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Simple I/O
via Internet
Self on
crosstalk in
audio power
High-Z
RF probe

Circuit ideas:

Valve crossover for audio
ESR meter
rower controller
Easy attenuators
Current conveyor

Te net
Hewlett Packard
8642A -high perforrnance R/F synthesiser
(0.1-1050MHz)
3335A -synthesiser (200Hz-81MHz)
Hewlett Packard
436A power meter and sensor (various)
Hewlett Packard
Marconi 6310 -programmable sweep generator
(2 to 20GHz) -new
Marconi 6311 Prog'ble sig. gen. (10MHz to 20GHz)
Marconi 6313 Prog'ble sig. gen. (10MHz to 26.5GHz)

Quality second-user
test 8t measurement
equipment
£4750
£2200

£2750
£3500
£5750

Hewlett Packard 3324A synth. function/sweep gen. (21MHz)
£2500

OSCILLOSCOPES

SPECTRUM ANALYSERS

Advantest R3361A (9kHz -26GHz)
Advantest 4131 (10kHz-3 5GHz)
Ando AC 8211 -17GHz
Avcom PSA-65A -2to 1000MHz
Anritsu MS 6106 10KHz -2GHz -as new
Anntsu MS36068 (10KHz•IGHz) network Analyser
Anntsu MS 710E (100 kHz•23Ghz)
AdvantestITAKEDA RIKEN •4132 -100KHz -1000MHZ
Hewlett Packard 8756A/I3757A Scaler Network Analyser
Hewlett Packard 853A Mainframe •8559A Spec An (0 01 to 21GHz)
Hewlett Packard 182T Mainframe •8559A Spec An (0 01 to 21GHz)
Hewlett Packard 8568A (100Hz •1500MHz) Spectrum Analyser
Hewlett Packard 8567A -100Hz •1500MHz
Hewlett Packard 8752A -Network Analyser (1 3GHz)
Hewlett Packard 8754A -Network Analyser 4MHz-1300MHz
Hewlett Packard 3561A Dynamic signal analyser
Hewlett Packard 35660A Dynamic signal analyser
Hewlett Packard 8753A (3000KHz-3GHz) Network An
Hewlett Packard 35825 (0 02Hz-25 5kHz) dual channel

£800
£600
£1500
£1350
£995
£750
£1800
£4000
£3000
£550
from £125
£900
£450
I
rom £125
£350
£3000
£450
£1750
£1600
£1995
£750
£350
£350
from £450
£650
£350
£995
£600
£995
£900
£2450
£1000
£1200
£995
from £200
from £2500
from £1250
from £1250
£750
£850
£1250

£4950
£3950
£1500
£850
£3500
£3500
£4750
£1500
from £1000
£2750
£2250
£3500
£3995
£5995
£1500
£3995
£3250
£3500
£1750

All equipment is used -with 30 days guarantee and
90 days in some cases
Add carriage and VAT to all goods.

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

£1500

Marconi 2955
Marconi 2955Bi6OB

£3995
£2000
£2200

Marconi 2955R

£1200

Antritsu MS555A2

£4000

Hewlett Packard 8920A (opts 1,2,3,4.5.11)
Hewlett Packard 8920B (opts 1.4.7.11.12)

£5250

Hewlett Packard 8922M

£6000

CIRCLE NO. 101 ON REPLY CARD

£7250

Schlumberger Stabilock 4031

£3500

SChlumberger Stablock 4040
Racal 6111 (GSM)

£1750

£1500
£3995

Rac,a1 6115 (GSM)
Racal 6103 (GSM) Digital Radio Test Se

£7000

Rhode & Schwarz CMTA 94 (GSM)

£4995

Rhode 8 Schwarz CMT 55 (2GHz)

£8000

Rhode 8 Schwarz CMT 90 (2OHZ) DECT
Rhode 8 Schwarz CMD 57 GSM test set (opts 61134/6f7/19/42/43/61

£4995

Wavetek 4103 (GSM 900) Mobile phone tester

£1500

Hewlett Packard 3314A Function Generator 20MHz
£1250
Hewlett Packard
8904A Multifunction Synthesiser (opt 2+4)
£1950
R&S SMC (0.1-1GHz) Sig. Generator (opts B1+2)
£2950
Hewlett Packard 4278A lkHz/1MHz Capacitance Meter £4000
Hewlett Packard 53310A Modulation
Domain Analyser (opts 1&3)
£7000
Hewlett Packard 4191A RN Impedance
Analyser (1-1000MHz)
£5500
Hewlett Packard ESG-D3000A (E4432A) 250 kliz-3 (;11z)
Signal Gen.
£8250

£9995

1900) Mob Phone tester

•
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Hewlett Packard 3585A (20Hz-40MHz)
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz-1 5MHz
Hewlett Packard 8560A (50Hz -29GHz) High performance
with Tracking Generator option (02)
IFR A7550 •10KHz-IGHz -Portable
Meguro •MSA 4901 30MHz •Spec Analyser
Meguro •MSA 4912 •1MHz •IGHZ Spec Analyser
Tektronix 2712 Spec Analyser (9kHz -18GHz)
Wandel & Gottermann TSA-1 system analyser (100Hz 180MHz)
Wiltron 6409 -10-2000fwtHz RIF Analyser

MISCELLANEOUS

Anntsu S330 Sitemaster (3300MHz) in carry case and Transit case
Eaton 2075-2A - Noise Gain Analyser
EIP 5485 26.5GHz Frequency Counter
ENI 440LA (150KHz•300MHz) 35 Watt Power Amp
ENI 1040 (10Khlz-500KHz) 400 Watt Power Amp
Fluke 5100A/51008/5200A -Calibration Units (various available)

£3750
£2750
£8250
£9750
£1950
£700
teya
£3750
£2750
£1750

£4300
al £
99
7Z5
0
£2500
£2750
from f1000

Hewlett Packard 339A
3457ADistortion
multi meter
measuring
6 1,2 digit
set

£1200
£950

Hewlett
Hewlett
Hewlett
Hewlett
Hewlett

£4500
£1250
£650
50
££ 5°
1250

Packard
Packard
Packard
Packard
Packard

3784A
3785A
5385A
6033A
6622A

-Digital Transmission Analyser
-Jitter Generator & Receiver
-1GHZ Frequency counter
•Autoranging System PSU (20, 30a)
-Dual 0;P system psu

Hewlett Packard 6632A
6624A •
-System
Quad Output
PowerPower
SupplySupply
(20v-5A)

£2000
£800

Hewlett Packard 8656A
8350B Synthesised
Sweep Generator
signal generator
Mainframe

£1500
£850

Hewlett Packard 86565 Synthesised signal generator

£1250

Hewlett Packard 8657A
89016 Synth
•Modulation
sig gen
Analyser
(0 1-1040MHz)

£1750
£2750

Hewlett Packard 8903A,
16500A Band
•B -E
Logic
•Distortion
Analyser
Analyser
Mainframes

• Chip provides glaucoma warning
• Solar-powered plane flies for 18 hours
• Niobium capacitors replace tantalums
• Police robot works autonomously
• Pressure sensor has ultra wide range
• Ported software that runs faster!
• ID chip small enough for bank notes
• Memory chips that test themselves
• Modem powered by phone line
• Researchers seek asuccessor to CMOS
• Virtual pets

738 CAN I/O VIA THE WEB
BE SIMPLE?

Set up )our own remote monitoring
system using Internet protocols, Ethernet
and aweb server. You might be
surprised how easy and cheap it is especially if you've already dabbled with
HTML. Eddy lnsam provides astep-by
step guide.

01111•11111

•

732 NEWS

Wavetek 4106 (GSM 900, 1800,

.
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758 THE DIGITAL FRIDGE

On the right track

Hewlett Packard 8922B (GSM)

Hewlett Packard
53708 -universal time interval counter
£1500
Hewlett Packard 8662A synth. sig. gen. (10kliz to 1280MHz)
£8250

Gould 400 20MHz •DSO 2channel
Gould 1421 20MHz -DSO -2channel
Gould 4068 150Mhlz 4channel DSO
Gould 4074 100MHZ 400 Ms/5 •4channel
Hewlett Packard 54201A -300MHz Digitizing
Hewlett Packard 54600A •100FAHz -2channel
Hewlett Packard 54502A -400MHz-400 MS/s 2channel
Hewlett Packard 54810A Infinium 500MHz 2ch
Hewlett Packard 54520A 500MHz 2ch
Hameg 205-2 201-Aliz DSO
Hitachi V152N212N222N3028.(l/302F/1/353FeV5508N650F
Hitachi VI 1(0A 100MHZ -4channel
Intron 2020 -20MHz Dual channel D S
(new)
hvatstu SS 5710/SS 5702 Kikusui COS 5100 -100MHZ •Dual channel
Lecroy 93141 300MHz 4channels
Meguro MS0 1270A -20MHz OSO (new)
Philips PM3094 •200MHz •4channel
Philips 3295A -4COMHz -Dual channel
Pfshps PM3392 •200MHz •200Ms/s •4channel
Philips PFA3070 •100MH Z-1 channel -cursor readout
Tektronix 465 100MHZ -Dual channel
Tektronix 464/466 -100MHZ •(with AN storage)
Tektronix 475/475A •200MHz/250MHz •
Tektronix 468 •100MHZ
S
Tektronix 2213/2215 -60MHz -Dual channel
Tektronix 2220 -60MHZ •Dual channel D S 0
Tektronix 2235 100MHZ •Dual channel
Tektronix 2221 •60MHz •Dual Channel D S
Tektronix 2245A •100MHZ 4channel
Tektronix 2440 -300MHz/500 MS/s OSO
Tektronix 2445A/24458 150MHz -4channel
Tektronix 2445 -150MHZ -4channel •DMM
Tektronix TAS 475 -100MHZ •4channel
Tektronix 7000 Series (100MHZ to 500MHZ)
Tektronix 7104 - 1GHz Real Time with 7A29 x2 7810 and 7E115
Tektronix 2465/2465A(24658 •300MHz/350MHz 4channel
Tektronix 2430/2430A -Digital storage -150MHz
Tektronix TOS 310 50MHz DSO -2channel
Tektronix TOS 320 100MHz 2channel
Tektronix TOS 340A 100MHZ DSO -2channel

731 COMMENT

Radio Communications Test Sets
Marconi 2955A

from £750

CONTENTS

from £1000
£1250

Hewlett Packard 379000 -Signalling test set
£3750
Hewlett Packard 83220A DCS/PCS test sets
£3000
Hewlett Packard 86570 -100KHz•2060 MHz Sig Gen
£3995
Hewlett Packard 86570 -XX DOPSK Sig Gen
£4500
Hewlett Packard 8130A -300 MHz High speed pulse generator
£5250
Hewlett Packard 42755 LCFI Meter (10KHz-10MHz)
£3250
Hewlett Packard 427M LCZ Meter (100Hz-20KHz)£1503
Hewlett Packard 53508 20GHz Microwave Freq Counter
£2250
Hewlett Packard 8508A +85081B (1GHz) Vector Voltmeter
f£2
125700
5°
Hewlett Packard 3708A Noise arid Interference Test Set
Marconi 2305 -modulation meter
£999
Marconi 2610 True RMS Voltmeter
500
5°
Marconi 6950/69606960B Power Meters 8 Sensors£
from 4
Marconi 2840A 2Mbit's Transmission Analyser
P0
540
Philips 5515 -TN •Colour TV pattern generator
1e
ó
Philips PM 5193 -50MHz Function generator£ 1
Leader 3216 Signal generator 100KHz •140MHz -AM/FM/CW with built in FN stereo£E12505
modulator (as new) a snip at
£795
Racal 1992 - 13GHz Frequency Counter
Rohde 8 Schwarz NRV dual channel power meter 8 NAV Z2 Sensor
Advantest R3361A (9kHz -26GHz)
£4950
Rohde 8 Schwarz FAM (opts 2.6 and 8) Modulation Analyser
£4250
Tektronix ASG100 -Audio Signal Generator
££
£
19
1
9 1
Wavetek 178 Function generator (50 MHz)
Wayne Kerr 3245 -Precision Inductance Analyser
Wayne Kerr 6245 -Precision Component Analyser
£2500

Tel: 02476 650 702
Fax: 02476 650 773

746 IMPROVING VALVED
TEST GEAR
You can pick up valve-based surplus test
equipment very cheaply. Vim de Ruyter
explains how to get round the problem of
worn-out and ageing valves.

749 CROSSTALK IN POWER
AMP 0/P INDUCTORS

In applications like home cinema,
numerous power amplifiers need to be
packed together as compactly as possible.
Do their output coils interact?
Doug Self investigates.

754 MORSE CODE —THE
FIRST COMMUNICATIONS
REVOLUTION
Ian Poole looks at communications
technology from the days before
wireless was capable of carrying voice Morse code.

With energy consumption becoming such
an important issue, the arguments for
producing fridges with electromechanical control are weakening.
William Mackay explains the benefits of
using alow-cost microcontroller.

762 FARADAY'S
HOMOPOLAR
Dom Di Mario has been replicating

experiments first carried out 170 years
ago and he believes that he's found
effects that are not explained by existing
theory. You can replicate these
experiments with magnets and afew
pieces of copper.

767 NEW PRODUCTS

Keep up to date with what's appearing on
the market. This month's new products
are edited by Richard 11'i Ison

Robocop? Designed for bomb
disposal and the like, this police
robot can make decisions on its
own. The month's top electronics
news stories start on page 732.

'rbo

When you mount two power
amplifiers close together, coupling
between their output inductors is
inevitable. Probably the only article
you'll find on the topic -from
audio guru Doug Self -starts on
page 749.

778 HIGH-IMPEDANCE
RF PROBE
Having completed his 50fl true-RMSreading RF millivoltmeter,
ril Bateman went on to design this
probe to provide ahigh-impedance input
that also features low-capacitance.

Voltmeter

Rotating metal
magnet
Sliding
contacts

786 CIRCUIT IDEAS
• A valve-based active crossover
• Digital potentiometer enhancement
• Stepper motor sequencer
• Attenuators using common resistors
• Cascode driver improves SMPS
• Intelligent power control
• Direct/inverse control controller
• CCII- using OPA1662
• Alternate pulse router
• Simple ESR/low-resistance meter

Dom DiMario has been replicating
experiments carried out by Faraday
170 years ago. Has he discovered a
phenomenon that cannot be
explained by current theory?
Turn to page 762...

Vaviillie .•
'

794 RADIO RECEIVERS III
.1 oe (. arr Carr explains what the noise
floor is, and reveals how you can
interpret the various ways that receiver
makers express static measurements
of performance.

802 WEB DIRECTIONS
Useful web addresses for the electronics
engineer.

Ethernet is very cheap to
implement. You can pick up aPC
interface card for under atenner.
Eddy lnsam explains how you can
put it to use for remote monitoring
and control with the aid of this tiny
low-cost Internet-ready controller page 738.

November issue on sale 4 October
October 2001 ELECTRONICS WORLD
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Next Generation Electronics CAD
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Introducing Electronic Design
Studio 2, the new modular
electronics design system that
includes simulation, schematic,
PCB, autorouting and CADCAM
modules as standard.

1.1
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EDITOR
Martin Eccles

Our state of the art integrated design environment brings
powerful management to your projects and now features
expanded libraries with 3D style PCB footprints, and the
new Viper autorouter. EDS 2Advance also includes rip
up and retry routing, net styles, shape based realtime
xi

-

lea

1.1•1

API

444

La

'1111

Aunt=

.QNfl

design rule checking (DRC), full copper pour support with
unlimited automatic zones, split power planes with router
support, cross probing, netlist navigation, DTP quality

— I -- •
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EDS2 is fully compatible with TINA Pro 5.5 with support
for FAST TINA net import using the Project Wizard.

electronic
design

STUDIO

Ian Hickman
EDITORIAL
ADMINISTRATION

Jackie Lowe
020 8722 6054

feature rich schematics and a wide range of
import/export options.

1«ard

CONSULTANT

EDITORIAL EMAILS
J.lowe@cumulus

media.co.uk
GROUP SALES

Schematic, Simulation, PCB & CADCAM Modules

Yes

Yes

Single Pass Ripup/Retry

Viper Autorouter
Multiple copper pour, thermal relief, power planes

Yes

Cross probing & Net Styles

Yes

Shape based Design Rule Check

Yes

Price*

£199

£349

EXECUTIVE
Pat Bunce

020 8722 6028
ADVERTISEMENT
E-MAILS

p.bunce@cumulus
media.co.uk
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EDITORIAL FAX

Award Winning Professional Simulation
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TINA Pro is also fully compatible with EDS 2 and now
features EDS footprint selection within the schematic
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TINA'

ci

10,000

Models Included
Full range of analysis and output options

Yes

20,000
Yes

Advanced hierarchical Schematics & Teamwork

Yes

SPICE Library manager & Parameter Extractor

Yes

Component Generator

Yes

Price*

£169

£299

Quickroute Systems Ltd

Information &. Demonstration Software

www.dotqr.com
CIRCLE NO. 104 ON REPLY CARD

L
QUICKROUTE
SYSTEMS

'

I announcements at alocal station are
computerised, but the computer seems to have
feelings. It announces, "I am sorry to tell you that
the ..." or "I am extremely sorry for the delay to
your journey," although not "I am pleased to
inform you..."
Use of the first person implies that the
computer is accepting responsibility for events.
Maybe it is frantically networking with other
computers in distant signal boxes to ensure that
future services will run smoothly -what agood
idea.
On Tuesdays, the announcements are made by
amale voice, whereas on Thursdays it is female.
Perhaps it has asplit personality -one like
Marvin the paranoid android would probably be
more suited to the post-Hatfield climate.
Could Railtrack be the first to have actually
built acaring machine? Could feelings be given
to other machines? Perhaps Icould argue with
the speed camera that's just flashed me.
But seriously, Railtrack and British Rail before
it, have benefited from technology that saves
money, and possibly even helps to make money
too. For example, the move from steam to diesel
and electric traction in the 1960s; the
introduction of fully braked goods trains which
eliminated the need for aguard; unmanned level
crossing barriers; the mass signalling schemes of
the 1970s and 80s which created signal boxes to
cover large areas of track and which replaced
many lever-frame boxes; driverless trains on the
Docklands Light Railway. Even the infamous
Beeching Report, which closed so many railway
lines, called for massive new investment.
Technology does have its problems because of
the change that it brings. The need to have a
'change management' plans with each new
scheme is now apparent.
It is morally indefensible to throw alot of
people on the job scrap-heap without some
concern about what they are going to do. Losing
ajob is like having arug pulled out from
underneath you -it hurts alot. Big companies
now thankfully recognise this and accept the
responsibility to organise retraining schemes and
outplacement services.

pit into which vast sums of money are thrown to
appease nervous passengers?
We seem to hold the railways close to our heart
and expect them to be near perfect. It's still avery
safe mode of transport, although the recent
crashes have been horrendous.
Even more horrendous is the blind spot that we
have for road transport. We tolerate over 3000
road fatalities every year as the price for the
freedom of the road. Why don't we make more
fuss about it Why shouldn't cars be compulsorily
fitted with radar or sonar linked brakes?
Investment in safety systems is all down to risk
management. No system can be 100% perfect,
and if you try to make it so the last 0.5% can cost
as much as the 99.5% in effort. When the
railways were split up there was afeeling that the
safety regime was too tight and too costly.
Continental railways, it seemed, worked
perfectly well with less regulation. For example
there was more train cab radio control rather than
costly signalling, and country stations had more
basic facilities.
However, what seemed to have been
overlooked was the chronic sate of the
infrastructure in the UK. Railtrack was sold a
dummy. Shareholders were blinded by the
massive amount of property that Railtrack was
about to inherit.
Future advice must be that when Governments
'sell off the crown jewels' check that they are not
fakes. Industry is not exempt from this either look at the sale of Rover to BMW.
Despite the present problems of Railtrack, the
railways are going through an unprecedented
renaissance. Urban and light rail schemes are
being adopted by many cities and towns. Stations
that were closed in the 1960s are reopening. The
Channel Tunnel Rail Link is being constructed
with talk of more high speed lines.
The break up of the railway industry has caused
problems, particularly over responsibility for
safety. However, it has opened up the network to
more passenger and freight trains than ever before.
Technology has an important part to play in
speeding up this process and one sincerely hopes
that the lessons of Southall, signal SN109 at
Paddington, and Hatfield will be learnt and applied
wisely.
•
Peter Marlow

Industrial
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Thing are looking up for Railtrack. Its train

So it's relatively easy to cut costs, but how do
you account for railway safety? Is it abottomless
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PCB netlist export support.
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NEWSTRADE ENQUIRIES

020 7907 7777

easy importing of SPICE models and sub-circuits, and
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020 8770 2016

design with teamwork and bus support, professional
graph presentation (Bode, Nyquist, poles & zeros,
transient, temperature sweep, Smith and polar, etc),
electrical rules check (ERC), bill of materials (BOM),
4 4 ti 4 4
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CLASSIFIED FAX

The international award winning
TINA Pro circuit simulator combines
ease of use with an incredible range
of features. Fully mixed mode, TINA
Pro Industrial includes over 20,000 models, 21 types of
analysis, 9 virtual instruments, hierarchical schematic

J
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020 8643 8952
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B2 Spice 2000

r
tTPDATE
have virtually neglected fluctuations
in pressure during the day and at
night," said researcher Gerd von
BOgel. A human study of the device
is due soon, he said, while
commercial devices could be ready in
as little as ayear.

Mel

Professional analogue and digital
circuit design for the PC and Mac

Chip provides glaucoma warning
Scientists at the Fraunhofer Institute
in Germany have developed asystem
that measures pressure inside the eye,
warning glaucoma sufferers of
danger.
A chip, pressure sensor and RF coil
are inserted into an artificial lens in
the eye. The external reading device,
integrated in apair of glasses, powers
the circuitry through the RF link.
This allows 24 hour measurement.
"Until now, measuring methods
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In its normal form, glaucoma
develops slowly and insidiously
without pain. Fluid pressure inside
the eye increases, reducing blood
pressure to the retina. This can
permanently damage the optic nerve
and lead to blindness.

Accurate results that can be relied on

B2 Sptce 2000 is used by thousands
of universities and businesses in the
UK and abroad and conforms to the
Berkeley SPICE standard Details of
education discounts and site licences
are available on request

Just afew of the features:
Uses the latest Xspice engine for accurate mixed mode
simulation. Parameterised AC and transient sweep, Monte
Carlo analyses, new Xspice simulations and new noise and
distortion analyses. Plus all the model libraries are included in
the price, over 7000 parts included.
B2 Spice 2000 also comes with a powerful model editing
package that allows you to create and modify parts and make
changes to the libraries.

Lens incorporating achip, pressure
sensor and RF coil, provides early
warning of pressure build-up in the
eye, and 24-hour monitoring.

The best way to see if this software is what you need
is to try it - risk free for 30 days.

Telephone 01603 872331 or visit www.spice-software.com
RD
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Research, Research House. Norwich Road, Eastgate, Norwich

(

Solar-powered plane flies for 18 hours
NASA has flown Helios, its unmanned solar powered wing, for the first time at asignificant
altitude. An 18 hour test flight over Hawaii saw Helios reach over 23 000 metres, proving its
35kW of solar cells were up to the task.
Helios has awingspan of 75 metres, yet weighs under 600kg. For the next test flight,
Nasa's Dryden Flight Research Center hopes to get the wing above 30 000 metres.
By 2003, the team hopes to install hydrogen fuel cells that would enable the wing to
continue flying through the night. Such acraft could then be used to provide
communications at amuch lower cost than satellites.
Flight at 30 000 metres is said to be similar to that on Mars.

BP buys Madrid facility for
solar-panel production
BP is buying asemiconductor fab in
Madrid from Agere Systems which it
will turn over to production of
photovoltaic solar panels.
By the end of next year, the plant
will be one of the largest dedicated
solar-cell facilities, with ayearly
capacity of 60MW of crystalline
silicon panels.
"Spain and the rest of Europe
represent growing markets for solar
power," said Harry Shrimp, chief
executive of BP Solar. "This project in
Madrid will enable us to continue to
play aleading role in meeting demand."
The company plans to invest
$100m in the factory which will
create around 600 jobs.
BP claims to have nearly 20 per
cent of the world market in solar
panels. Last year its turnover was
$200m and it produced over 40MW
of photovoltaic equipment.
BP also recently opened aplant in
Australia with ayearly capacity of
25MW. The firm calculates this level
of production reduces CO 2 emissions
by 35 000 tons.
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Raedek Electronics Co.
Unit 12, Avenue Fields Industrial Estate
Stratford Upon Avon CV37 OHT, United Kingdom

RADIO MODEMS
WIRELESS CCTV
RADIO MODULES

Telephone: +44 (0) 1789 209294 Fax: +44 (0) 1789 295757
email: saies@raedek.com www.raedek.com

No Licence

ABB
Arnperex
Burle
EEV
Eimac
GE
11-T
Marconi
Motorola
Mullard
Thompson
Toshiba
etc ...

Avionics
Broadcast
Industrial
Marine
Medical
Military
Telecoms
etc ...

Electron Tubes • R.F. Power Transistors

Range up
to 20Km
Data Rates
up to
50Kbps

www.radiotelemetry.co.uk

Integrated Circuits • Magnetrons
Cathode Ray Tubes • Microwave Diodes

Warwick Wireless Ltd

Thyristors •Tube Sockets

The Manor. Aston Flamville. LE10 3AQ

Many 1000s of current and obsolete

Tel: +44 (0) 1455 233616
Fax: +44 (0) 1455 233179

manufactured devices in stock
CIRCLE NO. /Mt ON REPLY CARO
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NR10 4HA

Tel 01603 872331 Email: rd.research@paston.co.uk www.looking.co.uk/ spice
'Please add £5 00 postage and packing All trademarks acknowledged
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Niobium capacitors replace tantalums
Tantalum shortages are bringing
niobium into electronics as NEC
announces the first niobium
conductive polymer-type solid
electrolytic capacitors.
Niobium is one of the alternatives
NEC's niobium capacitor specification
Rated voltage
2.5V
Capacitance
220pF
Size
7.3 by 4.3 by 2.8mm
ESR
55mil
Part number
NB/PDOE227M
Samples
August 2001
Production
early 2002

being considered to replace tantalum
in capacitors —as tantalum becomes
less available and human rights issues
are raised about some of its African
sources.
According to NEC estimates,
niobium is over 100 times more
plentiful than tantalum.
"The construction is exactly the
same as our tantalum conductive
polymer capacitors," said an NEC
spokesman. "It uses anew type of
polymer, which is very difficult to
make. Only NEC, Sanyo and one
other company can make it."
There are other companies. claimed
the spokesman, that make lower-

performance non-polymer niobium
types.
The company is claiming that its
niobium capacitor, "has the quality
and performance equivalent to the
conventional tantalum capacitor," and
that production yield is better,
although it does admit that niobium
capacitors will be slightly larger if all
else is equal.
NEC anticipates that in the future,
niobium capacitors will be used for
high-capacity devices —about
100011F —which were too costly to
produce using tantalum, and will
come to replace aluminium
electrolytic capacitors.

Police robot works autonomously
Researchers at Sandia National
Laboratories in New Mexico have
unveiled apolice robot that makes
some 'how to' decisions on its own.

An un -named "major Asian company" is looking at making
flat screen TVs using technology from Oxfordshire-based
Printable Field Emitters. The picture shows PFE's soon-tobe-revealed 15cm quarter-VGA (320x240) monochrome
field emission display demonstrator. It does not need an
expensive active matrix.

The idea is to free its operator to
make the more critical 'what to do
next' decisions during bomb-disposal
and other law enforcement activities.
Even simple operations can be
complicated on these robots.
"Sometimes it's like playing avideo
game with aseven-lever joystick
sitting upside down, with one eye
closed, and with your boss looking
over your shoulder," said researcher
Phil Bennett. "Operators might think
they're about to bump an object but
they're really three feet away. Or they
don't know if the robot will be able to
fit between two cars or climb aflight
of stairs. Often they don't accomplish
these difficult tasks on the first try.
The pressure can be intense."
The Sandia machine is based on a
standard Wolverine robot from
Remotec in Tennessee, with Sandia's

own software —called SMART, an
acronym for Sandia modular
architecture for robotics and
teleoperation.
During ademonstration in March,
claims Sandia, the modified
Wolverine, "shaved minutes off
typical bomb responses even with the
most skilled FBI robot operators".
Currently SMART automates
commonly-needed robotic tools and
behaviours in police work, such as
automatic tool changes, tool
placement, and bomb-disruptor
aiming, as well as telerobotic
straight-line movement in all
directions.
New behaviours that could be
included in future include path
planning, machine vision, proximity
sensing, obstacle avoidance, visual
targeting and 'reachability' analysis.

UK programmable analogue chips break into Japan
UK field programmable analogue
array (FPAA) company Anadigm is
breaking into the Japanese market
through adeal with Oinron.
"We are delighted with this alliance,
and believe it will substantially
accelerate the take-up of this exciting
new technology," said Anadigm's
CEO Mike Kay. Omron will sell
Anadigm chips under the Ornron
brand.
The Japanese company has
experience with the full custom
analogue IC business, and sees a
demand for FPAAs in applications
needing under 10 000 units per month,
said the company.
"Electronics engineers are seeking
to design at higher and higher levels
of abstraction, but auniversal
analogue HDL is not available, due to
performance issues associated with

analogue IC fabrication," said
Kuninori Hamaguchi, CEO of
Omron's semiconductor division.
"FPAAs offer asolution to this
problem, which massively reduces
design time and costs compared with
analogue Asics."
The company will initially market
FPAA technology in Japan, where it
expects to establish, "a multi-million
dollar market within two years".
It will also contribute to the
development of FPAAs aimed at
specific markets including industrial
automation and medical equipment.
Anadigm's FPAAs are based on
switched capacitor building blocks
and design software from the
company allows the chips to be
configured on power-up. A wide
variety of analogue functions are
available.
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New pressure sensor exhibits massive
linear resistance change
Research at the University of
Durham has yielded an electricallyconducting polymer with linear
resistance change under pressure.
The composite material contains
particles of metal dispersed
throughout an elastomer.
Resistance decreases from 10 13 11 to
just 111 under fingertip pressure.
"You can go from essentially an
insulator to aconductor just under

moderate pressure," said Professor
David Bloor from the University.
"That's an amazing range of any
physical property, in any
material.., and under fairly nonextreme conditions."
Darlington firm Peratech has
taken the material and
demonstrated it in power tools, in a
remote control unit and as a
wearable PC interface.

The new
pressure.
sensitive
material could
provide useful
user feedback
from manual
power tools.

Ported software that runs faster
Running code written for one
processor on another normally means
interposing adaptation software and a
horrendous loss in speed.
Now aManchester company is
claiming it can port software in real
time —with aspeed gain.
"Overall we have seen speed-ups of
10, 20 or 30 per cent in complete
applications," said Alasdair
Rawsthorne, company chief technical
officer of, Transitive Technologies.
Called Dynamite, it is described as
'code-morphing' software, running as
akernel around the target processor at
run-time and converting original
processor binary code on-the-fly.
Speed gains, said Rawsthorne,
come, "simply because of reoptimisation of the code. Doing it at
run-time means that the behaviour of
the software can be observed as it
runs and its performance improved."
The company is aiming the product
at companies with alot of existing
code needing to be run on anew
processor. "You can't buy adecent
68000 now," said Rawsthorne. "and
you may have 100 engineer-years of
68000 code."
Dynamite has are-usable core
which is adapted for particular

processors by attaching afront and
back end. "We have adaptors for
68000, Sparc, Alpha, ARM, PowerPC
and x86 at the university," said
Rawsthorne.
Transitive demonstrated x86 code
running on aMIPS processor at the
recent Embedded Microprocessor
Forum in the US. "We will be
delivering aproduction version of the
software at the end of September," he
said.
According to Transitive, Dynamite
is built upon awell-accepted method
called optimising dynamic binary
translation. Similar techniques have
apparently been lab tested and used
non-commercially by IBM and

Hewlett Packard for specific CPU
pairs and are also used in Transmeta's
Crusoe processor which emulates an
Intel x86 processor in aVLIW
machine.
Dynamite can be deployed, said
Transitive, above the target operating
system (OS) in 'multiple binary'
mode, executing different binary code
streams simultaneously in asingle
target environment. It can also run
under the subject OS interfacing to
raw target CPU hardware and
processing applications and OS loads
of the subject machine transparently
to the user.
www.transitives.com

RF identification chip small
enough for bank notes
This tiny chip is aradio-frequency
identification (RF ID) tag developed by
Hitachi. The firm reckons the 'mu-chip', as it
calls it, is small enough at 0.44mm 2 to be
embedded in paper and bank notes. Operating
at 2.45GHz, the wireless chip stores its ID in a
128-bit ROM, reducing the chances of
tampering.

Memory chips that test themselves
Embedded memory specialist Virage
Logic has developed amemory design
that includes self-test and repair
circuits.
The technique removes the need for
testing machines and laser modification
of devices following production, said
the firm. It should increase the yield of
devices containing embedded memory.
"Today you cannot integrate large
amounts of SRAM without solving the
yield problem. which is aburden for
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one of the fastest growing segments —
communications and networking," said
Dr Yervant Zorian, Virage's chief
scientist.
Called STAR, the system uses
redundancy to provide spare memory
bits and aprocessor dedicated to testing
bits and assigning replacements.
Normally performed at the wafer-sort
stage of manufacture, the testing results
are stored in an on-chip 'fuse box'
which is used to allocate spare bits each

time the chip is powered-up.
The firm claims the testing algorithms
can pick up 99 per cent of faults.
This, said Zorian, "saves the customer
literally millions of dollars by repairing
otherwise defective ICs."
Virage has designed three embedded
memories containing the self-test
circuitry; 4Mbit and 512kbit single port
designs and a256kbit dual port version.
A licence for the design starts at
$170000 plus royalty fees.

735

Sutiiy
eari

UPDATE

Quality second user test
equipment bought and sold
All purchases backed with
full one-year warranty and
technical support

Modem is powered by phone line
A phone-line powered modem has
been developed by Edinburgh
Communications using aV.22bis
modem chip from Essex-based
Consumer Microcircuits. The unit
does not need any external power
source, other than the phone line, and
is aimed at metering applications. A
full-duplex data rate of 2.4kbit/s is
not fast, but is suited to the intended
applications. At 3V, the modem
consumes just 2.7mA, and under 2tiA
in power-save mode. The firms say
the modem conforms to all European
standards for connection to the
telephone network, and EMC
standards.

AMPLIFIERS
Amplifier Research IWIC100 IGHz IW Amplifier
Amplifier Research I
OW1000A I
GHz 10W Amplifier
COMPONENT ANALYSERS
HP 40848 Switching Meule Controller
HP 4085A Switching Matrix
HP 408SM Switching Matrix
HP 4I92A 5Hz-13MHz Impedance Analyser
DATACOMMS
HP I8294A XII Interface
HP 12300C WAN Internet Advisor
HP J2294C EI/ISON interface Module
HP J22998 TI/ISDN Interface Module
HP J2912A 0C-3c/STM-1 155Mb/s Interface Module
HP J3446C LUI Internet Advisor
Microtest Penta5canner CAT 5Cable Tester
ELECTRICAL NOISE
HP 897013/H18 I66Hz Noise Meter
HP 3468 Noise Source

Scientists seek asuccessor to CMOS
IMEC, the Belgian research centre, has
begun astudy to discover the practical
limits of CMOS and has initiated a
program to explore alternatives to the
workhorse chip-making process.
The study into the future life of
CMOS will determine whether the
process can be scaled beyond the 45nm
level — perhaps as low as 22nm. IMEC
reckons that mass production, not just
the manufacture of lab devices, can be
achieved at this level.
Lasting three years, the study will
look mainly at front-end-of-line issues
such as the gate stack, channel/substrate
engineering, shallow junction

formation, spacer technology and
silicidation.
A major part of the experiment will
focus on high-k dielectrics and metalgate technology.
A second program called Emerald will
look at device structures that will
overcome the limits of CMOS below
35nm.
Examples of these structures have
already been suggested from earlier
IMEC studies. They include fully
depleted silicon-on-insulators; highmobility CMOS based on strained
silicon/silicon germanium (Si/SiGe)
layers; vertical devices; and double-

/triple-gate and gate-all-around devices.
Designs will be studied to determine
their suitability for mass production and
compatibility with conventional CMOS
transistors.
Meanwhile, back in the real world,
IMEC has set up atwo year program to
develop a0.18µm BiCMOS process for
RF chips.
Heterojunction bipolar transistors will
be based on silicon germanium carbon
with CMOS devices having 3.5nm gate
oxides and shallow trench isolation.
A fully integrated process including
passives should be ready by the end of
next year, IMEC said.

