.

NEWNES GUIDE TO
DIGITAL TV
Richard Brice

Covering all aspects of digital television !
(terrestrial, satellite ond coble), this text has been
updated with developments since the 2000 edition.
Foundations of television; digital video and audio
coding; digital signal processing; video data
compression; audio data compression; digital audio
production; digital video production; the MPEG
multiplex; broadcasting digital video; consumer
digital technology; the future.

NEWNES
DICTIONARY OF
ELECTRONICS

SW Amos & R S Amos

Aimed ot engineers, technicians and students working
in the field of electronics, this dictionary provides
clear and concise definitions, including TV, radio and
computing terms, with illustrations and circuit
diagrams.

RSGB RADIO AND
ELECTRONICS
COOKBOOK

Radio Society of Great Britain

Only a basic knowledge of electronics is assumed for
this collection of electronics projects, and it is ideal for
all electronics and DIY enthusiasts and experimenters.
Designed by the RSGB, the UK radio amateurs
federation, the projects ore clearly explained step by
step.

and safety; electroniccomponent recognifion;
electronic circuit assembly technigues; electronic semi-
conductor devices; electronic circuits in action; testing
electronic circuits; digital electronics; electrical circle
theory; electronic systems; communication systems;
security systems; sensors and transducers.

EBCDIC, Grey code, practical applications of flip-flops,
linear and shaft encoders and memory elements.

nd Edition a Jon 2003 2nd edition  Sep 2002 a 304 pages a HB 4th edition a Morch 2002 & 394 pages a PB Nov 2000 a 336 pages a PB
Code HBO 7506 7543 8 £27.50 Code HBO 7506 5721 9 £24.99 Code HBO 7506 5642 5 £12.99 Code HB 0 506 5214 4 £17.99
ELECTRONIC R DIGITAL LOGIC —
ELECTRONIC NEWNES x| [NEWNES RADIO
REPAIRS DESIGN INTERFACING companon AND RF
Brian Holdsworth & Woods COMPANION: ENGINEERING

Trevor Linsley 4 | 3 s - I

: e This undergraduate fext on digital COMPUTERS, L POCKET BOOK
!’P#I‘“‘g the %’%‘”fms fext '“k;‘gt:gm ‘:1“2“2% ‘Rr"ges systems covers first and second year modules and TRANSDUCERS, INSTRUMENTATIO| ind h et
}20':“; :rr:iwo?é '; (igls"?::ﬁn unlcllnfuuh dic ms)(s)is HND units, and con also be used os a reference textin AND SIGNAL PROCESSING Steve Winder & Joseph ) Corr S
PLCs and CAD sohwarpe, f negl chapters, Hegllh ! industry. Updated fopics in the fourth edition include: Tony Fischer-Cripps With @ moss of information and data for students,

Provides the fundomentals of electronics, transducers,
computer architecture and inferfacing techniques
needed o use a simple PC or PLC-based system for the
collection of data previously only obtainable from
expensive dedicated equipment.

radio and telecommunications engineers, RF circuit
designers, radio hobbyists and technicians, this guide
covers all aspects of radio ond communications
engineering from low frequencies to microwaves, with
on emphasis on mobile communications.

FOR DESIGNERS

Newton C Braga

This work simplifies the process of finding basic circuits
to perform simple tasks, such as how to control a DCor
step motor, ond providesinstruction on creating
moving robotic parts, such as on “eye” or on “ear".

Providing onintroduction to the design of embedded
microprocessor systems, this edifion covers everything
from the initial concept through to debugging the
final result. It also includes material on DMA,
interrupts and on emphasis throughout on the reol-
time nature of embedded systems.

3rd edifion 4 Aug 2000 A 261 pages 4th edition a Aug 2002 a 448 pages Aug 2002 4 320 pages a HB 3rd edition a Jul 2002 a 352 pages a HB
Code HB 0 7506 5053 2 £18.99 Code HB 07506 4582 2 £19.99 Code HB 07506 57200 £24.99 Code HB 07506 5608 5 £16.99
ROBOTICS, EMBEDDED POWER SUPPLY e MIXED-SIGNAL
MECHATRONICS, MICROPROCESSOR COOKBOOK S| | AND DSP DESIGN
IAﬂ[![I:ﬁlllglifulgliel . SYSTEMS: REAL Marty Brown TECHNIQUES
EXPERIMENTAL Cl.RCU" BlCKS WORLD DESIGN Providin_g on easy-to-follow, slgp-by-. : Walt Kester

Stuart Ball step designframevork for a wide vaiety of power Mixed-signal processing implies the use of analogue

supplies, including linear, switching and quosi-
resonant switching. There is also discussion of design
topics such as magnetics, feedback loop compensation
design and EMI/RFI control in straightforward terms.

and digital in the some system; this is a specialized
type of signal processing that requires a high level of
experience and training. This book focuses primarily
on signal processing hardware - how it works, how to
interface it, and design it.

Covering the most recent fechnological advances in
operation and troubleshooting of electronic systems
and components, including low-emission standards,
on-board diagnostics and communications, digital
instrumentation, and digital engine control. A
practical text, suitable for the automofive technicial,
student, ethusiost, or professional who wants to
upgrade his or her background in electronic systems

This guide to designing internet access and
communications capabilifies into embedded systems
takes an integrated hardware/software approach,
using the Java programming language and industry-
standard microcontrollers. The CD-ROM has Java
source code and a version of the fext. -

An exploration of the PIC microcontroller, designed fo
be used at o variety of levels. It introduces the reader
to the range of tasks the PIC con perform and makes
use of readily available components. The PIC usedin
the examples is the re-programmable EEPROM
16(84/16F84.

