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SOLUTION!

PIC based TOOLS to help you realise your project:
from single applications to full scale production

BASIC STAMPS °

PIC based BASIC Stamps are perfect for one-off and low volume applications. /
Their easy to learn but powerful BASIC syntax (with familiar instructions such as GOTO, FOR ... NEXT,
and IF ...THEN as well as instructions for serial 1/0, pulse measurement, button debounce, DTME, X-10
etc) will get your application up and running in hours. Once programmed, the Stamp runs independantly
of your PC and programs are stored in non-volatile EEPROM so they can be changed at will. Detailed

manuals cover many commonly needed routines and the Stamp is well supported by a growing list of
custom application kits to cut development time even further. Available in two formats:

9, 4, swcresos

BASIC

BASIC fﬁa).iml‘w-“fj, ‘

Stamp I (BSI-IC) = S | e Stamp 2 (BS2-IC)
8 1/0 Lines | st our 16 1/0 Lines
up to 80 program lines S=Og— = up to 500 program lines
Comms to 2400 baud o , o ‘ Comms to 50 kbaud
35x10mm size Application note 1: Using the BASIC Stamp as a simple interface terminal 24pin DIP package
£29 single price Typical Application £49 single price

BASIC Stamp Development Kits including PC software, manuals, 24+application notes,
downloader cables, Stamp (BS1-IC or BS2-IC) and corresponding Project Board - £99 / £119

PIC16Cxx DEVELOPMENT TOOLS

For medium to large volumes and high speed requirements, the popular range of PICs is hard to beat.
We offer an extensive range of programmers, emulators and associated hardware to support the
following PICs: 52 54 55 56 57 58 620 621 622 61 62 63 64 65 71 72 73 74 84

PIC16Cxx Programmer In Circuit
Emulators
Tra »i—
E E *True hardware
< 2 emulation of
ja ¥ 2 program memory,
. registers and 1/0
- =l | *Unlimited
breakpoints.

PIC16Cxx- PGN PA:%MXR
Also stocked

*Single stepping
* Software-programmable oscillator

* ZIF sockets *Windows Environment

* SOIC/SSOP/PLCC adapters *Runs from 32Khz to 10Mhz ('xx) and 20Mhz ('5x)

: Prototyping boards *Source level debugging for PASM(X), MPASM and MPC
Compilers/Simulator * Optional trace facility

Milford Instruments Please call or fax to receive

. . our catalogue and price list. =
Milford House, 120 High Street, Al pHiEN e seitide VAT 3805 Atherton Road, #102

SOUTH MILFORD LS25 5AQ and £3 shipping.

Rocklin, CA 95765 USA

01977 683665 Fax 01977 681465 BASIC Stamp & the Parallax logo are 916-624-8333, Fax 916-624-8303
registered trademarks of Parallax, Inc hltp,‘//]vu/]v,paI‘allaxillc.conl
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190 CHARGE ALKALINE CELLS
Using a tapered and precisely administered
charge/discharge cycle, alkaline cells can be
charged safely, as Rod Cooper explains.

197 TRUE ORIENTATION
Sensors schemes for orientation suffer offset
and drift. David Risk and Richard Noble
have developed a new algorithm that
compensates for sensor inadequacies.

202 WIDEBAND ANTENNAS

Richard Formato shows how to design
efficient impedance-loaded antennas with
high bandwidth.

206 2.5GHZ POWER SOURCE

Microwave power sources for research and
development are expensive, so John Share
and John Hakes made their own.

209 VIDEO CHANNEL
SELECTOR

Clem Tabor’s one-of-eight video channel
selector is greatly simplified by a

microcontroller programmed in Basic via a pc.

211 LIGHT READING ON COMI1

Ed Buckley’s simple light meter feeds
readings direct to a pc via its COM port.

215 SOLUTION FOR
STICKY PROBLEMS

New packaging takes the mess out of mixing
and applying two-component adhesives.
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217 FILTERS USING NEGATIVE
RESISTANCE

Ian Hickman explains the benefits of filters
based on frequency-dependent negative
resistors.

224 HANDS-ON INTERNET

Cyril Bateman focusses on inductor design.

227 SCRAMBLER FOR DATA

A relatively simple enhancement to an

existing technique offers improved data
security with low error rates, as Wasim
Ahmad and Mohiuddin Bhat explain.

239 PROGRAMMABLE-LOGIC
PRIMER

Geoff Bostock looks at how logic elements
are formed in various types of
programmable logic.

252 MEASURING LOW
RESISTANCE

Applying ac to measure low resistance
removes the dc drift problem. Frantisek
Michele presents two measuring circuits,
one for resistors and one for capacitor esr.
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CD quality question, Pentium successors,
Free patent searches, GSM navigation
without GPS, 0.8V supply op-amp, tv over
the internet, Fractal antennas.

RESEARCH NOTES
Spherical vision, Neural silicon, Lightning
faster than light, Air bag solution.

APPLICATIONS SUMMARY
Colour video on twisted pairs, VC filter,
Carbon-monoxide sensing

CIRCUIT IDEAS
Programmable band-pass filter, Two-rail
switch, Audio clipper, Clean reset.

NEW PRODUCTS
Pick of the month — classified for
convenience.

LETTERS

LV Directive, Power factor correction,
Phase splitter, Cable twists.
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Using a spherical mirror, this
camera can see in all directions
at once - see page 186.

New packaging technique means
that two-component epoxies can
be prepared and applied without
mess and mixing proportion errors
- see page 215.

Special offers

Panel meters for less than
£9 - final offer - page 233.
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Electronics and social chcmge

t one time the UK electronics industry used to perk up
with special interest when a new government was
expected. Governments went in for intervention: awarding

contracts, supporting ailing firms, running national R&D
organisations, the Inmos and IT initiatives, the electronics
Neddy of the NEDC, and so on. Most of this has been
thrown out during the past 18 years, and any Labour
government would be unlikely to restore it. But, regardless
of the shrinkage of the UK’s industry, every new
Parliament still has to work within an environment in which
worldwide electronics technology brings about changes in
the lives and minds of its citizens.

If a Labour government came in, you might expect an
administration with a leaning towards socialism to start off
by declaring its desired social values - since socialism is
based on a moral principle — and then set about finding the
practical means for their realisation. This is unlikely to
happen. Given the economic constraints, Labour would
simply continue to manage the prevailing system of welfare
capitalism. But in fact public opinion, in reaction to events,
is demonstrating again and again that fundamental human
values are the main driving force behind our feelings of
how the country should be governed.

There is disgust, for example, at the widening inequality
that results from the internal dynamic of market capitalism.
From being the original drive behind the labour movement
in the 19th century, it is now recognised as a contributor to
wider social ills. But growing numbers of people —
especially the young - feel excluded from the Westminster
political system, which they see as irrelevant to their main
concerns. Thus we have the green movement and the
women’s movement — both outside the traditional arena of
Left-Right confrontation — followed by a whole host of
causes like human rights, abortion, in-vitro fertilisation,
animal protection and penal reform. All these are pursued
on ethical or philosophical grounds but start from gut
feelings.