Intel researches two new memory technologies
Intel is researching two new
technologies for memory, including
polymer ferroelectric RAM and
ovonix unified memory.
The polymer memory is nonvolatile and is aimed at data storage.
Polymer chains with adipole moment

store data by changing polarisation of
the polymer between metal lines.
This technique has the beauty of
avoiding the use of transistors
completely for the memory array.
Furthermore, the polymer layers can
be stacked, so the memory array

Virtual pets are coming to
mobile phones. Intelliplus
has signed adeal with
Finnish firm Lumo Media to
distribute the 'pets' in the
UK. Virtual pets are
reckoned to be the next big
craze for teenagers and those
wishing they were still teens.
Pets are purchased like ring
tones and logos for around
£3, and maintained using
SMS or WAP.

could be integrated above transistors
in achip.
Thin Film Electronics in Sweden
has already fabricated some test
structures up to 8Mbit in size which
are said to have faster write speed
than flash. However, read speed is
slower.
Ovonix unified memory (OUM)
uses amaterial called achalcogenide,
which changes from crystalline to
amorphous when acurrent is passed
through it. Thus the resistance
changes, which can be sensed with a
transistor, much like magnetic or
ferro RAM.
A 4Mbit test chip is comparable in
size to flash and DRAM, while read
and write speed are 50 and 100ns,
according to Intel. The material is
compatible with CMOS.
STMicroelectronics and BAE
Systems have also taken alicence for
OUM from developer Ovonyx.
•

ELECTRICAL TEST
Megger 916/ Il Breakdown Tester (inc Probe)
EMC
R& EB 100 Miniport Receiver 20-1000MHz
Schaffner N56432 ESO Gun
Schaffner 1156435 ESO Gun
FREQUENCY COUNTERS
EIP 578 26 56Hz Source locking Frequency Counter
HP 5313IA 225MHz Universel Frequency Counter
HP 5318IA 225MHz RF Frequency Counter

8950
10500

4500

HP 8751C 36Hz Vector Network Analyser
HP 87510 36Hz Network Analyser Ibuilt in Sparameter test seu
HP 131530 36Hz Network Analyser (built in Sparameter test set)

9500
18500
19500

4500
4500
5500
4950

OSCILLOSCOPES
HP 5411ID 500MHz 265/s 2Channel Digitising Scope
HP 546028 150MHz 20MS/s 4Channel Digital Scope

1195
50

Lindos LAI00 Audio Test System
Marconi 2380/2383 1000z-4 26Hz Spectum Analyser
Tek 492P/01/03 21GHz Spectrum Analyser

HP 83732B/1El/1E5/1E8 1011111-20Gliz Synthesised Signal Gen
HP 8642A/01 IGHz High Performance Signal Gene rat or
HP 86408 ?GHz Synthesised Signal Generator

0

HP 86568 IGHz Synthesised Signal Generator

HP 546038 60MHz 20115/s 2Channel Digital Scope
Philips PM3295A/40 400MHz 2Channel Analogue Scope
Tek 2445A 200MHz 4Channel Analogue Scope

1150
0
5000
15

HP 86518 26Hz Signal Generator
HP 86830 23-136Hz Signal Generator
Marconi 2017 1GHz Lew Noise Signal Generator

5950
1150

Tek 24658 400MHz 4Channel Analogue Scope
Tek AM503/A6102/TM501 Current Probe Set

25700
150

Marconi 2019A 'GHz Signal Generator
Marconi 2022 'GHz Signal Generator

1150
1500
8500
1450

Tek TAS465 100M Hz 2Channel Analogue Scope

595
2950

Marconi 2031/001/002 2.16Hz Signal Generator
Marconi 2051 2.16Hz Digital &Hector Signal Generator
R&SSMHU 4.36Hz Synthesised Signal Generator
R&SSMT02 26Hz Synthesised Signal Generator

850

7950
1250

1)50

Tek TDS380P 400MHz 2GS/s 2Channel Digitising Scope
POWER METERS
HP 43111/002 Ri Power Meter
HP 4384 Duel Channel Power Meter
HP
HP
HP
HP

84814 186Hz Sensor
848IH 186Hz Power Sensor
84815A 186Hz Peak Power Sensor
899181004 Peak Power Analyser

HP E4412A 186111 Power Sensor
HP E4418A Single Channel Power Meter
Marconi 6960 RF Power Meter

2250
450
495

Anntsu MS37IA KM Frame Analyser
GN Nettest LITE 3000 Telecoms Test Set
HP I8294A 021 Interface

Marconi 6912 Power Sensor
Marconi 6934 Power Sensor

950

3600

HP 66I2A 20V SA Power Supply
HP 6652A 20Y 25A D( PSU

Anntsu MD6420A Data Tx Analyser
Anntsu MD0613C 2MBPS ((PT Interface

750
1950

3150

895
895

TELECOMS
HP 3708A Noise &Interference Test Set

950
8750

2150

2950

HP 3188A/001 2MBPS Error Perforrnance Analyser
HP J22998 TI /ISDN Interface Module
HP 12294C E1
/15DN SIM Balanced Interface Module
HP 12300C WAN Internet Advisor

5000
1250
750

LOGIC ANALYSERS
HP 16500C Logic Analyser Mainframe
HP 16555A 68 Channel State/Timing Card
MULTIMETERS
HP 3440IA 65 Digit OMM
HP 3458A 85 Digit DMM
NETWORK ANALYSERS
Anntsu S33IA-01 336Hz Scalar Network Analyser
HP 3517A 5111-200MHz Network Analyser
HP 4195A 500MHz Spectrum/Network Analyser
HP 8405A Vector Voltmeter
HP 850328 Calibration kit
HP 850328/001 Calibration Kit
HP 850328/K05 Calibration Kit
HP 85033(/001 Calibration Kit
HP 85033D/K02 Precision Open/Short &load
HP 85046A 36111 SParameter Test Set 150 Ohm)
HP 850414 6Di SParameter Tent Set (50 Ohm)
HP 8711(1402 Switch Test Unit
HP 815281003 36111 Vector Metererk Analyser
HP 8752C/K361Y GSwitching Test Unit

Adyantest 1921111 100KHz Dual Channel FFT Analyser
Anntsu MS26018 226Hz Spectrum Analyser
3950
1950

550

Amui( MS2602A I00Hz-8 56H/ Spectrum Analyser
Anntsu MS26518 IGHz Spectrum Analyser
Anntsu MS266IA/1/2/3/4/5/6/7/9/1 I3Gliz Spectrum Analyser
Anntsu MS2663A 9KHz-86Hz Spectrum Analyser
Annuu MS610B 26Hz Spectrum Analyser

5950

HP 356IA IOOKHz Dynamic Signal Analyser

5500

HP 35660A 102 SKHz Dynamic Signal Analyser
HP 4195A SOOMHz Spectrum/Network Analyser
HP 70000 296Hz Spectrum Analyser System

4950

HP 8560A/002 296Hz Spectrum Analyser (inc Tracking Gen)

10500
750
1150
750
150

HP
HP
HP
HP
HP

85626/001 226Hz Spectrum Analyser
85616/026 26 5GHz Spectrum Analyser
85688 ISGHz Spectrum Analyser
859011021 15Gliz Spectrum Analyser
8590E1/021 18Gliz Spectrum Analyser

1250
850

HP 8591A/021 I86111 Spectrum Analyser
HP 8591E/004/041/101/102 I86111 Spectrum Analyser

3950
6500
1650

HP 85926/021 226111 Spectrum Analyser
HP 8594E/004/021/050/101/105 296Hz Spectrum Analyser
HP 8595E/011/130 656Hz Spectrum Analyser

7950
150

HP 890IA I3611z Modulation Analyser
HP 89038/10/51 Audio Analyser (euh CCITT &40011/ Filters

850
1650
1150
1150

350
3750
4950

Marconi 01146 466Hz Counter Power Meter
Philips PM6654C/526 156/11./2ns Counter Timer

Adyantest R413ID 356Hz Spectrum Analyser

1950
1500
3500
1850

3950
1250

Trend Aurora Plus Basic Tester

1250

11950

Sunrise Telecom SUNSET EIO Communication Analyser
Trend Aurora Duet Basic Rate 1SON Tester

TM

SIGNAL & SPECTRUM ANALYSERS
Adyantest R32651( 1001U-86Hz Spectrum Analyser
Adyantest R3361A 266Hz Spectrum Analyser inc 1/Gen

4950

950
995
595

950
3750
1250

8950
13500

8950
1950

895

HP 33258 2IMHz Function Generator
HP 8165A 50MHz function Generator
Philips PM5I93 50MHz Function Generator

650
1500

HP J2912A OC-3c/STM-1 155Mb/s Interface Module

HP E3631A 2SY SA DC Triple Output PSU

Marconi 6311 10/111z-20GH1 Sweeper Generator

5500
5850
1000
1000

HP J3446( LAN Internet Advisor (Fast Ethernet)
Marconi 2840A 2Mb/s BERT Tester

Hunting Hivolt Stries 250 50kV, 5mA Power Supply

FUNCTION GENERATORS
HP 33120A I5MHz Function Generator

3650
1550

450
950

1850

RF SWEEP GENERATORS
HP 83620A/001/008 10MHz To 206Hz Synthesized Sweeper

2500

5950
7500

3250

Philips P116666 1.36Hz Counter Timer

19950

1550

750
450

POWER SUPPLIES
HP 62168 200 6V Triple Output DC PSU
HP 66312A Dynamic Measurement Source 816320Y 2A

2750
5500
4950

SIGNAL GENERATORS

HP 5343A 26 5GHt frequncy Counter

17950

147 Intercepter
TTC FIREBERO 6000/7/8 Communication Analyser

W &GPFA-35 2MBPS BERT Tester
W &GPA-41 Trame /Signal Analyzer

4950

W &GPCM23 Voice Frequency Pal Tester
W &GPCM-4 PCM Channel Measunng Set (from)

9950

TV &VIDEO
Philips P115515T IV Pattern Generator With Teletext

4950
3950
2150
9000

Philips F115518TNI-T/C TV Pattern Generator

1850
1950

Philips P115418TX-T/C IN Pattern Generator
Philips P115418TDS1-T/C 1
,
1Pattern Generator
Tektronix VM700A- I/11/20/30 Video Monitor

2950
2950
14500

2650

WIRELESS
HP 83220E PCS/DCSI800 MS Test Set
HP 8920A/102/103 IGHz Radio Comms Test Set

2950
5950

1250
32S0
10500
9750
10950

HP 8922M-003/006/010 Multiband Test System
HP 89225/006 GSM Test Set
Marconi 2946/315/6/8 Radio Comms Test Set
Marconi 2955 Radio Communications Test Set
Marconi 2955A Radio Communications Test Set

9500
5750
8500

1
S
SO 0
18950

Marconi 29558 Radio Communications Test Set
Marconi 2965 Radio Communications Test Set

3500
8500
7500

7500
4500
3500
5500
10900
5500
6500
9500

4950
2450
2150

Racal 6103/001/002 GSM/DCS Test Set
R&$01550-1133/853/655/859 Radio Comms Test Set
R&S01551-81/85/B9 Radio Comms Test Set (inc T/Gen)

5150
7950
9500

R&$CMT54 81/84/85/86/89 Radio Commis Test Set
RAS CMT56/81/4/6/9/11/13/U1/9 Radio Test Set

8950
12500
1250
2750

RAS CMT84 BI/8536189 Radio Comms Test Set
Stabilock 401$ 'GHz Radio (omis Test Set
Schlumberger 4031 'GHz Radio Comma Test Set
Schlumberger 4019 960MHz Radio Comms Test Set
Schlumberger 4040 1GHz Radio Comms Test Set

1950
2750

3950
5500
3950
2250
3950
4500
3500
1250
2750
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Can i/o via the web be simple?
Set up your own remote monitoring system using Internet
protocols, Ethernet and a web server. Can you think of
anything more daunting? Read on, you might be surprised
how easy and cheap it is -especially if you've already
dabbled with HTML. Later in the article, Eddy Insam provides
a step-by step guide to help you get the simple hardware
described here on line.

B

uilding on my previous articles on Ethernet
interfacing, the following shows you how to
implement areal web server connected to
your PC via alocal-area network. This is a
very basic design that will allow you to do
things like display temperature, control aheater and
switch lights remotely from any web browser.
Once you've grasped how it all comes together
though, the opportunities are endless —especially now

Lap-top computer
Ethernet
network hub
Lamp

Embedded
web-based
controller

Isolating
electronic
relays

A-to-D
converter

Door switch
detector
Temperature
sensor
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that fast wireless Ethernet links are becoming readily
available.
Ilive in avery old house; it has alarge basement with
alarge coal bunker where Ikeep many bits of fine wood
that may come in useful some time. Ineed to keep the
place at the right ambient temperature. This means a
regular walk down the steps to check the walls for
humidity. If there's aproblem, Ileave the lights or
heating on for afew hours.
This is not ajob Ican delegate to asimple room
thermostat, as it would leave the heater on most of the
time and waste alot of energy in the process.
Nowadays, Idon't have to go all the way down the
steps that often. Igo to my PC, fire up my Internet
browser and call up aweb page. Up comes ascreen
page displaying the temperature in the room. If Iwant
the lights or the heater on, Ijust click on abutton on the
screen.
How is it done? Well, Ihave an embedded web server
in the basement. This web server fits in asmall 125 by
I25mm box fixed to the wall. It connects to the Ethernet
LAN running around the rest of the house, Fig. 1.
Pushing the description to the limit, Icould call this a
miniature dedicated 'private internet service provider'.
The display containing information from the remote
controller unit is not static. Contents of the web pages
are changed dynamically by data read by the unit via its
110 ports.
Similarly, Ican control the heaters by making page
requests from my web browser. Idon't need any special
software on my PC. All Ineed is my standard Internet
web browser to give me atwo-way simple 1/0 control.
The trend of using an Internet browser like a
'program' is gathering pace. There are certainly
advantages to doing things this way —especially as any

Fig. 1. A typical Ethernet network will have the various
computers in the house or office connected to acentral
hub via standard network cable. The embedded
controller connects to aspare slot in the hub and acts
like aweb server, accessible by all computers with a
web browser by simply entering the right IP address.
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web-enabled piece of equipment can be used for
controlling interfaces. This equipment includes WAP
phones and palm-top computers.

use aspecial changeover cable or adaptor to connect the
computer to the module.

So what is inside this box?

In order to understand the basics, it is easiest to look at
how things function from the PC's point of view.
When you fire up your Internet browser and request a
web page, anumber of events take place. At the lowest
level, afull TCP connection is established between the
PC and the remote server.
For the purposes of this article, think of TCP like a
telephone call; something that you start by dialling a
number, and that results in afixed connection between
the two points until one of the hand sets is put down.
When the connection is live, bytes are exchanged in a
way not too different from aplain RS232 wired link.
A few steps may need to precede this, such as
obtaining the numeric address of the remote site. You
can't phone anybody unless you know their telephone
number. These numbers, or 'IP addresses', are usually
stored in local tables, but they can also be found by
making aseparate call to a'directory enquiries' server
on the network, or on the Internet.
Of course, everybody connected to the world-wide
web has to have adifferent address. Newcomers must be
allocated aunique 'name and number'.
In theory, this should include my basement device.
However, as Iam running my own local network with
no access to the outside world, Ican cheat alittle. Ican
allocate almost any numbers or web names Ilike to my
interfaces. As aresult, my project is called
'mybasement.com' and is associated with the address
192.168.1.250. This happens to be the default IP address
of the SitePlayer module.
Once the TCP link is established, the browser and
server can exchange bytes. The protocol used for web

Ihave chosen the SitePlayer module
(www.siteplayer.com) as the basis for my remotecontrol system, Fig. 2. This is agood example of current
technology, and the kind of ready made product
available for this sort of application.
SitePlayer is a25mm-by-25mm module built as a
piggyback board. Ihave chosen it mainly because it
comes with ascripting web language that allows me to
relate external events to internally-stored web page
displays. There's more on this later.
Figure 3shows the block diagram. The SitePlayer
module consists of aRealtek RL8019AS Ethernet
transceiver chip plus an 89C51 microcontroller. The
Ethernet Transceiver chip conditions the Ethernet
signals on the line and transfers the packets to the micro.
All the protocols are handled by the microcontroller. It
also supports eight general purpose I/0 ports plus one
serial port. Iam only using the parallel port in this
design.
The micro has 64K of code space, with roughly 16K
of program code dedicated for TCP stack and script
interpreter code, and 48K of user programmable area to
hold web pages.
The only external components required for this project
are an external 10 BaseT line transformer, an RJ45
socket connector for the LAN, and some external
standard circuitry to drive amains controlled heater, a
ceiling lamp and to sense aswitch and the temperature
sensor. Figure 4 shows the full circuit diagram.
The 48Kbyte web area can include as much text,
graphics, etc., as can be fitted in the space available.
Web pages can contain special fields that are modified
with data read frdm the 110 ports. Page or click requests
will also cause the I10 ports to output different data. The
web page becomes the 'user interface' Fig. 5.

How does it all work?

Fig. 2. This onesquare-inch
module can hold
up to 48K of webpage material,
which can
include text and
images. Dynamic
scripts are used
to replace display
fields with values
read from the I/O
ports. Similarly,
request
commands from
the browser can
set data outputs.
The module also
provides for eight
parallel data bits
plus one serial
port for external
control.

Have you wired up your house yet?
Externally, astandard CAT network cable is used to
connect to the rest of the local network around the
house. This can include one or more PCs.
Network cables, connectors and crimping tools are
now available from most electronics and computer
shops. Many new houses and offices are now being
fitted with network connections in every room as
standard.
One of the best ways to get started is to buy anetwork
'kit.' These will include acouple of network cards for
your computers —assuming you have more than one —a
four or five port 'hub', and afew cables. The
instructions supplied with this sort of kit are usually
very good and will explain all you need to know about
networking in detail.
Note that if you are only using one computer for this
project —i.e. you don't have ahub —you will need to
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access is called HTTP. To request apage, the browser
sends a'GET' command string in plain text, usually
followed by afile name and maybe afew other
parameters, also in plain text. Commands are terminated
with double line feeds.
The server simply replies with the contents of the
requested file. Web pages are made of plain text, and
use aformatting language known as HTML. This
language allows for the inclusion of commands such as
font and colour changes by the use of predefined
bracketed 'tags' within the text.
If no file name is supplied, adefault name such as
'Welcome.html' or 'Index.html' is substituted instead.
When the file has been fully transmitted, the server
closes the TCP connection, and that is the end.
To get another page, the browser must open another
TCP connection, and send another GET command with
the name of the new file.
A typical web site contains many HTML files. There
is usually one main file called 'Welcome.html' or
'Index.html' and various other support files including
bitmap images, java applets, etc.
In astandard page request, the browser will first
request —and display —the main page. Then it will scan
through the contents of this page looking for links to
other files. For each link it finds, it will make further
GET requests for each, one at atime. Each of these
requests involves the opening and closing of anew TCP
connection.
As the files arrive, they are presented to the user. If
they are bitmaps for example, they are displayed at their
correct location on the screen. Text files are very short
and can display very quickly. Images, even compressed

Getting hold of the parts
The SitePlayer module can be imported directly from the manufacturers.
The one-off retail cost is $49.95. Support software is separately available as
aCD for $9.95, or it can be downloaded for free. Please note that shipping.
VAT and handling can easily add another 50-60% to these costs. For information on obtaining Ethernet transformers see the web sites mentioned in
afurther panel within this article. An integrated RJ45 transformer can be
also obtained from the SitePlayer web sales site. The author has a small
stock of modules and transformers. Please contact him for more details.

ones, are bigger and can take more time to download.
The HTIT/HTML scheme allows the various parts of
afile to be displayed in any order, and give an
impression of speed. Following this logic you can now
understand why some web pages can load and display
very quickly and why some pages display ablank
rectangle while the image that goes within it is still
being downloaded.
It should also be clear how straightforward it could be
to implement aweb server using alow-end
microprocessor. The server only needs to wait for GET
requests, and then return astring of pre-stored
characters. The only limitation is the availability of
enough ROM or RAM space to hold all the HTML files
and data.
Of course Ihave simplified the argument alittle. Iam
talking about the simplest of HTTP protocols, but this is
all you need to know at this stage.
And now for the clever bit
The SitePlayer module has an internal flash memory big
enough to hold up to 48K of web page data. This can
include text, images, sounds, animations and anything
else that can fit in that space.
Tools supplied with the module allow you to edit the
HTML pages in the normal way on aPC and download
them into the module's memory in compiled form.
This is not all; the module has afeature known as
scripting. This links fields on its stored web page with
internal variables in the microcontroller and also with
external events such as I/O port data. The module will
replace the tags with the actual values that are
dynamically updated at display time. In order to do this,
some non standard codes need to be added to the
standard HTML text.
For example, assume there is aregister variable inside
the microcontroller that has been given the name portl
in the script, which happens to contain the decimal value
57. If the original HTML page contained the text: "The
value is "port!", it will be displayed —i.e. sent to the
browser —as "The value is 57'.
This scripting can be used in many ways. For
example, the source text:
<a:
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Fig. 3. Each of the eight available I/O ports can be defined as output or as bidirectional input/outputs. In this design, two outputs are used to drive aheater
and alamp via solid-state relays. Five input bits are used to read an a-to-d
converter fed from aroom temperature sensor, and the last bit reads adooropening latch. The serial port, which is redundant in this design, could be used
with aseparate microprocessor to add more flexibility to the unit.
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can be used to display one of anumber of pre-stored
bitmaps depending on the value of n, i.e. ledl.gif,
led2.gif... This could be used to emulate asevensegment numeric display for example.
Similarly, codes sent back from the browser can
activate outputs in SitePlayer. Clicking on aweb page
button can cause an I/O output pin to change.
The scripting language is relatively simple, and can be
learnt in an hour or so. Figure 5shows my crude
attempts at web design. More can be achieved with the
imaginative use of graphics, buttons and java scripts.
The hardware
Figure 4shows the full circuit. The parallel port signals
are standard 8051 'PORT1' type ports. These can be set
as output only or as bi-directional input-output.
Ihave used two pins as outputs to drive two mains
controlled devices —afan heater and aceiling lamp.
One input bit is used to sense adoor latch, and the
remaining five bits are used to read the output of an a-
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Fig. 4. The SitePlayer module is mounted on asocketed 18-pin piggyback module
and needs only atransformer as an external network component. Its LED flashes
when there is relevant activity on the Ethernet bus. The a-to-d converter is
autonomous; only five bits are used to give atemperature span of 5to 37°C with a
one degree resolution. The range can be changed to other settings by adjusting the
two 10162 pots. The zero crossing solid state relays that 1used can switch up to 6A
each from aTTL level input.
to-d converter using an LM335 diode temperature
sensor. You can use any combination of input/output in
your own designs. All the definitions are done in the
software anyhow.
The line connection requires a 10BaseT transformer
and RJ45 socket. It may be worth salvaging these from
an old Ethernet PC card, as they can be difficult and
expensive to obtain in one-offs.
Ihave used the LF1S022 Lan-Mate combined unit,
which consists of atransformer and connector integrated
into asingle container. Addresses for web sites
advertising these parts are given later.

741

CONTROL & INSTRUMENTATION

CONTROL 8i INSTRUMENTATION

Figure 4b) shows the a-to-d converter circuit Iused to
sense local temperature. It incorporates aNational
ADC0804 chip in self-run mode.
A Schmitt trigger inverter —part of a74HCT14 —
forms afree running oscillator to start anew a-to-d
conversion every few seconds or so. Only the five most
significant output data bits are used. These connect to
the lower five 110 pins of the SitePlayer module.
One nice thing about the ADC0804 is that you can set
the analogue conversion end points to cover almost any
two voltage limits. The two 10k12 variable resistors trim
the minimum and maximum end points so that the
desired temperature range spans the full digital range of
00 16 to FF 16 .
The LM335 diode gives asteady 10mV change per °C

What's next?
Once the electronics have been wired up, the rest of the
job needs to be done in the software —not at the module
end, but at the PC end.
You will need to connect the unit to your network. If
you have ahub, connect the unit to the hub via a
standard CATS network cable. If you connect the
module directly to your PC, i.e. if there are no other
around its defined output level of 2.98 volts at 25°. I
devices on the network, do not forget to use acrossover
have set my potentiometers to give atemperature span
LAN cable or adaptor.
of 5to 37°C. This is convenient as it corresponds to a
The first stage is to get the module to act as aweb
resolution of one degree per bit, making life easy when
server only, i.e. without any of the scripting facilities;
computing the display assignments on the HTML web
these can be added later on. This makes it abit easier to
page.
get things running.
Figure 4c) shows the circuit used to drive the ceiling
You will also need the following files from the
lamp and the heater. Iopted for ready-made solid-state
SitePlayer CD: 'sitelinker.exe', `siteplayerpc.exe' and
relays; these can cost abit more than using separate triac
'siteplayerserialdemo.exe.' These can be downloaded
circuits, but they have other advantages such as
from the SitePlayer web site. You will also need the
encapsulation and environment proofing.
various jpeg image files.
The models Iused —namely Crydom MP or CX
Ihave included detailed step-by-step instructions, as
series, available from Farnell and others —take TTL
level signals and can switch mains voltages at between 2 the SitePlayer module manual can be abit Spartan in
places. It may also be useful to go through, or print, the
and 10 amps depending on model. If you use adifferent
various SitePlayer documentation files supplied as .pdf
type, ensure they use zero voltage switching.
files.
Note that Ihave driven the relay modules via the spare
hex inverters. This is not strictly necessary, but Iadded
Creating the control software
them here just in case something goes wrong. I'd rather
The stages involved are as follows:
have the 74HCT14 blow up than my expensive Ethernet

Fig. 5. Minimalist
user interface.
Should you want
it, much more
realism can be
obtained by the
imaginative use of
colours, bitmaps,
buttons and
javascript.
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Figure 4d) shows the remaining input used to read the
door latch. Iuse asimple burglar alarm magnetic reed
switch, also connected via one of the spare hex
inverters, again in case something goes wrong.
The whole thing is powered by asingle regulated 5V
supply —not shown. Current consumption is around
60mA.

.'Go

1. Create anew directory 'c:\SitePlayer' (or similar) in
your PC. This is where all the program files are
going to reside, copy all the above SitePlayer files
here. Create anew directory 'c:\SitePlayer\web\.'
This is where all the web files in your project are
going to reside.
2. Design asimple web page using anormal web or
plain text editor. Start with something simple, you
can always change it later. Feel free to add one or
two simple images, but keep them small. If you are
using acommercial web editor, remove any
unnecessary HTML fields. Many web editors add
many extra non-display fields, which are of no use
here. Remember that you have a48K total limit.
Name your web file 'Index.htm', and place it in your
'web' directory. Ensure all image files you used are
also in this same directory.
3. Using atext editor, create anew file named
'myproj.spd,' place it in your base directory. This
will be your Definition file. Copy the text from List 1
to it. If your files are in different directories, ensure
the entry named $SitePath points at the directory
where you keep your web files, and that the other
entries point at your base directory. Entry SInitiallP
defines the target IP address to be used for the
download from the PC. This must be the same as
your SitePlayer module; the default is 192.168.1.250
unless you have changed it. More on this later.
4. Run 'SiteLinker.exe.' Use the Menu option
File/Open to select and open your definition file
'myproj.spd.' Nothing will be shown on the screen.
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If this is the first time that you've run this program,
take the opportunity to use the Menu option
Configure/Editor to select Notepad as your choice
editor. Next, use the Menu option Download/Make
Config file to compile the source. The generated file
will be called 'myproj.spb'. This name was taken
from the $Sitefile entry in the description file. The
file just created is acompiled version of all your
source data, and it is the file that will be downloaded
to the SitePlayer module. Now, use the Menu option
Download/Download SitePlayer to send the

compiled file to the flash EPROM in the SitePlayer
module via the Ethernet. Ignore the 'no password'
message.
5. Run the Internet Browser in your PC —for example
Internet Explorer. Type 'hap:1192.168.1.250' on the
address line and click the GO button. You should see
your web page, which is now coming from your
SitePlayer module.
Call yourself lucky if all this happened smoothly and

List 1
Sample Definition file. Please copy this file to your base directory and name it myproj.spd. Ensure that all paths point to the directories where
you keep your own files.
; Sample Myproj.spd Definitione
; Lines with
; Compile

file

semicolon in first column are comments and ignored by

a

this

file with

'SiteLink.exe'

which takes

;

of your web directory,

;

then downloaded to the SitePlayer module.

; Sets

the name or description of

$Devicename

this

file,

and creates a new compiled file

the compiler

and the contents

'myproj.spb'

which is

the device

'Electronics World Demonstration heater controller'

; Sets SitePlayer to

find its

IP address

from a DHCP server

; if your PC is enabled to do so)
$DHCP on
; Sets password

for downloading web pages and firmware,

don't need any to start with

$DownloadPassword
; Sets password
SSitePassword

for browsing web pages,

; Sets SitePlayer's
$InitialIP
; Sets

IP address

to use if no DHCP server

is available

'192.168.1.255'

the binary image compiled file name

$Sitefile
; Sets

donít need any to start with

"

that will be created,

enter the full path

'C:\SitePlayer\myproj.spb"

the root path were your web pages are

$Sitepath

'C:\SitePlayer\WEB'

; Definitions

for SitePlayer standalone direct port

; We need these definitions so that
; in your web HTML files.

I/O

they can be viewed with a

They can also be

,objectname

input by making an object of

replacement

the same name in a form

org Of f0Oh
pl

ds 1

; Port

1 all

8 bits

org Offllh
1°0

ds

1

; Port 1 Bit number 0

iol

ds

1

; Port 1 Bit number 1

io2

ds

1

; Port

1 Bit number 2

io3

ds

1

; Port

1 Bit number 3

io4

ds

1

; Port 1 Bit number

4

io5

ds

1

; Port 1 Bit number

5

io6

ds

1

; Port 1 Bit number 6

io7

ds

1

; Port 1 Bit number 7
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you got aresult first time. The first problem you may
encounter is compilation errors. These are mainly due to
commands in the definition file not pointing at the right
directories, so these should be easy to fix. There may
also be entries in your HTML web page file the
compiler may not understand. Keep your HTML file
simple to start with.
Your main problem will be addressing errors. It may be
that your network is not able to access the SitePlayer
default address for various reasons - usually subnet
masking. One way around this is to change SitePlayer's
IP address to be accepted by the masks in your machine.
In my case, the Ethernet address of my machine is
192.168.0.1, and the subnet mask is 255.255.255.0. When
Ifirst started using SitePlayer. Icould not access it as it
had adefault address of 192.168.1.250. Ihad the choice
of either changing my subnet masking to something like
255.255.0.0 -easy to do, but not such agood idea if your
PC is also used in other networks -or change
SitePlayer's own IP address to something like
192.168.0.2.
You can change SitePlayer's IP address using the
supplied utility 'SitePlayerSendDemo.exe.' This program
communicates with SitePlayer via the serial port, not via
the Ethernet. You will need to add some extra hardware
and voltage level conversion circuitry to connect the
serial port in the module to the serial port in your PC. See
the SitePlayer documentation for more information.
Alternatively, if your PC supports DHCP, it can assign
an IP address to SitePlayer automatically. Ensure there is
aSDHCP on entry in your 'myproj.spd' descriptor file.
More information
See 'PC Interfacing Via Ethernet', Eddy Insam, Electronics World, May and
June 2001 issues. These articles comprised adescription and general
introduction to TCP/IP in embedded systems.
Visit www.eix.co.uk/Ethernet for more detailed information on the above.
SitePlayer's web site is www.SitePlayer.com. Demonstration programs
can be downloaded from here.
www.haloelectronics.com and www.pulseeng.com supply 10BaseT
transformers.

Adding scripting
Once you have your server operational, you can now
add scripting facilities. Try the following steps to enable
simple scripting and to allow the browser to read the I10
data pins on the rnicrocontroller:
I. Open atext editor on your web file 'Index.htm'.
Somewhere near the bottom of the page, add the line
<H3>B1T 5OF PORT1 IS Aio5</H3>. The H3 is
only there to make the text look bigger, Aio5 is the
variable denoting bit 5of portl. You can see that
some of these variables have been pre-defined in the
descriptor file 'myproj.spd'.
2. Compile and download the newly generated '.spb'
file to SitePlayer, by repeating items 4and 5in the
previous section. The browser will now display the
extra line of text 'BIT 1OF PORT1 is 0'. Now press
the switch connected to pin 5in Fig. 4d) -assuming
you have wired one already. Next click on the
'refresh' button on your PC browser. The following
line of text will now be displayed: 'BIT 5OF PORT!
IS I'. The web page reflects the change in the
micro's data port.
3 As an extended demonstration of the above, copy
bitmap files '0_blk.jpg' and l_blk.jpg' to your web
directory. These files contain image bitmaps of
seven-segment LED indicators. Now add the
following line anywhere in your 'Index.htm' web
file: <img src="Aio5:1_blk.jpg"
width.'40'height.'60'>. Repeat step 4above. The
resulting display will now show aseven-segment
bitmap showing either a'1' or a'0' reflecting the
data value on the port. The entry Aio5:1 returns the
first digit of the numeric variable as asingle
character which defines which of the two jpg files is
to be displayed. A full list of commands available
and more examples can be found in the SitePlayer
manual.
4. The full port can also be read as one byte by using
the variable 'pl' -also defined in the definition file.
Ensure that all the ten LED jpg files are in the web
directory. Add the following text to our 'Index.htm'
file: <img src="Ap1:3_blk.jpg" width="40"
height="60"> <img src="Ap1:2_blk.jpg" width="40"
height="60"> <img src="Apl:l_blk.jpg"
width="40" height="60">. Recompile and reload as
described above. The display will now show athree

digit number reflecting the binary data pattern in
portl, changing from '000' to '255'.
So much for reading data from SitePlayer. Sending data
to it is alittle bit more complex:

how the output of this pin toggles on every press
using an oscilloscope, or connect aLED to it. Also
note how the seven-segment displays change. This is
because the full port is read/write.

<third line should have no text>

The above is just asummary of what can be done. Many
possibilities exist -especially when the basic software is
used in conjunction with more powerful languages like
javascript, and also when SitePlayer is used with the
serial port option.
You don't need to purchase the SitePlayer device to
see all this in action. There is afree simulator for the PC
available on the SitePlayer web site. You can devise and
test your own pages using this simulator.

2. Edit the 'Index.htm' web file. Add anew line:

To end with...

I. Create anew text file 'myproj.spi' in the web
directory. You want three text lines in this file. You
must ensure the third line contains no text, i.e. the
file ends with two new lines.
HTTP /1 .0 302 Found
Location:

/Index .
htm

<H3><a href=
"myproj.spi?io6=Aio6-1">port 6= "1o6</a></H3>.
The command 'io6=Aio6-1' is used to read bit 6,
invert it, and place it back (toggle). The reference to
myproj.spi causes alink to what is basically another
HTML file. This file does nothing but cause alink
back to your index page, while at the same time
updating the variable, including the 110 port bit on
the micro.
3. Compile and download the file as already described.
Run the browser and click on the port 6link. See
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A minimal sample web page. Copy this tile to your web directory. Ensure that all the named image files are also
present in the same directory.
<htrnl>
<body bgcolor="*CCCCCC'>
<b><H1>You have successfully connected to the Basement Web Server!</H1>
<H3> BIT 6 OF PORT?
<H3> BIT 7 OF PORT?

IS
IS

"io6</H3>.
"io7</H3>.

<H3> BIT 6 OF PORT? IS <img src='"io6:1_blk.jpg' width=140I height=f6n>
<H3><a href="ww-web.spi?io5="io5-1'>CLICK TO TOGGLE PORT 5
io5</a></H3>
<H3> THE FULL DATA BYTE IS
<img src=""p1:1_blk.jpg
width=140î height=I6M align="absmiddle'>
,131:2_blk.jpg'

width=140I height=160I

align="absmiddle'>

<img src=""p1:3_blk.jpg'

width=140î height=160î

align="absmiddle'>

</H3>

METALLISED FILM CAPACITORS
• Polypropylene, polyester, and polycarbonate dielectrics.
•
•
•
•
in
•
•

Working voltages of between 63 and 1500Vdc.
Capacitance ratings of between lOnF and opto 600uF in asingle winding.
Custom Designs aspeciality.
High current handling capability.
Short Delivery lead times (Typically ii weeks).
Competitive Pricing.
Sampling Service.

Contact 118 now for flirt-her information.,.

</body>
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Iwonder if the PC of the future is going to be nothing
more than asophisticated web browser, with all
computing power done externally across the Internet, or
within the peripheral units around it? It will be
interesting to see what will happen to all the various
operating systems. After all, every browser should work
the same way. Maybe it will also mark the end of
dedicated, platform-specific software.
Technology is fast catching up. New products such as
Bluetooth will remove the need for running wires
around the house. A few manufacturers are already
working on combined Bluetooth/network appliance
interfaces.