Apr2002 a 261 pages a PB

Code HB 0750648120 £14.99

T 01737 812727

found in the automotive. Aug 2002 a 320 pages

6th ed. Dec 2002 PB & (D-ROM

Code HB 07506 7599 3 £24.99 Code HB 1 878707 981 £35.00
PIC IN PRACTICE: Ifyou ore ordering by credit cord, need further information,
AN INTRODUCTION or would like to use our search fucilities call

TO THE PIC . 01737 812727 Fax 01737 813526
MICROCONTROLLER - The order/helpline is open from 9am fo Spm, or leave your
David W Smith order on our out of hours answerline or email us af

salesteam@boffinbooks demon.co.uk.

When placing orders please quote
© Name ® Address (home & delivery) @ Daytime telephone
number @ Debit/Creditcard number @ Expiry date
® Details of order. Please note that prices may change,
but are correct ot time of going fo press.

Boffin Books Ltd., 24 Walton Street,
Walton-on-the-Hill, Tadworth, Surrey KT20 7RT, UK

01737 813526

Nov 2001 4 317 pages a PB 3rd edition a Nov 2002 a 368 pages a PB 2nd edition 4 Jun 2001 & 336 pages a HB Oct 2002 4 336 pages a PB
CodeHB 075067389 3 £21.99 Code HB 07506 7534 9 £35.00 Code HB 07506 7329 X £24.99 Code HB 0750676116 £39.99
UNDERSTANDING DESIGNING ELECTRONICS WORLD ORDER FORM
AUTOMOTIVE EMBEDDED i

Please order or search the following:
ELECTRONICS INTERNET DEVICES -~ '
WB Ribbens y Brian DeMuth & Eisenreich : Code Description Qty Price

POSTAGE & PACKING FREE IN THE UK*  TOTAL

Name Daytime Tel
Address

Postcode
Delivery address (if different)

Postcode

delete os inapplicoble

Cord Number

I enclose a cheque/postal order value § ... payable to ‘Boffin Books Lid’

Please debit my Access/Visa/Switch/Delta card

Issue number (Switch only)...............

Expiry Date ..o

Signed

emoil:solesteom@boffinbooks.demon co.uk

*Postage charges outside the UK available upon request @ email 1o salesteam@boffinbooks.demon.co.uk
Send order formto: Boffin Books Ltd., 24 Walton Street, Walton-on-the-Hill, Tadworth, Surrey KT20 7RT, UK

salesteam @boffinbooks.demon.co.uk




Wilmslow Audio

Put your web address in front of
18,000 electronic fanatics.
Electronics World acknowledge
your company’s needs to promote
your web site, which is why we are
dedicating 2 pages in every issue
to WEB ADDRESSES.

Linage only will cost £150 + vat for
a full year.

Linage with colour screen shot will
cost £350 + vat for a full year, this
will include the above plus 3cm
shot of your web site which we can
produce if required.

To take up this offer or for more
information telephone

Reuben Gurunlian

Tel 0208 722 6028

E-mail
r.gurunlian@highburybiz.com

ANASOFT LTD
http://www.anasoft.co.uk

SRR e

SuperSpice, the affordable, mixed-mode
windows circuit simulator. Wrote by an
analogue design engineer for those
Teletubbies who like keeping things
simple.

CHARLES HYDE & SON Ltd
http//www.charleshyde.co.uk
Search for both original and copy spare parts

in our extensive database covering Akai, Alba,
Bush, Ferguson, Goldstar, Hitachi, LG,
Marantz, Matsui, Nokia, Saisho, Sanyo, Sony,
Sharp, Thomson, Panasonic, Philips,
Samsung, Tascam, Teac, Toshiba, Yamaha
and many more. In addition huge ranges of
Lasers, Lopts, Remote controls and
Semiconductors may be accessed.

CHYGWYN
http://www.chygwyn.com

"~ ChyGwyn

Linux Consuitants and ElectronicDesigners
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ChyGwyn Limited offers electronic design
and embedded software development for
remote monitoring, embedded
appliances, set-top boxes and similar
devices. We are experts in customisation
of Linux and write device drivers for
custom hardware.

CONFORD ELECTRONICS

http://www.confordelec.co.uk/ind
ex.shtml

Welcometoourrange of professionalaudio
sndprocesscontrol products

Sl comaloed ks o s
o erasd PP el DC it sdpter

e
ety ek oted ABS b et
© The Balance Box

Lightweight portable battery/mains audio
units offering the highest technical
performance. Microphone, Phantom
Power and Headphone Amplifiers.
Balanced/unbalanced signal lines with
extensive RFI protection.

CRICKLEWOOD
ELECTRONICS

http//www.cricklewoodelectronic
S.c0.uk

Cricklewood Electronics stock one of the
widest ranges of components, especially
semiconductors including ICs,
transistors, capacitors, all at competitive
prices.

DB TECHNOLOGY

http://www.dbtechnology.co.uk/

EMC Testing and Consultancy.