The intrinsic human values — truth, beauty, virtue, justice,
charity, liberty etc. — have little to do with technology. But
some of the instrumental values — those that work as means
to an end - certainly do play a part. This is because
technology is not an autonomous, one-way process, but
develops through interaction with human beings. We
modify the technology through what we choose to accept or
reject, by our responses to whatever products or systems
are on offer.

In electronic communications, for example, systems like
mobile "phones, the Internet and personal entertainment
equipment tend to reinforce the instrumental values of
flexibility and mobility, above the traditional ones of
security and stability. This interaction is broadening what
the motor car and the telephone started.

The physical distance between communicating
individuals brings with it a behavioural and mental
distancing. Automation and computing have a similar
psychological effect on commercial and manufacturing
workers. The work itself tends to become more abstract and
intellectualised. It is done largely through the medium of
symbols on vdu screens and computer print-outs. Direct
sensory experience through physical contact with objects is
being lost. Traditional, authoritarian manager-worker
relationships are changing. Such automated work

In electronic communications, systems
like mobile phones, the Internet and
personal entertainment equipment tend
to reinforce the instrumental values of
flexibility and mobility...

strengthens our respect, already disciplined by the clock,
for the values of order, uniformity, precision, calculability,
efficiency.

Modern medical technology extends our control over life.
Here electronics has become increasingly powerful through
diagnostic and research techniques such as computerised
tomography, magnetic resonance imaging, positron emission
tomography, magnetoencephalography and DNA sequence
analysis — in addition to the established radiological,
electrophysiological and electro-acoustic methods. Patients
routinely talk about having ‘scans’. As a result of these and
other advances, we are beginning to look at suffering and
misfortune almost as technical problems which, ergo, can be
fixed. Such perceptions tend to wear away our sense of the
uniqueness of human life — perhaps justifiably.

Some of these instrumental values could become very
strong in our society through the positive feedback of
cultural reinforcement. The spread of personal computers
and portable phones, for example, is much more the result
of imitation and fashion than of sheer practical need.
Values influence public opinion, and in a democracy this
should theoretically proceed in an orderly, linear fashion
into political decision making and legislation. In practice
the technology-accelerated values may well sweep past the
Westminster lawmaking machine, which will then have to
take hasty, ill-considered measures in order to catch up
with the resulting human behaviour. |
Tom Ivall
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UPDATE

Doubts on digital recording quality

igitally mastered recording
leads to perfect replication of
sound. This accepted premise is
being questioned by a Cambridge-
based specialist recording company
which is investigating detected
differences in cd sound quality.
Prism Sound is conducting a
comprehensive research project
into the audio differences between
different cd pressings which are
made from the same material and
have identical data, but which are
manufactured using a variety of
methods.
Ian Dennis, Prism’s technical

director, said that when he first
heard of the problem he was, “very
sceptical about the whole thing”.
But Prism, along with several
compact discs pressing plants,
produced 14 test cds, including
tracks from Pink Floyd and Mariah
Carey, all manufactured differently
in order to validate the
phenomenon.

Preliminary results of listening
tests, using sound recording
engineers, confirmed that there is
indeed a problem. “It’s something
that offends the ears of people in
the industry rather than Joe

Public,” said Dennis, who wants to
extend the tests to include lay
people.

Dennis continued: “It seems that
certain cd players are affected by
the mechanical properties of the
disc.”

The differences in audio quality
could be due to geometric
variations between discs affecting a
cd player’s servo mechanism
which, in turn, affects currents used
in the mechanism’s motors to cause
crosstalk, and hence audible
products, or cause jitter in the
digital audio output.

Intel releases details of Pentium successors

|nte1 revealed further details of its x86 roadmap during the launch of
its latest MMX Pentium processor, the P55C.

The Klamath, the Pentium Pro (P6)-based device, is to be unveiled
in the second quarter of the year. Klamath is aimed at high-end
desktop and low-end server systems. The Pentium Pro itself, with

faster caches, will continue to be used in high-end servers.

Chris Hogg, market development manager for Northern Europe,
said that Klamath will first be released at 233MHz, “and other
speeds”. He would not confirm whether 266MHz devices would be
available, preferring to leave some mystery for the launch.

Competitors to Klamath are AMD’s K6 and Cyrix’s M2. Both
devices have multimedia instruction sets (MMX) so as to compete
with Klamath. However, both use a Pentium-style bus interface,
unlike the Klamath, which has a P6 interface.

To pressure the cloners, Intel plans to exploit its leading process
technology. “We're bringing up 0.25pm so we have the capability to
go faster,” said Hogg. This will allow for the Deschutes chip, a
300MHz Klamath, and also a faster Pentium Pro.

However, Linley Gwennap, editor of Microprocessor Report, said:
“I'm not sure Intel will increase the speed of Pentium Pro, relying
instead on Klamath.”

Gwennap believes that, on the desktop, Klamath and Deschutes
will hold off AMD and Cyrix.

The move to 0.25pm will also bring faster Pentiums. “Faster P55C
parts will probably be only for notebooks,” said Gwennap.

A future processor, dubbed Katmai, could enhance the MMX
instruction set extensions. MMX2, believes Gwennap, “‘adds paired
floating-point operations, motion estimation, and maybe fixes some
of the silly restrictions of MMX1.”

Free patent searches on IBM Website

ant to find out if that hot

idea of yours is original?
IBM is now offering a Web-based
patent searching service on its
IBM Patent Server site with details
of more than 2 million US patents
issued over the past 26 years.

Users can search by title,

inventor, assignee, abstract,
claims, attorney/agent and patent
references. In addition, there are a
million full images of US patents
issued since 1987, with additional
images added on a continual basis
going back to 1974,

IBM says that the service is part

of a capability it developed for its
own uses to search US patents and
decided it would make a valuable
public resource.

The good news is that the service
is free to anyone with Internet
access. The site is at:
http://www.ibm.com/patents
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ANCHOR SUPPLIES Ltd

The Cattle Market Depot
Nottingham NG2 3GY. UK

Telephone: +44 (0115) 986 4902/
+44 (0115) 986 4041 24hr answerphone %
Fax: +44 (0115) 986 4667

Micro Video Cameras

Following our recent Readers Offer for the 721-S Micro Camera many readers have contacted us asking about
other items in our range of Micro Cameras and Security
Surveillance equipment. ‘
We are SOLE AUTHORISED IMPORTERS of

the entire range of Cameras and Video Surveillance

equipment produced by the world’s leading manufacturer.