Radio
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In addition to the wide range of features
currently available, the model 2ASx now offers
a repeater function and a rapid response
interface
which
virtually
eliminates
turnaround time associated with devices such
as data loggers.
In keeping with our policy of being ever
responsive to the requirements of our wideranging customer base, this enhanced
specifications in direct response to your
requests.

Ë..Systems Ltd,
....

Sole UK Distributor: XL Systems Ltd
High Warren House, Tandridge Road
Warlingham, Surrey CR6 9LS
Tel: 01883 622778, Fax: 01883 626991
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Implementing the idea

Improving
valved test
sear
You can pick up
valve-based
surplus test
equipment very
cheaply, but the
valves within will
no doubt have
deteriorated due
to their age. Wim
de Ruyter
explains how to
get round this
problem.

I

nspired by Dave Mien, who
produced aMOSFET-based
6V6 equivalent recently, Itned
to synthesise a6AU6 pentode.
This will not work with one
MOSFET alone. The mega-ohm
impedances needed can only be
achieved via cascode circuits, as
they are in transistorised
oscilloscopes.
In the solution described here,
the bottom element of the cascode
is a'superfet' circuit. It comprises
ajunction fet and ap-n-p bipolar
transistor. The resulting
transconductance is the reciprocal
of the unbypassed source resistor.
Any desired transconductance
can be realised. The strong
negative feedback action of this
source resistor makes the input
circuit ultra linear. When the
unbypassed resistor is ametal film
type, the long term stability is
much better than could ever have
been achieved using valves.

Adjusting the circuit to suit
the valve
By selecting the right junction fet
pinch off voltage, you can adapt
the circuit to the valve it has to
replace. The gate voltage of the

.225V

G2

.225V

!
891

1M

270k
BSS125
V50N52
Zener
36 Volts

7

i

C31
001

Volts/cm
—

Vertical
input

SW1OA
CIO
01

05
5 o—

IF -

SW1044

x10

—o

5

o— x100 —o

50

o— x1000 —o

7

47

.30V (B)

851
1k

+70V

7

To pin 10
CRT

Anode to Drain

t32
6
5 k

(A)

4

831
100k

C30

850
10k

Cathode to Source

.30V

G1

=.BSS125
Grid to gate

.70V (A)

150

892
120k

Example of how to use valve
equivalents in aCRT deflection
circuit. In the regulator circuit at top
right, only one fet is needed to replace
the triode directly, but remember to
add heat sinking to the fet.

7 047
R
10
90
k al
: C9°

BC556B

BF245A

0,

1C92

V70A
U6B07A

V30N32
Zoner
12 Volts

SW9
AC-DC

mosfet is stabilised by a 12V zener
as shown. With DC-coupled
amplifiers this must he higher. A
service manual for the instrument in
question is indispensable.
The maximum drain voltage of
the BS5125 is 600V. Gate-source
capacitance is 160pF, and the
dissipation one watt. This will
suffice in most oscilloscope
amplifiers. Only the junction fets
need to be matched in balanced
oscilloscope amplifiers.
Often, stabilised power supplies
use cathode-follower circuits. Here,
the valve can be replaced by a
mosfet without needing any
peripheral components. Such
circuits are always negative
feedback loops. Of course an
appropriately-rated heat sink must
be added in this case.
Often, the price difference
between valves and semiconductors
is small, but in many cases, valves
cost considerably more. Ihave been
unable to synthesise apentode
circuit in which the suppressor grid
is essential. Also the remote cut-off
pentode is still aproblem.
Fortunately such pentode circuits
are seldom used in measuring
equipment.

*I would advise deburring, and perhaps
rounding, the ends of the steel wire so as
not to scrape any coating off the socket of
the original equipment. You might consider
trying solder-coated copper wire. It's very
easy to tin thick wire with the aid of
plumbers' flux, but remember to clean it
thoroughly afterwards with meths or soapy
water. Also, if you replace some valves in a
piece of equipment with alot of valves, it
might be worth checking the effects of the
reduced heater-winding load -Ed.

socket by soldering. Iused double-sided
un -etched circuit board, with one side
forming ascreen between input and output.
The bottom element of the cascode is
mounted on one side, the top element on
the other. Strip board may be easier to use.
but you lose the screening properties of the
double-sided board.
Remember that electncally contacting
matenals must maintain their connection
integrity in humid conditions, so materials
other than stainless steel are not advisable.*
Valve pins are of Invar steel. This is an
alloy of steel with 36 percent nickel and
hence inherently stainless.
•

So far so good, but how do you connect the
semiconductors and associated components
to valve sockets? Very simple, when the
circuit is mounted on an inverted valve
socket. You can then use lengths of
stainless-steel wire to plug the inverted
socket into the original valve socket.
Suitable stainless wire is available as
welding rod. It is amillimetre in diameter.
The length of the 'double male' connector
pins is half an inch, in accordance with the
accepted standard.
A small circuit board can easily be
fastened to the central tube of the valve

V30
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1M
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1k
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7k
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70,
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enc 40
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56k
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power amplifiers need to be packed
together as compactly as possible. Do their
output coils interact? And if so, does it
matter? Doug Self investigates.
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W

hen designing astereo
power amplifier, the issue
of interchannel crosstalk
is always aconcern. Now that
amplifiers with up to seven
channels for home theatre are
becoming more common, the
crosstalk issue is that much more
important, if only because the
amplifier channels are likely to be
more closely packed.
But here Ideal with only one
important aspect of it. Almost all
power amplifiers have output coils to
stabilise them against capacitive
reactances. A question often raised is
whether inductive coupling between
the two is likely to degrade crosstalk.
It is sometimes suggested that the
coils —which are usually in solenoid
form, with length and diameter of the
same order —should be mounted with
their axes at right angles rather than
parallel, to minimise coupling. But
does this really work?
Ithink I'm pretty safe in saying
there is no published work on this, so
it was time to produce some. The
magnetic coil coupling could no
doubt be calculated —though not,
without agood deal of work, by me —

but as is so often true in the glorious
pursuit of electronics, it was quicker
to measure it.
The coils 1used were both 14 turns
of lmm diameter copper wire, overall
length 22mm and diameter 20mm.
This has an inductance of about 201,
and is pretty much an 'average'
output coil. It is suitable for
stabilising amplifiers of various kinds
up to about 150W/8S2. Above that

you might need to look at the wire
diameter.
Different coils will naturally give
somewhat different results, but
extrapolation to whatever component
you are using should be
straightforward; for example. twice
the turns on both coils means four
times the coupling. Coil diameter
should be considered, and so on.
Figure 1shows the situation in a
stereo power amplifier. The field
radiated due to the current in Coil A
is picked up by Coil B and acrosstalk
voltage is added to the output signal
at B.
Figure 2 shows the experimental
setup. Coil A is driven from asignal
generator with asource impedance of
5(42, set to 5V rms. Virtually all of
this is dropped across the source
resistance, so Coil A is effectively

Fig. 1a). Magnetic
coupling of output coils
in astereo power
amplifier, a), and the
experimental circuit for
coaxial coils, b). The
'transmitting' coil A is
driven with an
effectively constant
current, and the
voltage across the
'receiving' coil 8
measured.

OLSON HOUSE, 490 HONEYPOT LANE
STANMORE. MIDDLESEX HA7 1JX
TEL 020 8905 7273
E-MAIL: saleseolson.co uk

FAX 020 8952 1232
WEBSITE: www.olson.co.uk
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e.e
(101 1

2.4mV mis induced across Coil B.
Now 100mA rrns of current flowing
in Coil A corresponds to 800mV mis
across its associated sn load, so this
gives atotal crosstalk figure from
channel to channel of -54dB at
20kHz in the worst case.
Crosstalk carries on deteriorating
above 20kHz but no-one can hear it,
so Ifor one don't care. All crosstalk
figures given below are at 20kHz; I
do appreciate that the ear is agood
deal more responsive at IkHz, but
given the 20kHz figure, the crosstalk
can be worked out for any desired

is clearly not the same as
conventional transformer action,
where the frequency response is
essentially flat. In atransformer, the
primary inductance is much greater
than the circuit series impedance. As
aresult, the magnetic flux that
couples with the secondary halves
when the input frequency doubles.
The voltage induced in the secondary
remains the same.
The worst-case crosstalk -coaxial
coils touching -at 20kHz was taken
as the OdB reference, referred to as
CAL on the plots. This represented

driven with aconstant current of
100mA rms.
Figure 3shows the first
result,taken with the coils coaxial and
their ends touching. This proved, as
expected, to be the worst case for
coupling.
The crosstalk rises at 6dB/octave,
because the voltage induced in Coil B
is proportional to the rate of change
of flux, and the magnitude of peak
flux is fixed. Capacitive crosstalk can
be neglected because of the very low
impedance of the receiving circuit.
The 6dB/octave rise shows that this

..

... .

Coaxial coils

.•................... •••• •

..... ....... ..... .....

PO I

..........

...

....

-30.60

...... ....

.......... .... ...

-40.00

...... .....

...

o
AL

30

10

...

-50.90

.....

-60.90
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frequency using the 6dB/octave
characteristic.
The load resistance of the receiving
-i.e., crosstalked to -channel has
very little effect as the voltage
induced in the coil is at avery low
impedance indeed. It is essentially the
impedance of the coil.
Ithen separated the coils by lOmm
at atime. With each increment, the
.
crosstalk dropped by 10dB, as you
can seen from Fig. 3. At 110mm
spacing, which is quite practical for
most amplifier designs, the crosstalk
had fallen by 47dB from the
reference case, giving an overall
crosstalk of 54+47=101dB total.
This is avery low level, and only
occurs at the very top of the audio
band.
At I
kHz, where the ear is much
more sensitive, the crosstalk will be
some 25dB less. This brings it down
to -126dB total, which Ican say with
some confidence is not going to be a
problem. This is obtained with what
looks like the least favourable
orientation of coils. Coil-to-coil
coupling is -32dB at 50mm, and the
figure at this spacing will be used to
compare the configurations.
The next configuration tested was
that of Fig. 4. Here, the coils have
parallel axes but are displaced to the
side. The results are in Fig. 5; the
crosstalk is now -38dB at 50mm.
With each lOmm spacing increment
the crosstalk dropped by 7dB. This
setup is worse than the crossed-axis
version but better than the coaxial
one.
The final configurations had the
axes of the coils at 90'; the crossedaxis condition. The base position is
with the corners of the coils touching,
Fig. 6. When the coil is the mid
position, still touching, crosstalk
almost vanishes as there is a
cancellation null. With the coils so
close, this is avery sharp null and
exploiting it in quantity production is
quite impractical. The slightest
deformation of either coil ruins the
effect.
Moving Coil A away from B again
gives the results in Fig. 7. The
crosstalk is now -43dB at 50mm,
only an improvement of 11dB over
the coaxial case; turning coils around
is clearly not as effective as you
might suppose. This time, with each
lOmm spacing increment the
crosstalk dropped by 8dB rather than
10dB.
The obvious next step is to try
combining distance with cancellation

October 2001 ELECTRONICS WORLD

as in Fig. 8. This can give agood
performance even if alarge spacing is
not possible. Figure 9 shows that
careful coil positioning can give
crosstalk better than -60dB (-114dB
total) across the audio band, although
the spacing is only 20mm.
The other curves show the
degradation of performance when the
coil is misaligned by moving it bodily
sideways by 1, 2, 3and 4mm; just a

Fig. 6. Coil
configuration for
crossed-axis
measurements.
Spacing
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Fig. 7. Crosstalk versus spacing for crossed-axis coils.
2rnm error has worsened crosstalk by
20dB at 20kHz. Obviously in practice
the coil PCB mounting hole won't
move -but it is very possible that
coils will be bent slightly sideways in
production.
Figure 10 gives the same results
for a50mm spacing, which can
usually managed in astereo design.
The null position once more just
gives the noise floor across the band,
and a2mm misalignment now only
worsens things by about 5dB. This is
definitely the best arrangement if the
spacing is limited.
When there are coupling problems,
there is always screening as a
possibility. Pieces of metal cost
money, so this should be alast resort,
not least because they appear to be
relatively ineffective. Metal screens
are 100% effective at eliminating
capacitive crosstalk, but the situation
with magnetic coupling is very
different. Ispent some time doing
informal experiments with bits of
steel and aluminium, and they proved

Fig. 8. Coil
configuration for
crossed-axis with
cancellation.

I

Spacing

Misalignment
relatively ineffective, improving
things by only afew decibels.
In summary
Coil orientation can indeed help, but
only if applied intelligently. Simply
turning one coil through ninety
degrees gives an improvement of
only IldB. If it is carefully aligned to
cancel out the coupling though. there
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copy of Electronics World at
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number of magazines
being published keeps
increasing, which means
that newsagents have less
shelf space for the display
of particular titles.
Specialist magazines in
particular get crowded out.

Fig. 9. Crosstalk versus alignment for crossedaxis coils spaced at 20mm, using cancellation.
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provide "shop-save"
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Fig. 10. Crosstalk versus alignment for crossed-axis coils spaced at 50mm, using cancellation.

A newsagent can order any
is a big improvement; see how -38dB
in Fig. 5 becomes -61dB in

Fig. 10

at

20kHz. The alignment needs to be

together for some reason - and Ican't
think of a good one.
As with capacitive crosstalk,

accurate to plus or minus half a

physical distance is cheaper than

millimetre, but this should be no

anything else, and if the results are

problem with normal PCB layout

not good enough, use more of it. In

techniques.

this case the overall crosstalk at

On a typical stereo amplifier PCB,

20kHz will be 54+38=-92dB total,

the output coils are likely to be

which is probably already well below

parallel - probably just for the sake

other forms of interchannel crosstalk.

of appearance. However, their

A quick quarter-turn of the coil

magazine for you, whether
or not the shop normally
stocks it.
If you buy your copies of
Electronics World from a
newsagent and want to
make sure you get every
issue, just ask at the
counter.
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Suitable for beginners and
those wishing to update their
knowledge and practical skills
Courses are very practical and
delivered as self-contained kits
No travelling or college attendance
Learning is at your own pace
Each course can stand alone or be
part of a modular study programme
Tutor supported and BTEC certified

For information contact:
NCT Ltd., P.O. Box 11
Wendover, Bucks HP22 6XA
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ADRET 7404 signal generator 0.1-1120MHz
£1000
TEL (+441 01923-721396
R:TSU ME5208 digital transmission analyser with
FAX 1+441 01923-721402
N1H370A tter mod oscillator
ANRITSU MLS3A optical power meter with
EST 45 YRS
MA96A power sensor
£503
iFR IMARCONII 2810 true rims voltmeter
£500
IFR IMARCO1I1 2955 mobile radio test set
£1500
33354 level generator
IFR IMARCONli 20220 113kHz to 16Hz synthesized signal
34970A date acquisition unit, mainframe only (list £1401
generator
£1000
349704 data acquisition unit with 349014, 239034 and
NARDI) 8X5 broadband isotropic radiation Monitor 0.3-18GHt
£500
34907A modules
RACAL DANA 1992 frequency counter I.3GH:
£500
37717N1AB/UKKfUS1/URU, SDH/PDH electrical/
RACAL 6102 gsrn test set
11000
optical test set
RONDE AND SCHWARZ UAF video analyser
£4000
37721A/001/003/005 digital transmission analyser
SCHAFFNER 2000034/222A fine voltage simulate ntenference 61030
419514 impedance test kit
simulltOt
429424 adapter kit for 4294A I
list £2386)
49858 token ring ienprobe
SCHAFfNER 200E mainframe
£500
WANDEL AND GOLTERMANN PF4 bit error rate tester 16N911.01.
531314 frequency counter, 10 digits, with option
£1500
124 (12.4GHz) (List 0155)
Option 0301
WAVETEK 1060 sweep generator 1-1003MHz
£500
86224 system power supply, dual out, 0-29V
WAVETEK 4106GPP tandrid GSM mobile phone tut set
£500
66338 system power supply 0•50V 0-24
WILTRON 6640E1 sweep generator 26 5-40Gliz£250C
60524 system power supply 0-20V 0-204
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8714ES/100 3GHz network analyser. option 100 (fault location)
(List over £18000) £13500
8722ET network analyser 50MHz - 40GHz, with options 010 (time domain) and 1D5 (HI-stab)
(List>£57k). £45000.
8653ES network analyser with 006 nad 010 (6GHz + time-domain options) (List £32k) £25000.

All above supplied with new Aglient calibration and 1year warranty.
All equipment sold calibration-checked by independent laboratories and carries
un -conditional refund and 90-day guarantees.
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1145A active probe 2-channel Ilist 37251
33364 leve: generator
£35°
2148 pulse generator
10715A digital generator
61000
3444 noise source
89044 synthetzer 'unction generator
8018A serial data generator
6
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1
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8175A digital signal generator (order pods separately)
125X
83440C ligntwave detector 206H: 1300/1550nm£E2000
£1500
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850329 Ntype calibrator lit Pitt 1578)
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850539 35mm verticetion kit
£2000
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the first communications revolution
Ian Poole looks at communications technology from the days before
wireless was capable of carrying voice -Morse code.

T

oday, the internet and mobile
phones are looked upon as
being atelecommunications
revolution. New generations of
mobile phone are about to hit the
market, and the internet has become
an accepted part of everyday life.
But over ahundred years ago an
equally important communications
revolution took place with the
introduction of the Morse telegraph
system. This linked towns and cities
that had previously relied on
messages carried by riders on
horseback. Even countries and
continents were linked by this new
technology changing society for ever.

An unlikely person

typical KOB -key on base. This includes acamelback key and
sounder. This example was made around 1860.

Fig. 1. Vail's correspondent was used to transmit the
message between Baltimore and Washington in 1844.
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The inventor of the new system was a
most unlikely person. Although the
name of Morse is well known, few
people realise that he was an artist of
some renown —in fact today he is
judged to be one of the finest artists
to come from North America.
Born in 1791 to Jedidiah Morse, a
distinguished geographer and
preacher, Samuel Findley Breese
Morse was an indifferent scholar,
although he took an interest in the
lectures on electricity and he enjoyed
painting. Finally he managed to
graduate from Yale in 1810 after
which he became aclerk for abook
publisher in Boston Massachusetts.
However he was unhappy in this
career and he became an itinerant
artist. His portraits are judged to be
some of the finest ever painted by a
North American artist.
To improve his style Morse made
some trips to Europe and in particular
to England. On returning from one
trip in 1832, shortly after the
electromagnet had been discovered,

he entered several conversations
about electricity and communications
with fellow passengers. Out of this
exchange of ideas, atelegraph system
began to develop.

The first telegraph system
It took some time for Morse to
develop his system because most of
his time was taken with his painting.
However, to speed progress, he
enlisted the help of others, including
aman named Alfred Vail who was a
gifted mechanic. Progress became
much faster and asystem using dots
and dashes to represent letters was
developed by 1838.
The next stage was to secure
funding for atrial system, but this
proved to be very difficult.
Undeterred by the lack of interest.
Morse continued without most of his
other partners, finally securing
funding for a651cm line between
Washington and Baltimore.
Accordingly, on 24 May 1844
Morse sent the first message, "What
hath God wrought!" The content of
this message was chosen from the
Bible (Numbers Chapter 23, verse
23) by Annie Ellsworth, the young
daughter of agood friend.
With the successful opening of the
first line, people and organisations
quickly saw the benefits it could
bring. Accordingly its use spread
very rapidly. Within ayear many new
companies came into being to run
lines to all parts of America.
New lines were installed, often
along side railroad tracks. Towns that
were previously isolated now had
communications links with the
outside world. Previously,
communications relied on
stagecoaches or the Pony Express,
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requiring days or weeks to cross the
whole of the USA. In fact so
successful was the Morse telegraph
that only 19 months after the Pony
Express was started it had to be
discontinued.
Not only was the Morse system
used in the USA: Europe and the rest
of the world used it because of its
effectiveness and simplicity. The first
European line was set up between
Hamburg and Cuxhaven in 1847, and
many others quickly followed suit.
Soon the need to link countries across
seas and oceans was realised and in
1866 asubmarine cable link was
established between Britain and the
USA, and by 1871 alink to Australia
was established.
As aresult of the vast use of the
telegraph, stations were set up in
towns, and in many remote areas
repeater stations were required.
Often, new towns arose as aresult of
these. One famous example is Alice
Springs in the Middle of Australia. A
line was required from Adelaide in
the South to Darwin in the North
from where messages could be sent to
London and arepeater was needed in
the middle of the desert. Alice
Springs was chosen because of it was
located near asuitable pass in the
McDonnell range of mountains.

A steel lever key.
This particular
example was
manufactured in
the USA around
1920,

A key used by the
British Post
Office. Note the
heavy brass
construction. This
key was
manufactured
around 1900.

Morse keys
Since the very first keys were
produced an enormous variety have
been manufactured. The first key
used by Vail when he was preparing
for the telegraph demonstration in
1844 was very simple device, as you
can see from the diagram. However it
sufficed for the first transmission.
Further developments were made,
but around 1848 akey known as the
'Camelback' was introduced. As a
spring was not considered useful, the
exaggerated curve shifted the balance
towards the back of the key, keeping
it open when not in use. Although
springs were added later, the same
style was retained for many years.
Key styles changed and straight
levers became more common. In the
US, James H Bunnell patented what
he called a'Steel Lever Key,' which
first appeared in 1881. Keys like this
were used for very many years and
can still be bought today. In the UK
though, keys tended to be much
heavier like the ones used by the Post
Office.
Just after the turn of the century
more revolutionary changes to key
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design took place. With many
operators spending many hours
operating, many suffered from a
complaint known as 'glass arm' or
'telegraphers paralysis'. To overcome
this, people started to investigate the
possibility of mechanical semiautomatic keys. The first successful
variety was known as the Vibroplex.
By pressing the 'paddle' to the
right, aseries of dots were made.

Dashes were made manually by
pressing the paddle to the left. This
greatly reduced the level of
movement required to send Morse
Code and successfully reduced the
occurrence of glass arm.
As time went on, electronics
technology progressed and eventually
fully automatic keyers capable of
sending dots and dashes were
designed. The first ones used valves
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and were introduced around the early
1940s, although the introduction of
transistors and then integrated circuits
enabled them to be built more easily
as well as allowed greater amounts of
flexibility.
Now it is possible to use computers
to generate and read Morse. However
most people still enjoy using akey to
send Morse. Besides, computers are
not as adept as the human mind at
receiving Morse -especially when
there is any interference.
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Fig. 3. The Oner circuit diagram of
asimple lowpower Morse
transmitter that
can occupy less
than an inch
cubed. It can be
built in an evening
yet is still capable
of providing
contacts over
distances of
several thousand
miles. This circuit
is reproduced
with kind
permission from
George Burt
GM30XX.
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Famous times
In its life, the Morse code has been
used to carry many historic messages.
It was used to carry information
about the end of the American Civil
War. After General Grant accepted
the surrender of General Lee on 9
April 1865, he sent the message:
"General Lee surrendered the army of
Northern Virginia this afternoon on
terms proposed by myself the
accompanying additional
correspondence will show the
conditions fully".
The Morse code was widely used
for wireless transmissions, especially
in the very early days when it was not
easy to modulate asignal to carry
sound. As aresult many historic
transmissions were made using
Morse code. One was the first
transatlantic radio transmission made
by Marconi in 1901.
Transmitting across the
Atlantic
Marconi had been developing his
wireless system for several years and
had been installing his equipment on
ships. For them to be of particular use
they needed to be able to
communicate over large distances.

Marconi felt that it would be
possible to send signals across the
Atlantic and accordingly he set about
proving whether this was possible.
He set up two statións, one at Poldhu
in Cornwall, and the other in
Newfoundland.
The Poldhu station sent out the
letter "s". This letter was chosen for
two reasons. The first was that it
would be easy to recognise. The
second was probably more important.
The transmitter was avery new
design and it could not be trusted to
transmit dashes without the risk of a
breakdown!
Finally on 12 December 1901,
Marconi was convinced that he could
hear the weak set of dots through the
static. Later he was able to send
messages across the Atlantic using
the system, and created headline
news on both sides of the Atlantic.
Distress signals
Another incident of major importance
occurred in 1912 during the maiden
voyage of the Titanic. In order to cut
the time of the crossing the liner
steered anortherly course to shorten
the distance travelled. Unfortunately
she struck an iceberg on the night of
14 April and although she had been
declared unsinkable, the great liner
took on water and slipped to the
bottom of the seabed. The two
wireless officers, Jack Phillips and
Harold Bride stayed at their posts
until the last moments of the ship
sending out the distress signals CQD
and SOS. CQD was the recognised
maritime distress signal, and SOS
was due to replace it.
The distress signals were heard on
both sides of the Atlantic as well as
by the SS Carpathia that was about

93km away. As aresult Carpathia
steamed towards the stricken liner
only to reach it an hour and twenty
minutes after it sank to rescue some
700 survivors. Nevertheless over
1500 people died in the tragedy.
Finale
With new and more sophisticated
forms of communication now
available, the use of Morse has
declined considerably in recent years.
Many years ago the use of radio
began the decline of landline Morse
systems. This was compounded by
the introduction of the teleprinter that
used akeyboard to enter messages,
and provided aprinted copy at the far
end. In Britain the Post Office
discontinued the use of landline
Morse in 1932, although its use
continued until the 1960s in both the
USA and Australia.
The use of Morse continued for
many years after this particularly for
ships, although teleprinters and then
computers combined with the
growing use of satellite
communications spelled the end.
Finally from midnight on 31 January
1999, international regulations no
longer required ships at sea to be able
to make distress calls in Morse.
Despite this some ships -especially
those from the third world -still use
it as alow cost alternative to the more
expensive satellite systems. Radio
amateurs still use it widely because it
offers advantages in terms of the
simplicity of the equipment and being
able to make contact under conditions
when other forms of communication
would not be able to get through. As
aresult its use will continue for many
years to come, continuing atradition
that is over 150 years old.
•
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1929
7 As ISat Upon My Dear Old Mother's Knee, Will Oakland, 1913
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9 On Her Pic-Pic-Piccolo, Billy Williams. 1913
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18 I'm Looking For A Sweetheart And IThink You'll Do. Ada Jones &
Billy Murray, 1913
19 Intermezzo, Violin solo. Stroud Haxton. 1910
20 A Juanita, Abrego and Picazo, 1913
21 All Alone, Ada Jones, 1911
Total playing time 72.09
21 tracks -72 minutes of music
Published by Electrones World AH recordings reproduced by Joe Pengeky

Many refrigerators still use rudimentary
electromechanical control systems. But with
microcontroller alternatives becoming so cheap,
and energy consumption becoming such an
important issue, the arguments for resisting
change are weakening. Here, William Mackay of
Motorola explains the benefits of using a low-cost
microcontroller.

The digital
fridge
II

most of today's domestic appliances
there are many opportunities to replace
dated mechanical parts, improve and
standardise inflexible manufacturing
methods and develop economic appliance
control using amicrocontroller solution.
Complemented with new flash
technology, the MC68HCO8
Microcontroller family provides a
convenient development environment and
manufacturing flexibility for low-cost
appliance embedded solutions. This article
discusses alow cost solution for a
domestic refrigeration appliance.
n

Compressor control
Basic conventional fridge control typically

uses abi-metallic thermostat to control the
fridge temperature. The thermostat simply
applies power to the compressor based on
acoarse mechanical temperature setting.
This method has been used in the past
for some time and is now rapidly
becoming dated, due mainly to the
increasing demand for more efficient
control of the appliance and for an
increase in the number of functions that
the appliance can perform.
Temperature is more accurately
controlled using negative temperature coefficient thermistors -NTCs for short with the microcontroller analogue-todigital converter module. Figure 1shows
conventional compressor control and a

LE

microcontroller solution.
In contrast to conventional compressor
control, amore efficient and long-term
cost-effective solution can be implemented
using the microcontroller to control the
compressor motor using atriac and arelay.
The FTC thermistor connected in series
with the start winding is no longer required
and the sequence of events required to start
the induction motor is now under software
control.
The relay is energised and closes the
contact to apply line voltage to the start and
run windings simultaneously. The triac is
fired on the first zero-crossing point of the
line voltage, and every successive zerocross detected for aperiod of
approximately 40ms.
In normal operation, after this time the
compressor will have started and the triac
will be in the non-conducting state until
another start sequence is invoked. The
compressor remains powered and running
while the relay remains energised. With the
FTC thermistor out of the circuit,
considérable cost and afew watts of power
can be saved.

Refrigeration system
An MC68HC908KX8 Microcontroller
forms the heart of the refrigeration
system, providing an adaptable platform
for arange of functions suitable for low to
high-end appliances.
Using the microcontroller in a

Fig. 3. Circuitry for
detecting whether the
motor is stalled by looking
at the phase difference
between the windings. If
the motor is stalled, there's
no phase difference.
Run winding

Start winding

Functional overview

refrigeration appliance can provide
various possibilities for developing
improved operational efficiency and
versatility. As the system is under
software control there is better scope for
improving system efficiency with more
accurate electronic temperature
measurement and compressor control.
This is complemented by additional
functionality provided from the device
feature set. A schematic of atypical
implementation is shown in Fig. 2.

The temperature of the system is primarily
dependent on inputs from two NTC
therrnistors, and apotentiometer. One
thermistor detects the fridge ambient air
temperature and the other detects the
evaporator temperature. The potentiometer
is used to select the desired ambient air
temperature of the fridge.
Other application features included are an
audible alarm, used to alert the user of a
'door-open' condition or over and under

Tnec motor

Ala, but«

control
Sw15,

Compressor relay

ic r

14448
3

S2
Vad

V.
PTA1P(801

11/
Re lk

11,

PTA4

.

Ry
3 PTAPI(B03*

PTAIX1303'/TCHt

puzmaDdirtcuo

lR01*

AT
Alt temperature

59 220et

PTB4/RaD

PTBO/ADO

R. 720.

11

PTB1/ADI

PTBSITIeD

PTB2/AD2

PT86/OSC1) e

PTB31503

PTBM OSC2 )

St Thermostat
(hi-metallic)
V

To run
winding
zero
cross
detection

Motor

io

13
1It
:7'0
5

Start winding

Run vonckng

To start
winding
MT2

Winding thermal overload trip
S2

,t

Evapote'c'
lemotra,u.a

zero

1

1
7
1
0
6

240V AC

GND

D2

cross

detection

Compressor on

(Di-metallic)

Fig. 1. Conventional compressor
control, left, versus
microcontroller compressor
control, right.

758

2
3
14

Vda

Tempetatute a
,
elect
lOst

ELECTRONICS WORLD October 2001

Fig. 2. A typical implementation -domestic refrigerator control system using Motorola's HC908KX8 flash microcontroller.
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temperature conditions. A door switch
determines the status of the door as either
open or closed. There are three system
status LEDs. One indicates power-on,
another indicates when the compressor is
powered, and the third LED is avisual
indication of a'door open, 'over
temperature' or 'under temperature' alarm
condition.

Stall and rotation detection
Compressor motors in today's refrigeration
appliances are thermally protected by abimetallic contact embedded in the motor
windings. This contact is in series with the AC
line supply to the motor and will open and
remove power to the motor when overheating
occurs. This can be caused by various sources,
for example, by electrical start-up failure that
can result in amotor stall condition.
If the motor is stalled, overheating occurs
fairly rapidly and may cause permanent
damage to the motor. Mechanical failure of
the compressor pump is another potential
problem source. This may impair the rotation
of the motor and again result in astall
condition.

Detection of amotor-stall condition can be
achieved efficiently and economically using
the input capture features of the device. This
has the added advantage of monitoring the
rotation of the motor during the normal run
condition, Fig. 3.
After start-up and during normal running
conditions, the continuous rotational motion
of the motor and magnetic field induces a
voltage in the now redundant start winding. In
this condition there is ameasurable phase
difference between the start and run windings.
If the motor is not rotating, that is, stalled.
then there is no measurable phase difference
between the start and mn windings. This is
illustrated in Fig. 4a) and 4b).
The zero-cross detect circuit conditions the
above waveforms into usable digital signals
forming aseries of pulses switched between
OV and Ve at half the period of the AC line
frequency. In this case, that's every 10ms.
Digital signals derived from the zerocrossing points of the run and start windings
are conveyed to the microcontroller input
capture pins. A sample of the waveforms
applied to the input capture pins is shown in
Fig. 4c).

In summary
The refrigerator is an appliance that in the
past was controlled primarily by mechanical
parts. It provided the user with little
controllability and no operational
information.
Today's consumers are demanding better
efficiency and more intelligent appliances.
Using the HC908KX8 flash
microcontroller, the system design can
benefit from aflexible development life
cycle.
Using amicrocontroller can also provide
attractive appliance features, and from a
manufacturing point of view, arange of
appliances can be accommodated using the
microcontroller as astandard hardware
platform.
Printed circuit boards can be standardised
for anything from low end to high-end
appliances, and application software
versions can be implemented with ease
using the programmability and inapplication re-programmability of the 8K
flash. This minimises development time and
reduces manufacturing costs while
improving time-to-market.
•
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Faraday's
homopolar
enerator.
The homopolar generator was discovered 170 years ago,
yet no theory is available to give a convincing explanation
of the results of the experiments described here, argues
Dom Di Mario. You can replicate these experiments with

magnets and a few pieces of copper.

II

tis unlikely that you will find the description of the
Faraday homopolar generator in any university textbook on electromagnetism. The closest you will come
across is the plain homopolar generator.
The fundamental difference between the two adaptations of the homopolar generator is that in Faraday's
device, the magnet generating the magnetic field moves or

Sliding contacts

Fig. 1.
Homopolar
generator there is no
difference
in the
output
voltage
when the
disc is
rotated and
the magnet
is stationary
or when
both the
disc and the
magnet are
rotated.
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Voltmeter

Rotating magnet

Copper disc
glued to magnet

mV

1R

2R

3R

4R

Distance from centre of contact A; R is the magnet radius

rotates together with the conductor in which the voltage is
supposed to be generated.
Faraday first reported its operation' in 1831. Figure 1
shows apractical implementation of the discovery. A ring
magnet together with acopper disc that's three or four
times the diameter of the magnet are involved.
The disc is glued to the magnet and the combination is
rotated while the voltage is measured between two sliding
contacts. One contact is placed at the centre of the assembly, the other allowed to slide from the centre up to the
edge of the copper disc.
The maximum reading takes place when contact A is at,
or just beyond, the radius of the magnet. Actually, you
will read almost the same voltage regardless of whether
the contacts are between the centre and the radius of the
magnet or between the radius of the magnet and the outer
edge of the disc. Obviously the first solution is amore
practicable implementation.
As agenerator, this set-up seems to have only drawbacks: the output voltage is generally rather low, just
more than 2mV with my set up using a4V DC electric
motor rotating between 20 and 40rev/s and aring magnet
of 36mm diameter. Other experimenters have reached
hundreds of millivolts or more with powerful magnets and
motors.
This is aDC machine. The presence of sliding contacts
introduces avoltage drop that could make the generator
totally useless, given the high current that it takes.
Yet, there are some rather puzzling aspects concerning
this generator: as the magnet is moving together with the
copper disc, you would expect that no voltage would be
generated. In fact, the voltage is definitely there. It is the
same as you would have with astationary magnet and a
rotating disc.
With astationary magnet, the voltage can be explained
using existing laws of induction. It is also possible to
imagine that when the disc and the magnet rotate togeth-
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er, avoltage is generated in the wire connected to the brush;
this happens regardless of its orientation, its size, whether it
is reduced to aneedle - even with the wire magnetically
shielded, except for the contact point.
However the real issue surfaces when you consider the
set-up's operation as an electric motor: you should expect to
see rotation of the disc/magnet combination after acertain
voltage is applied across the sliding contacts. From apractical point of view it will be quite difficult to send, say, hundreds of amps through the sliding contacts, but it is the theoretical implication that remains without aproper answer:
against what is the magnet/disc moving?
The only solid material available is the sliding contacts,
but the direction of the current is such that the disc appears
to exert no force on them for acertain orientation, or if they
are shielded. Are the disc and magnet moving without a
counter force?
Conversely, if you use the device as agenerator and apply
aload, you are unable to see where the back-torque is exercised. The generator seems to generate electricity without a
corresponding input loading, except for friction losses.
Because of the implications, you would expect arush of
experiments, but there is little activity in this area. Major
contributions towards the implementation of a Faraday
homopolar generator came from aseries of experiments carried out by the late Bruce dePalma with his N-machine 2.
Despite the fact that the device showed no apparent increase
of input power when aload was applied, there was no further development. This was probably because the results
were not so clear cut and certain assumptions had to be
made in order to compute the power losses.
Also Stefan Marinov 3 has been busy with the theory and
construction of machines based on the same principle: his
Modrilo and Siberian Coliu motors were two ingenious
implementations, but he was duly ignored by his fellow academicians.
Contributions also came from P. Tewari with his 'Drive
space generator' 4 and L. Mencherini 5 who tried to demonstrate that the magnetic field should be considered stationary
outside amagnet even when it is in motion, an hypothesis
put forward by Faraday himself.

swered questions. The major difficulty in generating a
usable amount of energy is to have avery low resistance for
the sliding contacts.
Resistance of the contacts must be close to zero. If it isn't,
the voltage drop across the contacts could easily be equal to
the generated voltage -leaving nothing to drive an external
load. This can be achieved only with the use of sliding contacts lubricated with mercury, as in the N-machine.
Even with the contacts lubricated in this way, the resistance of mercury could be too high if there is too much of it.
This means that the brushes, or whatever mechanical solution is devised, must be machined with very close tolerance.
An interesting consequence of this experiment is that the
Earth -arotating magnet -should have similar properties,
Fig. 2. It should have an electric field of equal polarity at the
magnetic poles -the pink area -and the opposite polarity
around the equator, the greenish belt. The sliding contacts
could very well be the stream of charged particles coming
from the Sun, thus creating ahuge homopolar generator.