Anechoic chamber and open area test site.
@ Compliance Tests

@ Rapid, accurate pre-compliance tests.
@ Fixes included. FCC Listed.

§ Flexible hourly booking available.
DESIGNER SYSTEMS CO.
h'{(tp://www.designersystems.co.
u

Electronic product design company with

o O <o e s 06 i
ot

oo 67 i

over a decade of experience promoting
it's own product range and designing
and manufacturing innovative products
for client companies/individuals.

EAGLE PCB DESIGN
SOFTWARE

http://www.puresoft.co.uk
@ Professional PCB design made easy!

Professional PCB Design Made Easy
Rrout 0g e Hesw EAGLE 4.

ot et e e i A
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@ Fully functional freeware download.
@ Schematics, Layout & Autorouting.
@ Free tech support

EasySync
http://www.easysync.co.uk

XY EasysSyrnc ... Yssan

S8 Connectivty, Testa
Reoiications

@ cooseoc Hemarane

HomaPage

us s .Rs22

us B -Rsa221408
Tast & Maasuremant
Acessrories

EasySync supplies a wide range of USB-
RS232 and USB-RS422/485 converters. It
also specialises in USB test and
measurement devices.

ot Uit 2 Vo g -
AT LAY

159

FELLER UK

http://www.feller-at.com
Feller (UK) Ltd. manufacture Fully
approved cordsets (Moulded mains
plugs and connectors) and Power
Supply Cables for all industrial
Countries to National and International
Standards

FUTURE TECHNOLOGY
DEVICES INTL. LTD.
http://www.ftdichip.com

FTDI designs and sells USB-UART and
USB-FIFO interface i.c.’s. Complete with
PC drivers these devices simplify the task
of designing or upgrading USB
peripherals

GREENWELD
http://www.greenweld.co.uk

Audio e Batteries & Chargers @ Books
e Communications @ Computer

e Cable @ Capacitorse Car Equipment
o Craft Goods e Disco Equipment o
Enclosures e Electrical ® Fuses
Graphic supplies @ Hardware
elnstrumentation e Kits @ Lighting
Mechanical e Optical @ Photographic
ePower supplies @ Transformers
Resistors @ Semiconductors e
Software e Soldering Irons e Surplus
goods e Switches e Relays @
Telephone Accessories @ Tools e
Plus much more.

Whether your interest is in
electronics, model engineering,
audio, computer, robots or home and
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To reserve your web site space phone Revben Gurunlian

Tel: 020 8722 6028
Fax: 020 8722 6096

TOTALROROTS

Robotics, Control & Electronics Technology

leisure products (to name just a few)
we have a wide range of new and
surplus stock available.

J W HARDY
COMMUNICATIONS

http://www.jwhardy.co.uk

R.F. Network Specialist.

Shop online - for R.F.network
components. We supply a full range of
TV, radio reception equipment to receive
analogue/digital signals from both
terrestrial and satellite sources. We
provide a free planning service for your
R.F. networks, MATV and SMATV etc

LOW POWER RADIO
SOLUTIONS
http://www.lprs.co.uk

LPRS produces radio modules with
embedded “easy-Radio” software
protocols for short range radio
applications. We also represent Circuit
Design narrow band modules in the
UK.

MATRIX MULTIMEDIA LTD
www.matrixmultimedia.co.uk

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

NORCALL Ltd

http://www.tetra-com.co.uk

e-mail Norcall@aol.com

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

EASY-PC PCB DESIGN
SOFTWARE

http://www.numberone.com

UK's leading PCB design software
Runs under 95/98/ME/NT4/2000 & XP
Very easy to use ® Schematic, @ PCB,
@ Autorouting, @ Simulation. Free
professional UK based tech support

4 variants available to suit budget
Demo CD available or download from
web

QUASAR ELECTRONICS
www.quasarelectronics.com

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

educational & industrial applications.
TEL: 01279 467799, FAX: 07092 203496
or EMAIL:
ewsales@quasarelectronics.com

RADIOMETRIX
http://www.radiometrix.co.uk
)R ] CE€

E Engineers preferred choice for cost
i effective UHF & VHF
Low Power Radio modules
160kbps Transmitters (TX2), Receivers
(

Radiometrix specialises in the design and
manufacture of VHF & UHF, RF data
modules. We offer a broad range of PCB
mounted miniature transmit, receive and
transceiver modules for OEM use. They
comply with European harmonised
standards EN300 220-3 and EN301 489-3
and are GE certified by an independent
Notified Body.

SOFTCOPY

http://www.softcopy.co.uk

As a PC data base or hard copy,
SoftCopy can supply a complete index of
Electronics World articles over the past
ten years. Photo copies of articles from
back issues are also available.

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

ENE]

SPECIAL O

Telnet-
Supplers and Buyers of GuaktySecand-uses Electronic Test and|
1 Measurement Equipment afAFFORDABLE Prices,

ToView- please ringforan appointment .
| 0044{0]247665 0702- Teiephone
0044{0)2476850773-Fax

“ 0044(0)7860400683- mobile

Gy g Bty ket Gt Sy DI
4 9T O T S R 0

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

TELEVES
http://www.televes.com

Tel: 44(0) 1633 875821

email hbotas@televes.com

Televes website was launched as an
easier way to keep in contact with our
World-wide Network of Subsidiaries and
Clients. This site is constantly updated
with useful information/news plus you
can download info on our range: TV
Aerials & accessories, Domestic and
Distribution amplifiers, Systems
Equipment for DTT and Analogue TV,
Meters and much more.