ALL items in the range carry a full 12 Months Guarantee. {

If you would like to receive our comprehensive catalogue &

of Cameras and associated equipment please send a large
SAE with 48p postage, marked “Camera Catalogue”

Here is a sample of the available stock.
A-721-S Micro Camera 32mm x 32mm ... £85 A-721-P Micro PIN-HOLE Camera ... 32mm x 32mm ... £85
A-921-S Camera with AUDIO ... 30mm x 30mm ... £95
A-1211 C/CS Mount Camera ... 110mm x 60mm x 60mm ... £110
A-521 Micro Cased Camera 43mm x 48mm x 58mm ... metal cased ...£120
6001-A High Resolution COLOUR Cameras (420 lines) ... 0.45 lux ... £210
Outdoor Camera Housings ... Aluminium ... £45 Camera Mounting Brackets ... Universal Mounting ... £5.95
Camera Switchers ... for up to 8 Cameras ... £85
Auto Record Controllers ... Allow NORMAL VHS Videos to operate
like professional Time Lapse or Security Recorders ... £75
QUAD-1 Multi Vision Processors ... Digital Freeze ... Quad Pictures etc £275
QUAD-2 Full COLOUR QUAD version of QUAD-1 ... £695
SCI ... SCANNER ... 350° PAN ... Automatic / Manual ... £105
IRA ... Infra Red Illuminator for “Total Darkness Surveillance” ... 20m range ... £125
VMS-1 .. Video Motion Sensor ... replaced alarm sensors with totally electronic video monitoring system

that detects changes in the video signal .. £175
C/CS Format lenses ... Premium 3.6mm = £22.50  Superior 8mm = £27.50

PLEASE NOTE:
AS A CONTINUED SPECIAL OFFER ALL THE ABOVE CAMERA AND ACCESSORY PRICES INCLUDE VAT AND CARRIAGE TO UK ADDRESSES
SPECIAL OFFER
New and Boxed 14" COLOUR MONITORS.. Models VHS Video Players...Front Loading VHS
1412 24V DC operation @ 2.2A..Twin Composite Video Decks..12V operation. Rear Panel 2.6mm DC socket
Inputs (750hm BNC) Black steel case...Supplied with a for power. Play..FF.RW..Stop Controls with the
pair of trailing leads for DC connections. Very easy to addition of REPEAT facility which allows the tape
conyert to 240V operation by adding a 240V / 24V supply to be rewound and replayed time and time again.
either internally or externally. 30 Day Warranty. q . .
NEW CONDITION Video / Audio Outputs via Phono Sockets
Circuit Diagram available..request at time of ordering AS-NEW Condition..
ONLY £125.00 INCL VAT ONLY £75 INCL VAT
Courier delivery to UK addresses = £12.25) (Courier delivery to UK addresses = £8.75)
OPEN 6 DAYS A WEEK

Mon-Fri 9am-6pm Sat 8am-4pm
NO APPOINTMENTS NEEDED. CALLERS ALWAYS WELCOME

All Prices are Ex VAT & Carriage e
VISA | All items are Fully Tested with Verified Calibration ‘
f i and carry our Unique 30 Day Un-Conditional Warranty —
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UPDATE

Employers must say YES to skills training

GSM navigation without GPS

Cambridge University researcher
as designed a system which
allows a GSM handset’s position to
be calculated without requiring the
use of the Global Positioning System
(GPS).

Dr Peter Duffett-Smith, inspired by
his work in radio-astronomy, has
designed a base station which
calculates the handset’s position
within an accuracy of 50m. The
technology is based on interferometry,
with the positioning of an object
determined through multiple readings
taken from various points.

The ability to locate handsets will
enable numerous additional GSM
services to be added. For example, it
would enable emergency services to
locate broken-down cars or accident

sites, allow personal navigation, and
even pinpoint a stolen phone or car.

Duffett-Smith believes the
technology, dubbed Cursor, could be
adopted as early as this year, and he is
currently in discussion with major
handset and base station
manufacturers.

“There is a need for a system like
that [location/navigation], and there is
definitely a market for it,” said one
Ericsson spokesman.

The main approach to combining
location/navigation technology with
GSM is GPS. “GPS is the Rolls-
Royce of technology,” said Richard
Fry from the Technology Partnership.
“The GPS infrastructure is already
there. The problem with Cursor is that
people need to put the infrastructure in

and it has to be low cost.”

But GPS has four disadvantages
when compared with Cursor: it is
expensive to fit into handsets, with a
current accuracy of 100m it is not
accurate enough for urban
environments, it is power-hungry, and
it takes a while to position itself as it
consults geostationary satellites.

With Cursor, the only modification
needed in the handset is applied to the
software.

Cambridge Positioning Systems,
with Duffett-Smith as its technical
director, has been set up to exploit the
technology’s commercial potential. In
addition to Cursor, several other
similar technologies are currently
under development.

Svetlana Josifovska

IlSmn-proﬂf
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British engineering employers must
continue to invest in skills among the
engineering workforce, according to Dr
Mary Harris, director general of the Year of
Engineering Success (YES).

“It’s very important to realise that there is
a shortage of engineers now, and that
industry has to train skills and continually
refresh and update these skills,” said Harris.

She made it clear that the main objective
of YES, which launched on 22 January, will
be to get across to industry, government and
opinion formers just how important

“We need about 35,000
new engineers each
year... and we are only
getting about half that
number,” said Dr Mary
Harris, Director General
of YES.

engineers are to the future economy of the
country.

“Engineering supplies about 30% of our
GDP, with inward investment supplying
about 18%. Companies like Motorola,
Fujitsu and Sony come to this country
primarily because of our enginegring
expertise,” she said.

Harris pointed out that “we need about
35,000 new engineers every year just to
replace those that are leaving, and this year
we're only getting about half that number.
It’s a real problem.”

She revealed that a number of YES events
that will be taking place in the coming year
to “demystify the role of the engineer” to the
general pubic.

These will include the BBC’s Tomorrow's
World Live exhibition at the NEC (19-23
March), organised in collaboration with
YES, and a national tv and radio campaign.

Tl gambles on changed dsp focus

exas Instruments is to end

design and development of its
TMS320C80 and C82 digital
signal processors (dsps), used
extensively in videoconferencing
and compression.

A spokesperson for the
company said: “TI believes it
needs to have a more long-term
look at visual communication. It
is refocussing on ISDN, XDSL
and cable modems.”

The C80 and C82 will be
succeeded, the spokesperson

said, by faster, more broadly
focused products. Manufacture
of the dsps will continue.

The lack of future development
is likely to upset the many
companies which have designed
products based on the devices.

Unless TI brings out a new dsp
architecture for video
compression quickly, such firms
could switch to other vendors’
dsps which will have future
enhancements, such as Analog
Devices’ Sharc processor.