Generating ahigher voltage
The low voltage, typical of this machine, can be increased
by simply adding a magnet. It should be placed with its

Voltmeter
N

Rotating metal
magnet
Sliding
contacts
S
Fig. 2. The easiest way to verify Faraday's discovery is with aplain metal
magnet. Its rotation will generate avoltage between either end and the centre
of the magnet. Maybe the Earth behaves in the same manner.

A basic experiment
From an experimental point of view, there are other configurations that should be explored, with the hope of finding
aclue that will provide abetter understanding of the underlying mechanism.
If you use acommon cylindrical metal magnet, you can
dispense with the copper disc. There is avoltage between
either of the magnetic poles and the centre point of the magnet. The exact position and shape of sliding contact B at the
magnetic pole is not critical, although you get ahigher voltage when the contact is placed off axis or right on the edge.
The voltage will decrease if contact A is moved away
from its centre position between the poles until you will
have no voltage when the contact reaches either end of the
magnet. The maximum reading was 2.4mV using the same
electric motor as in the previous experiment, with amagnet
25mm long and 6mm diameter.
With this configuration, you could make the same
assumptions about counter torque as you would for an electric motor, but doing so would yield the same set of unan -
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Fig. 3. At least double the voltage is available if two magnets are assembled
with like poles facing each other. The distance between the poles is critical
and some adjustment is necessary to find the best positioning.
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south pole facing the copper disc of Fig. 1and arranged so
that the disc is in the middle. This solution will double the
available voltage. An additional experiment was conceived
with the purpose of providing adifferent mechanical configuration, Fig. 3.
Two ring magnets of the same type used in the first experiment were assembled so that like magnetic poles face each
other. The distance was about 20mm and acopper sleeve
was placed in such away as to slightly overlap the like poles
of the two magnets.
Voltage output was taken right at the edge of the sleeve as
shown in Fig. 3. Using this set-up you will measure twice
the voltage that you measured before. The additional benefit of this solution is that both sliding contacts are mechanically the same: this could be an advantage from amechanical point of view as there is no need to connect electrically

S

N

S

Copper disc
glued to
magnet

Rotating
square
magnet
Magnetic
screen

\

r„....

To AC
voltmeter

Fig. 4. AC generation is possible using both poles of amagnet. Magnetic
screening of the wires connected to the brushes is essential in order to
eliminate the voltage induced by the changing magnetic field.
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+
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b motion of conductor in afield
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Fig. 5. In a), the
same voltage as the
configuration of Fig.
1is generated if
only the disc is
rotated. When both
the disc and the
magnets are rotated
you will measure a
pulsing homopolar
voltage. Fig. 1is
therefore only a
special case of a
more general law
involving the
movement of a
conductor in an
inhomogeneous
magnetic field, Fig.
5b).

to acentre point.
In all the above experiments, Iobserved no decrease or
variation of the voltage in spite of the magnetic *screening.
This screening comprised steel or ferrite tubing, which was
applied to the wires connecting the brushes.
In order to avoid eddy currents, the brushes were reduced
in size until they were just two needles. Doing this resulted
in no change in the output voltage.
An AC generator
The fact that the Faraday homopolar generator is a DC
machine is an inconvenience that limits its flexibility. Figure
4, is a suggestion of amachine generating an alternating
current.
A square magnet, with north and south poles on the sides,
is rotated and the voltage is taken with the collector brushes placed at the edge of the disc. If one of the brushes is
placed in the centre you will have half the voltage.
One major problem with this generator is that there is also
an induced voltage on the collector wires. This means that if
you want to measure the homopolar voltage, you should try
to get rid of the induced voltage.
Ifound getting rid of the induced voltage rather difficult.
Screening the collector wires with ferrite tubing helped, but
it didn't solve the problem fully. Iwas not able to totally
eliminate the induced signal that was interfering with the
signal generated with the homopolar effect.
There seems to be a90° phase difference between the two
signals but further investigation proved difficult due to the
low level of the signal and the precarious mechanical set up
Iwas using.
Itried avariation of the above AC generator using the
rotor of abicycle dynamo with an eight-pole magnet. Its
outer circumference was covered with alayer of copper. The
brushes were placed at an angle of 45°, or odd multiples of
it, one from the other, this is the same angle as one magnetic
pole relative to the other.
The unwanted signal from the induced voltage is even
more difficult to control with this arrangement. Careful
magnetic screening and positioning of the collector wires
was necessary in order to detect the homopolar voltage.
As expected, the output voltage depends on the speed of
the rotor and the intensity of the magnetic field. What was
not expected was the fact that the largest voltage is present
when one of the brushes is placed where the magnetic field
is most inhomogeneous while the other brush is located
where the field is mostly homogeneous or absent.
A special case is the machine of Fig. 3, where both brushes are placed within an inhomogeneous field but they both
refer to a zero potential, which is a point in the middle
between the two brushes. Actually Ifound that there is an
ideal distance between the magnets of Fig. 3where the voltage is at its highest. It is likely that the magnetic lines are
more or less deformed, hence the resulting field is more or
less homogeneous.
A non-uniform field is necessary
The results of all the above experiments seem to obey the
law whereby aconductor generates avoltage across it when
it moves in anon-uniform magnetic field, Fig. 5b).
Irepeated the basic Faraday experiment, Fig. 5a), but this
time with one cylindrical magnet providing amagnetic field
that does not extend on the whole disc. Note that two mag-

ELECTRONICS WORLD October 2001

nets are shown in order to have amechanically balanced
system.
The sliding contact is next to the magnet. Rotation of the
disc will give the same voltage as in Fig. 1. Rotation of the
disc and the magnets however does not give the same voltage but apulsing unidirectional voltage —once you manage
to remove the induced signal.
It is now the wire connected to the sliding contact that is
immersed in anon-uniform magnetic field that generates the
homopolar voltage.
The original Faraday experiment, Fig. 1, with the disc and
the magnet moving together, is avery special case. It could
lead you to think that it is the sliding contact that is actually moving in an inhomogeneous magnetic field and
becomes the source of acontinuous voltage, because the
field is always present.
In Fig. 5b) you could move the conductor and the magnet
originating the field together, but you would still have aDC
voltage. This is the same as having a stationary conductor/magnet and the sliding contacts moving in anon-uniform
magnetic field.
It is now clear where the voltage is generated. Any magnetic shielding of the wire will still preserve the non-uniformity at the contact point, so it will make no difference.
Surely it will make adifference when the mechanical forces

Valve Radio and
Audio Repair
Handbook

acting on the various parts are considered? But as yet we
have no satisfactory answers. Further experimentation is
necessary.
The Faraday homopolar generator could be aviable alternative to generators currently in use. However, any serious
implementation would require superconducting magnets and
specially designed brushes. Until then, the machine is bound
to remain alaboratory curiosity or, possibly, something to
be totally ignored because of its apparently inexplicable features.
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Quasar has launched the first
miniature FM radio transmitter
and receiver modules to offer
communication rates of
128kbit/s at distances of up to
400m. The new QFMT5-434
transmitter and QFMR5-434
receiver modules simplify the
implementation and reduce the
component count of one-to-one
and multi-node wireless links
and provide 'drop-in'
replacement of lower speed
modules. Applications include
building security and car
alarms, remote industrial
process monitoring, computer
networking and electric gate
openers, with small size and
low power consumption making
the modules ideal for batterypowered, portable designs.
Supplied in afully shielded
miniature SIL package, the
QFMT5-434 transmitter
features no adjustable
components, offers good
resistance to shock and
vibration and delivers a
temperature-compensated RF

output from —20°C to 55°C.The
QFMR5-434 high-sensitivity
receiver is based on asingle
conversion FM Superheterodyne design with double RF filtering that includes a
SAW front end for maximum
sensitivity. Analogue and
digital outputs allow for direct
connection to amicroprocessor
or additional processing
circuitry, while areceived
signal strength indicator (RSSI)
provides aDC output voltage
that is proportional to the RF
input signal.
Quasar
Tel: 01273 898000
www.rlsolutions.co.uk

Chip-resistor network
The latest chip resistor
networks from Rohm
Electronics integrate eight
resistors into asingle ultraminiature package to help
designers save space and reduce
component count while
simplifying both circuit layout
and final assembly.
Ideally suited for voltage pullup in bus-based systems, the

Surface-mount varicons
for transient suppression
A range of Keko varicon
devices, designed to provide
circuit protection against surge
voltages and electrostatic
discharge effects in electronics,
automotive and
telecommunications equipment.
Varicons are anew generation
of multilayer zinc-oxide based
protective devices that combine
the variable-resistance

MNR15 is a 10-pin chip resistor
network that measures just
3.2x1.6x0.5mm and replaces
eight conventional 0402
resistors. Resistance values
range from 5611 to I
001S2 and
tolerances are t5% in all cases.
Rohm's chip resistor network is
rated for amaximum overload
voltage of 50V. The operating
temperature for the devices is
—55 to 125°C, while rated
power is 0.032W at
temperatures up to 70°C.
Rohm Electronics
Tel: 01908 282666
www.rohm.co.uk

properties of varistors with
variable capacitance.
The Keko range includes the
standard ZV Series, covering

Oscilloscope sends e-mail
Yokogawa's DL1740 SignalExplorer is acompact 4-channel digital oscilloscope
combining asample rate of 1GS/s, an analogue bandwidth of 500MHz and a
memory length of 1Mword.
Despite its high-range performance, the instrument, is small enough to occupy an
A4 size footprint on atest bench and weighs only 5.5kg.
A 500MHz bandwidth is achieved via adedicated single-chip input amplifier.
The fast screen update rate of 30 times asecond —even at 1Mword record length —
results from using adedicated high-speed data-processor set known as the Data
Stream Engine.
The combined effect of these new circuits is areduction in component count, very
low power consumption and minimal heat sink requirements.
The DL1740 uses a6.4-inch TFT display. The repetition frequency of waveform
data can be determined by using brightness, thus emulating analogue oscilloscopes.
The instrument is equipped with USB compliant interface as standard, allowing
keyboards and USB printers to be connected. The ability to use akeyboard has
improved the instrument's ease of use and screen images from the colour display
can be easily output to acolour printer. The Waveform Viewer software provided
allows the user to exchange waveform data and screen images between the
oscilloscope and aPC.
Yokogawa Martron
Tel: 01494 459200
www.martron.co.uk

Tel:+44 (0) 1480 396395, Fax:+44 (0) 1480 396296, E-mail: post@picotech.com
CIRCLE NO.114 ON REPLY CARO

7(eh

ELECTRONICS WORLD October 2001

October 2001 ELECTRONICS WORLD

767

NEW PRODUCTS

NEWPRODUCTS

Please quote Electronics World when seeking further information

Please quote Electronics World when seeking further information
DC voltages from 3to 170V in
chip sizes from 0603 to 2220
with maximum single-pulse
(8/20kts) surge currents up to
1200 A; the ZVE Series for
ESD suppression, with low
capacitance values and short
response times in chip sizes
from 0603 to 1210; and the lowprofile medium-voltage DV
Series, for voltages from 60 to
300V RMS in chip sizes 3225
and 4032 with maximum singlepulse (8/20µs) surge currents up
to 1200A.
VTM (UK)
Tel: 01494 738608
vvww.vtm.co.uk

Circular connectors
TTI has introduced two ranges
of circular connectors from
Amphenol. The first of these,
the C16-1 series connectors are
designed to meet the high
requirements of industrial
applications under harsh
environmental conditions.
Available as straight or rightangled versions, the connectors
offer 3+PE (400V/16A) and
6+PE (250V/1 10A) contact
arrangements for power and
signal applications.
With housings made from high
grade plastic material, the
connectors are protected against
accidental unlocking by a
threaded coupling. The range
includes versions with screw,

solder and crimp terminations.
The Amphenol C091 range is a
miniature circular for signal
transfer applications. Offering a
number of contacts from 2to 8,
12 and 14, the connectors
feature ametal threaded or
bayonet coupling and offer
complete EMI shielding in the
fully mated and locked position.
TTI
Tel: 01494 460000

One piece and high
density interfaces
Samtec has introduced the FSI
and SEI one piece and MSB
and CSB high density
interfaces. The one piece
interfaces are on Imm
pitch with up to 100
contacts and amated board
spacing of 3mm (FSI) or up to
30 contacts for amated board
space of 1.65mm (SEI). These
interfaces have phosphor
bronze contacts and are for
MCM interfaces, high shock
and vibration applications. The
high density interfaces have up
to 500 i/os on I.27mm pitch
with profiles down to 3mm
between mated boards. Tigereye beryllium
copper contacts are used.
Solder ball attachments
are available.
Samtec
Tel: 001236 739292
www.samtec.corn

Computing platform for
customised and
embedded systems
Sun Microsystems has
announced aprocessor board
to complement the Netra

family of servers. The Netra
AX1105-500 PC1 board helps
embed the Ultrasparc Ile
processor and the Solaris
operating environment into
applications where a
traditional server cannot be
used due to environmental or
space requirements. The
board is for commercial and
industrial products and
systems in telecoms,
aerospace, medical imaging
and banking applications. It
delivers 500MHz performance
in aprofile that can support
1U, 2U or ATX chassis
designs. The motherboard is a
standard ATX form factor
board, powered by the 64-bit
Ultrasparc Ile processor. The
board also supports Wind
River's real time OS
VxWorks for embedded
systems.
Sun Microsystems
Tel: 01276 416379
www.sun.corn

Audio analysing DMM
Keithley Instruments has
announced the Model 2015-P
audio analysing DMM for audio
quality testing in telecoms
applications in the 300 to
4000Hz human voice spectrum.
It can characterise asignal
spectrum without aseparate
computer or analysis software,
can report frequency and
amplitude of the highest value
within aspecified frequency
band, and can identify additional
peaks in descending order of
magnitude. Once apeak
frequency component is
identified, it can give the
magnitude and frequency of
maximum components above

and below the peak value. If
desired, the instrument can also
report the magnitude of a
specified set of frequency
components or determine the
difference in amplitude between
two spectral components. Audio
measurements include total
harmonic distortion, THD+noise,
signal-to-noise plus distortion
and frequency spectrum analysis.
Filter types include CCITT
weighted, C message, A
weighted, CCIR and CCIRARM audio shaping. Selectable
high and low-pass filters can be
combined to form aband-pass
filter. It also provides adualoutput 20Hz to 20kHz sine wave
generator. The second output
inverts the first output for testing
differential input circuits for
common mode or noise
cancellation, or it can be used as
apulse train for synchronisation
of other instruments with the
model's source output.
Keithley Instruments
Tel: 0118 929 7500
www.keithley.corn

ADSL line-driver hybrid
Advanced Power Components
(APC) has released an ADSL line
interface hybrid component for
high-density CO and DSLAM
line card applications. Developed
specifically for use with Alcatel
Microelectronics' 20450 Quad
ADSL Central Office chip set,
APC78147 is adual channel
device containing all of the
analogue components required
between the AFE chip /line driver
and the line connector. The device
is suitable for high volume pick
and place SMD assembly and
offers asignificant reduction in
the per square inch PCB area
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Quartz device for UMTS
and CDMA

Epson has introduced the TG2820CB temperature
compensated crystal oscillator
for CDMA and UMTS
applications. Frequency stability
is ±4.5 x
over atemperature
range of -30 to +80°C.
Available in frequencies
between 12 and 19.8MHz, it has
1.5mA maximum consumption
at asupply level of 2.8V.
Footprint is 3.2 by 2.5mm and
height 1.5mm. It comes in an
SMD ceramic package.
Epson Electronics
Tel: 0049 089 14005277
www.epson-electronics.de

le

Pan and tilt surveillance
camera kit
A range of mini dome cameras
with automatic pan and tilt are
available from Stortech
Electronics. The PT range of
surveillance cameras comes in a
variety of camera options and is
ideal for internal use such as

retail store monitoring or where
close commercial surveillance
might be required.
Once installed, the controller
enables afull 360° panning
action and a90° tilt from the
horizontal.
Stortech Electronics
Tel: 01279 419913

Multi-mode off-line switch-mode PSU IC
The STR-X6400 Series from Allegro
MicroSystems is amulti-mode off-line
switch-mode power-supply integrated
circuit which automatically changes its
operating mode to ensure maximum
efficiency over different output loads.
The new circuit can operate in any one
of four modes: quasi-resonant; quasiresonant plus bottom cycle skip, PRC
(pulse ratio control with fixed off-time);
and burst mode. It detects the output
load and selects the appropriate mode
automatically, achieving an efficiency of

required per port, increasing the
number of channels possible per
line card. Performance has been
validated across the full industrial
temperature range from -40 to
+85 C.The APC78147 is
available for sampling from April
2001.
APC
Tel: 01634 290588
www.apc-plc.co.uk

up to 90% with 120W output
The design of the new circuit means that
additional standby power is
unnecessary,with the standby input
being one-third less than on existing
SMPS power ICs. A hysteresis function
is included to stabilise the bottom cycle
operation, and astep-drive function is
used to control the turn-on surge current
of the MOSFET.
Allegro MicroSystems
Tel: 01932 253355
www.allegromicro.corn

Efficient white-LED
driver
Powered by multiple or single
battery cells, the ZXSC300
converter circuit provides a
programmable constant-current
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110W quad output AC/DC power supply
Artesyn Technologies has launched acompact quadoutput ac-to-dc power supply that is ideal for lowpower applications involving peak current demands.
The new NLSI10-9602 has apower-output capability
of 80 watts -which can be boosted to 110 watts with
20ft 3/min of forced air cooling -and is power factor
corrected to comply with the EN61000-3-2 standard for
harmonic current content. The unit provides +5.1V,
+24V, +12V and -12V outputs with maximum
continuous ratings of 10A, 4.5A, 5A and IA
respectively. However, the power supply is also
capable of delivering very high peak currents.
The NLS110-9602 is an open-frame, low-profile
design, with asmall 7.0 by 4.25 inch footprint. The
power supply features auniversal input that
accommodates any voltage in the range 90 to 264V AC
at any frequency from 47Hz to 440Hz. The 5.1V DC
output is equipped with overvoltage protection, and all
four outputs are comprehensively protected against
short-circuit conditions, with full auto-recovery. An
optional Power Fail Detect signal is available.
Artesyn's NLS110-9602 power supplies fully comply
with the rigorous EN55022-A radiated noise standards,
and meet all applicable immunity standards, including
EN61000-4-2, -3. -4, -5 and -6 levels 3.
Arlesyn Technologies
Tel: 353 24 25572
www.artesyn.corn

drive for white LEDs and
maintains an efficiency of 94%.
The combination of aZXSC300
controller IC and an FMMT6I7
low saturation transistor feeds
single or multiple white LEDs,
connected in series or parallel,
from awide range of input
voltages. Helping to maximise
valuable battery life, the high
efficiency conversion produced
by the circuit is sustained as cell
voltage descends to as low 0.8V.
The ZXSC300 converter suits a
broad range of portable
equipment using white LEDs in
backlighting and illumination
roles, from mobile phones to
flashlights.
Zetex
Tel: 0161 622 4444
www.zetex.corn

Power supplies for
embedded systems
Diamond Systems has
introduced two Jupiter-MM dcto-dc power supply modules for
PC/I 04 embedded systems in air
and ground vehicle, process
control, military, aerospace and
medical equipment applications.
The supplies accept input
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voltages from 8to 30V DC,
making them compatible with 12
and 24V systems. Output power
is provided directly onto the
PC/104 bus connectors, as well
as on an auxiliary connector for
external tapping. The MM-LPXT has a+5V output and
maximum power output of 25W.
The MM-SIO-XT has ±5 and
±12V outputs plus two serial
ports. Maximum power output is
50W. This version has up to 10A
that can be provided on the +5V
output or the 50W of total power
can be distributed across the four
outputs. The board is jumper
configurable to support RS232.
RS422 and RS485. Efficiency is
92 per cent.
Diamond Systems
Tel: 001 510 456 7800
wvvw.diamondsystems.corn

Quad LVDS line driver
with flow-through pin out
Maxim Integrated Products has
introduced the MAX9123 quad,
low-voltage differential
signalling line driver with flowthrough pin out. It accepts four
TTL or CMOS input levels and
translates them to LVDS output

signals that conform to the Ansi
TIA and EIA-644 LVDS
standard. Applications include
digital copiers, laser printers,
cell phone base stations,
telecoms switches and network
switches and routers. The flowthrough pin-out reduces
crosstalk by separating the
inputs and outputs. Two 1TL
and CMOS inputs can be used to
set all four outputs to ahighimpedance state and reduce
power consumption to 16mW
typical.
Maxim
Tel: 0118 9303388
www.dbserv.maxim-ic.com

Short-circuit protection
for relay
The AQY210KS Photomos
relay from Matsushita Electric
Works has ashort-circuit
function to protect sensitive
equipment, such as modems,
telephones and measurement
instruments, from high current
loads. When the load current
exceeds specifications, it goes
into an open state and cuts off
the input current within 50µs.
Because there is almost no
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heating, the relay remains
intact. To make the circuit
available again, the input
current is reset. The relay
comes in afour-pin small.
outline package measuring 4.3
by 4.4 by 2.1mm. It can handle
acontinuous load current of
120mA at voltages up to 350V
AC, with achannel resistance
of typically 23e. The relay is
suitable for switching low-level
analogue signals and atypical
application would be in modem
circuit protection.
Matsushita
Tel: 01908 231555
www.matsushita.co.uk

32-bit RISC
microcontroller
The 32-bit RISC
microcontroller is based on a
SH2 CPU core and features
160Kbyte of on-chip, full speed
Flash memory. The SH7018F
offers acompact peripheral set
and modern 0.35pm
manufacturing processes.
It is suitable for consumer,
industrial, office-automation
and PC peripheral applications
and is also targeted throughout
the distribution network.
The SH7018F's SH2 CPU
offers sixteen 32-bit wide

general registers, an on-chip
multiplier and afive-stage
pipeline, which enables it to
achieve 20MIPS Dhrystone
performance at an operating
frequency of 20MHz (50ns
instruction cycle time).
With 160Kbytes of on-chip,
high speed and single voltage
flash memory, the CPU is able
to execute instructions with no
wait states. The peripheral set
comprises of athree channel
16-bit timer unit (MTU), an
additional 16-bit free running
counter (CMT), an 8-bit interval
timer (TIM2), awatchdog, one
USART and an analogue-to-

01111"8811"11111
_ telP•„ le
kkOb'

-

••• '' . .

digital converter (ADC). There
are also amaximum of 62 1/0
pins plus 8input-only pins,
some of which provide external
external interrupt capability.
Seventeen of the 110 pins run at
5V, while the logic and other
1/0 pins run at 3.3V.
Hitachi
Tel: 01628 585163
www.hitachi-eu.corn

Quality Alphanumeric backlit LCDs in 4x40, 2x40, 4x20, 2x20 and 2x16 formats
Supplied either bare or pre-fitted with one of our Eze-Use, Serial interface boards with options
such as software buzzer control, backlight control, operator interface, start-up message,
big character generation, and PC-AT Keypad /mouse interface -all at very competitive pricing.
We also stock Serial Interface Graphic modules and front panel bezels for all our LCDs.
Please call (01977 683665) or check our web site (www.milinst.com) for full details and pricing.

Milford Instruments -your total LCD solution
orblifft

Cold-cathode quad lamp
inverter

Milford House, 120 High St

NEC's latest IMbit Static RAM (SRAM) is
designed using full CMOS process memory
allowing it to operate with supply currents as
low as 25mA (max) and with supply voltage
1.8 -3.6V, data is retained at voltages as low
as 1.5V. Offering high-speed access times
down to 7Ons and operating in an extended,
—25 to +85 degrees C temperature range, the
CMOS SRAM is an ideal memory for awide
variety of industrial applications and mobile
phones.
Designed using a0.32-micron rule, in a
128K-word by 8-bit organisation, the SRAM is
available in 3varieties (B. C and D versions)
to suit avariety of industrial applications: B
offers the fastest access times of 7Ons with
supply voltages from 2.7V; C offers access

times down to 100ns and supply voltages
down to 2.2V; D offers the lowest supply
voltage of 1.8V with access times down to
12Ons. C and D versions retain data with a
supply voltage as low as 1.5V.
The CMOS SRAM is available in a32-pin
STSOP (I) (8x13.4mm) package and to enable
extended capacity, the SRAM comes with two
chip enable inputs/CE tand CE2.
Compared to DRAM, SRAM offers faster
access times and does not require refresh
circuitry but previously has been relatively
power hungry -limiting the applications of
SRAM in telecoms circuits which rely on the
circuit's residual power.
NEC Electronics
Tel: 01908 691133

Tel 01977 683665
Fax 01977 681465
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Professional PCB Layout and Simulation for
Windows at Computer Store Prices!!
From Only
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Instant cross probing
from schematic to PCB
and vice versa
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For more information on Easy- PCIEasy-SPICE or for ademo copy call
Number One Systems on ++44 (0)1684 773662 fax ++44 (0)1684 773664 or

E-mail info@numberone.com

or you can download demo copies from
Number

One

ELECTRONICS WORLD October 2001

A selection from the high value
feature set...
• True Windows 32 bit product with Windows Interface
• Integrated Schematics and Layout as standard
• Windows drag & drop throughout
• Multiple documents within display
• True Type fonts -new in release 5
• Mouse wheel controlled Zoom In/ Out -new in release 5
• Multi-level Undo/Redo
• Integrated standard AutoPlace
• Optional shape based AutoRouter
• Full Copper pour with Split Powerplanes
• Visualisation of inner power-planes -new in release 5
• Formattable Parts lists /Pick & Place
• Unlimited signal/powerplane/non-electncalidoc layers
• Keep In/Out areas for routing
• Right-hand mouse menu support
• Full forward and backwards annotation SCM/PCB
and so much more!

www.numberone.com

Systems, Oak Lane, Bredon. Tewkesbury, Glos. GL20 7LR
CIRCLE NO.I16 ON REPLY CARD

ELECTRONICS WORLD October 2001

Easy-PC for Windows delivers worldbeating PCB design performance, with levels

of quality and pricing that is changing PCB
Layout forever Call us for a CD or download
ademo version of this amazing product to be
convinced.

True Type Fonts

Interface

£
97

Easy-PC for Windows 5

•

hhb
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LEEDS LS25 5AQ

www.milinst.com

Rail-to-rail i/o op-amps

CMOS SRAM with low data retention voltage of 1.5V

South Milford

Low power, eas.3
serial interface

Taiyo Yuden has announced
an inverter to drive four coldcathode fluorescent tubes for
LCD backlighting. The LS680
is lOmm high, 160mm long
and 34mm wide and provides
an input range of 10.8 to
13.2V DC and atotal output of
16W. With abuilt-in
brightness control, the module
provides dimming capability
by PWM or DC voltage. It
uses entirely surface-mounted
components.
Taiyo Yuden
Tel: 01494 464642
www.yuden.co.jp

The LT1672, LT1673 and
LT1674 are Linear
Technology's single, dual and
quad rail-to-rail input and
output, precision operational
amplifiers that draw 1.5 and
2µA maximum supply current.
These decompensated
amplifiers have a 12kHz gain
bandwidth product and 41.1V p-p
input voltage noise from 0.1 to
10Hz. They do not stress the
supply during start up. The
supply current is controlled
during power on and is limited
to about 2pA typical. Supply
voltage range is from 2.2 to 36V
and protection against reverse
battery connection is to 18V,
making them suitable for use in
I2V lead acid battery
applications. The over-the-top
feature lets the inputs function

Milford Instruments

9,111-11
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STILL AVAILABLE •PREVIOUSLY
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PRODUCTS
Please quote Electronics World when seeking further information

ADVERTISED WITH PHOTOS

AM/FM synthesised signal

correctly when one or both are
above the positive supply,
making them suitable for high
side current sensing
applications. They let alow
voltage system sense ahigher
voltage supply. Maximum
input offset voltage is 37511V,
offset voltage drift 0.4 to
2µV/°C, open loop gain
215V/mV. CMRR and PSRR
90dB minimum and input
offset and bias current 20 and
250pA respectively.
Linear Technology
Tel: 01276 677676
www.linear-tech.corn

Clock generators suit
embedded
communications
AMI Semiconductor has
introduced afamily of one- and
two-phase-lock loop clock ICs.
They are for fixed-frequency
systems such as digital cameras,
computer peripherals, printers,
LAN hubs and Gigabit Ethernet
hubs. Several are derived from
common platforms. The
platforms can be customised for
frequencies, pin outs and
features in the final processing
layers, similar to agate array.
Each device uses an on-board
crystal oscillator to generate a

reference frequency, which is
used by the PLLs to generate
precision output frequency
ratios (ratiometric derivation).
The crystal oscillator is suitable
for any fundamental-mode
crystals in the 5to 30MHz
range. For video systems, which
cannot tolerate unpredictable
artifacts, dual-PLL models are
available that generate three
output clocks from the crystal
reference by driving the
frequency through an array of
post-dividers. These three
outputs are locked to reduce
phase noise, jitter and EMI from
harmonic stacking.
AMI Semiconductor
Tel: 0049 3513 15323
www.amis.corn

(2.9 to 6.0)rnm with moulding
wall construction down to 0.7mm.
AVX
Tel: 01252 770000
www.avxcorp.corn

Push-button switch with
integral lamp
Oniron has introduced asplit
screen lighted push-button
switch for process control
applications. The A3PN IP40rated switch is available in
rectangular and square models,
measuring 32mm deep. The
DPDT switch, which uses an
LED, is available in seven solid
colours including red, white,
blue and pure white. Options
include ahorizontal split screen

and an indicator only version
(M2PN series). Rated voltage is
5, 12 or 24V DC. A 110V DC
model with voltage-reduction
circuit is also available.
Operating range is -10 to +40°C.
Options include switch-guard,
seal cover and character plate.
Omron
Tel: 020 8450 4646
www.omron.corn

generator 80KHz-1040KHz

NOW ONLY

£400

H P 3312A Fun Gen 0 1Hz-13MHz
£300
AfAfFM Sweep/in/Gate/Burst etc. M.P. 3310A Fun
Gen 0005Hz-5MHz
£125
See/Span/Ramp/Pulse FARRELL LEMA SineuSio
Oscillator 10Hz-1MHz
£125
Low distortion TTLOutput Amplitude Meter H P
545A Logic Probe with 546A Logic Pulser
£90
a-154 7A Current Tracer
F,JKE 77 Munimeter 304 digit Handheld
£60
FLUKE 77 Series 11
£70
HEME 1000 LCD Clamp Meter 0-1000A in
Carrying Case

£60

RACAL 9008

Blade and beam down
to 0.4mm pitch
Connectors from Deltron
Roxburgh for board stacking
systems have pitches down to
0.4mm on ablade-and-beam
construction. The Samtec BTF
headers and BTS sockets have

AUTOMATIC
MODULATION
METER AM/FM
1.5MHz-2GHz

1

11e

3

M-

ONLY «I>

HP 8494A Anenuator DC-4GHL 0-11dB
N/SMA

£250

H P 8492A Attenuator DC-18GHz 0-6dB
APC7

£95

MANY OTHER ATTENUATORS, LOADS,

DIGITAL 3.5 DIGIT
COMPLETE WITH BATTERIES
AND LEADS

ONLY

rl'h digit BRIGHT

DATRON 1061 HIGH QUALITY S'A

ONLY ED

DIGIT BENCH MULTIMETER

MUM

IT'S SO CHEAP YOU SHOULD HAVE IT AS A SPARE
)

411d3CONI TF2015 MUSH sip gen. 10-52004Hz
£11
RACAL 9008 Auto Mod Mete,. 1SMHz.7Gle
£200
EVELL TG2DOOMP RC Osonator. IFQ-16111z
no
Sne/Sq Meter. battery °Aerated (Putts not wooled)
FARNELL LF1 Sine So emulator, Ifig.IMHz
£75
AADAL'Allst 934381 SCR Databrelge Dglal km
£200

AëL

ED

SOLARTRON 7045 BENCH
MULTIMETER
LED WITH LEADS

Convertor/IEEE

AVX has improved its Bestcap
electrochemical capacitor to
provide various voltage options
from one package. The standard
ranges of 3.5, 4.5 and 5.5V with
custom ranges from 1.5 to 10V
are available. Capacitances are
between 50 and 560mF, ESR
from 25 to 230n42 and
maximum leakage current 5to
40jiA depending on size.
Package options are 28 by 17 by
(2.9 to 6.0)mm and 48 by 30 by

Ric

CLASSIC AMMETER OA 116

COUPLERS etc AVAILABLE

Tree RMS/4 wire Res/Curren

Various voltages from
one package

Unused
2100
used
MARC0481 9938 -No Smut
£30
MARCONI 2810 T
N. RMS Verdmeter AL/twinge, 51U2581/41.
.
.
£195
GOULD J38 Se's/So 034 101*-100Kru sow estoreon
.075-C125
690568
Ever Ready Cast. *1111 Naas etc
090
Otters Aros trom £50
GOODWILL GfC8010G Peg Counter 1142-12061hz
Unused . •
£75
GOODWILL GVT427 Ch.al C. AC manwenow..i100-025
10m1I-3009 re 12 Flanges Frog 101Q-18/8e
SOLARTRON 7150 OMM 64 digit True BIAS - IEEE
.£95-£150
SOLARTRON 7150 PAN. ...
.
£200
RACAL TRUE NM 9111111ETERS
9303 5SU-20MIJ usable lo 601AHL 10V-316V
£95
93000 V.son
LISO
93019302 RF Version tot 5GHz IrAro
£200-£300
NIGH QUALITY RACAL COUNTERS
9904 Un nine' T.rre' Counter. 5014.4 /
£50
99 16Lou-ter. 10Ne-52014141
£75
9918 Coulter 101-u-56081liz 9-49 t
£50
GAPNEL1 A414255 Au!coret Mod Meter 1SPAhlt-2SHI
urinez
£400

Heiner 1RACKFR Moro. 1000
P6.315A Unnersal Cot rner, fOCi,2-01
Fr t2KE 8060A DAHA
r; r2A Iflie RAIS
F sE 8010A 01.141
•10A
TIME 1051 Low Ohm

Res lox

0.01ohm to 1M Ohm In

G I
D

0.01ohm steps. Unused

•

110 WYKEHAM ROAD, READING, BEAKS RG6 1PL
Fax (0118) 9351696

Callers welcome 9am-5 30pm Monday to Friday (other times by arrangement)

ADVANTEST R3261A 9kHz.2 66142 Synth..
£4000
EATONMILTECH 757 0001-226Hz.
£2500
TEKTRONIX 492 50KHz-18GHz
£3500
HP 65588 eth Mae frame 100kHz-1500MHz £1250
HP 1353A (Dig Frarrbe) with 8559A 100Iditz-21GHz
£2750
HP 3S80A AuS0 Analyser 5H2•50kHz. As re*
£1000
2382 100112-40CMHzHI Resolutim £2OCC
B K2033R Signal Analyser
. £1500
H P 162 with 8557 10kHz-350MHz
£500
MARCONI 2370 30Hz.1 10MHz
from £500
HP141 Systems 8553 1
kHz.110MHz from
£500
6554 500kHz.1250MHz from £750. 8555 1OfAH z1
8GH2
from £1000

I

FOR THE FIRST TIME EVER ONLY

£95

ITS SO CHEAP YOU SHOULD
REPLACE THAT OLD SCOPE

buxom

MARCONI 2022E SynOwereod AMeN Sg Gen
£525 £750
r91}41 -r OIGHz LOO Doe et
HP 0557A Setae 2-1fIGIsz Sg Gen
MOO
HPeaTA %Meuse 1
fOtre.1040MIN Sr; Gen
£5030
HP 6•3568 Ssellesnel 1002tr.f601.114z Sç Gor,
61350
Haateea Seam 10Ceatbeffeat Sg Gr
£ee5
HP 5640A AIWA 50014b10241,84 Ss; Gin
£400
HP 0640* MON 50:630 5123/4zSg Gem
£250
1001olt.18:61Hz eel 2004841 Sp Gen Ng
Counter IEEE
£550
RACAL 9031 Synth MAN Sç Gen 5-52P4Hz
£250
HP3325A se Fos:seer*, 21Let
£e30
MARCONI 6£03 Amuse Amyl«
61600
hP4275A LCR Wer 10sOtz 10141it
f2750
Drixton Meiew
01030
RAYNE KERR 3245 Seam AnaFfser
£5:00
HPhim hire Goner Wiz
01250
DATA:N koCe Wawa SY.-1Y, tier 10691061k '071
troll DOD OW
MARCCee 2403 %cum Cm* 200Sts
MO
NP51508 Reaercy Camera:02
f2tX0
HP 5342.8 Ifelz Iretz Poem Corêsr
MOO
84K Szearrrew two 4336
L100
HP1 10220 Csal Dreamer DUSAN 21/4e.18O17:
MO
el P119312)Cluel >WW1 Coupler 23112 19Crez
£1250
116141 Roe= escort
NO
TEKTADNOt Pau» Probe 2501114 Rea= Urseef
£35
FMNEILMAG030 kw Ike WI* 10Sto24Crt Used 1350
vAPODNI2315 Ste eel.' 533áll 29e
r•cr., £75:

UNUSED OSCILLOSCOPES

Pmues Puma

TEKTRONIX TAS485 4CB 20089142
.LOCO
HP 548036 Duel Tr 331 I
CCMHZ2OWS... ..
D300
TEKTRONIX THS720A Dust True LC.D 1001lartz 500605
COCO
TEKTRONIX THS 720P as THS 720A, pose
measurerrent
£1300
TEKTRONIX INS 710 Duré TM:B.601kt 2501ASS £750
HITACHI
Dual Trase, 20MHz 203.515 De ay
Cursor et
£600

Hymn+

vc6523

OSCILLOSCOPES
PHILIPS PM3092 2.2 Ch 200MHz Delay etc
£800 As new
£950
PHILIPS PM3082 2.2 Ch 100Mitz. Delay etc
£700 As new
£800
TEK TAS465 Dual Trace 100MHz Delay._ £800
TEK 24658 4Ch 400MHz Delay Curs
£1250
TEK 2465 4Ch 300MHz Delay Curs
£900

ramp« nice ft.:.