TEST EQUIPMENT
SOLUTIONS

http://www.TestEquipmentHQ.com

TELONIC
http://www.telonic.co.uk
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Telonic specialists in laboratory AC & DC
Power Supplies, ElectronicAC & DC
Loads, Electrical Safety Testing and
complete test systems. Plus RF Filters,
Attenuators, Diesel Engine Smoke
Measurement, Quartz Crystal
Microbalances.

Tel +44 (0) 118 9786911

TECHNICAL AND
SCIENTIFIC SUPPLIES
http//www.technicalscientific.com

Suppliers of pre-1985 equipment and
components.

m Test/Measurement equipment

m Valves and semiconductors

m Transducers and pressure gauges
m Scientific books and catalogues

® Manuals and data sheets

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

Test Equipment Renta! & Second User Sales
+44 (0)1753 506000 CREDC TR RIS

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

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

Robot Kits and Control Technology
products, including O0Pic the first
Object-Oriented Programmable
Integrated Circuit. Secure on-line
ordering and fast delivery.

Test Equipment for rental or second user
saleat the industry’s lowest prices. All
types of equipment from all leading
manufacturers including general purpose,
communications and industrial test.
Items fully refurbished with 1 year
warranty. Rental rebate given on
purchases.

TOTALROROTS

Rabotics, Control& ElectronicsTechnology
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AS PART OF OUR PLANNED DISPOSAL PROGRAMME |

FINAL MASSIVE
CLEARANCE SALE

ELECTRONIC TEST AND COMMUNICATION
EQUIPMENT

TEKTRONIX — HEWLETT PACKARD - AGILENT -
MARCONI - PHILIPS — RACAL - W&G - R&S - ETC

FRUSTRATED!

Looking for ICs TRANSISTORS?
A phone call to us could get a
result. We offer an extensive

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

2N 2SA 2SB 25C 2SD 2P 25] 2SK 3N 3SK 4N 6N 17 40 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BE
BER BFS BFT BFW BEX BFY BLY BLX BS BR BRX BRY BS
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CD DX CXA DAC DG DM DS
DTADTC GL GM HA HCF HD HEFICL ICM IRF KA
KIALLALBLC LD LE LM M M5M MA MAB MA
MC MDA MJE MM MN MPS MPSA MPSH MPSU
NJM N OM OP PA PAL PIC PN RC S SAA SAB
SAD SAJ SAS SDA SG SI SL SN SO STA STK STR STRD
STRM STRS SV1 T TATAATAG TBA TC TCA TDA TDB
TEA TIC TIP TIPL TEA TL TLC TMPTMS TPU U UA
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN
ZTX + many others

ULTRA-CREA 0Y
http://www.ultra-crea.fi

Ten year index:
new update

Due to retirement closure and sale of our main Whitehall Works
Trading Site. All stock is being moved over the next few weeks to
our large bulk storage site — Smithies Mill - where we will hold a
combined massive total clearance sale over the rest of the year.

Starting now 20,000 sq ft full of electronics is being made ready
over the coming weeks for complete disposal, either bulk or single
item offers can be made by anyone - trade or private. The

Photo copies of
Electronics World |
articles from

back issues are
available at a

flat rate of £3.50
per article, £1

per circuit idea,
excluding
postage.

TABLE OF
CONTENTS

Our business idea is to provide our
customers complete service, i.e. design
from the customer specification to the
delivery of finished and tested products.

Sl warehouse is being opened for callers all day on Saturdays

9.00am-5.00pm or weekdays by appointment.

Instructions have been given to start early September to help with
this disposal by way of auction/tender sales on site and on line by:

www.teck-asset.co.uk
E-mail: info@teck-asset.co.uk

Our offerings are as follows:

m RF transmission line filters from
100MHz to 3GHz

m Special antennas to frequencies as
above

m Transmitter and Receiver modules

m RF-subunits such as amplifiers,
oscillators, directional couplers etc.

VUTRAX PCB DESIGN
SOFTWARE

http://www.vutrax.co.uk

Please ask for our Free CD Rom STOCK LIST.

WE STOCK A MASSIVE RANGE OF
COMPONENTS!

Maﬂ phone, Fax, Credit Card orders & callers welcome.

--

Crlcklewood Electromcs Ltd
40-42 Cricklewood Broadway, London NW2 3ET
Tel: 020 8452 0161 Fax: 020 8208 1441
www.cricklewoodelectronics.co.uk
E-mail: sales@cricklewoodelectronics.com

Details also of electronic items by
www.johnradio-electronics.com
www.johnradio-electronics.co.uk
www.johnradio.com
Johns Radio, Whitehall Works, 84 Whitehall Road East,
Birkenshaw, Bradford BD11 2ER.

Tel: 01274 684007. Fax: 01274 651160

Smithies Mill
Tel: 01924 442905. Fax: 01924 446170

Our normal workshop and sales section is still on going until
further notice.

Hard copy
Electronics World
index

Indexes on
paper for
volumes ‘
100,101, and | \
102 are

available at £2

Wndows VUTRAX
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Vutrax electronic schematic and pcb
design system for Windows 95/98, ME,
NT, 2000, XP and Linux. Limited capacity
FREE version downloads available, all
upgradeable to various eustomised level.