5.150 to 5.350GHz and 5.725 to
5.825GHz ranges, and will allow non-
profit and commercial organisations to
exploit wireless communications and
ﬂ:uebyavoﬂﬁepomﬂaﬂyhlghmof
wire installation in buildings.

The wireless devices will have a range
as wide as three miles but supporters of
the plan, which included Apple
Computer, Lucent Technologies,
Motorola and Northern Telecom, were
disappointed that the FCC did not
approve wider wireless links capable of
extending as far as 13 miles.

The wider range would have enabled
entire communities to share high-speed
wireless data links.

The FCC faced opposition to the plan
from companies that had paid billions of
dollars for radio spectrum licences for
Personal Communications Services.

The FCC says that the new wireless
technologwswxllbebutwmdnformﬁl
areas or campus-type environments
mhuthanmhnk-upm'ﬂmk D7
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Transform your PC {0

into a digital oscilloscope, spectrum analyser, frequency
meter, voltmeter, data logger .. for as little as £49.00

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

Virtual Instrumentation Data Logging

Pico’s PC based oscilloscopes simply plug into the
parallet port turning your PC into a fully featured
oscilloscope, spectrum analyser and meter.
Windows and DOS software supplied.

ADE-700 Dual Channel 12 bit resolution

The ADC-100 offers both a high sampling rate 100kHz and a
high resolution. Flexible input ranges (+50mV to +20V) make
the unit ideal for audio, automotive and education use.

The ADC-10 supplied
with PicoScope gives
your computer a single
channel of analog input.

AD¢-10 £49 with PicoLog £59

Pico’s range of PC based data logging products
enable you to easily measure, display and record
temperature, pressure and voltage signals.

TC-08 Thermocouple to PC Converter

® Supplied with PicolLog software for advanced
temperature processing, min/max detection and alarm.
® 8 Thermocouple inputs

ADe-100 £199

® 50 MSPS Dual Channel Digital Storage Scope
® 25 MHz Spectrum Analyser g
® Windows or DOS environment

® 50mV to £20V o G
® Multimeter « () d r

o 20 MSPS aiso availaple WE2S° ol §

t»°° i

- 4
]

ADE 200-20 £359.00
ADE 200-50 £499.00

Both units are supplied with cables, power supply & manuals.

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ UK
Tel: + 44 (0)1954 211716 Fax: + 44 (0)1954 211880 E-mail: post@picotech.co.uk Web: http:/www.picotech.co.uk/

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT

ADE-100 with PicoLog £219
H#DE-200 Digital Storage Oscilloscope

TC-08 £199

S complete with serial cable
& adaptor. Thermocouple
probes available.
cO
p.!.c
900 2
4t * Call for free demo disk—-

and product range catalogue

Post & Packing UK £3.50, Export
customers add £9 for carriage & insurance.
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® No power supply required.

TC-08 £224 with cal.
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TlePleSCOPE HS508

interface PC parallel printer port
sampling speed 50 Msamples/sec
resolution 8 bits

input range 50 mV/div - 20V/div

record length 32KByte/channel

price £697.00, incl. software, user manual
and 2 probes (1:1/1:10 switchable)

YyYvyvyyy

INPUT 20 volt max.

%O
0

l'i

3.70 ECTRUM ANALYZER CH | i

3.2
2.70

HINDOK

100 kHz sampli

Scop
’:::c printerport

You get a free uScope
when you buy a TP508 or a HS508
until september 1st 1996

(\

resolution 8 bits

sampling speed 100 kSamples/sec
input range 2.5V, §V, 10V and 20V
connects to PC parallel printer port

Software for
the PC-based instruments

contains an Oscilloscope, a Spectrum analyzer, a Voltmeter, and a
Transient recorder. All instruments are controlled in the same intuitive way
and provide for saving and recalling waveforms and settings, cursor measu-
rements, hardcopy on matrix/laser printer and online help. Minimum require-
ments: a 80286-based PC with 2MByte and running MS-DOS 3.3 or higher.

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

Easy installation: just plug in and measure

interface PC-XT/AT ISA slot

resolution 8 bits
input range 5 mV/div - 20 V/div
record length 32 KByte/channel
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TP508

sampling speed 50 Msamples/sec

price £ 630.00 incl. software, user manual
and 2 probes (1:1/1:10 switchable)

Prices are excluding VAT,

TiePie engineering (NL)

P.O. Box 290 Koperslagersstraat 37
8600 AG Sneek 8601 WL Sneek

The Netherlands The Netherlands

Tel: +31 515 415416 Fax: +31 515418 819

TiePie engineering (UK)
28, Stephenson Road, Industrial Estate,
St. lves, Cambs, PE17 4WJ,

United Kingdom

Tel : +44 1480 460028

Fax: +44 1480 460340
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UPDATE

Fractal antennas “in
use within a year”

So what is magic about fractal
antennae compared with
deterministic designs? Cohen says:
“There is no magic, we select the
fractal equation genetically.” He
added: “I have yet to see a non-
fractal shape that does what our
antennas do.”

Cohen cited a research project
into genetically, non-fractally
generated antennae that produced a

US company is predicting that

fractal antennas will be used in
a commercial product this year.

Nathan Cohen, technical adviser

to Fractal Antenna Systems, the
company concerned, said: *You
will see fractal antennas in
transceivers in less than a year.”
While reluctant to discuss what
kind of transceiver, he said it
would be “a cell phone or a

‘cordless phone™. fractal result. “After all.” he said,
A fractal antenna is effectively a  “fractal patterns are a significant

track pattern on a pcb which is set of all possible patterns.”

used as an antenna. The form of @ A Spanish team has been

the pattern is determined using
fractal maths.

Fractal Antenna Systems makes
some significant claims for its
designs. Its Fractal Micropatch is
said to “incorporate the benefits of
conventional patch antennas, but at
a fraction of the size™.

researching a fla, fractal-tree-like
monopole fractal antenna. The
work, reported in Electronics
Letters, describes a broad- or
multi-band characteristic, with the
distribution of frequencies relating
1o the distribution of segment
lengths over the antenna.

Italians trivmph with 0.8V bipolar op-amp

ngineers in Italy have developed a rail-to-rail output, precision input,
bipolar op-amp operating with a supply of only 0.8V.

Designing the circuit with bipolar transistors brings with it the problem that
the Vg of a bipolar transistor is around 0.7V. This leaves only 100mV for
other circuit elements to operate within.

Final measured characteristics, in a sample fabricated by SGS-Thomson
Microelectronics, show an input offset of 0.4mV, current consumption of
0.75mA and an output swing of 90% of V.. The input common mode range,
governed by the p-n-p input transistors, is -0.3V to Vcc-0.7V.

Output stage employs a complementary common emitter pair, rather than
the usual emitter follower design. This type of output is difficult to drive
effectively and doing so requires a lot of transistors. The design uses at least
double the usual number.