ROHDE & SCHWARZ APR 62
SYNTHESISED 1Hz-760104x
SIGNAL GENERATOR. BALANCED/
UN-BALANCED OUTPUT. LCD DISPLAY

TEK
TEK
TEK
TEK
TEK

162D

HP 60128 DC PSU 0-601/.0-50A 1000W
ARNELL AP60/50 IkW Autoranging
ARNELL H60/50 0-60V. 0-50A
ARNELL H60/25 0-60V. 0-25A
Power Supply HPS3010 0-30V. 0-104
ARNELL 130-2 0-30V, 0-2A
ARNELL L30-1 0-30V, 0-1A
Many other Power Supplies available
notating Transformer 240V In/Out 503VA

rPORTABLE APPLIANCE TE
MEGGER PAT2

STEWART of READING
Telephone (0118) 9268041

212
£80
£7
£50

SPECTRUM ANALYSERS

SCOPE FOR IMPROVEMENT
GOULD OS 300 OSCILLOSCOPE
an =-"'•• DUAL TRACE 20MHz
e TESTED WITH MANUAL

£1000
£
1000
£750
£400
£140
£80
£60

2445/8/8 4Ch 150MHz Delay etc £500-£900
468 Dig Storage Dual 100MHz Delay. £450
466 Analogue Storage Dual 100MHz £250
485 Dual Trace 350MHz Delay
£600
475 Dual Trace 200 MHz Delay
£400

TEK 4658 Dual Trace 100MHz Delay
£325
PHILIPS PM321 7Dual Trace 50MHz.Delay
£250-£300
GOULD 0S1100 Dual Trace 30MHz Delay £2 00
HAMEG HM303 4 Dual Trace 30MHz

£325

HAMEG HM303 Dual Trace 30MHz£300
HAMEG HM203 7Dual Trace 20MHz

£250

FARRELL 01/20 Dua' Trace 20M1-1i

£1 80

£40

MANY OTHER OSCILLOSCOPES AVAILABLE
RACAL RECEIVER RAI 772

Only

D dsplay Basically niking

£250

USED EQUIPMENT - GUARANTEED. Manuals supplied
This is 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

CIRCLE NO.I I' ON REPL1 ( ,1RD

Too good
for words

Eight-slot test system for function test
WK Test has introduced the 5908 Compact tester, an
eight-slot member of its 5900 family of functional and
combinational testers for high-volume contract
manufacture and consumer applications. It accepts all
the firm's modular test instruments, so it can be
configured for other test requirements. A Windows
NT interface provides amultitasking environment.
Features include network integration and data-logging. Remote control over the LAN. WAN or Internet
is possible using optional utilities. The system supports up to two variable and four fixed power supplies. Each variable supply provides up to 400W. The
eight identical system slots can accommodate any of
the firm's more than 40 modular test instruments,
which provide functions such as analogue and digital
measurements, analogue waveform simulation, digital
simulation, data acquisition, microprocessor and ROM
emulation and communications simulation. Custom
modules are also available. It comes in free-standing
or rack-mount versions. The free-standing unit
measures 400 by 600 by 360mm.
WK Test
Tel: 01243 825811
www.wktest.corn

The New Ranger

XL Series
Ranger 2tor Windows

£60

NEW

£500

Ranger 2XL

NEW Ranger XL from

The Complete Integrated
Schematic PCB Layout
Package

4

FREE

£950

Website Download Demo

-Ireftlf&Lar

Advanced Systems & Technology for PCB Manufacturers
Old But iton l.irnrc

V.'nyks, Button,

Petersfield, Hants. UK GU3I 5S1

Tel: (44) 01730 260062 Fax: (44) 01730 213-11E721

772
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SMALL SELECTION ONLY LISTED -EXPORT TRADE AND QUANTITY DISCOUNTS -RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Ring for Latest Reduced Prices on this advert
HP8444A Tracking Generator •5-1300McS -£450.

Anritsu MN9513 Variable Att. 1300 £100.
Photo Dyne 1950 XR Continuous Att. 1300 1500 £100.
Photo Dyne 1800 FA An UK
Cossor-Raytheon 108L Optical Cable Fault Locator

HP8444A OPT 059 Tracking Gen •5-1500Mcis £650.
HP35601A Spectrum Ant Interface £300
HP4953A Protocol Ant 3400,
HP13970A Noise Figure Meter •3468 Noise Head £35.
HP8755A•B•C Scalar Network Ant PI £250 •MF 180C Heads 11664 Extra •£150 each.
HP3709E1 Constellation ANZ £1,000.
FARNELL TVS70MKII PU 0•70V 10 amps £150.
MARCONI 6500 Network Scaler Ant -£500 Heads available
to 40GHz many types in stock.
Mixers are available forANZs to 60GHz.
Marconi TF2374 Zero Loss Probe -£200
Racal/Dana 1250.1261 Universal Switch Controller .
200Mc sPl Cards and other types
Racal/Dana 9303 True RMS Levelmeter •Head £450.
TEKA6902A also A69028 Isolator 000-£400
TEK CT-5 High Current Transformer Probe •£250.

20Mc..s to 18GHt also 18-40GHz
HP Network Analyser type 8407A •8412A •8601.4 •
100Kes •110Mc's •£500 £1000.
HP 8410-A-B-C Network Analyser 110Mc;s to 12 GH: or 18
GHz •plus most other units and displays used in thi
8411a-8412-8413-8414-8418•8740 8741-8742
8650. From £1k.
Racal/Dana 9301A-9302 RF millivol
stock C250-C400.
Racal/Dana Modulation Me
T

wee
3-

-8 4GHz

0.0
z-£400
8447 0.01-1
.
1-13MCS 0 "
lation Meter- kHzRMS Me
13 AF Power
nad

£4

S

HP a

1

MG9128 (ED 1.35) Light Source +M0926 iLO 0851
Light Source £350.
Anritsu Witte CWE Converter.
•MH922A 0.8 0-E unit •MH923 A1.3 OE unit £350
Anritsu M196E1 Power Meter & Charger £450.

-7- 19
7::

2-1A287B92A-

-S1-S2-S3A

5-S6

SPE

!requency
sbcket of a
yEG.50-1
450 each.

o

•-UMA
-Hz-50k
£750.
7/,
al 02Hz-25.55f
Hz-40MC/S 0Hz-150
•
100H
e
s

-£1 2K
26.5GHz -

Counter 20H1-26GHz -£1.2K.
oCounter 20Hz.4.5GHz -£400.
El Micro Counter OPT 010-005-46GHz -new in box HP5340A
HP53
001-

I

o

filch whe
d
S!
erator dou
to 50.2600

7'

Anritsu MW98A Time Domain Reflector
Pl available MH914C 1.3 •MH9156 1.3 -MH91313 085 MH925A 1.3 -MH929A 1.55 -MH925A 13GI MH914C
13SM •£500. one Pl.
Anritsu M.1100A E0 Converter.

crowave Sou
icroway

Hz -SMA Socket -£800
z•18GHz -N Socket -C7G13.
ter 800MC/S-18GHz -£600.

21A-6623Atypes CP

•

MH914C

Microwave Frequency Count
Microwave Frequency

£250. FG P
rogScannl

D20

K 7000
S51.55

LIGHT AND OPTICAL EOUIPMENT
Anritsu ML93A & Optical Lead Power
Anritsu ML938 8i Optical Lead Po
Power Sensors for above M
Battery Pack M295A.
Anritsu MW97A Pulse E
PI available MH914C 1.
3•MH91313 085 1.3GI

og

s A11-7Al2
7A42-781
1
15

Weir -Thurlby •Racal etc. Ask for list. Large quantity in
stock, all types to 400 amp 100Kv
HP8405A Vector voltmeter late colour £400.
HP8508A Vector voltmeter £2500

g-(500.
igniting -£500.
digitizing -£1,000.

MAIN
A-7104 -C

£400.

MF £250 Both £500
Dummy Loads & Power an up to 2.5
up to
18GHz -microwave parts new and ex e
•relays •
attenuators -switches -waveguides Yips •SMA APC7
plugs -adaptors etc qty in stock.
El&K Items in stock •ask for list.
Power Supplies Heavy duty • bench in stock Farnell HP •

£250.

E

50Mcis -

HP5370A Universal time interval counter £1k.
HP5335A Universal counter 200Mc/s-E1000
TEKTRONtX 577 Curve tracer •adaptors TEKTRONIX 1502/1503 TDR cable tes
HP86999 Sweep Pl `MG oscillator .0

rge screen -£250
escreen -£350

1745A
HP541
H

•

AVE COUNTERS -ALL LED READOUT
D Autohet 20Hz-18GHt -£750.
IP 371 Micro Source Locking -20Hz 18GHz EIP 451 Micro Pulse Counter -300MC/S-1

5006.
501
20MC/S F
DM P

HP53
HP53
PS3

r10Hz-18GHz -Nixey -£500.
-18-24GHz -£130011K -OPTS
e.
ce Synchronizer -£1 5K.
11 Digit LED Readout -(400
54A Plugin -4GHz -£700.
•5355A Plugin with 5356A 18GHz Head -(1K.

385A 1GHz 5386A-5386A 3Gfiz Counter -(1K-(2K.
Racal/Dana Counter 1991• 160M CIS -£200.
Racal/Dana Counter 1992-1 3GHt -£600.
Racal/Dana Counter 9921•3GHt -C350.
SIGNAL GENERATORS

io

Hz)
alyzer 15HzHz OPT 2-C2,
Hz•21GHz OPT 1-2-3 AP 50kHz-21GHz OPT 1-2TEK492BP 50kHz-21GHt -£3,000-£4,
TEK495 100kHz•1 8GHz -£2.000.
HP 8557A 0.01N1CJS-350MC1S -£500 •MF180T or 180C £150 -1821 -£500.
HP 85588 001-1500MCJS -£750 -MF180T or 180C -£150 182T -£500.
HP 8559A 001-21GHz -£1,000 -MF180T or 180C -(150 182T -£500.
HP 8901A AM FM Modulation ANZ Meter -£800.
HP 89018 AM FM Modulation ANZ Meter -C1,750.
HP 8903A Audio Analyzer -£1,000
HP 89038 Audio Analyzer -C1,500

HP8640A -AM-FM 0.5-512-1024MC/S -£200-£400.
P864013 -Phase locked -AM•FM•0.5-512-1024MC'S .500 £1 2K. Opts 12-3 available
HP8654A -8AM-FM 10MC/S-520MC/S -£300.
HP8656A SYN AM-FM 0.1•990MCS -£900.
HP86568 SYN AM-FM 0.1-990MC/S -£1.5K.
HP8657A SYN AM-FM 0.1-1040MC/S -£2K
HP8660C
HP8660D
HP8673D
HP3312A

SYN AM•FM-PM-0.01.1300MCS.2600MCTS -£2K
SYN AM.FM-PM-O.01-1300MCIS-2600MC/S -£3K.
SYN AM-FM-PM-0.01-26.5 0H: -£12K.
Function Generator AM FM 13MCJS-Dual -£300.

HP3314A Function Generator AM-FM-VC0-20MC/S -£600.
HP3325A SYN Function Generator 21MGS -£800.
HP3326A SYN 2CH Function Generator 13MC/S•IEEE £1.4K
HP3336A-B-C SYN Funclevel Gen 21MC/S -£400-£300£500
Racal/Dana 9081 SYN SiG AM-FM-PH-5•520MC/S -£300.
Racal/Dana 9082 SYN S/G AM-FM•PH•1.5-520MC/S -£400.
Racal/Dana 9084 SYN SIG AM-FM-PH-.001-104MCJS -£300

SPECIAL OFFERS

MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS 80KCiS-1040MC.(S -AM-FM -£400 inc. instruction book -

MARCONI 2383 S.ANZ 100Hz -42GHz C2K
H P RF AMP 8349A 2-20 GHz microwave £2K

tested.

H P. RF AMP 8347A 100 kHz •3GHz £1,500
H.P 8922 radio communication test sets.
G -H -M. options various £2,000 •£3,000 each.

MARCONI 2022E SYNTHESIZED SIGNAL GENERATOR 10KCS 101GHz AM-FM -£500 inc. instruction book tested
R&S APN 62 LF Sig Gen 0.1Hz -260 kHz c/w book -£250.

1344n F.1..

2
-(600.
prObes -£750
probes -£500.

40A -100MCPS •2probes -£250.
IA -100MC/S storage •2probes -£200.
-1722A -1725A
OS •2probes -£300•

8447A 0.1
01-1

manual •£150.

HP3455/3456A Digital voltmeter

5

PUFIE

\

.
..111.viirrildcritvi

robes -£550.
C/S -£1,150.

abe

GHz-C750

HP
storage normalizer -(400 with lead •S
Marc ni mod meters type TF2304 £250 -TF230
Racal/Dana counters-99904-9905-9906-991
9921-50Mc.'s-3GHz -C100 £400 -all f
standards.
HP180TR. HP1817, HP1827
infra
HP432A-435A or 8-436
mete
cads to
60GHt -£150 -£17
HP3586A or C select.
HP86222A.13 Sweep P
•AU £1000-£1250.
HP86290A.13 Sweep PlHz £1000 -£1250.
HP8620C Mainframe £2 .IEEE £350

2445A
TEK 2
TE

350MC'S -£1,550.
.0. 2430A 150MCS
2probes -£1,750.
TE D S 0 2440 .300MC,'S •2probes -£2,000.
TEK TAS 475-485 -100MCS-20MCS-4 ch •2probes -£900.
£1.1K.

A Networ

er EF3 0.1Hz-100Kcis
ther makes in stock.
RMS voltmeter £250.

MH925A 1.3 •MH929A 1.
1.3SM •£500 •one PI.

or fo

\!'\ 1)1111elltii011

PSC ILLOSCOPES
TEK 465-4658 100MCS •2probes -(250-f300.
TEK 466 100MCIS storage •2probes -£200
K 475-475A 200MC/S 250MCS •2probes -C300 £350
K2213.2213A-2215-221
4-2225-2235-2236-2245 60
MC 'S -£250-£400
K2445 4ch 1 o, C
2
es -£450.

P8754A

'b.

1MHz

ntny.

ANZ's in s

ainfram

HP8165A Programmable signal source
£15

Y -vertical alloy cooling fins -£300

use WI

8350
59-12.
e

Heelroilic Proicck
fro11111i

horizontal alloy cooling fins -

DEL BROWN -as above (few onlyl -£500.

DVM-

HP 163

ecity to clear as
complete or add
allers preferred discount on qtys of

£100 for basic test,
pick your o
LY

HP81588 ATT OPT 002.011 1300-1550 f300
HP81519A RX DC-400MCS 550-950 £250
STC OFR10 Reflectometer -£250.
STC OFSK15 Machine jointing •eye m

HP 75000 VXI
HP 8322

S -HIGH 'DUALITY

five.

MISCELLANEOUS ITEMS
HP 4261 LCR meter -£650
HP 4274 FX LCR meter
HP 3488 Switch C

HP Frequency comb generator type 8406 £400.
HP Sweep Oscillators type 8690 A.B •plug-ins from

1SGHt C150:C250 Marconi Microwe
6650P1 -18-2
£600. MF o
GouJg ,
e.
1

0-1000M 0-105M £200.
TEK P6701 Optical Converter 700 MCS•850 £250.
TEK OF150 Fibre Optic TDR -£750
HP81512A Head 150MCS 950 1700 £250.
HP84801A Fibre Power Sensor 600-1200 £250.

MARCONI 2370 SPECTRUM A
-DIGITAL STORAGE -3. • 110
received from Gov - 1s

H.P. 4193A VECTOR IMPEDANCE METER •probe kit. 400
kHz. To 110 ML-S £3,500

HP 83220A -E GMS UNITS for above. £1,000 -£1,500.
WAVETECK SCLUMBERGER 4031 RADIO
COMMUNICATION TEST SET Internal Spectrum ANZ.
£1.800 £2.000
ANRITSU MS555A2 RADIO COMM ANZ To 1000MC/S.
No C.R. tube in this model. £450.
TEK 2445A -4CH -150MLS SCOPE •New X1 •X10probe Instruction book. £500 each.

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

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel: (01274) 684007. Fax: 651160
(IN( LE NO. 120 ON R11'1) Y TRI)

PASSIVE COMPONENTS
FOR CIRCUIT DESIGN
Passive Components for
Circuit Design is a unique
introduction to this key area
of analog electronics
designed for technician
engineers and anyone
involved in circuit design.
The coverage encompasses
all component types capable
of power amplification:
resistors, capacitors,
transformers, solenoids,
motors and transducers. The
behaviour of the components
is explored along with the
different types available and
the principles of circuit
design. Tolerances, stability,
variation with temperature,
reliability and manufacturing
standards are all covered.
Reading this book will
improve your skills in
component selection and
analog circuit design. These
are essential skills not only
for the analog designer, but
for all circuit designers,
professional or amateur.
Contents: Preface;
Fundamentals; Fixed
resistors; Variable resistors,
potentiometers and diodes;
Capacitors; Inductors and
inductive components;
Inductive devices;
Transducing components;
SMT; Hardware; Index
Readership: Technician
engineers, circuit designers,
advanced hobbyists
Pages: 304pp
Price: UK £22.00
Europe £24.00
ROW £26.00

ELECTRONIC PROJECTS
FROM THE NEXT
DIMENSION
For years paranormal
scientists have explored the
detection and documentation
of spirits, auras, ESP,
hypnosis, and many more
phenomena through
electronics. Electronic
Projects from the Next
Dimension provides useful
information on building
practical circuits and
projects, and applying the
knowledge to unique
experiments in the
paranormal field. The author
writes about dozens of
inexpensive projects to help
electronics hobbyists search
for and document their own
answers about instrumental
transcommunication (ITC),
the electronic voice
phenomenon (EVP), and
paranormal experiments
involving ESP, auras, and
Kirlian photography.
Although paranormal
studies are considered
esoteric, Electronic Projects
from the Next Dimension
teaches the technical skills
needed to make devices that
can be used in many
different kinds of
experiments. Each section
indicates how the circuit can
be used in paranormal
experiments with suggestions
about procedures and how
to analyze the results.
Contents: White noise
generators for use in
instrumental
transcommunication (ITC)
and electronic voice
phenomenon (EVP)
experiments; Practical
circuits for image
experimentation, such as a

wireless sparkling image
generator, horizontal bar
generator, brontophic sound,
magnetic field generator,
high-voltage generators
(Kirlian Machine's I& II);
Paranormal skills
experiments with
temperature change,
polygraph, electro-shock,
random number generation,
UFO detection, and ghost'
finding.
Readership: Hobbyists,
Electronics Enthusiasts
Pages: 256pp
Price: UK £22.00

BASIC AC CIRCUITS
This is the step-by-step
approach for beginners. This
self-paced individualized
learning tool covers
concepts, terms, and the
mathematics required to
understand AC circuit
problems. It has been
designed to improve analysis
techniques for prediction and
control development.
Readership: Beginners
meeting AC circuits for the
first time: students;
technicians
Pages 921pp
Price: UK £27.00
Europe £29.00
ROW £31.00

Interfacing-- C
INTERFACING
WITH C
A practical and
painless way of
becoming an expert C
programme New
edition also covers
C++ and the Windows
environment Get up to
speed with the
essential maths needed
for C without having
to buy auniversity
maths text!
Price: UK £18.00
Europe £20.00
ROW £22.00

Post your completed order form to:Jackie Lowe, Cumulus Business Medio,
Anne Boleyn House, 9-13 Ewell Road,
Cheam, Surrey, SM3 8BZ

Europe £24.00

Fax your order form to 020 8643 8952

ROW £26.00

How to order
Book Title
J

Ienclose acheque/bank draft for £

(payable to Cumulus Business Media)
Please charge my credit/charge card
J

Mastercard

J

American Express

J

Credit Card No:

Visa

J

Diners Club

Expiry Date:

Signature of Cardholder
Cardholder's statement address: (please use capitals)
Name
Address

Post Code
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TiePieScope HS801 PORTABLE MOST

NEWPRODUCTS

Please quote Electronics World when seeking further information

up to 80 i/os and amated height
of 5mm. For 0.5mm pitch there
is achoice of high-density BTH
and BSH versions or low-profile
LTH and LSH models, with
2.3mm mated height. The BTH
and BSH have up to 366 i/os in a
board area of 7.49 by 96.34mm.
The low-profile versions provide
up to 100 I/0s in 6.73 by
28.07mm PCB footprint. On
0.635mm pitch, the BTS and
BSS have two lead styles,
providing 5or 8mm mated
height for up to 300 1/Os. The
0.8mm BTE and BSE have
mated heights of 4.27 to
I0.26mm for standard or
elevated applications up to 240
1/0s. The highest density
connector requires 7.49 by
101.35mm on the PCB.
Deltron Roxburgh
Tel: 01724 281220
www.deltron.roxburgh.corn

Pli clock drivers target
high-speed applications
Two low-voltage PLL clock
drivers for high-speed memory
clocking applications are
available from Fairchild
Semiconductor. Operating at up
to 175MHz, these parts are for
high clock fan-out and where
matching requirements for skew
and jitter are critical.
Applications include registered
DIMMs and wherever common
clock timing is critical in system
clock distribution. The FM57950
and FM57951 are direct
replacements for the Motorola

MPC950 and MPC951. The
FM57950 operates from acrystal
or oscillator input with clock
multiplier. The FM57951
accepts aPECL clock input and
has zero delay and clock
multiplication capability. Both
provide nine configurable
CMOS outputs with less than
250ps of output-to-output skew
and less than 300ps of cycle-tocycle jitter. They come in 32lead LQFPs and are rated for 0
to 70°C operation.
Fairchild Semiconductor
Tel: 01793 856856
www. lairchildsemicom

Lithium-cell
monitor IC
Texas Instruments has
announced abattery monitor IC
for Li-ion- and Li-polymerbased applications in mobile
hand sets, Internet audio
appliances and digital cameras
powered by asingle lithium cell.
The device measures critical
parameters in abattery pack,
such as charge, discharge, selfdischarge and temperature and
employs an auto-calibrating
VFC (voltage-to-frequency
converter) for continuous
charge/discharge integration.
With information from the
measurement IC, ahost system
can calculate remaining battery
capacity and predict remaining
system run or standby times.
The bq2023 battery monitor
communicates measurement
information to the host

controller using the SDQ serial
interface, asingle wire
command-based protocol
compatible with the Dallas
Semiconductor 1-Wire. The part
also includes 224 bytes of flash
memory and a64-bit ID ROM
register. The non-volatile
memory integration allows a
system designer to add afuel
gauge to asystem while
replacing serial EEPROMs or ID
chips, which are currently used
in battery packs to store battery
pack characteristics or
identification and addressing
codes. It is packaged in an 8-pin
TSSOP. With a25m12 sense
resistor, the resolution of the
converter is better than
0.12mAh.
Texas Instruments
Tel: 01604 663399
www.h.corn

SMT processes. It measures 2
by 1.25mm, comes in six
colours and several related hues,
is available on EIA standard
8mm tape on 2.1m reels, and has
aviewing angle of 140°. It
operates from 20mA. When
used with the firm's Optiled
light pipes, it simplifies the
spatial relationship between the
PCB and remote indicator
illumination points by
channelling all the LEDgenerated light to where the
light is required. There are two
versions —high efficiency and
super bright. Applications
include back lighting computer
panels, hand-held instruments,
and datacoms and telecoms
status indicators.
Ledtronics
Tel: 001 310 534 1505
www.ledtronics.corn

SM shielded-drum
core inductors

Surface-mount
power inductor

Available from Ultimate
Renaissance are two SMT
shielded drum core power
inductors claimed to give an
EMC performance comparable
with atoroidal core.
Applications are in switching
power supplies and dc-to-dc
converters. The Pulse P1172 and
P1173 have inductances from
2.7 to 47µH and DC rating from
2.5 to 10.0A. Package outline is
12.0mm square footprint and
8.0mm height. Weight is 4.5g.
They are available on tape and
reel.
Ultimate Renaissance
Tel: 01793 439310
www.ur-home.corn

Pulse has announced two
surface-mount power inductors
for use with Volterra's lowvoltage power delivery
semiconductors. With aprofile
height of only 0.125 inches
(3.17mm), the compact SMT
power inductors are designed for
high-current, low-voltage, lowprofile dc-to-dc power converter
applications which use latest
generation microprocessors.
The package used by Pulse for
these devices is the industry's
only flat-top, self-leaded design
with afixed clip, which is ideal
for easy pick-and-place
applications and higher current
ratings. The inductors are
currently available in tape and
reel packaging and are
magnetically shielded for
reduced EMI.
Pulse
Tel: 01483 401 700

0805-profile SMT LED
for PCBs
Ledtronics has introduced the
Surfled 0805-profile LED for

ABRITARY WAVEFORM GENERATORSTORAGE OSCILLOSCOPESPECTRUM ANALYZERMULTIMETERTRANSIENT RECORDER-

•The sophisticated cursor read outs have
21 possible read outs. Besides the usual
read outs, like voltage and time, also
quantities like rise time and frequency
are displayed.

The HS801: the first 100 Mega samples
per second measuring instrument that
consists of a MOST (Multimeter,
Oscilloscope, Spectrum analyzer and
Transient recorder) and an AVVG (abritary
waveform generator). This new MOST
portable and compact measuring
instrument can solve almost every
measurement problem. With the
integrated AWG you can generate every
signal you want.

The versatile software has a user-defined
toolbar with which over 50 instrument
settings quick and easy can be
accessed. An intelligent auto setup
allows the inexperienced user to perform
measurements immediately. Through the
use of a setting file, the user has the
possibility to save an instrument setup
and recall it at a later moment. The setup
time of the instrument is hereby reduced
to a minimum.

When aquick indication of the input
signal is required, a simple click on the
auto setup button will immediately give a
good overview of the signal. The auto
setup function ensures a proper setup of
the time base. the trigger levels and the
input sensitivities.

-41m.411111.111.1mi
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Measured signals and instrument
settings can be saved on disk.This
enables the creation of a library of
measured signals. Text balloons can be
added to asignal. for special comments.
The (colour) print outs can be supplied
with three common text lines (e.g.
company info) en three lines with
measurement specific information

•The HS801 has an 8 bit resolution and a
maximum sampling speed of 100 MHz.
The input range is 0.1 volt full scale to 80
volt full scale. The record length is
32K/64K samples. The AVVG has a 10 bit
resolution and a sample speed of 25
MHz.The HS801 is connected to the
parallel printer port of a computer.

The minimum system requirement is a
PC with a486 processor and 8 Mbyte
RAM available. The software runs in
Windows 3.xx /95 /98 or Windows NT
and DOS 3.3 or higher.
TiePie engineering (UK), 28 Stephenson
Road, Industrial Estate, St. Ives,
Cambridgeshire, PE17 4W.I. UK
Tel: 01480-460028; Fax: 01480-460340
TiePie engineering (NL).
Koperslagersstraat 37,8601 VVL SNEEK
The Netherlands
Tel: +31 515 415 416; Fax+31 515418 819

Web: http://www.tiepie.n1
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High-impedance

HF probe

Having completed his 5012 true-RMS-reading
RF millivoltmeter, Cyril Bateman went on to
design this add-on probe to provide a
high-impedance, low-capacitance input.

W

hen measuring in-circuit signal voltages, it is
essential that the method used presents a
high impedance, low capacitance load to the
circuit under test. Measuring in-circuit direct voltages
presents little difficulty. Making AC in-circuit
measurements is quite adifferent matter —especially at
high frequencies.
If you examine the techniques used to measure
alternating voltages, you will find that most methods
have limited frequency range. Average-responding
millivoltmeters involving rectifying techniques' can be
used up to perhaps 10MHz. Most RMS-responding
meters though. based on ICs using the 'implicit'
solution method, 2 are limited to 1or 2MHz. There's

more on this in the panel entitled 'RMS'.
Because of frequency-range restrictions, many
designers are forced to rely on their oscilloscope to
measure AC voltages. Many oscilloscopes measure to at
least 100MHz. Because of capacitive loading though,
most test probes inhibit measurements of low level
signals at high frequencies.
My Coline M 12SW oscilloscope probe has a
bandwidth of 250MHz and 1.4ns rise time. When set to
divide by ten, it applies 18pF loading to the circuit. Set
to times one, its applies 60pF to the test circuit. The
probe's bandwidth reduces to just 10MHz and rise time
increases to 35ns. By 100kHz, square-wave signals are
visibly distorted.

While at low frequency this probe exhibits greater
than IMQ of impedance, by 10MHz this reduces to
800Q when set to divide by ten, and 265f2 for divide by
one.
Many scope probes impose much heavier loading. An
HP9100 probe for example, set to times one, applies a
150pF load to the circuit under test.
Measuring signal levels less than 500m V, you may be
forced to set the probe to divide by one in order to
obtain an adequate display. Many modern ICs become
unstable or decidedly peaky when loaded with such
capacitance. At best the probe's capacitive load
attenuates the measured signal.
In order to measure low-level signals the probe's
capacitance to ground must be reduced. In practice this
means using either a50Q measurement system, or a
low-capacitance active probe.
In the August 2001, issue Idescribed asimple but
accurate circuit with a500 input impedance. 3 It is able
to measure RMS voltage to 100MHz. Equipped with a
suitable high-impedance, low-capacitance 'front end',
this design will solve many measurement problems, Fig.
1
Commercially-available active probes can be very
expensive, so Idecided to investigate the design of a
suitable 'front end' impedance-converting, probe.

High -Zprobe
Much modern circuit design uses supply voltages of ±
5V or less, resulting in maximum peak signal levels of
around 3V. A target input voltage of 2V RMS would
suit most circuits and maximise the dynamic range of
my AD8361 based true RMS meter. 3
Having reviewed anumber of design alternatives,
including discrete FET followers and high impedance
ICs, Idecided to seek an IC solution. For ease of use,
this would need to be able to drive ametre-long coaxial
cable, connecting the probe to my RMS meter. To
match my RF RMS voltmeter design's performance, I
wanted aflat response to 100MHz.
Choosing the ICs

C3..
in
MP,

C •1µ
F vvv‘._11
R2
R1

0

To DMM

5

*Z5U
TX7R
— COG
IC IAD8361
IC2 INA133UA
Fig. 2. The final schematic for my nil true RMS meter printed board. The
INA133 in-amp is used to correct no-signal offsets and as output buffer. This
version needs a±.5V supply.

provide a75f2 version for this new high inputimpedance meter.
Iassembled aPCB using these revised components,
fitted it with temporary cables and connectors and tested
it, Fig. 3. Using a75f2 generator, the circuit performed
slightly better at both high and low frequencies. than it
did when arranged for a50Q system.

Probe design
Satisfied that this 75L2 input version of my RMS meter
circuit would perform when supplied from ahigh input
impedance 75Q output probe, Icould now finalise my
design.
The MAX4005 is asingle-ended unity-gain buffer
with ahigh impedance WET input. It is intended to
drive a75Q load so includes abuilt in precision thinfilm output resistor. In acorrectly-terminated coaxial

Following areview of ICs available from mainline
distributors, Idecided to base my probe design on the
Maxim'sMAX4005. This is aunity-gain, very-highfrequency, JFET input IC with an internal 7512 precision thin-film output resistor.
This chip provides a±0.1dB gain flatness of 60MHz
and ±0.2dB to 80MHz, a350ps rise time and 950MHz
bandwidth. Its 10pA input bias current and 2.2pF input
capacitance are ideal for use in ahigh-input-impedance,
low-capacitance probe.
Attenuating the 2V input to 1.3V into the MAX4005
and using acorrectly-terminated 75f2 coaxial cable,
would provide the required 650mV maximum input to
my AD8361 RMS meter. 5This level ensures that its
optimum dynamic range is achieved.

Fig. 1. Using
AD8361 to
accurately measure
true RMS from
10kHz to 100MHeill
in a7511 system.
This is adoublesided printed board
originally designed
for my 50S1 meter.
It provides an
excellent match to
75S2 with R,
changed to 110i1,
R2 to 0S2 and LI to
12nH.

Measuring RMS voltage
Following anumber of circuit simulations, as described
in my last article, 3 changing the value of the two input
resistors and L1provided an excellent input VSWR for
a75û system, the 650mV input being slightly attenuated to provide 620mV maximum into the AD8361 IC.
Adjusting the resistor values in the output attenuator to
the DVM easily corrected the output voltage, Fig. 2.
Since only component value changes were needed, the
same PCB as used for my 50f2 input design would
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Fig. 3. Layout of the complete printed board, size 63.5 by 38mm, adapted for
750 RF RMS measurement. Accepting amaximum 650mV input, this board
is able to accurately measure true RMS from 10kHz to 100MHz. Apart from
the power and output pins, afull underside ground plane is used.

77,)

lr

Measuring true RMS

Fig. 4. The simulation schematic,
including high impedance probe
and RMS meter, as used with the
MC6 simulator. The 'frequency'
expressions used in simulation
appear below the circuit.

High IZI Probe input True Power
Input 24 Meg ard 15pF
IZI Exceeds 1MegOhm to 100 kHz
75 Ohm matched input
620 mV in
Rou 4005
75

3-10 pF trimmer
Clprobe
C2probe LselfC2
4125p
.. tttstf
Rlprobe
910k 125n
V1
2V input

lu

22n
L4

ut
1005

cstray

)E3
22p

15n

Cl

LselfC1 luF
R1
110

' 65
Resr

15p

T
C8 C5
4

Ll
12n
selft

265p

_t_

1

L5

Flat 5k 100MHz

25n

C7

16p
15pF

C2

AD8361

Max4005

Max linear input to 4005 =16v
Cl
luF-( 9uPf/1000E6)
Resr =O 65-0( 55*f/1000E6)

cable, this resistor minimises reflections. Double
termination then reduces the chip's signal gain to 0.5.
The device provides an extremely linear output,
typically within 0.5% for input signals from -1.3 to
+1.6V. When powered from ±5V, it can accept a
maximum input of ±2.5V. With the above attenuation,
the maximum safe input to this probe then becomes 7V
pk-pk.
Gain flatness is within ±0.1dB to 60MHz and ±0.2
dB to 80MHz. The amplifier's slew rate is 1000V/is.
With an input capacitance of 2.2pF and input current
less than I
nA it is ideally suited to my front-end probe
design.
This IC is only available in an SO8 surface-mount
package and it has an unusual pin-out. To support its
high slew rate, it provides two pins each for its positive
and negative supplies. Furthermore pins four and five
are connected to licc while pins one and eight connect
to VET .h is important to remember this arrangement,
otherwise it is only too easy to reverse connect the
supplies when testing the probe.