WILMSLOW AUDIO

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

Wilmslow Audio

View Cart Checkout

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

Hard copies and floppy-disk
databases both available

each.
PC with 512K ram and a hard disk.

5.25in, 3.5in DD or 3.5in HD format.
order.

Ordering details

of the EC or £2 worldwide.

Send your orders to SoftCopy Ltd,
1 Vineries Close, Cheltenham GL53 ONU.

Whether as a PC data base or as hard copy, SoftCopy can supply a complete index
of Electronics World articles going back over the past nine years.

The computerised index of Electronics World magazine covers the nine years from
1988 to 1996, volumes 94 to 102 inclusive and is available now. It contains almost
2000 references to articles. circuit ideas and applications - including a synopsis for

The EW index data base is easy to use and very fast. It runs on any IBM or compatible

The disk-based index price is still only £20 inclusive. Please specify whether you need

Existing users can obtain an upgrade for £15 by quoting their serial number with their

The EW index data base price of £20 includes UK postage and VAT. Add an exira
£1 for overseas EC orders or £5 for non-EC overseas orders
Postal charges on hard copy indexes and on photocopies are 50p UK, £1 for the rest

For enquires about photocopies efc please send an sae to SoftCopy Ltd.

KCheques payable to SoftCopy Ltd, please allow 28 days for delivery. J

each, excluding
postage.
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ECIAL OFFERS

TEKTRONIX 2445A 4 Ch ONLY
150MHz Delay, Cursors etc.

Supplied with 2 Tektronix probes

TEKTRONIX 2232 Digital Storage Scope. Dual Trace
100 MHz,100m/s with probes.

HP. 8640A Signal Generator AM/FM 500KHz-512MHz. £250
KENWOOD CS4025 Oscilloscope Dual Trace 20MHz.....£125

NATIONAL PANASONIC

KENWOOD VT176 Millivoltmeer 2 Channel .
KENWOOQD FL140 Wow & Flutter Meter .
KENWOOD FL180A Wow & Flutter Meter Used

BIRD 43 Watt Meter ..
Elements for the above

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

H.P. 54501A Digitizing Oscilloscope100MHz, 4Ch 2425

MARCONI 2610 True RMS Voltmeter Autorangin 5Hz-

FARNELL DSG1 Low Frequency Syn Sig Gen
0.001Hz to 99.99kHz, Low Distortion TTL/Square/
Pulse Outputs etc
FLUKE 8060A Handheld True RMS DMM 4%/, dlgn
................................................... As new £150. Used £95
HP.  3310A  Function  Gen  0.005Hz-5MHz

Sine/Sq/Tri/RAMP/PUISE ........cvureeeereriierseiieeessemcranne £125
FARNELL FLM4 Sine/Sq Oscillator 10Hz-1MHz low
distortion. TTL Output. Amplitude Meter................... £125

H.P. 545A Logic Probe with 546A Loglc Pulser
and 547A Current Tracer ...£90
FLUKE 77 Multimeter 3'/, digit Handheld ...
FLUKE 77 SERIES Il
HEME 1000 LCD Clamp Meter 0-1000A. In
Case

Racal 9008 DMLY@
Automatic Modulation Meter AM/F
1.5MHz - 2GHz

Datron 1061A
High Quality 6", digit Bench MuItimete@
True RMS/4 wire/Current Converter

BLACK STAR ORION PAL/TV Colour Pattern Generator
from £75-£125
THURLBY/THANDER TG210 Function Generator, 0.002Hz-
2MHz, TTL etc £80-£95

THURNLY THANDAR P.S.U. PL320QMD, 0V-32V, OA 2A
Twice (late colours) 200

CIRRUS CRL254 Sound Level Meter with Calibrator, 25MHz £195
80-120dB, LEQ £95 i . ;
BECKMAN HD110 Handheld 3/, digit DMM, 28 ranges GOULD J3B Sine/Sq Osc. 10Hz-100kHz. Low distortion
with battery, leads and carrying case £75-£125
AVO 8 Mk6 in Ever Ready Case, with leads etc ........... £80
Others Avos from £50
OIGOMHZ 10V: 310 GOODWILL GVT427 Dual Ch AC Millvoltmeter 10mV in 12
- Ranges Freq 10HZ-TMHZ .........coooviiirncnncs £100-£125
HP. 3312A Function Gen 0.1Hz-13MHz AM/FM SOLARTRON 7150 DMM 6/, digit True RMS - IEEE
Sweep/Tri/Gata/Burst etc £300 £95-£150
FARNELL AMM255 Automatic Mod Meter 1.5MHz-
9GHz Unused £300 SOLARTRON 7150 PLUS ..

HIGH QUALITY
9904 Universal Timer Counter, 50MHz
9916 Counter, 10Hz-520MHz.....
9916 Counter, 10Hz-560MHz, 9-digit..
RACAL/AIM 9343M, LCR Databridge, Digital
Automeasurements of R.C.L.Q.D.
HUNTRON TRACKER Model 1000
MARCONI TF2015 AM/FM sig gen, 10-520MHz........£175

Portable Appliance Tester
Megger Pat 2

ONLY @

FARNELL AP60/150 3kW Autoranging....
FARNELL AP100/90 3kW Autoranging.....