Giuseppe Ferri, one of the co-designers, is no stranger to low-voltage
design. He presented a paper at the 1996 ISSCC describing a 1.3V op-amp in
conventional c-mos with rail-to-rail operation at both input and output.

'Samsung joins
' FRAM fray

amsung is the fifth major

semiconductor manufacturer to take
a licence for ferroelectric ram (fram)
technology from Ramtron of Colorado.
The other four are Hitachi, Toshiba,
Rohm, and Fujitsu.

Frams are just appearing on the
commercial market. Rohm of Japan
started making 1000 6in fram wafers a
month in September. The company
makes 4kbit, 16kbit and 64kbit density
devices.

Hitachi has started sampling 256kbit
frams.

Toshiba, Fujitsu and NEC are
expected to have 1 Mbit frams on the
market later this year. Both NEC and
Hitachi showed 1Mbit frams at the
1996 International Solid State Circuits
Conference.

According to Hitachi
Semiconductor’s executive managing
director, Dr Tsugio Makimoto, it will
be five years before frams are cost-
competitive with drams.

Before then, they will be widely used
in portable equipment where their non-
volatility and low power makes them
ideal memory storage devices.

One key benefit of fram is its
endurance. Ramtron spinoff Symetrix
has demonstrated frams with 10 trillion
read/write cycles. According to
Hitachi’s Makimoto, that will also be
the endurance of Hitachi’s commercial
frams.

Ferroelectric technology has been
pursued for many years without
achieving commercial viability. The
problem was the quality of the
ferroelectric material available. With
the development of a new material,
layered perovskites, commercial
production has become possible.

After wireless IC cards, the next big
application for frams, says Makimoto,
is in pocket organisers.

Breakthrough in tv-quality video over the Internet

ebTV Networks, the Silicon Valley-

based company, says it has achieved
a breakthrough in transmitting full-screen,
television-quality video over the Internet
using standard modems. Called
VideoFlash, the technology will be
incorporated into the company’s set-top tv
boxes which add Internet browsing features
to regular televisions.

The company is unwilling to discuss
details of its technology because of its
patent applications, but said that it offers a
data compression ratio ten times higher

than the industry standard MPEG-1.
VideoFlash was demonstrated at the
Consumer Electronics Show in Las Vegas
recently and is based on a software
algorithm rather than dedicated hardware.
“In 1996, WebTV brought Internet
capability to the television,” said Steve

Perlman, co-founder, and CEO of WebTV.

“In 1997, with VideoFlash technology,
WebTV will bring television capability to
the Internet.” The WebTV boxes are being
manufactured and sold in the US by Sony
and Philips.

While pre-Christmas sales were low, the
company says that sales have been in line
with expectations and will grow in 1997,
Customers have to purchase a subscription
to WebTV’s Internet service. All will
receive VideoFlash automatically
downloaded as regular software

The developers of VideoFlash include
Bruce Leak, COO of WebTV, who helped
develop Apple QuickTime video
technology, and WebTYV research fellow
Peter Barrett, who invented the widely
used CinePack video standard. [ ]
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You've got the toughest designs on the shortest deadlines. !
You've got to save time and money. Sounds like you need CADSTAR. *
The UK'’s hottest PCB layout tool on Windows® 95 or NT.

CADSTAR brings you the tools to match the demands of Discover more about what CADSTAR
PCB design in the late 90s - advanced schematic capture can do for you and your company.
and PCB layout plus: Call now for an information pack

Route Editor 2000 - the world famous, award winning i (O 20 O

routing tool for fast, time saving completion of complex
layouts. New! Route Editor 2000 Elite brings you
<e008) crosstalk and signal delay analysis on those
ﬂ high clock rate, ultra high speed designs. CAD TAR

MicrosorT. New! EMC Adviser. CADSTAR now offers a

C‘XM&E" new, easy to use and understand PC FOR WINDOWS
2BiAprlicaien— golution to analyse your layouts and help CADSTAR from Zuken-Redac,

design PCBs with reduced EMC emissions. Save money the world leader in PCB/MCM design
with fewer board reworks for fast EMC compliance. and manufacture. ®aaquest 1996).

Z U KEN

ZUKEN-|

World no.1 in PCB/MCM design

Green Lane, Tewkesbury, Gloucestershire, GL20 8HE England. Telephone: 01684 294161 Fax: 01684 299754 Internet: http:/ ' www.redac.co.uk

Microsoft, Windows, Windows NT and the Windows logo are registered trademarks of Microsoft Corporation. CADSTAR is a trademark of Zuken-Redac.

CIRCLE NO. 109 ON REPLY CARD



RESEARCH NOTES
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All-round - and up and down - vision

Columbia University computer

scientist has developed a video
camera that can see in all directions at
once. The Omnicam and special
viewing software, developed by Shree
Nayar, professor of computer science
at Columbia’s School of Engineering
and Applied Science, and colleagues,
gives complete spherical coverage
without moving parts.

At the heart of the Omnicam is a
video camera that uses a small
parabolic mirror to obtain hemispheric
views. A miniature off-the-shelf video
camera, mounted in a frame, is aimed
directly at the apex of the parabolic
mirror — a small inverted cup of
polished metal enclosed within a
transparent hemisphere. So two
Omnicams mounted back-to-back can
be used to produce views of 360° in a

Left: The Omnicam
is designed to
provide distortion
free images. Two
units places back to
back can give
complete spherical
vision.

Right: Prototypes

complete sphere.

Special software has also had to be
developed to enable multiple images
to be displayed on a computer screen
in linear perspective at any
magnification.

The parabolic optics ensure that the
unit has a single effective centre of
projection — a single point through
which all rays from a scene must pass
on their way to the camera’s lens.
Such a design mimics a camera that
takes in only linear perspective, and
allows the Omnicam’s computer
software to generate linear
perspective images that are free of
distortion.

Vision researchers have previously
tried to create omnidirectional vision
systems, using fish eye lenses or
planar, spherical, conical or
pyramidal mirrors. But most of these
do not yield the single viewpoint
necessary to construct linear
perspective images, or, if they do, use
moving parts and other complex
elements to produce them, says
Nayar.

So far, several prototypes of the
sensor have been developed, geared
towards a variety of applications,
including, video surveillance,

the scene.

For example, in teleconferences, an
Omnicam can show every participant
seated around a table, simultaneously,
in either hemispheric or linear
perspective.