Circuit design details
Unfortunately, Maxim' cannot supply amacromodel for
its MAX4005. With the aid of the Microcap MC6
simulator, Iused avoltage-dependent source together
with two resistors and acapacitor to represent this IC in
my simulations. Since the MAX4005's -3dB bandwidth
extends to 950MHz and Ineeded operation only to
100MHz, this seemed to aprovide aworkable model.
A major design objective was to minimise probe input
capacitance to ground. Ground planes and earth traces
would be kept as far away as possible from the probe
input and the IC.
Minimal stray capacitances to ground were modelled.
With due allowance for inductance of circuit tracks and
components, simulations to define the input attenuator
circuit commenced.
Iattempted to include arange switching relay to
increase possible inputs to 20V. However, Ifound that
the added inductances and capacitances needed to
realistically represent the relay switch contacts
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R2

oc LselfR1
125

5n R3probe

R2probe
150
15Meg 2 3p

Better than -2dB at 250 MHz

Max allowed input at 5v is 660 mV
=115pF-(0 1pPf/1000E6)
Rin =225-55E-12*F/1000E-6

complicated the design. As aresult, Isettled for anonswitched probe working to 2V AC, Fig. 4.
Ultimately asimple and small input attenuator was
devised which in my simulations, performed
exceptionally well. To minimise input capacitance
though, Iwas forced to use an input trimmer capacitor
rather than the more usual trimmer to ground. When set
to 4.1pF this provided flat simulations to above
100MHz. Fig. 5.
Now it was time to etch and test aprototype probe.

caa3c CR Terrekee •27 Cease 1
110X1K,15590‘
••

Probe circuit board
Iwanted to keep the probe size as small as practical for
two reasons. These were ease of use when measuring in
densely packaged circuit boards, and ease of housing in
asuitable, small hand-held case. One housing possibility was aplastic tooth-brush case from Sainsburys,
coated internally with screening spray.
The high slew-rate capability of the MAX4005
requires alow-impedance power supply. Since the
power supply used would be at least ametre away from
the probe, extensive on-board decoupling capacitance
was essential. This occupied much of the final PCB
design.
To minimise circuit strays and inductances, the probe
input circuit had to be as compact as possible, requiring
physically small components. Initially, the input
trimmer presented aspecial problem. Most surfacemounted styles were simply much too large. In the end I
settled on asmall type CTZ2 from AVX, Farnell part
No 578-370.
On tests, this trimmer, C1in Fig. 6, performed
exceptionally well, but being rated to only withstand
100g pressure, it needed adelicate touch and an
extremely small trimming tool to adjusting it.
A 38 by 23mm board was designed using 10e
tantalum, 100nF X7R and 1nF COG ceramic
decoupling capacitors. Fitted with atemporary 75f2
load, aprototype board was assembled for tests, Fig. 7.
To ensure accurate measurements, an SMA stripline
connector was fitted as input to the probe. This was then
tested with both sine and square waves supplied from a
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driven by afraction of the quasi-DC
output of the AD8361. When the
voltage at the input of this second
squaring cell is equal to the RMS value
of the input signal, the loop is stable
and the AD8361 output represents the
RMS value of the input.
Scaling errors in both squaring cells
cancel and they track with temperature
resulting in stable measurements over
the temperature range.
With a+5V supply, the AD8361 is
linear with inputs up to 660mV, which
with anominal conversion gain of 7.5
results in aDC output of 4.95V. In
practice, at 100MHz, this conversion
gain is limited to between 6.5 and 8.5
times.
To allow for AD8361 offset errors, if
the maximum possible linear input
signal is used it is advisable to slightly
increase the power supply voltage, by
100 or 200mV to avoid output
compression, taking care not to
exceed its maximum permitted supply
of 5.5V.

a±0.25dB linear response up to
2.5GHz. It can measure from very low
frequencies but not DC, up to 2.5GHz.
The device includes two identical
squaring cells whose outputs are
balanced by the action of ahigh-gain
error amplifier. It calculates the
conversion from RMS to DC
automatically, by first squaring the
input signal in the input cell. This
input cell has anominal low frequency
input impedance of 225e. The input
pin is biased to 0.8V so the input
signal must be DC blocked by an
external capacitor.
The current output from this squaring
cell is averaged using an internal
resistor and 27pF capacitor. At
frequencies below 240MHz,
additional external filter capacitance is
needed. This averaged voltage is
applied to one input of the error
amplifier.
The second squaring cell is used to
close anegative feedback loop around
the error amplifier. This second cell is

The AD536, the first low
st IC to
provide accurate RMS measurements,
was designed by Barrie Gilbert more
than twenty years ago. Using the
'implicit' solution of the RMS
equation, feedback is used to perform
the square-root calculation. This IC
provided a60dB dynamic range at low
frequencies and a1% accuracy with a
7:1 crest factor.
Now he has provided another
unique RMS measuring IC, but this
time based on the 'explicit' solution.
The AD8361 provides extremely wide
bandwidth, measuring from audio to
2.5GHz and up to 30dB dynamic
range. This new technique can
measure high crest factor waveforms,
with an accuracy similar to athermal
bridge.
The AD8361 'TruPwr' detector is an
RMS-to-DC converter that provides
true RMS-responding measurements
for complex waveforms with a
nominal conversion gain of 7.5. It has
aclaimed dynamic range of 30dB and
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Fig. 5. Simulation results for aTV input to the circuit of Fig. 4. Up to 100MHz, all simulation plots agree closely with the measured
results. The top curve shows input capacitance, the other three the probe output, AD8361 input and the final attenuator output.
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Mate' ball pen refills are also almost exactly the
required external diameter.
My wife's sewing box provided two needles of
suitable length and diameter. Together with two PTFE
insulators from insulating stand-offs, Ihad the required
parts.
To accept the Coline spring hook adapters, Ineeded a
prod body at least 30mm long. A few calculations
suggested that acoaxial prod of this length, assembled
using these parts, would exhibit some I.65pF of
capacitance.
In the event, to ensure asufficiently tight fit of the
PI PE into my tube Ihad to insert a5mm length of
1.4mm outside-diameter tubing into the central hole of
each PTFE insulator. This would slightly increase the
calculated capacitance.
When assembled, my finished test prod measured
I.9pF. Added to the probe PCB capacitance of 1.5pF
this would result in atotal probe input capacitance of
some 4pF.

Calibrating the probe

The high impedance probe PCB, loaded with atemporary
75Q terminating resistor, should be adjusted as a standalone probe before you connect it to the true-RMS meter
PCB.
This is necessary because the input VSWR of the 75n
RMS board rises slightly due to the impedance of its 1pF
capacitor as frequency is reduced below 5kHz. The base
reference voltage where the trimmer capacitor setting has
little or no effect must be taken at lkHz or lower
frequency. The probe's uncorrected flat frequency
response extends down to 100Hz.
Two methods can be used to determine the correct
setting for the trimmer capacitor. The best method is to
use aprecise known sine wave at two frequencies, IkHz
and 1MHz. However this is only possible if you have a
good AC voltmeter available to set and measure the
probe input and output voltages.
Attach ashort length of 75n coaxial cable to the high
impedance probe output then to the voltmeter high
impedance input via a7.5Q through termination located
on the meter's input socket. Note the probe's output
voltage at lkHz then using exactly the same input
voltage, adjust Cip ,
ob
e to obtain this reading at 1MHz.
A practical alternative, is to use agood lkHz square
wave, available as the calibrator on your oscilloscope
front panel.
Attach ashort length of 75Q coax to the output of the
high impedance probe then to the oscilloscope input via
a75Q through termination located on the oscilloscope
input socket. Apply the high-impedance probe test prod
to this calibrator and while monitoring the highimpedance probe's output on your oscilloscope, adjust
C1probe for the best possible square wave.

Remove the temporary coaxial cable and reconnect the
probe output to the RMS meter PCB using your permanent
75Q coaxial cable cable.
Combined assembly
For accuracy, a500 signal generator and 50C2 connecting
cables as needed, should be terminated with ason through
load. Voltage at the output of the 50Q through-terminating
load is monitored using aknown voltmeter and adjusted to
the required 500mV.
Attach the high-impedance probe input prod and the
known voltmeter to this 50Q through load using a'T'
connector.
Do not adjust CIprobe,which has already been set for the
correct response.
Measure the DC voltage V1 at the junction of U2 and R3,
then adjust the attenuator value by adding resistors R4A and
RS
A as appropriate.
The required total value R5,which is the net sum of 124,
R4A ,R5,and R5A can be easily calculated:
R, —

0.5 x10000

Final tests
This prod was attached to my prototype probe PCB and
the above sine wave and square wave tests repeated. I
was satisfied with the results. To facilitate asecure test
prod mounting, Iincreased the PCB length to 44.5mm. I
then assembled and calibrated the final probe. Fig. 9.
The final probe was attached to my 7511 true-RMS
measuring PCB using RGI79 WU coaxial cable, ready
for full tests of the completed assembly. This PIt-h
insulated coaxial cable, which is available in cut
lengths, is easily soldered directly to aPCB without
damaging the cable.
Testing using 500mV sine waves. Ifound
performance from 5kHz to 100MHz was better than
±0.25dB. At 200MHz it was nearly —0.5dB and better
than —3.0dB to 300MHz.
Using a500mV reference, dynamic range measured at

in ohms.

Typical net values for R4 and R5 for AD8361 at nominal
and maximum gains are,
AD8361 gain=7.5
Nearest std values
AD8361 gain=8.5
Nearest std values

R4II R4A=6.751e R511 R5A=900n
R4A =391d2
R5A= tun
R411R4A=5.98kil R5I1R5A=2oon
R4A=22ki2
R5A=2200

Apply signal voltages of 0.25, 0.5 and 1.0 and verify
attenuator output accuracy at these voltages.

Fig. 7. The final double-sided probe PCB as built and tested using upper
and lower ground planes. To facilitate secure mounting of the coaxial
test prod, board length has been increased from 38 to 44.5mm. To
minimise capacitance, both ground planes are distanced from the high.
frequency paths.

1MHz was better than 0.25dB to 1.9V. Measured at
10MHz with a500mV reference, it was —0.28dB at
250m V, better than —2.0dB to 100mV and better than
—4dB at 50mV.
The particular AD8361 IC used exhibited ano-signal
offset of 110mV. This was corrected to 3.4mV using an
INA133 instrumentation op-amp. Iwould expect to

Fig. 8. Assembled and pre-tested probe PCB, awaits fitting of the coaxial test
prod and connection to the RMS meter assembly and final tests. The small 310pF trimmer capacitor,
appears immediately belott the left most,
910161, 0805 size input resistor. The underside ground plane is visible as the
darker area.

correctly terminated 50Q system.
+5V
Ci4

an

1Og

C10
100n
R1
910k, 1%

Cl
3-10p

C2
1
00n

i
6
1
R3 ?
150, 1%
R1
1M5
1%

Ce

6
8 MAX4005

Out
o

In

CIO
100n
C14
1011

mn
—5V

Fig. 6. The final probe's schematic as built and
photographed. Note the MAX4005 uses four power pins
in an unusual configuration. Pins 4and 5supply +5V,
pins 1and 8supply —5V. Because the power supply is a
metre distant, substantial on-board decoupling capacitors
are needed.

Imonitored sine wave input and output voltages using
my HP331A below 1MHz and my HP8405A vector
voltmeter for higher frequencies. Square wave input and
output voltages were monitored using apair of
carefully-matched and adjusted Coline M I2SW
oscilloscope probes, both set to divide by ten.
Using aIkHz square wave, trimmer Ci p„be was first
adjusted for optimum square wave response by
observing both the probe input and output voltages
simultaneously on my dual-beam oscilloscope.
Increasing this square wave input to 5MHz revealed
identical input and output probe traces, indicating this
probe's response was at least as good as my matched
pair of Colme M12SW scope probes at this frequency.
Sine wave measurements from 100Hz to 100MHz
using the HP331A and HP8405A instruments showed a
near flat response to 100MHz for this probe on its own,
when terminated in 7511, Fig. 8.

Coaxial input prod
In order to measure in-circuit voltages, Iwanted my
probe to accept the prods and adaptors provided for my
Coline M12SW probes. The Coline probe body
terminates in a4.8mm diameter tube and 0.7mm probe
tip.
This 4.8mm tube was no problem. Ialready possessed
some lengths of thin wall 4rtun ID brass tubing obtained
from alocal aeromodelling supplier. Incidentally 'Paper

1
,1111111111.1111•111•1111ballIM111111
782
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Electronics World reader offer:

Fig. 9. Exploded view showing component parts used to assemble alow capacitance coaxial test prod, able to accept
adaptors from my 250M Hz Coline oscilloscope probes.

attain this dynamic range or better with almost all
samples of the AD8361.
Altogether this probe and revised RMS board has
produced amost satisfactory and low cost high
performance RMS responding in-circuit volt meter. Its
Table 1
Voltage error by frequency for probe and 75S2 RMS.
meter.

4

Frequency (Hz)
1k
5k
10k
50k
100k
500k ref
1M
5M
10M
25M
50M
75M
100M
150M
200M
250M
300M
350M
400M

DC out (mV)
386
486
496
497
501
500
499
501
500
500
504
509
512
506
473
428
380
335
291

Relative (dB)
-2.25
-0.25
-0.07
-0.05
+0 01
00
-0.01
+0 02
00
0.0
+0 12
+0 15
-0.206
+0.104
-0.48
-1 35
-2 38
-3.48
-47

Note OdB input was set to 500mV

input impedance is high and its capacitance very low.
For the amplitude results, Iused an HP331A
voltmeter up to 1MHz and an HP8405A vector
voltmeter for higher frequencies.
For the above tests, the AD8361 no-signal output
offset of I10.5mV was reset to +3.4mV by adjusting the

Dynamic range performance of
the probe

Input at 1MHz
19V
15V
1V

Output DC
1937V
1521V
1003V

Error (dB)
+0 167
+0 12
+0.026

Input at 10MHz
1V
750mV
500mV reference
250mV
100mV
50mV
25 mV

1003V
748mV
500mV
242mV
81mV
32mV
13 7mV

+0.026
-0.023
00
-0.28
-1.83
-3.88
-5.22

xl, 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

¡NA 133 reference voltage.
The 10MHz input amplitude for each measurement
was monitored using an HP8405A vector voltmeter,
while at 1MHz an HP331A voltmeter was used.
My next article will detail how this high-impedance.
low-capacitance probe design can be used to provide a
unity-gain, high-impedance, low-capacitance.
oscilloscope probe, usable from 100Hz to 100MHz.
•

Postcode

Telephone

Method of payment (please circle)

Cumulus Business Media
Access/Mastercard/Visa/Cheque/PO

Credit card no

Cord expiry date

Signed

Please allow up to 28 days for delivery
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•
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two xi, 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-to-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,
Cumulus Business Media, Anne Boleyn
House, 9-13 Ewell Road, Cheam,
Surrey, SM3 8BZ
Readers outside Europe, please add
£2.50 to your order.
Specifications

Cheques should be made payable to
References
I. Bateman, C., 'Measure AC millivolts to 5MHz',
Electronics World, p. 281. April 2000.
2. RMS to DC converters ease measurement tasks.
http://www.analog.com
3. Bateman, C., 'Measuring RF millivolts', Electronics
World, p. 592, August 2001.
4. 950 MHz FET-Input Buffer with 75f2 output,
http://www.maxim-ic.com
5. 'Revolutionary RF IC Performs RMS-DC
Conversion', Microwaves and RF, September 1999.

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

Switch position 1
Bandwidth
Input resistance
Input capacitance
Working voltage
Switch position 2
Bandwidth
Rise time
Input resistance
1MS2
Input capacitance
Compensation range
Working voltage

DC to 10MHz
11‘41.
2- i.e. oscilloscope i/p
40pF+oscilloscope capacitance
600V DC or pk-pk AC

DC to 150MHz
2.4ns
1
um ±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 9MS2, scope i/p grounded

CIRCUIT IDEAS

CIRCUITIDEAS

VOCermotor)
4018

Fact: most circuit ideas sent to Electronics World get published
The best circuit ideas are ones that save time or money, or stimulate the thought process. This includes the odd solution looking for a
problem -provided it has a degree of ingenuity.
Your submissions are 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.
Don't forget to say why you think your idea is worthy.
Clear hand-written notes on paper are a minimum requirement disks with separate drawing and text files in a popular form are best but please label the disk clearly.
Send your ideas to: Jackie Lowe, Cumulus Business Media, Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey SM3 8BZ

Increasing the signal level handling of a
digital potentiometer
W

hile building d stereo amplifier
Idecided to make use of two
DS1804 digital potentiometers from
Dallas Semiconductor. The idea was
to prevent the routeing of low-level
analogue signals from the rear phono
connector panel to the volume
control on the front of the box, so
minimising the noise that could be
picked up en route to the amplifier
inputs.
The voltage restriction on the
potentiometer means that the signals
on any of the analogue terminals H,
L, or W cannot go more than 0.5V
below ground (pin 4) or 0.5V above
the supply (pin 8).
Even after dividing down the linelevel signals from my CD and tuner,
Iexperienced aproblem

characterised by alow-level buzzing
coming through the speakers with the
wiper in position 0, i.e. at ground
potential, in response to peaks in the
music level. Rather than try to DC
bias the analogue terminals above
ground and run the risk of signal
degradation, Iused two diodes to
drop the supply and create an
artificial ground for the DS1804,
giving an extra 0. 6V or so of signal
handling (OV and the analogue
ground on L are tied together at the
power supply).
To prevent overdriving of the INC
and UP/DN inputs, Iused two more
diodes. The resistors are needed on
these lines to ensure the device sees
correct logic-low levels.
Encoder output is debounced by a

74HC123 dual monostable, set to
around 0.5s pulse width.
An extra feature of the circuit
shown is the driving of the CS input,
pin 7. When the AC supply is active,
this line is pulled low by the BC337
and the potentiometer reacts to the
states of the control lines.
When the unit is powered down, CS
goes high because the 0.47µF
capacitor discharges before the SV
supply drops. The current wiper
position is transferred to anonvolatile store on-chip. This is
automatically retrieved at next
power-up, so restoring the last setting
of the volume.
John Avery
Ashtead
Surrey

Signal
Input

+5V
14
3

INC
CONTACTING

FILTER

ENCODER

BLOCK

K.

OV

051804
50k

UP/D
—N
-

H

5W
6

AMPLIFIER

4k7
-15V

CS

OV

BC337

L
4k7

0.47µF
4

Transformer
ac output

CircLrt on PSU board

Enhanced digital volume control handles audio. For the other channel, simply connect pins 1, 2, 4, 7 and 8to the same lines, feed the signal via
another capacitor to pin 3, and connect pins 5and 6to asecond amplifier.
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-r here is no shortage of imaginative circuitry or
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Ten year index:
new update

Hard copies and floppy-disk
databases both available
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

Books
Circuit Ideas
Information
Subject Index
Analogue Design
Audio
Avionics
Broadcast
Communications
Componente
Computing
Consumer Electronics
Control Electronics
Digital & DSP Design
History

The Electronics World Soelndee runs from
January 19E6 to May 1998 and contains
references to 1330 articles and 800 circuit ideas
There re aseparate author 'noes toe full cross
references Pepnnts can be obtained for all the
articles in this index •see the information
section for more detads For up to date
information about Electronics World see our
welted' st hp //twee softcopy co uk

2000 references to articles, circuit ideas and applications
-including a synopsis for each.
The EW index data base is easy to use and very fast. It
runs on any IBM or compatible PC with 512K ram and a
hard disk.
The disk-based index price is still only £20 inclusive.
Please specify whether you need 525m, 3.5in DD or
3.5in HD format.
Existing users can obtain an upgrade for £15 by quoting
their serial number with their order.

Ordering details

All diodes are 1N4148 or
equivalent

4

3

L

0.47µF

Resistors are 27k unless
other...Ise shown

Stepper motor sequencer

dedicated stepper motor drivers, but for basic 4
pole, unipolar 2phase excitation, a4018 is perhaps
as cheap and easy as it gets. A glance at adata book
index would not suggest suitability but it is aslightly
unusual counter, as the circuit configuration timing
diagram illustrates.
Although not used in this simple circuit, initial
starting condition can be set up with the jam inputs.
For operational characteristics the reset has been
show in the timing diagram, with all the jams low.
Outputs can be gated for reversal but in such
applications adedicated driver might be more
appropriate.
Andy SRobertson
Girvan
Ayrshire
F52

2

2
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ww.softcopy.co.uk
1l
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.
Hard copy Electronics World index
Indexes on paper for volumes 100,101, and 102
are available at £2 each, excluding postage.
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The EW index data base price of £20 includes UK postage
and VAT. Add an extra £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 of the EC or £2 worldwide.
For enquires about photocopies etc please send an sae to
SoftCopy Ltd.

Send

your orders to SoftCopy Ltd,

1 Vineries Close, Cheltenham GL53 ONU.
Cheques payable to SoftCopy Ltd, please allow 28 days
for delivery.
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Attenuators using common resistors

D

uring testing of sensitive
amplifiers, it is sometimes
useful to insert an extra 20 or 40dB
attenuation of the signal coming from
the source. In case you do not have a
handy ready-made coaxial attenuator,
the pads shown in Fig. 1can be
5OR

220R

27R

Li

Source

20dB Attenuator

Fig. la). 20d13
attenuator.

Load

L1 L2 5OR cable
1k5

Fig. lb). 40d8
attenua(or.

5OR

L2

1k0

51R

51R

or

or

18R+33R

18R+33R
40dB Attenuator

rapidly constructed and fitted in atin
box.
For a50f2 system, with no added
attenuation, the source and load are
both 5012, and hence there is an
automatic drop of 50% of the source
EMF at the load. The power in the
load is one half or -3dB relative to
the total power supplied by the
source.
For an additional loss of 20dB, the
values in Fig. 1a) preserve an
accurate son impedance on the input
and output sides, and give the correct
additional attenuation: thus there is an
overall loss of x20 in source EMF.
Alternatively, the end resistors can
be replaced with single 621-2, and the
link asingle 24012. The impedance is
then 0.7% high, but the attenuation
error is rather larger: the signal ends
up almost 4% high. Similarly, the
40dB pad of Fig. 1b) provides
accurate 5012 impedances, and an
overall loss of x200 in source EMF.
With the values shown, the errors are

less than 0.05%, though tolerances of
common resistors will tend to swamp
this.
Bear in mind that the front-end
resistor may have to dissipate
appreciable power. Iuse Philips
MRS25 type with 0.6W rating,
allowing 5.5V tins across 5112.
At high frequencies, stray
capacitance and aerial coupling from
input to output become alimiting
factor: e.g. 1pF at 1MHz contributes
ashunting effect of -j160k12. Hence
trying to make a60dB pad all in one
go with a15k12+10kfl cross-link is
not very successful except at
moderate frequencies.
A rapid form of construction is to
splice the components into a5012
BNC-BNC cable, or use aBNC plugcum-cable plus aBNC socket. With a
little care and insulating tape, afairly
well screened result can be achieved
by adding strips of braid all around.
CID Catto
Cambridge

Cascode driver improves SMPS

Cascode
connection used in
aswitch mode
power supply.

UCC3900
or sei,lar

788

Ising acascode power stage for
V switch mode power supplies
operating from high supply voltages
-direct from the mains for example offers potential advantages.
Faster switching is achieved. This
is because the limited current
capability of the controller chip has
to drive the Miller capacitance of the
lower MOSFET transistor (see circuit
diagram) through acollector voltage
swing of only about 15V rather than
the 400V of asingle-transistor
circuit. This reduces switching losses.

Additionally, the Miller
capacitance of a50V-rated transistor
will generally be less than that of a
similarly rated 500V device. A clamp
circuit is necessary in order to
minimise the turn-off drain voltage
swing at this point and this may
conveniently be arranged to provide
power for the controller chip.
Feeding only the gate bias circuit of
the upper transistor of the cascode
pair from the start-up resistors gives a
fast turn-on during power up, even
though arelatively large capacitor is
provided to maintain supply to the
control chip between supply cycles.
Also, there is the capability to supply
auxiliary circuits like slope
compensation amplifiers with a
moderate parasitic drain.
The start-up resistors have low
power ratings so they may be small
and inexpensive. Note that two
resistors are used, not for dissipation
reasons, but safety. Small resistors
are not rated to stand off mains -be
sure the resistors used have an
adequate voltage rating.
The circuit operates as follows. On
start-up Ri4R 2 pull up C2 and Tr 2
acts as avoltage follower to provide
the few milliamps required to charge
C4-C 1to the start up volts of the
controller chip. Most controller chips
of this type incorporate an internal

zener function. The current into this
chip is limited by Tri, which clamps
the gate volts of Tr 2 if the current
when it detects 0.7V or so across R3.
In operation Tr 3 is pulsed on as
required by the controller chip. In
addition to driving the output via Tr2,
when on, it clamps the gate volts of
Tr2 to about 10V via D4 and D2.
When it turns off, the rise in volts on
the drain of Tr 2 charges C3 via the
drain/source capacitance of Tr 2 and
D3. This is afast diode with ahigh
transient current rating but only about
20V reverse rating. This charge
supplies operating current to the
controller chip via R6,R 7 which keep
fast high currents out of the
controller.
If Tr 2 has alarge source/drain
capacitance and the design features a
high switching rate it may be
necessary to limit the current flowing
into the controller chip by adding a
zener of say 15V across C4 and
increasing R5 to keep the current
within the chip makers specification.
David Noble
Westcliff on Sea
Essex
F24
Circuit Ideas editor's note: this
circuit is suggested by its author,
but has not been built and tested.
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Valve-based, time-aligned, active
loudspeaker crossover filter
A

recent article' described a
perfectly time-aligned active
filter system for audio. The main
characteristic of the system was that
any input signal can be faithfully
reproduced at the output.
The circuit described here is based
on the same principle but
implemented using valves, which
have enjoyed resurgence in recent
years. The complete circuit excluding the power supply -is
shown in Fig. 1.
No global feedback is employed.
The buffered input signal is fed to a
high-pass filter, which is asimple
second-order RC-RC filter. The lowpass filter is built from adifference
amplifier with inputs from the
buffered input signal and the output
from the high-pass filter.
Note that other high-pass filters may
be used without adjustment. A
volume-pot is fitted within the lowpass section to cater for any difference
in amplifier and/or speaker sensitivity.
The lkf2 variable resistor VR is used
to balance any mismatch between the
two halves of the 12AU7. Gain of the
low-pass section is approximately
four. Both simulation and
experimental results agree with the
description given in the reference.
A typical simulation output is
shown in Fig. 2.
Chi Chung Wong
RMIT University
Melbourne
Australia
F59

Fig. I. Valvebased active
crossover
filter with
time
alignment.

Reference
1. 'Adaptable active speaker system'.
Electronics World, Feb. 2000.

High pass

Los% pass

Combined

411

Fig. 2a) Frequency response of the filter. The high-pass
section is -3dB at 1.5kHz, -6d8 at 0.96kHz. The low-pass
side is +1.5dB at 0.6kHz and -3d8 at 2.2kHz.
Fig. 2b) Rectangular signal response.
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+5V

+3 3V

Logic level selects direct or
inverse-acting power control curve

+Veer

Supply decoupling

O

n/off. proportional, PID, etc., controllers are used either
in direct acting or inverse-acting modes. The best
example of the inverse-acting mode is aheating process, while
the refrigeration process is an example of adirect-acting mode
of control.
Almost all the digital controllers can be configured to act as
either direct-acting or inverse-acting. But in the case of
analogue controllers you have to change the hardware to
change their configuration from direct acting to inverse acting
or vice versa.
Therefore analogue controllers designed for aheating
process (or refrigeration process) cannot be used for
refrigeration (or heating) without achange in the hardware.
This circuit, Fig. 1, has been designed and developed to be
programmed via alogic level to function either as direct or
inverse acting. It can be connected in between the controller
and the power unit, after fixing the voltages V1 and V2,which
define the maximum and minimum voltage values of the
controller output and the power unit input.
Figure 2shows the variation of the output voltage with 0
and 1logic levels in response to the input voltage
Mathematically this can be put as:

+VGA

Low pair., Power Control circuit
R209

IC49

C127±
100n

T

is.'
C128

--f

IC50

101Y

1

ose_.1/0

R208
0 it high otter Vbot it applied

100K
919939DY

U49-.A
-f
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Power

R203

switch

470K

410680

t7msee
C116
100n ----

019-8
S199390 Y
+VE1ATOUT
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00K
leu rite
PWR
ED
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U49--B
R204
470K

Power

button control

D

013
13AS321.
A IN K

R207

3
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100k

100K

DC/DC

410680

D14 -z8AS32LA
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018
FDV30304

10K
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016 A
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49- C

R217
7

e

I
DDR

015-4
S199390 1(

4215
—400K

e

R218
10K

101e
015
8AS32L

I

C118
100n

The timeconstonte will be determined by the 3 3V tu n off

4106190

time

Intelligent power switching
This circuit lets the power for an
II instrument be controlled by a
push button. The operator simply
turns the instrument on by pressing
the power button on the keyboard.
When the instrument is on and the
user again presses the power button,
the host DSP system or controller has
the control of the circuit. This ensures
that whatever the DSP is doing can be
ended and that the DSP will turn the
instrument off.
Power button control. The functions
of this circuit are explained under the
following conditions:

790

1. There is no battery connected to
the instrument
2. The battery is connected to the
instrument
3. The power button is pressed the
first time
4. The power button is pressed the
second time.
1. When no battery is connected all
signals are at zero volt, i.e. low.
2. When the battery is connected, it
is essential to have the two D-type
flip-flops set into correct states
from start. flip-flop U50-A is set
by U49-A because of the RC

circuit at its input. This ensures
that its output and SI is high for
around 50ms before it goes low.
When U50-A is set, the Q output
of U50-A is high and the IQ
output of U50-A is low. As a
result, U50-A's D input is also
low. This puts transistor Q19 -B
into its off state.
The second flip-flop, U50-B, is
reset by U49-B through diode D16.
This ensures that its R input is
high for approximately 5ms. Once
it is reset Q of U50-B is low and
/Q is high, leaving U50-B's D

ELECTRONICS WORLD October 2001

R213
470K

input high also.
Now both flip flops are in
known states. The signal
DSP_I/O, which is an I/O signal
from the DSP, is kept low
during this process through R213
since the +3.3V is off.
3. When the power button is
activated the first time the
signal PWR will be shorted to
GND while the switch is closed.
This causes the signal at the
output of U49-B to go high for
that period. Then U50-A is
clocked at its C input. This
causes the outputs of U50-A to
invert so transistor Q19-B turns
on, resulting in the +5V supply
going on. This +5V supply is
connected at +VBATour. The
+3.3V supply also turns on.
When the +5V rail has come up,
then Q18 turns on, ensuring that
the signal path from U49-B to
the C input of U50-A can not be
altered by the user. This
prevents the user from
activating U50-A again.
The 110 line PB05 on the DSP
is automatically configured as
an input when the device starts
up, after the +3.3V is running.
As long as the user presses the
power button, this signal will be
low since Q19-A is on. The
DSP will not continue its
program before the user has

released the power button and
PB05 goes high. Though U50-B
will be reset once again, this
will not alter its output. The
system is running.
4. When the power button is
pressed again. PB05 goes low
again resulting in aGPIO
interrupt. This eventually
causes the DSP to initiate a
shutdown. This activation will
of course also toggle the C
input of U50-B, but its output
will not change. The user
releases the power button and
now the DSP can start the
shutdown process. First the
DSP has to ensure that any vital
processes are ended and then
store any critical data in
nonvolatile memory. Then it
programs PB05 as output and
sets it low. This causes the C
input of the U50-B to invert the
output. which both will toggle
the C input of U50-A and invert
its output, shutting down the
system. But at the same time
Q15-A and U49-C will cause a
pulse to reset U50-B again,
leaving the circuit in the same
state as before the user pressed
the power button the first time.
Frans Ravn Hansen
Herlev
Denmark
F60
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Vout=

V1+V2- V 1

for logic 1(switch Sopen)
for logic 0(switch Sclosed)

We chose VIand V2 as 10V and OV respectively for a
controller whose output varies from OV to 10V for 0% to
100% power. You can choose the range as 0-10V, 0-5V, or
any other range by selecting V2 and VI.
Ashwani Karnal
Indore
India
F56

Analogue
switch

Fig. 1..5 1
determines if
Vout moves in
the same sense
as V,„„ or the
reverse.

V1
Vi n
V2
Vt
Void

V2
V1
Vout
V2
Fig. 2. Illustrating the circuit's action. Top is the
input, next is the output with logic 1applied and
bottom the output with logic O.
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Inverting current conveyor from an OPA1662

A

nOPA2662 operational transconductance amplifier can be used as
anon-inverting current conveyor, or
CCII(+), without any modification. In
this case, Y=B, X=E and Z=C, where
XYZ denote terminals of the current
conveyor and BEC denote pins of the
amplifier, Fig. la).
In many applications though, an
inverting current conveyor, or
CCII(-), is also required. To construct one, we used both parts of an
OPA2662 dual integrated circuit, Fig.
lb).
Relationships between currents
and 1, and voltage Uy where R, and
R, were 10012 are shown in Fig. 2a)
for CCII(+) and in Fig. 2b) for
CCII(-). The following coefficients
can be determined from these curves:

2
14
15
Yo1/2 OPA2662

Z(+)

4111,

Z(-)

dependent negative conductance, as
in Fig. 3. This FDNC circuit was
described in Electronics World, May
2001. The negative conductance
-tif2D appearing at the input terminals
follows,

-

----,-___
1

-1m

•

I.

-1010

l

•

'

10(1.

74027A
Q
_2.
4081

3 CK

Input

5K

3

0/P1

Ô2

3
4049V
0

7 74027B
21

)3

4081
5
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2

0!

•

I*

0

0

le

(b)

al

0

MO

.11

U.1.1

Fig. 2. Currents l„, and I, versus
voltage 1.4 for CCII(+) and Can-) in
plots a) and b) respectively.

0/P1

1
f

CCII(+)

2CR ln(2 -3k)

Here, C is capacitance. R is
(R )+R 2+r), ris ESR of capacitor C
and factor kis,
R CCII(-)
100

Fig. 3. Circuit realising afrequencydependent negative conductance,
where Y(s)=s219 on terminals 1-1.

Alternate pulse
router

Vcc

6J

.11

Reference
I. L.Tomawski, M. Mafika, M. Slawiec,
'FDNCs using current conveyors.'
Electronics World, May 2000. p. 380.

I

C,•10011
• Ce1,11
•
• C,MOmi

C C,R
k,k,

Here, k1=3.1 and k2=2.9. In Fig. 4,
the points represent measurements
and continuous lines show data
determined from -(SD.
Lech Tomawski, Robert Gabrek,
Sebastian
University of Silesia
Institute of Physics
Katowice
Poland
F55

- --_

-r-

Fig. I. Current conveyors, with the
CCU(*) in diagram a), and the CCII(-)
in diagram b).

101>

10k

01

-

COHN

D=
Frequency (Hz]
1k

nunconventional but simple
circuit using a555 timer IC
and five other components, plus a
+5V DC supply and afrequency
counter, enable approximate
comparison/measurement of
capacitor ESR values. Such low
values cannot be measured by
most capacitance bridges or
meters.
The circuit consists of aCMOS
version 555 astable oscillator with
50:50 duty cycle output. It is
modified by the addition of R2 and
r. Small variations in the value of
r- for example the ESR of the
timing capacitor - provide alarge
change in output frequency.
Output frequency of the
oscillator is given by:

1/2 OPA2662

Both current conveyors were used in
the circuit realising afrequency-

100

A

...

.»
•

4=3. II, for CCII(+) and
/1=2.9L for CCII(-).
Fig. 4. Negative
conductance of the
circuit from Fig. 2
versus frequency.

Simple circuit for measuring capacitor ESR
or low resistance

(a)

CCII(+)
X

O

riginally devised to facilitate the calibration of
mechanical speed traps, this simple circuit has
proved useful in several other applications such as in
driving pulse transformers.
The circuit routes alternate pulses to asecond output.
The 4049 inverter at the input can be replaced with
another type of inverter, for example, atransistor
circuit.
Similarly. other devices can replace the 4027 bistable
device and the 4081.
D M Townshend
Pretoria
South Africa
F50
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C2

k=

122 +r

For correct functioning, the factor
kmust not exceed 0.333. If it
does, the 555 circuit will oscillate
at avery high frequency, governed
mainly by the 555 IC propagation
delay.
As the value of kincreases
through the range from zero to
0.31, the oscillator frequency
increases exponentially, by a
factor of x10. A further increase in
the value of kfrom 0.310 to 0.331
gives afurther x10 increase in
output frequency.
Using R1=4.7kfl, ±1% and
R2=2.2k12, ±1%, then for
ES R=r=0 ,kis nominally equal to
0.3188.
If the ESR, rnow increases to
say woe. kincreases by around
3% to 0.3286. The circuit now
gives an output frequency that is
approximately three times the
value of the frequency when r=0.
Note that an increase in
resistance, r(ESR) gives an
exponential increase in output
frequency.
Test method. Calibrate the circuit
by using aknown good low-ESR
capacitor of the same capacitance
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5V

To frequency
counter

Capacitor ESR and low-resistance
meter.