FARNELL DTV 12-14 OSCILLOSCOPE
DUAL TRACE 12 MHz TV. COUPLINgyLy

FARNELL LFI 12-14 Sine/Sq OSCILLATOR
10MHz - 1 MHz oLy,

OSCILLOSCOPES
TEKTRONIX TDS350 Dual Trace 200MHz 1G/S

TEKTRONIXTDS320 Dual Trace 100MHz 500M/S. £1200
TEKTRONIX TDS310 Dual Trace 50MHz 200M/S ......£950
LECROY 9400A Dual Trace 175MHz SG/S ..£750
HITACdHI VC6523 Dual Trace 20MHz 20l /s;‘ﬁ%toc
PHILIPS PM3092 2+2Ch 200MHz Delag ...........................

800As New £950
PHILIPS PM3082 2+2Ch 100MHz Delay eftc ....................
............................................................ 700 As New £800
TEKTRONIX TAS465 Dual Trace 100MHz Delay etc..£750
TEKTRONIX 2465B 4Ch 400MHz Delay Cursors etc£1500
TEKTRONIX 2465 4Ch 300MHz Delay Cursors etc...£900
TEKTRONIX 468 Dig Storage Dual Trace 100Mgluz

Dela
TEKTRONIX 466 Analogue Storage Dual Trace
100MHz.. £250

TEKTRONIX 485 Dual Trace 350MHz Delay Swe p...£5!
TEKTRONIX 475 Dual Trace 200M Hz Dela?( Sweep...£350
TEKTRONIX 465B Dual Trace 100 MHz Defay Sweep ,325
TEKTRONIX 2215 Dual Trace 60MHz DelT)éSveep
PHILIPS PM3065 2+1 Ch. 100MHz Dual TB/Deay Autoset

£375
PHILIPS PM3055 2+1 Ch. 60 MHz Dual TB/Delay Augg%est

PHILIPS PM3217 Dual Trace 50MHz Delay ...£200 - £250
GOULD 0S1100 Dual Trace 30MHz Delell\x ................. £125
HAMEG HM303.6 Dual Trace 35MHz Componem
Tester. As new. 240
HAMEG HM303 Duat Trace 30MHz Comp%%n&

Tester
MANY OTHER OSCILLOSCOPES AVAILABLE
WILTRON Swept Freq Synthesizer 6747A-20 10MHz-20GHz

.......£5000
MARCONI 2022E Symheslsed AMIFM Sig Gen .£525 - £750
10KHz - 1.01GHz LCD <splg
H.P. 8657A Syn 100KHz - 1040MHz S% Gen
H.P. 86568 Syn 100KHz - 89DMHz Sig Ge
H.P. 8656A Sgln 1 OOKHZ 990MHz Sig Gen
R&S APNEZ yn1Hz KHZ |gGe

HP. 6012B DC PSU 0-60V; 0-50A 1000W. £1000
FARNELL AP60/50 1KW Autoranging .
FARNELL H60-/50 0-60V 0-50A.
FARNELL H60/25 0-60V; 0-25A.
Power Supply HPS3010 0-30V; 0-10A
FARNELL Dual PSU XA35-2T 0-35V 0-2A
Display ...
FARNELL L30-2 0-30V; 0-2A .
FARNELL L30-1 0-30V; 0-1A .
Many other Power Supplies available.

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

MasterCard

STEWART OF READING —
110 WYKEHAM ROAD, READING, BERKS RG6 1PL VISA |
Telephone: (0118) 9268041 Fax: (0118) 9351696 3
www.stewart-of-reading.co.uk
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

PHILIPS PM5328 Sig Gen 100KHZ 1gUMHZ with 200’.\‘.1’1;02

Freq Counter IEEE
RACAL 9081 Syn AM/FM Sig Gen 5MHZ 520MHz . 2250
H.P. 3325A Syn Function Gen 2 £600

H.P. 66312A PSU 0 - 20V/0-2A e

H.P. 66311B PSU 0 - 15V/0-3A
H.P. 66309D PSU Dual 0 - 15V 0-
HP. 66328 PSU 0 - 20V/0-5A.
H.P. 6623A PSU Triple Output ranging from
0-7V 0-5A to 0-20V 0-4A
H.P./Agilent 34401A DMM 6'/,digit .
HP. 3478A DMM 5Y/, digit ..
FLUKE 45 DMM Dual Display
KEITHLEY 2010 DMM 77/, digi
KEITHLEY 617 Programmable E
H.P. 4338B Milliohmmeter ..
RACAL Countertype 1999 2.
H.P. Counter type 53131A 3GHz ...
H.P./Agilent 33120A Function Gen/
100microHz - 15MHz
SONY/TEKTRONIX AFG320 Arbitary Function Gen..£1250
H.P.8904A Syn Function Gen DC - 600KHz£1000/£1250
BLACK STAR JUPITOR 2010 Function Gen 0.2Hz - 2MHz
with Frequency Counter B
H.P. 8116A Pulse Generator 1mH-50MHz..
H.P. 86578 Syn Signal Gen 0.1-2080MHz .
CO-AXIAL SWITCH 1.5GHz
IEEE CABLES