It could also be used to allow a
mobile robot to determine its location
and direction of travel from local
features. Or, placed over a concert
stage or at midfield of a sports event,
the camera could provide a 360° view
to television viewers who could use a
set-top box and joystick to bring any
frame of that view to their screens.
An online demonstration of
Omnicam can be seen at the
laboratory’s web site at
http://www.cs.columbia.edu/
CAVE

Silicon device learns
how we think

cientists at the Physics of Computation Laboratory, California

Institute of Technology, have fabricated a single transistor
device that simulates the learning process in the brain. The
device decides the result of a stored analogue value and an input
in a process analogous to the operation of a brain synapse. By
combining devices in an array, the researchers could be on the
threshold of development of dense, low power silicon learning

have also been autonomous navigation, and
developed for teleconferencing.
specific applications Each prototype is a true video rate
such as navigation. (30Hz) omnidirectional sensor that
lets a remote user to interact with a
dynamic scene. Software allows the
user to visually navigate through
scene as it changes as well as
generate multiple video-rate views of
-
Contact Polysilicon 10:{:;'
Source metal &l ﬂOflt'nQ gate - eli-drain
'/” | ‘ A / /
/ N /'/
~7 4y | / 1
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diffusion  Substrate Gaot:e?):de overn’
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systems.
Learning behaviour of brain are now being simulated in silicon by a

team at the California Institute of Technology.

Behaviour of a neural synapse is complex, and the researchers
admit that their single transistor can not model its behaviour
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Elves that travel faster than light

esearchers at Stanford’s Very Low Frequency Research

Group have, for the first time, measured the horizontal
structure and dynamics of the new kind of stratospheric
lightning that scientists have named ‘elves.’ The elves are
actually high-altitude halos of flickering red light that
sometime accompany thunderstorms, and the new
measurements, obtained with a specially constructed
device called the Fly’s Eye, confirm that these flashes take
the highly unusual form of luminous rings that spread
across the sky at speeds ‘faster than light’.

Umran Inan, professor of electrical engineering at
Stanford explains that scientists have known for a long
time that certain events in the upper reaches of the
atmosphere, like solar storms, can affect the lower
atmosphere resulting in significant consequences such as
power blackouts.

Pilots have reported strange flashes of light above
thunderstorms for some time but it wasn’t until the late
1980s that scientists these reports were taken seriously.

The pulses of electromagnetic energy generated by the
lightning are not anywhere near as strong as those
generated by nuclear explosions which can destroy
unshielded electrical equipment. But they should carry
enough energy to create optical effects.

Researchers proposed that the pulses travel radially
outward and upward from the lightning stroke and
generate light when they intersect the bottom of the
ionosphere — the region above the stratosphere that
contains electrically charged atoms.

The pulse travels at the speed of light, with the first part
of the wave front hitting the ionosphere as a small ring
above the lightning stroke. This expands outward as
portions of the pulse that travel longer and longer
distances strike the ionosphere.

“The ring expands faster than the speed of light for the
same reason that waves, when striking the beach at an
angle, travel along the shore at a faster speed than the
waves move through the water,” says Inan.

fully. But it does demonstrate a local learning function
(Chris Diorio et al, “A single-transistor silicon synapse,”
IEEE Transactions on Electron Devices, Vol 43, No 11,
pp. 1972-1980).

The silicon synapse is an n-type mosfet with a poly |
floating gate, a poly 2 control gate, a moderately doped
channel and a lightly doped drain. It uses channel hot-
electron injection to add electrons to its floating gate and
tunnelling to remove them.

Operation differs from conventional eeprom transistors
in that not only does the silicon synapse provide non-
volatile analogue memory storage, while computing
locally the product of its stored memory value and the
applied input, but it also provides simultaneous memory
reading and writing, and can even compute locally its
own memory updates.

The California team anticipates building synapse-based

Because of the ring’s superluminal expansion rate, light
from its newer parts actually reaches the instrument before
the light from the older parts, and this had to be taken into
account when interpreting the data.

To gather data on the shape and dynamics of the elves
Inan and his colleagues built a special device, christened
the Fly’s Eye. The instrument has a dozen 45mm barrels,
with each barrel pointing to a different part of the sky, and
connected to electronics that amplify the incoming light to
detectable levels. Because the Fly’s Eye has a time
resolution of 30pm, it can measure the way elves change
over their brief lifetimes.

So far, the Stanford team has been able to record the
flickering life cycle of ten elves. All started in a small
region centred above the position of a lightning stroke and
rapidly expanded outward until reaching sizes as large as
320km across.

3

Stanford’s Fly’s Eye is an array of photomultiplier tubes
designed to time-resolve the horizontal development of intense
sub-millisecond ionospheric flashes that have come to be
known as ‘elves’.

learning systems in which both the system outputs and
the memory updates are computed both locally and in
parallel. By contrast, because conventional eeprom
transistors are optimised for digital programming and
binary-valued data storage, they typically possess few if
any of these features, and so have seen only limited use in
silicon learning systems.

So far a 2-by-2 synaptic array with a synapse transistor
at each node has been tested and is reported to be
performing well. The researchers have also developed a
synapse learning rule which they believe will enable them
to build an autonomous learning system that could form
the basis for dense low power systems of the future.

For more information contact Chris Diorio, Physics of
Computation Laboratory, California Institute of
Technology, Pasadena, CA 91125, USA.

RESEARCH NOTES

Integrated model
prediction
compared with
Fly’s Eye video
image shows the
ring-like structure
of individual
elves. The brief
flash begins at the
centre and
expands
outwards.
Numbered boxes
show show the
specific areas
where light
intensity was
measured by the
Fly’s eye.
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Pixels systems know a
thing or two about imaging

M:.nny technologies still need to be perfected before video
ail and computer-based teleconferencing become a
reality. But Researchers in the School of Electrical and
Computer Engineering, Packaging Research Center, at
Georgia Institute of Technology look to be well on the road
to a breakthrough in at least one key area: development of
cheap and powerful smart pixel camera systems.

According to D Scott Wills and colleagues of Georgia
Tech (“Processing architectures for smart pixel systems,”
IEEE Journal of Selected Topics in Quantum Electronics,
Vol 2, No 1, pp. 24-34), the ideal system, combining high
processing performance that scales with vlsi technology
advances while achieving high chip efficiency, has not yet
been found.

“But a successful solution can have an impact comparable
to the introduction of the personal computer, video or fax
machine,” says the Wills team.

One of the most promising technologies currently being
tested in the Georgia Tech labs is the integration of
optoelectronics and the pixel system in an architecture given
the name Simpil. This incorporates a specialised simd
(single instruction stream, multiple data stream) parallel

processing architecture with an integrated array of
optoelectronic devices.

A 1300nm optoelectronic link allows through-silicon
wafer input of digital image data from a detector plane
stacked above the processing plane. By reducing the image
transfer bottlenecks found in decoupled detector-processor
systems, high frame rates are possible without constraining
processing power.

Each Simpil node includes a register, an arithmetic logic
unit and local memory, and, using the instruction set
architecture (isa) to enables addition, subtraction
multiplication and multiply accumulation. The node is
specifically designed to speed up image processing
applications and also includes a-to-d circuitry to convert
light intensities to digitally equivalent values.

Every node is then interfaced to an array of detectors
bonded on top of silicon.