Capacitor under
test
value as the device under test, plus
alow value resistance box.
Alternatively, use aselection of 1
to 150S2 1% tolerance resistors.
Plot acalibration graph of output
frequency versus rvalue, over the
range zero to 15012. Connect the
capacitor under test into the circuit
and determine the ESR value from
the output frequency measured, by
means of the graph.
In order to give good resolution
for low values of ESR, of, say,
<100.. and to overcome the effect
of frequency variations due to C
value variations, add afixed
resistor in the range 10 to 10012
±1% tolerance, in series with the
capacitor under test.
Determine the value of ras
above, then subtract the additional
resistor value, to determine the
internal capacitor ESR value.

£75 winner
2. Oscillator with grounded
frequency control.
3. Oscillator where increase in
resistance is to give increase in
frequency. e.g. PTC thermistor
measurement, control or
temperature compensation.
4. High resolution temperature
measurement, with I0012 PRT
sensors up to +100°C.
Typical results
With C=0.1pF, R1=4.71(0,
R2=2.2k12.
r(a)

kfactor

Freq. out
(kHz)
16.37
17.5
18.8
24,3
47.1
58.2
75.3
108
173
230

Precautions. Use awell regulated
DC supply and decoupling
capacitors, to avoid frequency
instability.
Remember that capacitor ESR is
both frequency and temperature
dependent.

10
20
50
100
110
120
130
140
150 (max)

0.3188
0.3198
0.3208
0.3237
0.3285
0.3295
0.3305
0.3314
0.3324
0.3333

Other uses.
I. High resolution milli-ohm low
resistance measurement. Use a
fixed, high grade, low-ESR
capacitor e.g. polystyrene or
polypropylene dielectric and
connect resistor under test close to
the oscillator circuit.

Note -with rgreater than 10012, a
resolution of better than 1m12can
be obtained.
S H Dolding
Carlingford
NSW
Australia
F58
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radio receivers HI
Joe Carr explains what
the noise floor is, and
reveals how you can
interpret the various
ways that receiver
makers express static
measurements of
performance. This is the
third in a set of four
articles that cover
designing receivers from
the ground up.

I

nmy previous article Ilooked at the various stages of a
superheterodyne receiver, and introduced the subject of
the performance parameters of the receiver. This article
investigates the receiver's noise floor and describes how
static measurements of performance are made.
The noise floor of areceiver is astatement of the amount
of noise produced by the receiver's internal circuitry. It
directly affects the sensitivity of the receiver.
Typically, the noise floor is expressed in dBm. The noise
floor specification is evaluated as follows: the more
negative the better. The best receivers have noise floor
numbers of less than -130dBm, while some very good
receivers offer numbers of -I I5dBm to -130dBm.
The noise floor is directly dependent on the bandwidth
used to make the measurement. Receiver advertisements
usually specify the bandwidth. But be careful to note
whether or not the bandwidth that produced the very good
performance numbers is also the bandwidth that you'll
need for the mode of transmission you want to receive.
If, for example, you are interested only in weak 6kHz
wide AM signals, and the noise floor is specified for a
250Hz CW filter, then the noise floor might be too high for
your use.

Receiver performance under static conditions
There are two principal static levels of performance for
radio receivers, namely sensitivity and selectivity.
Sensitivity refers to the level of input signal required to
produce ausable output signal, and is variously defined.
The selectivity refers to the ability of the receiver to reject
adjacent channel signals -again, variously defined.
Let's take alook at both of these factors. Keep in mind
though, that in modern high-performance radio receivers,
the static measures of performance, although frequently
cited, may also be the least relevant compared with the
dynamic measures. This is especially so where
environments with high interference levels are involved.

2
1.8
1.6

Sensitivity (eV)

1.4
1.2

08

Sensitivity

0.6

Sensitivity is ameasure of the receiver's ability to pick up
-i.e. 'detect' -signals. It is often specified in microvolts.
A typical specification might be '0.5pV sensitivity'. The
question to ask is: "relative to what?" The sensitivity
number in microvolts is meaningless unless the test
conditions are specified.
For most commercial receivers, the usual test condition
is the sensitivity required to produce a 10dB signal-plusnoise-to-noise (S+N/N) ratio in the mode of interest. For
example, if only one sensitivity figure is given, you have
to find out what bandwidth is being used. The 5to 6kHz
for AM, 2.1 to 3kHz for single sideband, 1.8kHz for

04
0.2

o
1000
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Fig. 1. Some receiver makers specify sensitivity only at lower
bandwidths to make the set's performance look better than it is.
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radioteletype or 200 to 500Hz for CW.
Indeed, one of the places where 'creative specification
writing' takes place for commercial receivers is in
advertisements. Some will enthusiastically cite the
sensitivity for anarrow bandwidth mode -CW for
example -while the other specifications are cited for a
more commonly used wider bandwidth mode such as SSB.
In one particularly egregious example, an advertisement
claimed asensitivity number that was applicable to the
270Hz CW mode only, yet the 270Hz CW filter was an
expensive option that had to be specially ordered
separately!
The amount of sensitivity improvement is seen by
evaluating some simple numbers. Recall that aclaim of 'xOr sensitivity refers to some standard such as 'x-pV to
produce a 10dB signal-to-noise ratio in y-Hz bandwidth.'
Consider the case where the main mode for ahigh
frequency (HF) shortwave receiver is AM for international
broadcasting. The sensitivity is 1.9pV for 10dB SNR, and
the bandwidth is 5kHz.
If the bandwidth were reduced to 2.8kHz for SSB, then
the sensitivity improves by the square root of the ratio, or
Ni(5/2.8). If the bandwidth is further reduced to 270Hz i.e. 0.27kHz -for CW, then the sensitivity for 10dB SNR
is .
V(5/0.27).
The 1.9pV AM sensitivity therefore translates to 1.42pV
for SSB and 0.44pV for CW. If only the CW version is
given, then the receiver might be made to look awhole lot
better than it is, even though the typical user may never
use the CW mode. Note the differences in Fig. 1.
The sensitivity differences also explain why weak SSB
signals can be heard under conditions when AM signals of
similar strength have disappeared into the noise, or why
the CW mode has as much as 20dB advantage over SSB,
ceteris paribus.
In some receivers, the difference in mode -AM, SSB,
RTTY, CW, etc. -can conceivably result in sensitivity
differences that are more than the differences in the
bandwidths associated with the various modes. The reason
is that there is sometimes a'processing gain' associated
with the type of detector circuit used to demodulate the
signal at the output of the IF amplifier.
A simple AM envelope detector is lossy because it
consists of asimple diode, such as a 1N60, and an RC
filter, which is apassive circuit without amplification.
Other detectors, including product detectors for SSB and
synchronous AM detectors, have their own signal gain. As
aresult, they may produce better sensitivity numbers than
the bandwidth suggests.
Another indication of sensitivity is minimum detectable
signal, or MDS, which is usually specified in dBm. This
signal level is the signal power at the antenna input
terminal of the receiver required to produce some standard
S+N/N ratio, such as 3dB or 10dB. Fig. 2.
In radar receivers, the MDS is usually described in terms
of asingle pulse return and aspecified S+N/N ratio.
Also, in radar receivers, the sensitivity can be improved
by integrating multiple pulses. If N return pulses are
integrated, then the sensitivity is improved by afactor of N
if coherent detection is used, and \IN if non-coherent
detection is used.
Modulated signals represent aspecial case. For those
sensitivities, it is common to specify the conditions under
which the measurement is made. For example, in AM
receivers the sensitivity to achieve 10dB SNR is measured
with the input signal modulated 30 percent by a400 or

+3

o

10 dB SNR

3 dB SNR

Noise floor (OdB)

-5

Fig. 2. Sensitivity may be expressed as aminimum detectable signal,
or MDS. This signal level is the signal power needed at the antenna
input terminal of the receiver to produce some standard S+N/N
ratio, such as 3d8 or 10d8.

000Hz sinusoidal tone.
An alternate method is sometimes used for AM
sensitivity measurements, especially in consumer radio
receivers. Here. SNR may be alittle hard to measure with
the equipment normally available to technicians who work
on those radios. This is the 'standard output conditions'
method.
Some manuals will specify the audio signal power or
audio signal voltage at some critical point, when the 30%
modulated RF carrier is present. In one automobile radio
receiver, the sensitivity was specified as "X pV to produce
400mW across sn resistive load substituted for the
loudspeaker when the signal generator is modulated 30%
with a400Hz audio tone."
The cryptic note on the schematic showed an output sine
wave across the loudspeaker with the label "400mW in 8SI
(1.79 volts), @ 30% mod. 400Hz, IpV RF." What is
missing is mention of the level of total harmonic
distortion, or THD, that is permitted.
The sensitivity is sometimes measured in essentially the
same way. However, the signal levels will specify the
voltage level that will appear at the top of the volume
control, or output of the detector/filter, when the standard
signal is applied. Thus, there are two ways seen for
specifying AM sensitivity: 10dB SNR and standard output
conditions.
There are also two ways to specify FM receiver
sensitivity. The first is the 10dB SNR method discussed
above. In other words, this is the number of microvolts of
signal at the input terminals required to produce a 10dB
SNR when the carrier is modulated by astandard amount.
The measure of FM modulation is deviation expressed in
kilohertz. Sometimes, the full deviation for that class of
receiver is used, while for others avalue that is 25 to 35
percent of full deviation is specified.
The second way to measure FM sensitivity is the level of
signal required to reduce the no-signal noise level by
20dB. This is the 20dB quieting sensitivity of the receiver.
If you tune between signals on an FM receiver, you will
hear aloud 'hiss' signal -especially in the VHF/UHF
bands.
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Some of that noise is externally generated, while some is
internally generated. When an FM signal appears in the
passband, that hiss is suppressed, even if the FM carrier is
unmodulated. The quieting sensitivity of an FM receiver is
astatement of the number of microvolts required to
produce some standard quieting level, usually 20dB.
Pulse receivers, such as radar and pulse communications
units, often use the tangential sensitivity as the measure of
performance. This is the amplitude of pulse signal required
to raise the noise level by its own RMS amplitude, Fig. 3.
Selectivity
Although no receiver specification is unimportant, if one
had to choose between sensitivity and selectivity, the
proper choice most of the time would be to take
selectivity.
Selectivity is the measure of areceiver's ability to reject
adjacent-channel interference. Or put another way, it's the
ability to reject interference from signals on frequencies
close to the desired signal frequency.
In order to understand selectivity requirements, you must
first understand alittle bit of the nature of radio signals.
An unmodulated radio carrier theoretically has an
infinitesimal -i.e. near-zero -bandwidth, although all real
unmodulated carriers have avery narrow, but non-zero,
bandwidth because they are modulated by noise and other
artifacts.
As soon as the radio signal is modulated to carry
information, however, the bandwidth spreads. Even an
on/off telegraphy (CW) or pulse signal spreads out either
side of the carrier frequency an amount that is dependent
on the sending speed and the shape of the keying
waveform.
An AM signal spreads out an amount equal to twice the
highest audio modulating frequencies. For example, a
communications AM transmitter will have audio
components from 300 to 3000Hz, so the AM waveform
will occupy aspectrum that is equal to the carrier
frequency, F, plus and minus the audio bandwidth -or F
±3000Hz in the case cited.
An FM carrier spreads out according to the deviation.
For example, anarrow-band FM landrnobile transmitter
with 5kHz deviation spreads out ±51cHz, while FM

Output

v2

signal
level

Input
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1
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_IL

noise floor

Pulse

signal
level

Fig. 3. Pulse receivers, such as those found in radar systems, often use
tangential sensitivity as ameasure of performance. This is the amplitude of
pulse signal needed to raise the signal above the noise level by its own RAIS
amplitude.
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broadcast transmitters spread out ±75kHz
An implication of the fact that radio signals have
bandwidth is that the receiver must have sufficient
bandwidth to recover all of the signal. If it doesn't,
information may be lost and the output is distorted.
On the other hand, allowing too much bandwidth
increases the noise picked up by the receiver and thereby
deteriorates the SNR. The goal of the selectivity system of
the receiver is to match the bandwidth of the receiver to
that of the signal. That is why receivers will use 270 or
500Hz bandwidth for CW, 2to 3kHz for SSB and 4to
6kHz for AM signals. They allow matching the receiver
bandwidth to the transmission type.
The selectivity of areceiver has anumber of aspects that
must be considered: front-end bandwidth, IF bandwidth, IF
shape factor, and the ultimate -or distant frequency rejection.
Front-end bandwidth
The 'front-end' of amodem superheterodyne radio
receiver is the circuitry between the antenna input terminal
and the output of the first mixer stage.
The reason why front-end selectivity is important is that
it prevents out-of-band signals from afflicting the receiver.
Transmitters located nearby can easily overload apoorly
designed receiver.
Even if these signals are not heard by the operator, they
can desensitise areceiver, or create harmonics and
intermodulation products that show up as 'birdies' or other
types of spurious interference on the receiver. Strong local
signals can take up alot of the receiver's dynamic range,
and thereby make it harder to hear weak signals.
In some crystal video microwave receivers, that frontend might be wide open without any selectivity at all, but
in nearly all other receivers there will be some form of
frequency selection present.
Two forms of frequency selection are typically found. A
designer may choose to use only one of them in adesign.
Alternatively, both might be used in the design, but
separately, under control of the operator. Or finally, both
might be used together. These forms can be called the
resonant-frequency filter, Fig. 4a) and bandpass filter, Fig.
4b), approaches.
The resonant-frequency approach uses LC elements
tuned to the desired frequency to select which RF signals
reach the mixer. In some receivers, these LC elements are
designed to track with the local oscillator that sets the
operating frequency. That's why you see two-section -or
three-section -variable capacitors for AM broadcast
receivers with two different capacitance ranges for the
sections. One section tunes the LO and the other section
tunes the tracking RF input. In other designs, aseparate
tuning knob -'preselector' or 'antenna' is used.
The other approach uses asub-octave bandpass filter to
admit only aportion of the RF spectrum into the front-end.
For example, ashortwave receiver that is designed to take
the HF spectrum in IMItz pieces may have an array of RF
input bandpass filters that are each 1MHz wide -for
example 9to 10MHz.
In addition to the reasons cited above, front-end
selectivity also helps improve areceiver's image rejection
and 1st IF Rejection capabilities.
Image rejection
An image in asuperheterodyne receiver is asignal that
appears at twice the IF distance from the desired RF signal
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It is located on the opposite side of the LO frequency from
the desired RF signal.
In Fig. 5, asuperheterodyne operates with a455kHz (i.e.
0.455MHz) IF, and is tuned to 24.0MHz (Fn.). Because
this receiver uses low-side LO injection, the LO frequency
Flo is 24.0-0.455, or 23.545MHz.
If asignal appears at twice the IF below the RF -i.e.
910kHz below FRF -and reaches the mixer, then it too
has adifference frequency of 455kHz, so will pass right
through the IF filtering as avalid signal. The image
rejection specification tells how well this image frequency
is suppressed. Normally, anything over about 70dB is
considered good.
Tactics to reduce image response vary with the design of
the receiver. At design time, the best approach is to select
an intermediate frequency that is high enough so that the
image frequency will fall outside the passband of the
receiver front-end.
Some HF receivers use an IF of 8.83MHz, 9MHz,
10.7MHz or something similar. For image rejection these
frequencies are considerably better than 455kHz receivers
in the higher HF bands. However, acommon design trend
is to do double conversion.
In most such designs, the first IF frequency is
considerably higher than the RF, being in the range 35 to
about 80MHz. A frequency of 50MHz is common in HF
receivers, 70MHz in microwave receivers.
The high IF makes it possible to suppress the VHF
images with asimple low-pass filter. If the 24.0MHz
signal (above) were first up-converted to 50MHz (74MHz
LO), for example, the image would be at 124MHz. The
second conversion brings the IF down to one of the
frequencies mentioned above, or even 455kHz.
The lower frequencies are preferable to 50MHz for
bandwidth selectivity reasons because good quality crystal.
ceramic or mechanical filters in the lower frequency
ranges are easily available.
Rejecting the first IF
The 1st IF rejection specification refers to how well a
receiver rejects radio signals operating on the receiver's
first IF frequency. For example, if your receiver has afirst
IF of 50MHz, it must be able to reject radio signals
operating on that frequency when the receiver is tuned to a
different frequency.
Although the shielding of the receiver is also an issue
with respect to this performance, the front-end selectivity
affects how well the receiver performs against first IF
signals.
If there is no front-end selectivity to discriminate against
signals at the IF frequency, then they arrive at the input of
the mixer unimpeded. Depending on the design of the
mixer, they then may pass directly through to the high gain
IF amplifiers and can be heard in the receiver output.
IF bandwidth
Most of the selectivity of the receiver is provided by the
filtering in the IF amplifier section. The filtering might be
LC based -especially if the principal IF is alow frequency
like 50kHz -or aceramic resonator, acrystal filter or a
mechanical filter. Of these, the mechanical filter is usually
regarded as best for narrow bandwidths, with the crystal
filter and ceramic filters coming in next.
The IF bandwidth is expressed in kilohertz, and is
measured from the points on the IF frequency response
curve where gain drops off -3dB from the mid-band value,
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Fig. 6. This is why you will sometimes see selectivity
specified in terms such as '61(Hz between -3dB points.'
The IF bandwidth must be matched to the bandwidth of
the received signal for best performance. If atoo-wide
bandwidth is selected, then the received signal will be
noisy, and signal-to-noise ratio deteriorates. If too narrow,
then you might experience difficulties recovering all of the
information that was transmitted.

(a)
Signals

Q.

E

Fig. 4. Front-end
bandwidth. Some receives
use aresonant-frequency
filter, a), others abandpass filter, b).
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910
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0455
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MH z

23.545
MH z

24
MH z

Fig. 5. In asuperhet, if asignal that's the same amount below the local
oscillator frequency as the wanted signal is above it, interference is caused.
Areceiver's ability to reject this unwanted signal is its image rejection
capability.

Fig. 6. Intermediatefrequency bandwidth is
expressed in kilohertz,
and measured from the
points on the
intermediate frequency
response curve where
gain drops off -3dB from
the mid-band value.
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For example, an AM broadcast-band radio signal has audio
components out to 5kHz, so the signal occupies up to 10kHz of
spectrum space (F±Sk Hz). If a2.8kHz SSB IF filter is selected, then
it will tend to sound 'mushy' and distorted.

IF passband shape factor
The shape factorisa measure of the steepness of the receiver's IF
passband. It is taken by measuring the ratio of the bandwidth at
-6dB to the bandwidth at -60dB. Fig. 7a). The general rule is that
the closer these numbers are to each other, the better the receiver.
Anything in the 1:1.5 to 1:1.9 region can be considered high
quality, while anything worse than 1:3 is not worth looking at for
`serious' receiver uses. If the numbers are between 1:1.9 and 1:3,
then the receiver could be regarded as being middling. but useful.
The importance of shape factor is that it modifies the notion of
bandwidth. The cited bandwidth -2.8kHz for SSB for example does not take into account the effects of strong signals that are just
beyond those limits. Such signals can easily `punch through' the IF
(a)
odB
6(1E1

-6odB

(b)

o
z

(e)

(d)

Fig. 7a). Shape
factor, SF, is a
measure of the
steepness of a
receiver's
intermediate.
frequency
passband, a). It
is important as
it modifies the
notion of
bandwidth.
Inverse curve b)
plots the filter's
attenuation
against
frequency. In c)
is arange of
frequencies
reaching the IF
stage. If the IF
curve is
shallow, as
shown, high.
amplitude
signals just
outside the
8W60 limit in a)
will pass
through the
filter and
degrade
performance.
An ideal transfer
curve would
have vertical
rise and fall
edges cutting
through both
the 8W60 and
8W6 points,
and aflat top.

selectivity if the IF passband 'skirts' are not steep. After all, the
steeper they are, the closer astrong signal can be without messing up
the receiver's operation.
The situation is illustrated in Fig. 7b). This curve inverts Fig. 7a)
by plotting attenuation versus frequency. Assume that equal
amplitude signals close to Fo are received, Fig. 7c), the relative
post-filtering amplitudes will match Fig. 7d). Thus, selecting a
receiver with ashape factor as close to the 1:1 ideal as possible will
result in amore usable radio.

Ultimate rejection
A receiver's distant-frequency or 'ultimate' rejection specification
tells you something about the receiver's ability to reject very strong
signals that are located well outside the receiver's IF passband. This
number is stated in negative decibels, and the higher the number the
better.
An excellent receiver will have values in the -60 to -90dB range, a
middling receiver will sec numbers in the -45 to -60dB range, and a
terrible receiver will be -44 or worse.

ears and hard on the receiver's performance. As aresult,
most modern receivers have an automatic gain control
(AGC) circuit that smooths out these changes.
Automatic gain control will reduce gain for strong
signals, and increase it for weak signals It can be turned
off on most HF and VHF/UHF communications receivers.
The AGC range is the change of input signal (in dBpV)
from some reference level, such as 1
V EMF, to the input
level that produces a2dB change in output level. Ranges
of 90 to 110dB are common.
The AGC threshold is the signal level at which the AGC
begins to operate. If set too low, then the receiver gain will
respond to noise, and irritate the user. If set too high, then
the user will experience irritating shifts of output level as
the band is tuned.
AGC thresholds of 0.7 to 2.5pV are common on decent
receivers, with the better receivers being in the 0.7 to 1pV
range.

Another AGC specification sometimes seen deals with
the speed of the AGC. Although sometimes specified in
milliseconds, it is also frequently specified in subjective
terms like 'fast' and 'slow.'
This specification refers to how fast the AGC responds
to changes in signal strength. If set too fast, then rapidly
keyed signals like on-off CW, or noise transients will
cause unnerving large shifts in receiver gain. If set too
slow, then the receiver might as well not have an AGC.
Many receivers provide two or more selections in order to
accommodate different types of signals.

Joe's fourth and final article on receiver design looks at
measuring of performance under dynamic conditions.

Stability
The stability specification measures how much the receiver
frequency drifts as time elapses or temperature changes.
Local-oscillator drift sets the overall stability of the receiver. This
specification is usually given in terms of short-term drift and longterm drift - for example from local-oscillator crystal aging. Short
term drift is important in daily operation, while the long term drift
ultimately affects general dial calibration.
If the receiver is controlled by avariable-frequency oscillator, or
VFO, or it uses partial frequency synthesis, which combines VFO
with crystal oscillators, then the stability is dominated by the VFO
stability. In fully synthesised receivers, the stability is governed by
the master-reference crystal oscillator.
If either an oven-controlled crystal oscillator (OCX0), or a
temperature compensated crystal oscillator (TCXO), is used for the
master reference, then stability on the order of Ipart in 108°C is
achievable.
For most users, short-term stability is most important -especially
when tuning SSB. ECSS or RTTY signals. A common specification
value for agood receiver will be 50Hz/hour after athree hour warmup, or 100Hz/hour after a 15 minute warm-up. The smaller the drift
the better the receiver.
The foundation of good stability is at design time. The local
oscillator, or VFO portion of asynthesiser, must be operated in a
cool, temperature stable, location within the equipment, and must
have the correct type of components. Capacitor temperature
coefficients are selected in order to cancel out temperature-related
drift in inductance values.
Post-design-time changes can also help, but these are less likely to
be possible today than in the past. The chief cause of drift problems
is heat. In the days of vacuum-tube oscillators, the heat of the
internal heating filament produced lots of heat that in turn created
drift.
A related phenomenon seen on low-cost receivers, or certain
home-brewed receivers of doubtful merit, is mechanical frequency
shifts. Although not seen on most modern receivers -even some
very cheap designs -it was once aserious problem on less costly
models. This problem is usually seen on VFO-controlled receivers in
which vibration to the receiver cabinet imparts movement to either
the inductor, L, or capacitor. C. element in an LC VFO.
Mechanically stabilising these components will work wonders.
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http://www.aquila-vision.co.uk

www.broadercasting.co.uk

BEDFORD OPTO
TECHNOLOGY LTD

http://www.components
@alcatel.de

ASH WELL ELECTRONICS
http://vAvw.ashwell-hq.com
Ashwell provide technical support for
Apex Microtechnology op-amps and
DC/DC'S, Aeroflex. EMP filtered
connectors: M SKennedy: Mintech
obsolescence; NSC Mil/Aero. Teledyne
Relays and isocom mil/optocouplers.

ARCOM
httplAvww.arcomcontrols.corn/eW

full year. this will include the above plus 3cm shot of

Electronics World acknowledge your company's needs

your web site which we can produce if required.

to promote your web site, which is why we are
dedicating over 3pages in every issue to

To take up this offer or for more information call

WEB ADDRESSES.

Pat Bunce Tel 0208 643 6207

Linage only will cost £150 +vat for afull year.

E-mail p.bunce@cumulusmedia.co.uk

http://www.puresoft.co.uk

Optoelectronic products UK design
development manufacture standard and
custom, LED bargraphs. circuit board
indicators, stand offs,
transmissive/reflective switches, baseefa
optocouplers tubular and surfacemount.
pannel mount LED assemblies.

FIELD ELECTRIC LTD
http://www.fieldelectric.co.uk
Field Electric Ltd has been successfully
trading since 1958 in the re- sale of used
test 8 measurement equipment 8
computer hardware. We buy and sell in
small or bulk quantities and can source
equipment to particular requirements.
Visit our web site or call 44 01837 83736.

http://www.crownhill.co.uk
Crownhill supply low cost development
tools for use with Micro-Controllers and
Smart Cards. Products include Smart
Card development tools, Smart cards.
Micro Development tools and Bespoke
Design Services.

http://www.danmcb.demon.co.0
k/eng.html
Experienced engineer based in London,
specialist in audio and control systems.
Available for design, project engineering
or general consultancy. Background of
high-quality work.

CONCEPT ELECTRONICS

DESIGNER SYSTEMS CO.

http://www.conceptkey.co.uk

http://www.designersystems.co.
uk

Concept Keyboards are specialists in
the design and manufacture of
customer specified membrane panels
and keyboards, and electronic design.
Concept's membrane manufacture is
supported by afull electronic
production facility to provide a
complete turnkey keyboard and
electronics service, fully accredited to
IS09001.

filters and delay lines. Used in
Broadcast, Telecommunications,
Medical. Multimedia, and computer
industries. Currently exporting
worldwide

• Professional PCB design made easy!
• Fully functional freewave download.
• Schematics. Layout 8 Autorouting
• Free tech support

EDWIN PCB DESIGN
SOFTWARE
http://www.swifteurotech.co.uk
switt Eurotech

supply the best-selling
EDWin CAD/CAE system for PCB design.
including schematics, simulation and PCB
design. Discounts up to 60% for noncommercial users.

ELECTRONICS AND
COMPUTING PRINCIPLES
http://www.eptsoft.com
Studying electronics or computing or just
want to keep up-to-date in an easy and
enioyable way. then this fully interactive
software is for you.

Data acquisition and control for
beginners, hobbyists, and professionals.
Perform mathematical and logical
operations on data in real time. Email:
info@controlsolutions.co.uk.

Electronic product design company with
over adecade of experience promoting
its own product range and designing
and manufacturing innovative products
for client companies/individuals.

,

COOKE INTERNATIONAL

EW

http://www.cooke-int.corn
eeteteeeeeteet

limemom

info@cooke-int.com

FLASH DESIGNS LTD
http://www.flash.co.uk
Flash supply low cost AVR ISP
programmers (£39). MINI-ICE starter
kits (from £69), Portable Easy-ICE
emulators (from £199), ICE Adapters
'C' compilers for any ATMEL AVR.
MCS51, Dallas, Hitachi H8
microcontroller. Download FLASH
NEWS now, Watch out for Special
Offers'. ARE YOU developing code in
aFlash?

GOOT PRODUCTS
http://www.kieagoot.co.uk

TR ADING
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Download evaluation versions of our
unique Proteus VSM mixed mode SPICE
and CPU simulator, and also the full range
of Proteus PCB Design products Register
the Proteus Lite shareware versions
online for as little as #20

LOW POWER RADIO
SOLUTIONS
http://www.lprs.co.uk
LPRS markets low power radio
transmitters, receivers and transceiver
modules manufactured by ourselves.
Radiometrix. Circuit Designs. RDT and
Micrel. Applications for telemetry.
video and remote control.

Military Surplus meters, plug-ins,
test sets, oscilloscopes, power supplies.
signal generators, spectrum analyzers and
radio components from Tektronix, Hewlett
Packard. Sony. Phillips and more!

PCA:PHILIP COLLINS &
ASSOCIATES PTY. LTD
http://www.pca.cc
PCA manufactures Radphone 20000X
remote control systems for shortwave
broadcasters and government agencies
wanting worldwide control of
communications receivers and
transceivers from any tone phone.

POLY-FLEX CIRCUITS LTD
http://www.polyflex.com
Design, manufacture and population of
printed polyester flexible circuits,
including Flip Chip on Flex providing
practical, low cost, reliable solutions for
today's small lightweight products.

QUASAR ELECTRONICS
www.quasarelectronics.com
111•11«....1••••••••••1•MMOMOD
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MATRIX MULTIMEDIA LTD
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Equinox Technologies UK Ltd .specialise
in development tools for the embedded
microcontroller market.
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Over 17 years experience in the design
and manufacture of high quality passive

ELECTRONICS WORLD October 2001

OMEGA RESEARCH LTD

"nr

www.matrixmultimedia.co.uk

http://www.faradaytech.co.uk

Test & Measuring Equipment
Operating & Service Manuals.

••••••••••••«•

http://www.levylatham.com

-tee ,Olbet,

FARADAY TECHNOLOGY LTD
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1,151M Models
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http:// www.ecmsel.co.uk
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http://www.labcentre.co.uk

LEVY/LATHAM GLOBAL

ECM SELECTION
For the pick of the UK sTop High-Tech
Software and Hardware career opportunities
-from fresh Grad/PhD to Senior
Engineer/Manager
£22,000 -£70.000

LABCENTER

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

war. te the hoe,
.peep of
411111.

Suppliers and repairers of MOBILE RADIO
equipment
SALES
HIRE
REPAIR
Huge stocks of used radios and spares
Pye Philips Simoco Icom Kenwood
Standard Cleartone Maxon Yaesu Key
Midland.
WE CAN PROGRAM ANYTHING
24hr Service

http://www.omega-research .co.uk

eataleg content
111.••••• biebeallems

We are selling second-hand test 8
measurement equipment and accessories
for over 10 years.trom all leading
manufactures.

*SMD prototyping adapters Unique.
flexible, low cost adapters to allow bench
working with SM devices. Range suits
most devices down to 0.5mm pitch:

http://www.equinox-tech.com

www.controlso)utions.co.uk

NORCALL
http://www.norcall.co.uk

http ://www .f elle r-at.corn

EQUINOX TECHNOLOGIES
UK LTD

CONTROL SOLUTIONS

HTB ELEKTRONIK
http://www.htb-elektronik.com

FELLER UK

rmern

A leading international supplier of
communication and control technology
to industry, Arcom provides leading
edge solutions through a
comprehensive range of market leading
products.
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fanatics.

EAGLE PCB DESIGN
SOFTWARE

DANIEL MCBREARTY

http://www.bot.co.uk

ALCATEL COMPONENTS

u

Linage with colour screen shot will cost £350 +vat for a

CROWNHILL ASSOCIATES LTD

WINRADIO now brings you acomplete
choice in personnel computer controlled
radio scanning and reception solutions •
Broadcast • Media • Monitoring •
Professional Amateur Radio communications

Aquila Vision specialises in supplying and
supporting Embedded Microprocessor
Development products from PICs to
DSPs. We also stock robotics boards.
Linux and general interest CD-ROM's.

el imam in
t-e migr rJ JI-

Put your web address in front of 18,298 electronic

Kiea Trading Company is the sole agent of
Soot products, We specialise in supplying
the soldering and desoldering product
range manfactured by Goot Japan for the
UK market. Goot uses advanced
production technology to manufacture
high quality soldering iron products for
industrial, professional and general
purpose use.

HSPS LTD
http://dspace.dial.pipex.com/hsps/
FILTER DESIGNER -Advanced analog and
digital filter design software for the PC. Standard and Professional versions.- Free
download of Evaluation version.

October 2001 ELECTRONICS WORLD

Over 250 electronic kits, projects and
ready built units for hobby,
educational & industrial applications.
TEL 01279 306504, FAX: 07092 203496
or EMAIL: ewsalesCquasarelectronics.com
Matrix Multimedia publishes anumber of
highly interactive CD ROMs for learning
electronics including: Complete
electronics course. Analogue filter design.
and PlCmicro(R) microcontroller
programming (C and assembly).

OUILLER ELECTRONICS
http://www.quiller.com
100. pages of detailed technical
information on Schrack Relays. MEC
Switches, H rose Connections.

803

RADIOMETRIX

SESCOM, INC.

TELNET

http://www.radiometrix.co.uk

http://wvvw.sescom.com

http://www.telnet.uk.com
Top quality second-user Test and
Measurement Equipment
eMail telnetkmUmsn.com

Radiometrix specialises in the design
and manufacture of VHF & UHF. RF
data modules. We offer abroad range
of PCB mounted miniature transmit,
receive and transceiver modules for
OEM use.

http://www.radio-tech.co.uk
Radio modules, modems, telemetry,
audio transmitters. pagers, antenna.
remote controls and much more. All UK
designed and manufactured.

RALFE ELECTRONICS
professional test &measurement

STAFFORDSHIRE
WIRELESS COMPANY

A5

http://www.staffswireless.com

darn
www.ralfe-electronics.co.uk

RD RESEARCH
http://www.looking.co.uk/spice
alomamMn Mr
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Visit the Trident website for details and
datasheets on their entire LCD and printer
product range. Download data and subscnbe
for our regularly updated newsleter.

m..« mreveamt.te

•

SESCOM. INC. is a30-year manufacturer
of audio 'problem solvers and
transformers. We also offer easilyfabricated aluminum enclosures for small
production runs and prototypes.

Wireless, communication, test
equipment, bought and sold for very
competitive prices visit our web site or
telephone John on 01889 569928 or
0973 296461.

i. .11mO Lne.

'Telanic. specialists in laboratory AC &
OC Power Supplies. Electronic AC & DC
Loads, Electrical Safety Testing and
complete test systems. Plus RF Filters.
Attenautors, Diesel Engine Smoke
Measurement, Quartz Crystal
Microbalances.
Tel +44 (0) 118 9786911'

THOSE ENGINEERS LTD

OF-
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55.5

Everything you need for DIY Satellite &
TV aerial installation. The one stop
shop for TV, FM. Satellite, Amateur
Radio PMR Aerials. Distribution
Equipment. Cable & Accessories•

O.,

RS COMPONENTS LTD
http://rswww.com

RS rswvvvv. cgeirn
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Working evaluations of SpiceAge mixed mode simulator. Spicycle PCB design
tools and Superfilter demo (synthesises
passive, active. digital filters). Tech
support, sales links and price list.

Jenving Technology AB is the
manufacturer of Supra Audio Cables.
OEM productions are also accepted.

THERMOSPEED

TEMWELL CORPORATION

http://www.thermospeed.co.uk

http://www.temwell.com.tw
Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Filter and
Handset/Base Station Duplexers
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NOW on-line

TEST EQUIPMENT
SOLUTIONS
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http://www.TestEquipmentiacom

-110,000+ products available
-Technical data library
-Stock availability check
-Integrated on-line purchasing
-Order by 8pm -with you tomorrow.

SOFTCOPY

N

http://www.egroups.com/list/uk
tvrepair
Following on from the newsgroup
discussion last month there is aUK
Email group for TV technicians where
you can send an Email to everyone in the
group. There's lust over 30 people in the
group at present. For more details and
how to register look at the egroup home
page. Just ageneral comment though you do have to be careful who you give
your Email address to so that you can
avoid 'spamming" -that is getting lots of
unwanted Email about dubious Russian
site (amongst others)

at baud rates of 19.2Kbaud to 128Kbaud.
The UK based Company can offer
customised derivatives of their products
as well as turnkey RF Systems.