H.P. 8560A 50Hz - 2.9GHz Synthesised .
HP. 8594E 9KHz - 2.9GHz........
H.P. 8591E 1MHz - 1.8GHz 75 0
HP. 853A with 8559A 100KHZ - 21GHZ.
H.P.8558B with Main Frame 100KHz - 1
H.P. 3585A 20Hz - 40MHz
H.P. 3580A 5Hz - 50KHz ..
ADVANTEST R4131B 10K
EATON/Ailtech 757 D.001 - 22GHz
MARCONI 2382 100Hz - 400MHz
MARCONI 2370 30Hz - 110MHz....
HP. 182 with 8557 10KHz - 350MHz.
H.P. 141T Systems
8553 1KHz - 110MHz
8554 500KHz - 1250MHz..
8555 10MHz - 18GHz
H.P. 8443 Tracking Gen/Counter 110MHz..
H.P. 8444 Opt 059
B & K2033R Signal Analyser.............ccccuveruecurcicians
H.P. 8754A Network Analyser 4MHz - 1300MHz.
H.P.3577A Network Analyser 5Hz - 200MHz..........

H.P. 53310A Modulation Domain Analyser Opt
001/003, £5000

MARCONI 6500 Amplitude Analyser
H.P. 4192A Impedence Analyser ..
ng 4275A LCR Meter 10KHz - 1o

HP 5342A 10Hz - 18GHz Freq Counter.
H.P. 1650B Logic Analyser 80 Channe!

ONO SOKK! Portable FFT Analyser ............c............. £1500
H.P. 8720C Microwave Network AnalyserSUMHz;:?(zJG(;iOz
5

RADIO COMMUNICATONS TEST SETS
MARCONI 2955/2955R.................... ..from £1000
Rohde & Schwarz CMT 0.1 - 1000M| i

ger 4040

MARCONI 2305 Mod Meter 500KHz - 2Ghz...

USED EQUIPMENT - GUARANTEED. Manuals supplied.
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage.
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Service Link

ARTICLES
WANTED

BEST CASH
PRICES PAID

FOR VALVES KT88,
PX4 AND MOST
AUDIO/OTHER

TYPES.

Tel: 01403 784961

Billington Export Ltd.
Sussex RH14 9EZ
Fax: 01403 783519

Email: sales@bel-tubes.co.uk
Visitors by appointment

FOR SALE

RF DESIGN
SERVICES

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

I WATERBEACH ELECTRONICS

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

PRINTED CIRCUIT BOARDS

DESIGNED & MANUF ACTURED HHH agar
® Prolotype orproduction quantities - 5
o Fast tﬁomd avanableq 12228 Circuits
® PCBs designed [rom circuit diagrams
e Almost all computer files accepted
® PCB assembly - mechanical assembly
® Full product design-manulacture-test-repair
Unit 5, East Belfast Enterprise Park
308 Albertbridge Rd, Belfast BT5 4GX
TEL 0289073 8897 FAX 028 9073 1802

info@agarcircuits.com

64

SERVICES L OERVICES (B8

POWIER SUPPLY DESIGN

Switched Mode PSU
Power Factor Correction

designed to your specification
Tel/Fax: 01243 842520
e-mail: eugen_kus@cix.co.uk

Lomond Electronic Services

WESTDALE
ELECTRONICS

We would welcome the opportunity
of quoting for your requirements.

If you have a problem with your
semiconductors or relays,
give us a call and we will locate

- them for you.

We also have access to inventory
Stateside ie
Current, Obsolete, MII, Spec

Call: Bryan on -
Tel/Fax:
0115 9402127

ARTICLES WANTED
TOP PRICES PAID

For all your valves,
tubes, semi conductors
and ICs.

Langrex Supplies Limited
1 Mayo Road, Croydon, Surrey CR0 2QP
TEL: 020 8684 1166  FAX: 020 8684 3056

WANTED

VALVES AND
VALVE BASES

Valve associated components including
high voltage capacitors, electrolytics etc.
Must be over 250v working,

OLD 1 watt and '/, watt resistors
(Carbon). Obsolete semiconductors.

CBS
157 Dickson Road, Blackpool FY1 2EU

Tel: 01253 751858 Fax: 01253 302979

ey = S

Electronic design- and nan

Embedded momtoring & conkrol .

‘Specialist cable looms
Small, medium & large scale
manufacturing

°
® PSTNitelephones and test equipmen Audﬁﬁ &\fidéo processing
® Datacominterfacing, fine driving ‘etc. ® GSM. tpiemelxy via. SMS
e SwitchMode & linear PSU. and bd(tery " or dafe
management ® DVD player ont?bi systems
Gas detection systems ® GPS pes:ﬂoﬁéﬁ'g systems
°
°

Printed Circuit Board design

layout & language translation

Email: sales@designersystems.co.uk
TellFax: +44 (0) 1872 223306
5%

if‘?\

http:/lwww.designersystems.co.uk

for more information see our web site @

Designern;
Systems:

S MicrocHiP @ %}g,‘

Consultant Program Member

Design & manufacturing tn the UK

pc BS Conv/PTH/Multi-Layer/Flexible UK & Far East production
o CAD Layout e Electronic Design @ Assembly (prototype & production)
o SMD m/c assy @ 18,500 cps/hr

Deliveries from

24.]