I operation, the parallel processing architecture allows the
entire image to be sampled by the system synchronously.

In the Georgia Tech prototype, 64 pixels are connected to
each node and the system has so far demonstrated edge
detection, convolution and vector-quantisation image
compression.

Vector quantisation is a significant application for image
processing, and the researchers point out that is clearly
demonstrates that high throughput computation can be
supported with low memory.

The Georgia Tech
chips link
processing nodes
with subarrays of
optoelectronic
devices and to
neighbouring
nodes.

Sensor protects babies
from air bag injury

Field sensing technology developed at MIT has been integrated into a
smart seating system that can detect the presence of a baby and
which way it is sitting. Researchers hope that the system could stop the
air-bag being triggered when a baby has been put into the front seat in a
rear-facing child seat. So far, in the US, six babies have been killed by
the force of a deploying air bag, propelling their seats backwards into
the car with explosive force.

Development work on the field sensing technology, which has been
taken up by NEC Automotive Electronics, has been carried out at MIT
Media Lab's Physics and Media Group may soon prevent these
fatalities. Electrodes embedded in a car's seat can distinguish between a
rear- or forward-facing baby, and signal the air bag when not to deploy.

Electric field sensing is related to capacitive sensors, such as those
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found in lift buttons. Though the MIT technology measures the physical
quantity of capacitance, it is somewhat different to normal capacitive
sensing too.

In capacitive sensing, the amount of current dumped out of a single
electrode is measured. For example, as a hand approaches the electrode,
the electrode becomes coupled more strongly to ground (through the
person).

But in the shunt mode version of the MIT technique,there are distinct
transmit and receive electrodes. As a hand approaches, the signal
decreases. But since each measurement depends on two electrodes,
n(n—-1)/2 distinct measurements can be made, rather than just n that can
be made using conventional capacitive sensing.

While the first application is for baby-seat sensing, the same
technology has broader capabilities, and could be used to read any
occupant’s size and position to determine the most effective air bag
action.

Earlier applications of the wide-ranging sensor research have already
included collaboration with musicians, creating fumniture that can ‘see,’
and sending data through the human body. ]
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If a 12 stone engineer

is asked by 3 project leaders to model

the same problem with 50 different
1 day using a scientific calculator,

arameters 1n

gnd the time

required for the calculator to hit the ground once
it’s been thrown out the window.

Most technical professionals face
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| Mathcad lets you share and discuss

the same problem every day: the need! And since technical people are human i data and results through professional-

to do (and redo) complex calculations.

E too, Mathcad has a Desktop Reference

Quickly. Armed with limiting graphing ! and Sampler filled with standard

calculators and typical, hard-to-learn
maths software, what's a (normally)
mild-mannered engineer to do?

The answer is Mathcad PLUS 6.
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you change a variable, Mathcad
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Mathcad 6 solves the most complex
problems, from start to finish, with an
intuitive, bighly usable interfuace.

This free-form, interactive == == A
environment makes Mathcad perfect Please send me: O Mathcad catalogue: Mathematical Solutions
for formulating mocdels, setting up O Mathcad demo disk
problems, and evolving solutions. O Adept Scientific Magazine: Technical Computing
With hu_ndreds of operators and built- Name
in functions, you can solve linear and
non-linear equations, and perform Telephone No.
derivatives and integrals, advanced 1}
, i . ! Position
vector and matrix operations, statistical
analysis - all the calculations you do Organisation
many times a week.
Want to see more? Mathcad offers | Department
2-Dand }D graphing, mu_luvanate Address
curve fitting, data smoothing and
locking, and animation capabilities.
You can also build your own
functional programs using procedural — g
operators, and create function libraries County Posicaile %:
L e e e e e e e 0 e e =3

CIRCLE NO. 110 ON REPLY CARD

! formulas and physical constants - lest
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World Wide Web.
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If you try to charge an
alkaline cell using any
of the traditional
methods - it will
explode, causing a
potentially serious
health hazard. But, as
Rod Cooper shows
here, there is a recipe
to recharge them safely
- resulting in
substantial cost savings
if you rely heavily on
alkaline cells.

CHARGE

alkaline cells

manganese dioxide/zinc couple is recharge-

able. Even before World War II zinc-carbon
cells were being given recharging treatment by
some of the larger commercial users like cin-
emas but the techniques used were crude.

In 1953, R W Hallows wrote an article for
Wireless World with an analysis of these sim-
ple methods. He followed this up in 1955 with
areview of a device from Holland called the
Electrophoor which recharged zinc-carbon
cells using a principle called periodic current
reversal.

Briefly, this system entailed the use of a con-
tinuous train of pulses to charge the cell — a
method which had been tried before without
much success. But in this case each large for-
ward pulse of current which charged the cell
was followed by a smaller pulse discharging it.

The combined result was to charge the cell
in a series of steps, two steps forward, one
step back. It may seem strange to apply what
is in effect an ac charge to a decidedly dc
device like a cell, but it works.

Periodic current reversal, or pcr, was already
in use by the electroplating industry to prevent
the formation of metal dendrites and to give
smooth, hard, compact metal deposits. When
used to recharge zinc-carbon cells, it had a
similar effect on zinc. The main difference
between plating and charging was that cell
chargers tended to use the mains frequency for
pulsing. Hallows pointed out that dendrite for-
mation was one of the main reasons for failure
in recharging the zinc-carbon cells. When
using dc, pulsed or not, zinc dendrites would
quickly form across the separator and short-

It has been known for a long time that the

Warning

circuit the cell internally. Periodic current
reversal prevented that to a large extent.

Following the Electrophoor, which was a
very simple device and easily copied, several
other chargers appeared on the market, and to
counter their popularity the battery manufac-
turers started a campaign to convince the pub-
lic that recharging zinc-carbon cells was
unsafe. This was demonstrably untrue. In the
mid-seventies there was a well-publicised suc-
cess by the pro-charging lobby in the Japanese
courts to stop this propaganda. This success
was not repeated in the United Kingdom or
the rest of Europe.

However, these chargers were soon over-
taken by events as the popularity of the zinc-
carbon cell was already falling — even though
a design with an improved format — the zinc
chloride type, had appeared. The alkaline-
manganese cell, as typified by Duracell, was
taking over and these simple chargers could
not recharge the new cell. If it was attempted,
the cell split and spewed caustic electrolyte
everywhere — sometimes explosively.

In the brief period 1981 to 1985, the share of
the market taken by alkaline cells increased
from 24.5% to 42.6% a process that has con-
tinued — though perhaps less dramatically — to
this day. The size of the market for alkaline-
managanese cell just in the UK was then
£230million - so what must the world-wide
figures be now?