UK ELECTRICAL DIRECT
http://www.uked.com

http://www.repoirworld.com
Repatrworld is asophisticated US based
fault report database which is updated biweekly. It operates on asubscription
basis and describes itself as an
'affordable solution for all technicians'.
You can see some samples of the
material for free, monitors, VCR. DVD
and Camcorders being of particular
relevance to UK users. The site also
provides a'chat room'.

For acomprehensive on-line directory.
buyers guide and resource locator for
the UK Electrical Industry look at this

Specialists in the supply
of quality refurbished

Email:

infenTostEquiP5585 fh9cer5

Duality second user test equipment with
full warranty and support All types of
equipment from all leading
manufacturers including general
purpose, communications and industrial
test.

VANN DRAPER
ELECTRONICS LTD
http://www.vanndraper.co.uk
Test equipment from Grundig. Kenwood.
Hitachi, Fluke, Avo, Glassman. Advance
in acomprehensive site including
oscilloscopes, multimeters, power
supplies, generators, counters,
soldering, digital tv etc.

http://www.vutrax.co.uk

Ob.

VUTRAX electronic schematic and pcb
design system for Windows 95, 98 NE,
NT and 200. Limited Capacity FREE
version downloads available, all
upgradeable to various customised
levels.

......,e •••••••••
•
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Test Equipment
Phone: +44 (0)1763 696000

Suppliers of pre-1985 equipment and
components
-Test/Measurement equipment
-Valves and semiconductors
-Transducers and pressure gauges
-Scientific books and catalogues
-Manuals and data sheets

VUTRAX PCB DESIGN
SOFTWARE

.

http://www.softcopy.co.uk
As aPC data base or hard copy.
SoftCopy can supply acomplete index of
Electronics World articles over the past
ten years Photo copies of articles from
back issues are also available
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The award winning on-line service from RS

UK MAILING LIST GROUP

Temperature and pressure, control and
instrumentation. Full on-line purchasing.
•Overnight ex-stock delivery
•Create your own hotlist
'Download datasheets
•Full technical support

TOTAL ROBOTS
http://www.totalrobots.co.uk
Robot Kits and Control Technology
products, including 00Pic the first

Electronics World acknowledge your
company's needs to promote your web
site, which is why we are dedicating over 3
pages in every issue to WEB ADDRESSES.
Linage only will cost £150 +vat for afull
year.
Linage with colour screen shot will cost
£350 +vat for afull 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 call
Pat Bunce Tel 0208 643 6207
E-mail

001.1•111.4•01/991-1CAO

o
C.

FRUSTRATED!,

p.bunce@cumulusmedia.co.uk

Looking for ICs TRANSISTORS?

result. We offer an extensive
range and with aWorld-wide
database at our fingertips, we are able
to source even more. We specialise in

•

(using a video capture card)
'Liesgang dial,v' automatic slide viewer with built in high quality colour TV camera 11 has
a composite video output to a phono plug (SCART & BNC adaptors are available' They

devices with the following prefix
(to name but, afew).

are in very good condition with few signs of use For further detals see wivw diatv co uk
.£91 91. vat =£108 00

2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF
BFR BFS BFT BFW BFX BFY BLY BLX BS BR BRX BRY BS
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CI) DX CXA DAC DG DM DS
DTA DTC GL GM HA HCF HD FIEF ICL ICM IRF JKA
KIA LLA LB LC LD LF LM M M5M MA MAB MAX MB
MC N1DA JMIE Me MM MN MPS MPSA MPSH MPSU
MRF NJM NE OM OP PA PAL PIC FN RC SSAA SAB
SAD SAJ SAS SDA SG SI SL SN SO STA STK STR STRD
STRM STRS SVI TTA TAA TAG IBA TC TCA TDA TDB'«
TEA TIC TIP TIPL TEA TL TLC TNT TMS TPU U UA
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN
ZTX +many others

ditalloutouid

40-42 Cricklewood Broadway, London NW2 3ET
Tel: 020 8452 0161 Fax: 020 8208 1441
E-mail: salesibcricklewoodelectronics.com
(-MC/
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.
very small hole
40mC size 39x38x27mm

afixed focus pin hole lens 1C7h nidiva
ngt =£4
behind
3-4 a
8
,m
41a.
g
te

..

camera

for 'C' mount lens these give a£m
3u
6 rh sha
•varpte=r£
£32.00 •vat = £3 7 .
60
3

than with the smaller lenses
Economy C mount lenses all fixed focus & fixed ins

£15.97 +vat =£18 76

VSL1220F 12mm Ft 6 12x15 degrees viewing angle

£17 65 + vat= £20 74

VSL4022F ernm F1.22 63x47 degrees viewing angle

£19.05 +vat= £22 38

VSL6022F 6mm F1 22 42x32 degrees viewing angle

£19.90 rvat = £23 38

VSL8020F 8mm F1 22 32x24 degrees viewing angle
Better quality C Mount lenses
VSL1614F

va

16mm Fl 6 30x24 degrees viewing angle

866 battery
pack originally
intended
be used
M
n
mobile
telephone
it contains
10 to
16Ah
subwith
C 1a
batteries

Connect '

Cricklewood Electronics Ltd
r

torch
30MRbut
size
is 32x32x14mm
not visible to the
spyhuman
cameraeye)
with

Mail, phone, Fax, Credit Card orders & callers welcome.
VISA

Mr ,IFIJO1.01O

47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small
00

We can also offer equivalents (at customers' risk).
_
11
We also stock afull range of other electronic components.

••••

•••••• ••••: •

Board cameras all with 512x582 pixels 8 5mm 1/3 inch sensor and composite video out
All need to be housed in your own enclosure and have fragile exposed surface mount
parts They au require a power supply of between 10 and 12v DC 150mA.

VWL813M

ittb
•

WATCH SLIDES ON TV
MAKE VIDEOS OF
YOUR SLIDES
DIGITISE YOUR
SLIDES

A phone call to us could get a

www.cricklewoodelectronics.co.uk
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Put your web address in front of 18,298
electronic fanatics.

http://www.technicalscientific.com

:rià. r
-

Analogue and digital SPICE modelling
software. Full details available on this
site. Available on a30 day evaluation
basis.

site. Many of the companies listed have
links to their own web sites, making
this aone-stop shop for ahuge amount
of information.

REPAIRWORLD
Free data on Radio Moderns, Radio
Telemetry. Radio Modules and Wireless
Video systems. The licence exempt
radios can transmit data from 1to 20Km

TECHNICAL AND
SCIENTIFIC SUPPLIES
- a

http://muradiotelemetry.co.uk

http://www.towerhillaerials.com
CEI.ESC
-0

http://www.spiceage.com

SUPRA AUDIO CABLES

WARWICK WIRELESS LTD

TOWER HILL
TECHNICAL SERVICES

http://www.jenving.se

a2 leple

Wood & Douglas Ltd is the leading
independent British designer and
manufacturer of quality radio products
for International telemetry, data,voice &
video wireless communications.

http://www.trident-uk.co.uk

http://www.telonic.uk.com
r

http://www.woodanddouglas.co.uk

TRIDENT
MICROSYSTEMS LTD

TELONIC

RADIO-TECH LIMITED

WOOD & DOUGLAS

Obiect-Oriented Programmable
Integrated Circuit. Secure on-line
ordering and fast delivery.

NO. 121 ON REP!) CARO
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8mm F1 3 with iris 56x42 degrees viewing angle .

1000
of 1value
£5.00resistors
•vat
1206 surface
mount
E12 values 10 ohm to

Ohm

100

(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

Please add 1.66 •vat

£
£2
76
7443
5

: vat : £
£9
3.1100
°6
of 1

value £1.00

vat

E.:

£1 95 postage 6packing per order

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
CIRCLE NO.122 ON KIP!
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Visit our website I
www.distel.co.uk

THE ORIGINAL SURPLUS WONDERLAND!

I

As an advertiser you can be certain that your sales message is

Superb quality 6foot 40U

going to be read by decision-making electronics professionals

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

THE AMAZING TELEBOX

IC's -TRANSISTORS -DIODES

Converts your colour monitor into aQUALITY COLOUR TV!!

OBSOLETE -SHORT SUPPLY -BULK

TV SOUND &
VIDEO TUNER
CABLE COMPA TIBLE •
P-a TELEBOX is an attraceca fully cased matis paneled unit cortannq at
eectrcrucs ready to (Jug ego ahost of video monitors or AV equprnent whch
a-e feed with acomposte video or SCART rut The oornpostte video ouput
also Ow dreztly rito most video recorders. atoning receptor, of TV channels not normally receivable on most television receivers* (TELEBOX
Push bean controts on the front panel Ebbw reoecton of 8ftity tuneable
cf arUHF ogiour teiev6rin cherries TELEBOX MB cloven vdually at telesn
sr e freçuenoes VHF and UHF including the HYPERBAND as used by
most cable TV operators Ideal for desktop computer video systems & PIP
(pcture I, Xture) setups For complete ccrnpattaitty -even for monscrs without
sound -an reteial 4watt audo sneer and low level HiRaudo cop« are
provided as standard Brand new -tut/ guaranteed
TELEBOX ST for composite video input type monitors
£36.95
TELEBOX SIL as ST but fitted with integral speaker
£39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification
•For cable /hyperband signal reception Telebox MB should be contected t acable type service. Shipping on all Telebox's. code (B)
State of the art PAL (UK spec) UHF TV tuner module
with composite IV pp video 8 NICAM hi fi stereo sound
outputs. Micro electronics all on one small PCB only 73 x 160
x52 mm enable full tuning control via a simple 3 wire link to an
IBM pc type computer. Supplied complete with simple working program and documentation Requires +12V & + 5V DC to operate
BRAND NEW -Order as MY00.
Only £49.95
code (3)
See www.distelco.ukidata my00.htm for picture •full details

FLOPPY DISK DRIVES 21
2 "-8"
/
All units (unless stated) are BRAND NEW or removed front often
brand new equipment and are fully tested, aligned and shipped to
you with a full 90 day guarantee Call or see our web site
www.dteEco.uk for over 2000 unlisted drives for spares or repair

3S5" Mitsubishi Keassc.L. 1.4 Meg Laptops only
f25.95(B)
3W Mitsubishi MF355C-D. 1.4 Meg. Non laptop
£18.95(0)
5W Tim FD-55GFR 1.2 Meg (for IBM pc's) RFE
f10.95(B)
514" Teac FD-55F-03-U 720K40/80 (for BBC's etc) RFE
(29.95(0)
53
/"BRAND NEW Mitsubishi MF5016 360K
4
(22.95(0)
Table top case with integral PSU for HH 5'4' Floppy /HD £29.95(B)
8" Shugart 800/801 8' SS refurbished 8 tested
(210.00(E)
8 Shugart 810 8 SS HH Brand New
£195.00(E)
8" Shugart 851 8' double sided refurbished 6 tested
£260.00(E)
8" Mitsubishi M2894-63 double sided NEW
£295.00(E)
8" Mitsubishi M2896-63-02U DS slentine NEW
£295.00(E)
Dual 8' cased drives with integral power supply 2Mb
£499.00(E)

HARD DISK DRIVES 21
2 "-14"
/
21‘)" TOSHIBA MKI002MAV 1 1Gb laptop(12.5 mm H) New £79.95
2W TOSHIBA MK2101MAN 2 16 Gb laptop (19 mm Hl New £89.50
214' TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New 105.00
2Ye TOSHIBAMK6409MAV '.•.1Gb laptop (12.7 mm H) New C190.00
2W to 3'V conversion kit fc rPc's, complete with connectors £14.95
315' FUJI FK-309-26 20mb MFM I/F FIFE
£59.95
314' CONNER CP3024 20 mb IDE IF (or equiv.) RFE
£59.95
314' CONNER CP3044 40 mb IDE UF or equiv.) RFE
£69.00
3Ye' QUANTUM 40S Proctri ve 42mb
SI Ur, New RFE
£49.00
5%* MINISCRIBE 3425 20mb MFM I/F (or equiv )PEE
£49.95
514' SEAGATE ST-238R 30 mb
I/F Returb
£69 95
5%* CDC 94205-51 40mb HH MFM I/F RFE tested
£69.95
5W HP 97548 850 Mb SCSI FIFE tested
£99.00
5%* HP C3010 2Gbyte SCSI differential RFE tested
£195.00
8' NEC 02246 85 Mb SUD interlace New
£199.00
8' FUJITSU M2322K 160Mb SUD UF RFE tested
£195.00
r FUJITSU M2392K 2Gb SUD VF RFE tested
Many other drives In stock - Shipping on all drivers la code (Cl)

£245
£995
£1850
CPOA
£760
£2500
£750

£95
£550
ALLGON 8360.11805.1880 MHz hybrid power combiners
£250
Trend OSA 274 Data Analyser with 6703(2M) 64 'Jo
£P0A
Marconi 6310 Programmable 210 22 GHz sweep generator £6500
Marconi 2022C le(Hz-IGHz RF signal generator
£1550
Marci
on 2030 opt 03 10KHz-1.3 GHz signal generatorNew £4995
HP1650B Logic Analyser
£3750
i-IP3781A Pattern generator & HP3782A Error Detector
£P0A
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts
£1800
HP6264 Rack mount variable 0-20V 0 20A metered PSU
£675
•IP54121A DC to 22 GHz four channel test set
£P0A
HP8130A opt 020 300 MHz pulse generator, GPIB etc
£7900
-IP At. AO 8pen HPGL high speed drum plotters -from
£550
DRAFTMASTER 18pen high speed plotter
£750
EG+G Brookfield 95035C Precision lock in amp
£1800
hew Eng. Mod 1200 computerised inspection system
£P0A
Sony DXC-3000A High quality CCD colour TV camera
£995
<eithley 590 CV capacitor /voltage analyser
£P0A
lac& ICR40 dual 40 channel voice recorder system
£3750
riskers 451< VA 3 ph On Line UPS -New batteries
£9500
Emerson AP130 2.5KVA industrial spec UPS
£2100
ilium Tally MT645 HO speed line printer
£2200
rital SBC 486/133SE Multibus 486 system. 8Mb Ram
£945
;lemons K4400 64Kb to 140Mb demur analyser

£2950

19" RACK CABINETS

10,000,000 Items EX STOCK

Virtually New, Ultra Smart

For MAJOR SAVINGS
CALL OR SEE OUR WEB SITE www.distel.co.uk

Less than Half Price!

Top quality 19' rack cabinets made in UK by
Optima Enclosures Ltd Units feature
designer, smoked acrylic lockable front door,
One o the ig est speci 'cation
lull height lockable half louvered back door
and louvered removable side panels Fully
# monitors you will ever see -Á
adjustable internal fixing struts, ready punched
AM At this price -Don't miss it!!
for any configuration of equipment mounting
,plus ready mounted integral 12 way 13 amp
Mitsubishi FA3415ETKL le SVGA Multisync cokkir monitor with frie
socket switched mains distribution strip make
028 dal pitch tube and resoluton of 1024 x768 A
these
racks some of the most versatile we
variety of routs atoms ccrhecacn to ahost of computhave ever sold. Racks may be stacked side by side and therefore
ers ndudng IBM PC's n CGA EGA. VGA & SVGA
require only two side panels to stand singly or in multiple bays.
mcces, BBC, COMMODORE (induing Arnçe 1200
ARCHIMEDES and APPLE Many features Etched Overall dimensions are 771e H x32WD x22' W. Order es:
OPT Rack 1Complete with removable side panels. C345.00 (G)
faceplate tee switeing and LOW RADIATION MPR
OPT Rack 2R
spec/cal-on Fry guaranteed, n EXCELLENT lote
'anels
£245.00 G
used ccniton
Order as
Over
1000
racks,
shelves, accessories
TIN 8 Durivei Base f4.75
Only £119 (n rems.svcak
VGA cable for IBM PC included
19" 22" & 24" wide 3 to 46 U high.

VIDEO MONITOR SPECIALS

Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro
monitors, Full muftis ync etc.
Full 90 day guarantee. Only £199.00 (E)

32U -High Quality -All steel RakCab

Made by Eurocrett Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable
Just In -MicrovItec 20' VGA (800 x600 res.) colour monitors.
side, front and back doors. Front and back doors are
Good SH condition •from £299 -CALL for Info
hinged for easy access and all are lockable with
PHIUPS HCS35 (same style as CM8833) attractively styled 14' five secure 5 lever barrel locks The front door
colour monitor with getb RGB and standard composite 15.625 is constructed of double walled steel with a
Khz video Inputs via SCART socket and separate phono lacks
'designer style' smoked acrylic front panel to
Integral audio power amp and speaker for all audio visual uses
enable status indicators to be seen through the
Will connect direct to Amiga and Atari BBC computers. Ideal for all panel, yet remain unobtrusive Internally the rack
video monitoring /security applications with direct Connection features fully slotted reinforced vertical fixing
to moat colour cameras. High quality with many features such as members to take the heaviest of 19" rack
front concealed flap controls, VCR correction button etc. Good equipment. The two movable vertical fixing struts
used condition -fully tested -guaranteed only £99 00
(extras available) are pre punched for standard
Dimensions: W14' xH12M' x15W D.
(E)
'cage nuts A mains distribution panel internally mounted to the bottom rear, provides 8xIEC 3 ,
PHIUPS HCS31 Ultra compact 9" colour video monitor with stanpin Euro sockets and 1x 13 amp 3 pin switched
dard composite 15.625 Khz video input via SCART socket Ideal
utility socket. Overall ventilation is provided by
for all monitoring /security applications. High quality, ex-equipment
fully
louvered back door and double skinned top section '
fully tested 8 guaranteed (possible minor screen bums). In attracwith top and side louvres The top panel may be removed for fitting
tive square black plastic case measuring W10' x HIO' x 13W D.
of integral fans to the sub plate etc Other features include fitted
240 V AC mains powered
Only £79.00 (o) castors and floor levelers, prepunched utility panel at lower rear for
cable /connector access etc. Supplied in excellent, slightly used
KME 10' 15M 10009 high definition colour monitors with 0.28' dot
condition with keys Colour Royal blue. External dimensions
pitch Superb clarity and modern styling ...
mm.1625H x635D x603 W. I64' H x25' D x2344" W )
Operates from and 15.625 khz sync RGB video
source, with RG analog and composite sync
Sold at LESS than a third of makers price!!
such as Atari, Commodore Amiga. Acorn
Archimedes & BBC. Measures only 13Ve• x 12' x
A superb buy at only
()
11' Good used condrbon.
Only £125 (E)

£245.00 G

42U version of the above only £345 -CALL

20" 22" and 26" AV SPECIALS
Superbly made UK manufacture PIL all solid stale colour monitors,
complete with composite video 8 optional sound input. Attractive
teak style case. Perfect for Schools, Shops, Disco. Clubs, etc In
EXCELLENT little used condition with full 90 day guarantee

20....£135

22"....£155

26"....£185 (F)

We probably have the largest range of video monitors in
Europe, All sizes and types from 4" to 42' call for info.

DC POWER SUPPLIES

12V BATTERY SCOOP -60% off!!
A special bulk purchase from a cancelled export order brings you
he most amazing savings on these ultra high spec 12v DC 14 Ah
rechargeable batteries Made by Hawker Energy Ltd, type S8S15
featuring pure lead plates which offer a far superior shelf d guaranteed 15 year service life Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.
M6 bolt terminals. Fully guaranteed. Current makers price over £70
each

Virtually every type of power
supply you can lmagine.Over
10,000 Power Supplies Ex Stock
Call or see our web site.

HP6030A 0-200V DC 0 17 Amps bench power supply
Intel SBC 486/125C08 Enhanced Multibus (MSA) New
Nikon HEX-11 (Ephiphot) exposure control unit
PHIUPS PM5518 pro. TV signal generator
Motorola VME Bus Boards & Components List. SAE /CALL
Trio 0 18 vdc linear, metered 30 amp bench PSU New5
Fujitsu M3041R 600 LPM he speed band printer

£1950
£1150
£1450
£1250
£(
1
)0
5A
0

Our Price £35 each

(C)

or 4 for £99 (E)

RELAYS -200,000 FROM STOCK
Save ¡Ur's by choosing your next relay from our Massive Stocks
covering types such as Military, Octal, Cradle Hermetically Sealed.
Continental, Contactors, Time Delay. Reed, Mercury Wetted, Solid
State Printed Circuit Mounting etc
CALL or see our web site
envw.dIstel.co.uk for more information Many obsolete types from
stock Save EITT's

Undoubtedly e miracle of modern technology &
our special buying power lA quality product featuring a fully cased COLOUR CCD camera at a
£1950 give away price !Unit features full autolight sensing tor
25 0
0
use in low light & high light
Fujitsu M30410 600Infrared
LPM printer with network interface
££ 5
Perkin Elmer 299B infrar
spectrophotometer0
applications. A 10 mm fixed locus
Perkin Elmer 597 Infrared spectroMotorneter
£3500
wide angle lens gives excellent locus
VG Electronics 1035 TELETEXT Decoding Margin Meter
(3250
and resolution from close up to long
UghtBand 60 output hi
gh spec 2u rack mount Video VDA's £495
range. The composite video output will
Sekonic SD 150H 18 channel digital Hybrid chart recorder £(
13
90
95
connect to any composite monitor or TV
BAK 2631 Microphone pre amp0
(via SCART socket) and most video
Taylor Hobson Tallysurf amplifier /recorder£750
recorders Unit runs from 12V DC so
ADC SS200 Carbon dioxide gas detector /monitor
(1450
ideal for security di portable applicaBBC AM20/3 PPM Meter (Ernest Turner) +drive electronics
£75
tions where mains power not available,
ANRITSU 9654A Optical DC-2.56/b waveform monitor
£5650 Overall dimensions 66 mm wide x 117 deep x 43 high Supplied
ANRITSU MS900181 0.6-1.7 uM optical spectrum analyser CP0A BRAND NEW & fully guaranteed with user data, 100s of applicaANRITSU ML93A optical power meter
£990 tions including Security. Home Video. Web TV, Web Cams etc, etc
ANRITSU Fibre optic characteristic test set
£P
RAS FTDZ Dual sound und
£E6
OA
C)
5
A
0
Web ref =LK33
ONLY £99.00 or 2for £180.00 (E)
RAS SBUF.E1 Vision modulator
f775
WILTRON 66308 12 4/20GHz RF sweep generator
£5750
TEK 2445 150 MHz 4trace oscilloscope
(1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount
NT4 WorkStation, complete with service pack 3
£1955
TEK TDS380 400Mhz digital realtime •disk driv e.EFT etc £2900
and licence -OEM packaged.
ONLY £89.00 (el
TEK TDS524A 500Mhz digital realtime +colour display etc £5100
ENCARTA 95 -COROM, Not the latest -but at this price t £7.95
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser
£3950
DOS 5.0 on 344' disks with concise books c/w °Basic
£14.95
PHILIPS PW1730/10 60KV XRAY generator 8 accessories £P0A
Windows for Workgroups 3.11+ Dos 6.22 on 3.5' disks £55.00
CLAUDE LYONS 12A 240V single phase auto volt regs
£325
Wordperfect 6for DOS supplied on 315' disks with manual £24.95
CLAUDE LYONS 100A 240/415V 3phase auto. volt rags
£2900
shipping charges for software is code B

SOFTWARE SPECIALS

I
0208 GU 3333

DISTEL on the web II -Over 16,000,000 items from stock -www.distel.co.uk
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-ELECTRONICS-

ALL MAIL TO

Dept ww, 29/35 Osborne Rd
Thornton Heath
Surrey CR7 8PD
Open Mon -Fri 9.00 -5:30

LONDON SHOP
Open Mon -Sat 9:00 -5:30
215 Whitehorse Lane
South Norwood
On SSA Bus Route
It Thornton Heath
Ssilturst Park SR Rail Stanons

DISTEL©

Visit our web site
www.distel.co.uk

small uadminedistelco.uk

ALL 7:1% ENQUIRIES
FAX 0208 653 8888

At prices for UK Mankind UK customers add 17 5*. VAT to TOTAL order amount Mrsnum order £10 Bona Ada 10:Ount Orden accepted from Goverriment. Scropts.
Universities arid Local AUtTiOnteS mnirnum account order £50 Cheques over £100 are suctect to 10 woning days clearance. Carrege charges (At-,13.00. (AI K4 CO.
(BK5.50. (C)DI 50, (Cl) £12 50, (D)..-£15 00, (E-£18 CO. (F)=4:20 00 (G).-CALL Alow approx 6cloys for shppng faster CALL Al go=ds seeped to our Standard Conditions
of Sale and unless stated guaranteed fo 93 days All guarantees on aretum to base bases Al nits reserved to change proas /speofcations weal pnor name Orders subject
to stook Discounts fa inziume Top CASH proaS paid bir surplus goods Al trademarks. tradenames etc actiooMecgediDC•sculy Be:talcs 1999 E&0E. 07/99.
CIRCLE NO. 12 10N RFP11

ARI)

with the power to purchase your products.
The pre-paid rate for semi-display setting is £17 per single column centimetre
(maximum 4cm). Box number £22 extra. All prices plus 17/,` 1
0VAT. All cheques,
postal

orders

etc

to

be

made

payable

to

Reed

Business

Information.

Advertisements together with remittance should be sent to Electronics World

Service
Link

Classified, Cumulus Business Media, Anne Boleyn House, 9-13 Ewell Road,
Cheam, Surrey SM3 8DZ. Tel: 020 8722 6028.

Fax: 020 8770 2016

STOCK V/ANTED

Available from stock!!

External cables for other types of computers available -CALL

TEST EQUIPMENT & SPECIAL INTEREST ITEMS
MRS.). FA3445ETKL 14" Industrial spec SVGA monitors
FARNELL 0.60V DC 0 50 Amps, bench Power Supplies
FARNELL AP3060 0-30V DC • 80 Amps, bench Sappy
1kW to 400 kW •400Hz 3phase power sources -- ex stock
IBM 8230 Type 1. Token ring base unit driver
Wayne Kerr RA200 Audio frequency response analyser
IBM 53E5501 Token Ring ICS 20 port lobe modules
IBM MALI Token ring distribution panel 8228-23-5050N
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE

Surplus always 1

wanted for cash!

BEST CASH
PRICES PAID
For all valves KT88
PX4 and other audio types
Wide range of valves and
CRT stocked
Tel: 01403 784961

Minimum Order UK £100+VAT+Freight
Billingtort Export Ltd
Fax 01403 783519
salesebel-tubes.couk
Sussex Rill 49EZ
Visitors by appomment

Rack Enclosures
New and Used
most sizes
16U to SOU side and rear
mains distribution
19' Panel mounts
optima eurocraft
Prices

panels

toi

0)676

53

53

W W W. OEMXS .0 o. uk

50

fax.

016 76 53

53 30

Email. purchasing@computercomponents ltc uk

from £45 +vat

M&B Radio
86 Bishopsgate Street
Leeds LS1 4BB
Tel. 0113 2702114
Fax. 0113 2426881

coiiZeut
Production

TOP PRICES PAID
For all your valves.
tubes, semi conductors
and ICs.

Embedded monitonng A cnntrol
PSTN telephones and tes! equipment
Datacom interfacing, line driving etc
Switch triode d linear PSU and battery
management
Gas detection systems
Printed Circuit Board design
Technical documentation, schematic
layout d language translation

1Mayo Road, Croydon. Surrey CRO 20P
FAX: 020 8684 3056

SERVICES

designed to your specification

•

Wireless telemetry systems
Audio A Video processing
GSM telemetry via SMS
or date lTGPIP)
OVO player control systems
GPS positioning systems
Specialist cable looms
Small medium d large scale
manufachiring

Email: sales@designersystems.co.uk
Tel/Fax: +44 (0) 1872 223306

POWER
SUPPLY
DESIGN
Switched Mode PSU
Power Factor Correction

RF DESIGN
SERVICES

Electronic design and manufacturing services for the now millennium.

Langrex Supplies Limited
TEL: 020 8684 1166

FOR SALE

SERVICES

Designer

advertisement is going to be read by

DECISION-MAKING ELECTRONIC
PROFESSIONALS
with the POWER TO PURCHASE your products.

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

Why not let Electronics World help you?

Lomond Electronic Services

Tel: 020 8722 6028 Fax. 020 8770 2016
E-mail: P.bunce@cumulusinedia.co.uk

Call Pat Bunce

ELECTRONICS WORLD October 2001

PRINTED CIRCUIT BOARDS

DESIGNED AMANUFACTURED
agar
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Unit 5, East Belfast Enterprise Park
308 AlbenbrnIge Rd. Belfast BT5 4GX
TEL 028 9073 8897

hardware development
considered from
concept to production.
IWATERBEACH ELECTRONICS
www.rlaver.dial.pipex.com

V MICROCHIP e

As an advertiser you can be certain that your

All aspects of RF

FAX 028 90731802

TEL: 01223 862550
FAX: 01223 440853

'rest Equipment

<re

Service Manuals.
Contact
Tel: +44 01243 55 55 90

HO?

ELECTRONICS
WQP-P

ELECTRONIC UPDATE
nitrut

CIAIWEIL

QUICK SEt ECTIOki GUIDE 2001

INNOVATION and

Si

DAQ DesignerTM
2001

EXCELLENCE

Your professional partner for...

Converters

National Instruments new DAG
Designer"' 2001 is aFREE CD that
helps engineers and scientists
interactively configure custom
measurement
systems.
DAO
Designer"' 2001 includes the
capability to recommend real-time
data acquisition and motion control
hardware and software.
Phone: 01635 523545
Fax: 01635 524395
E-mail: info.uk@ni.com
Web: www.niscom/uk

Digital Panel Meters
Data Acquisition Components

=DO

Data Acquisition Boards
Request our Quick S•lection Guide
or

visit

our

website:

www.datel-europe.com
Date' UK Ltd.,
Campbell Court Business Park
Bramley, Tadley, Hampshire, RG26 5EG
Tel. 01256 880444. Fax

www.datel-europe.com

01256 880706
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ELECTRONICS WORLD

covers topics of most interest to
the readers. Every section of the
magazine is of interest and value
to the Electronics Professionals
who buy Electronics World
every
month.
Your
advertisement will appear in an
environment which
captures
and holds the readers interest.
For further information
call Pat Bunce
Tel 020 8643 6207
Fax 020 8770 2016
E-mail:
P.bunceecumulusmedia.co.uk
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Energy Efficient Devices (EEDS):

ores

Central Semiconductor's new family of Energy Efficient Devices
(EEDs) are designed to reduce the power requirementS
necessary for today's portable electronic products
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In addition. the Low
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With VF as low as 035V Central's Schottky Rectifiers are the
solution for battery powered hand-held applications
such as POAs, pagers. laptops and cell phones

le

Leakage

Newsagent order form
Pass this order form to your newsagent to

For more information about any of the ty °ducts o, se,/ Les .n t
, s,ssue ai ELECTRONICS WORLD
simply

ring the

ensure you don't miss the next issue of EW.

relevant enpulry number

Enquiry numbers may be found at the bottom of each individual advertisement

101
112
123
134
145

102
113
124
135
146

103
114
125
136
147

104
115
126
137
148

105
116
127
138
149
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117
128
139
150
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538
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111
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133
144

503 504
514 515
525 526
536 537
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(name of Newsagent)

Please reserve me the November
issue of Electronics World
and continue to order
every month's issue until
further notice
Name
Address

Name

tiflelittReei

,0Ono ore.

READER
INFORMATION
SERVICE

Job title

Company Address

Thank you

200 Voit diodes and Ultra Low

Leakage diodes provide design engineers with yet another tool
for controlling site, power management, and battery
conservation

rt.

Central Semiconductor is dedicated to complete customer
satisfaction, perfect Quality. on-time delivery, and reasonable
Orces Visit our websrte at rrnfiW.centralsemi corn for current
infOrmat on on all devices manufactured by Central

SOT-03

SOT-23

TOT 01420 542500

MB COMPONENTS
Email. salesembcomponents co uk

Central'

SOD-523
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Subscribe
today!

Subscribe
today!

Guarantee your own
personal copy each month

Guarantee your own
personal copy each month

Save on a2year
subscription

Save on a2year
subscription
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SMART CARD SOLUTIONS
TIDC

ChipDrive Microh
seri4jet card terminal
Samples of Smart cards (6 cards)
Source code examples on CD ROM
(VB3,4,5,6, Delphi Et C)
Windows API Description, Windows DLL
Documentatio
D ROM (PDF format)
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ChipDrive Starter pack
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SUBSCRIPTION RATES

JK 1year

£36

ELECTRONICS WORLD

UK 1year

£36

JK 2years

£58
£72

PO Box 302

UK 2years

£58

UK 3years

£72

;UBSCRIPTION RATES

;tudent rate (proof required) £21.30
irmaiI

Haywards Heath,
West Sussex RH16 3DH UK

This advanced editor allows the user
to modify, copy and print data held
on any GSM SIM card. No longer do
you have to battle with
complicated programming
sequences on the numeric keypad
of your mobile phone. Simply
connect the SIM card READER WRITER to
your PC, install the easy to use software to:

_
Post to

Student rate (proof required) £21.30
Airmail

PO Box 302
Haywards Heath
West Sussex RH16 3DH UK

£51
£82

CREDIT CARD HOTLINE

Europe 1year
Europe 2years

£51
£82

CREDIT CARD HOTLINE

:urope 3years

£103

Tel: +44 01444 445566

Europe 3years

£103

lest of the world 1year

Tel: +44 01444 445566

£61

Rest of the world 1year

£61

lest of the world 2years

£98

Fax: +44 01444 445447

Fax: +44 01444 445447

lest of the world 3years
lurface mail 1year

£123
£41

Rest of the world 2years

£98

Please fick bee dyou do not vosh to

Rest of the world 3years

£123

receive direct marketing-promotion trom
other companies C.1
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£41
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:urope 1year
:urope 2years

049

SIM Card Editor for Mobile Phones
(
4)

Postcode

Country

JK 3years

CARD

Includes:
SIM Card Reader Writer
Mini SIM Adapter
Software on CD-ROM

• View and Print a detailed card profile
• Edit, Delete or Add phone book entries
• Edit, Delete or Add SMS messages
• PIN administration. Enable and Up-Date PIN1 /2, unlock PIN's, Display
the error counter for each PIN
• Archive SIM Card data to hard drive, copy Save and restore complete
card data sets.
• Copy SIM card data from card to card
• Charge Control. set up charge counter limit, display current charge
value, setup displayed price per unit.
• View and change preferred service providers

OnLine user Guide and Help
Requires Windows 95/98, NT, 2000 Et Pentium Class PC
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visit www.eptso
r telephone for
full details, inclIkr description by
Robert Penfold.
Electronics:gnlic Structures. DC Current flow. Basic Electronics, Simple DC
circuits. Types of Switching. Variable Voltages, Ohm's Law, DC Voltage,
DC Current. Series/Parallel Resistors, AC Measurements, AC Voltage
and Current, AC Theory, RCL Series/Parallel Circuits, Capacitance,
Capacitors, Inductanc%Inductors. Impedance, Communication System,
Signals, Attenuators, n"Ssive/Active Filters. Tuned Circuits. Coupling an
Selectivity. Oscillators, Circuit Theorems. Diode The
Applications. Translator Theory. Bipolar Transistor.
Configurations. Transistor Circuits. Field Effect Tra
Amplifier Theory and Applications. Sum and Differ

Electrical:Wind AC Power, SCR, Power Supplies. Voltage RegulatorS,
Magnetism. Motors/Generators. Transformers, Three Phase Systems.

Digital Techniques:Logic Gates. Flip Flops. Combinational Logic, Counters. Counting, Shift
Registers, Logic Interfacing. Timers. Boolean Algebra and DeMorgan's
Theorems

Microprocessors and PIC Microcontrollers:Basic Micro-Computer, Busses, A.L.U. Clock and Reset. Instructions and
,Memory Cells. ROM and RAM. Memory Addressing.
,PIC Introduction. PIC16F84 Architecture, PIC16C71 A/O.
Literai and Control Instructions

OnlY least oryascent lour I
ere used n ttis example

Pers nal user £99.yoà+VAT
Education* £299.95' +VAT
(*Includes unlimited multi-user site licence.)
Measurement and Component Testing: Analogue multi-meter, Measurement, Component Testing
Mathematics:.
Simple Numbers, Number Types, Roots, Triangle Raties, Triangle
Angles. Area, Surface Area and Symmetry. Volume, Pdrcentage
Ratio's, Fractions, Vectors, Circle Angles. Laws. Algebra Rul
Powers, Simplifying. Equations, Graphing. Slope ad Iran
Angles, Complex Numbers, Statistics, Lottery N
rP
Science.

Computing:Hardware Devices, Data Structures, Data Files. Bin
Arithmetic.

Toolbox:DC Calculations, AC Calculations, Numbers, Applicat

V7 can now be found in many olthe
COMPUTER MAINTENANC
training schools.
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Tel: +44 (0)1376 514008. Fax: +44 (0)870 0509660. Email: info@eptsoft.com.
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