Tel: 01635 40347

Newbury Electronics Ltd

Faraday Road Newbury Berks RG14 2AD
Fax: 01635 36143

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

‘ WANTED '

WA N T E D surplus or Obsolete Electronic Components

Turn your excess stock into instant cash!
SEND OR FAX YOUR LIST IN STRICTEST CONFIDENCE
Will collect anywhere in the UK

Approvals: IS0 9002/UL
SEE OUR WEB SITES

Visit

www. pchtrain.com

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

28 College Street, Kempston, Bedfordshire, MK42 8LU
Tel: 01234 363611 Fax: 01234 326611
E-mail: sales@mushroom.co.uk
Internet: www.mushroom.co.uk

Service Link
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Automatic component identification (Inductor,
Capacitor or Resistor)

Component value measurement

Auto frequency (DC, 1kHz, 15kHz, 200kHz)
Inductor DC resistance measurement
Non-volatile probe compensation memory

Detachable probes allowing use of optional test
prods, SMD tweezers, etc...

Hands free mode with value hold

atias ' CR

Passive Component Analyser
(Model LCR40)

£79

fully inclusive UK price

Just clip on the test leads and press test. The Atlas LCR will automatically
identify the type of component, apply the appropriate test level and o
frequency, display the component’s value and more!

Probes are detachable too, so you can use the optional SMD tweezers
for your tiny unmarked s, passives-fantastic.

Inductance range: 1nH to 10H

{th mini- -hook

)

S“pphcd w

grabbers as standard

Capacitance range: 1pF to 10,000..F ‘.\@&\‘P“
Resistance range: 102 to 2MQ %\o@e
Basic accuracy: 1% b
Test signals: 1V, 3mA max

“Astonishingly, this little unit seems to "
pack most of the punch of a large
and very expensive automated LCR
bridge into its tiny case.”
Andy Flind - EPE Magazine March 2003

Aessories:

Camry case
Tweezer Probes
¢ Crocodile Probe Set
Large Grabber Probes

(more available soon)

NPH birolar

Automatic component identification ’
Darlinston

Pinout identification
Transistor gain measurement
MOSFET gate threshold measurement :

PN junction characteristics measurement E:ﬁggzrﬁgunt
Shorted Junction identification
Transistor leakage measurement

Just connect the part anyway round and
press the button!

e Auto power on/off
Bipolar transistors,  “J¢’s the kind o f
" Darli : :
. arlington tran51stons, instrument that
Diode protected transistors,
should be on every

‘ Resistor shunted transistors,
Enhancement mode MOSFETs, én gl neers and
enthusiasts

Depletion mode MOSFETs,
bench.”

Junction FETSs,
Low power triacs and thyristors,
EPE Magazine
March 2000 ¢

Diode protection
between C-E

&5 r: ;_] H | & 'r ( 1
aliedd . i/
Semiconductor Analyser

(Model DCASS) °

fully inclusive UK price
NOW MEASIRES 4 kL
Check and

lden‘hfy
_your semi's

Current. 9ain
Hfe=126

Enhancement, mode
MOSFET

- Diodes and diode networks,
LEDs (+bicolours)

enclosure colours may vary
f

,: \F/L‘ | & |
'! P
fully inclusive UK price

L/JLB LOJ\ J

LLCR40 and DCASS Pack

Why not order both analysers at the

same time and take advantage of our
special offer, saving you £10!

Visit www.peakelec.co.uk to download the data sheets, user guides and copies of independent Also available from: (prices vary)
reviews. You can pay using a cheque, postal order, credit or debit card and even pay securely m
online. Please contact us for your volume requirements.

Atlas House, Kiln Lane

www.peakelec.co.uk
Harpur Ind. Est., Buxton

Derbyshire, SK179JL, UK Sales@peakelec.co.uk
Tel. 01298 70012 Fax. 01298 70046

electronlc desizgn Itd




B? Spice Pro v4.2

Watch your designs come alive

Setting new standards in price
& performance for SPICE

See what s really going on with powerful
new Dynamic Schematics.

Make changes to designs during
simulation and watch the effects in

real time. 30 day free evaluation

More simulation options than ever before. available on all versions
A massive parts database as standard.
Free telephone and on-line technical support.

Outstanding value at £239 ex VAT.

‘We are so confident that B2 Spice Pro will impress you that we offer an
unconditional 30-day evaluation of the full boxed version, complete with
printed user manual. If you don’t like it, then simply return it.’

Call 01603 872331
order on-line WwWWw.spice-software.com

Norwich. NR10 4HA. Fax: 01603 879010
Email info@looking.co.uk

@Re:earch

Research House, Norwich Road, Eastgate

Just some of what’s new

A whole range of new features not found in packages
costing under £1000.

Advanced animated schematics.

Realtime live simulation adjustments.

16 simulation options from Monte Carlo to RF.
Improved PCB export and bill of materials.

Detailed schematics with DIN and ANSI symbols.
RF simulations and network analysis.

Schematic borders and titles for professional output.
Smith and polar plots.

A massive 25,000 parts database as standard.
Powerful new graphing and plotting - display & switch
between multiple graphs easily.

New "workspace" window to manage your projects.
New "parts chooser" window to easily pick and place.
Combined digital and analogue graphs.

Even faster simulations.

Unlimited undo / redo.

Many new simulation models.

Create new parts .

Create and edit symbols.

Create new PCB layout parts.

New fully featured schematic editor.

Professional version £239 ex VAT
Standard version £139 ex VAT

Upgrade from earlier versions £119 ex VAT
Postage & packing £5.00.

Education discounts and site licences available.

fiEst T i
=
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