Rechargeable cells using NiCd have
appeared since then but their progress has
been dogged by technical shortcomings (see
Wireless World Jun-Sep ’85 ‘Failure modes in
NiCd cells) and they have taken a compara-

You must not attempt to replicate Rod’s charger design
unless you understand the concepts discussed in this
article in their minutest details - i.e. you are an
experienced electronics design engineer with a good

knowledge of cell and battery structures. Any attempt
to modify any of the components and/or conditions
prescribed for the charger circuit could well result in a
health hazard due to explosion or burning.
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tively small part of the total market
compared to the alkaline-manganese
primary cell.

Why bother to recharge
primary cells?

The amount spent an alkaline cells rep-
resents an enormous quantity of raw
materials and engineering energy, and
normally all of it goes away after just a
brief period of use. This situation has
always been seen as a good example of
the profligacy of technological business
by the environmental lobby — with jus-
tification.

The economical and ecological impli-
cations of this waste are all too clear.
At present there is no recycling to
speak of — as there is with glass, paper
,and aluminium — despite specific polit-
ical directives to encourage recovery of
the raw materials. Also, these cells are
relatively expensive to buy.

In this context, even if a recharging
device recycled each cell just once, the
saving in raw materials and engineering
effort would be enormous. In fact, the
P24 design can recharge alkaline cells
not just once but several times. The
best way to recycle an alkaline cell is
obviously not to re-cycle the raw mate-
rials but to recharge it.

Because of the continuing claims by
battery manufacturers that any sort of
recharging of alkaline cells is unsafe,
this charger has been given two end-of-
charge mechanisms and more than
usual effort has been put into testing the
safety aspect of the design.

The design below was commissioned
for commercial use in 1988 before
recharging alkaline manganese cells
became generally accepted, so before
being submitted commercially it was
tested with many hundreds of recharge
cycles using cells from many different
sources. It has proved itself completely
safe but only when used correctly.

Recharging
alkaline-manganese cells

The ‘rules’ which shaped this design
are listed as follows.

® To be effective, alkaline batteries
should be recharged as a single cell,
each cell being given its own separate
charge regime. Packaged batteries like
PP3, PP9 etc. are excluded. Charging
these batteries always results in uneven
distribution of charge, and leads to
reverse charging when discharge takes
place. The situation is acute when one
cell fails, because this can lead to
severe over-charging of the remaining
cells in the battery during recharging —
which is not safe with alkaline cells —
and can result in malfunction of a
badly-designed charger. The P24
design charges two cells at a time in

T1
wovie ()
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Fig. 1. Complete circuit

*Try is a general purpose
power transistor such as
TIP31A. Heatsink it to

metal case via insulating

D4 and Dg: 1N4001 SA for charging two
D, Ry alkaline cells. Power
supply drives both
Reg g sections and needs a 6-
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+ L “”  AA and below. For the
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separate holders, and treats each cell individ-
ually.

® The charging current must be limited to
match the charge-acceptance of the cell. One
factor affecting the charge-acceptance is the
state of charge of the cell. A partly-discharged
cell will have a much higher charge-accep-
tance than a cell approaching the fully charged
state — all other things being equal. At full

Fig. 3. MklI fixture used for monitoring pressure in the cell during charge incorporated a sensitive
electronic pressure transducer. Although more sensitive than the mechanical pressure gauge, this

Fig. 2. Oscilloscope views of forward and
reverse current in a D cell, a) at start of
charge, b) after 1h, c) after 2h, d) after 4h and
e) at end of charge, i.e. balance point.

E—._l

Table 1. Values needed to accommodate the
various cell sizes.
Ah Rr Re At

D 15 9.25 0.7 0.3
C 7 20 1.5 0.66
AA 2.25 71 4.9 2.1
AAA 0.8 175 13.5 5.8

charge the charge-acceptance of an alkaline
cell reduces to nothing, for practical purposes.
Because of this characteristic, any charging
circuit must adapt to give a charge current
appropriate to the state-of-charge. A method
called taper charging is commonly used with
many batteries, which as the name implies,
starts at a controlled large current and dwin-
dles as full charge approaches. This technique
is used in modified form in the charger.

version still showed no significant rise in pressure - as chart Fig. 4 illustrates.

Sliding piston

o This design is for use at room temperature.
The properties of the alkaline cell vary sig-
nificantly with temperature. In particular,
charge acceptance decreases with falling tem-
perature. Although the commercial version of
this design had temperature control, there is no
compensation in this version, so a 20°C envi-
ronment is assumed.

@ Current applied to the cell must not exceed
a certain maximum charge-acceptance value.
For alkaline-manganese cells, this rate is
around C/35 to C/40 amps, where C is the
capacity of the cell in ampere/hours. There is
some variance depending on the origin of the
cell. In addition, the charger must be short-cir-
cuit proof for safe household use. To deal with
both issues, the P24 is made short-circuit
proof at the maximum charge acceptance fig-
ure. For a D-size cell, the short-circuit current
is below 0.5A — safe by any standard.

® Unlike NiCd cells, where overcharge is part
of normal operation and is to some extent
desirable, no overcharging is permissible with
alkaline cells. In the NiCd cell there is a mech-
anism for recombining the gases produced
inside the cell during overcharge, the net result
being that the cell merely becomes warm. For
the NiCd cell this provides a very convenient
overcharge-limiting system. Although a simi-
lar mechanism exists for the alkaline-mana-
ganese cell, it is not encouraged by the internal
structure of the cell, so it cannot be relied on
for limiting overcharge. An alkaline-man-
ganese cell could probably be designed with
this characteristic but it is unlikely to be pro-
duced for obvious reasons. To prevent over-
charge, two techniques are used in the P24
charger. First, the charger’s taper is made to
reduce to nothing well before overcharging
can take place. Secondly, a simple voltage cut-
out operates at a preset voltage slightly below
that produced by the taper. One technique
complements the other so that if one method
fails the other will back it up. This makes the
P24 very safe. In many hundreds of cycles,
over eight years, it has never burst a cell.

® The charge method must be the periodic-

current-reversal type as discussed above to
prevent dendrite formation. In this design, per

Valve

Valve body

Solid state pressure sensor
0 - 2 bar (0 - 30psi)

Qil filling

Piston body

Piston stop pin

Cell under test
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is used at mains frequency for the sake of sim-
plicity, but in a modified form as explained
later.

® Lastly — but most importantly — for this
charging method to be effective, the alkaline-
manganese cell must not be discharged below
a certain level. Below this level, irreversible
chemical changes take place which render the
cell progressively less rechargeable. The actu-
al level is a subject of debate, but in the
regime [ use, I stop discharge after the top
30% of the total cell capacity has been used.
For a typical D size cell of 15Ah total capaci-
ty, this gives a usable 5Ah to play with. This
is about the same as a D-size NiCd cell pro-
vides, but without the snags of the NiCd.

Terminating the recharge cycle

The potential at which gases are evolved from
the alkaline-manganese cell is 1.7V at room
temperature. Since a voltage slightly less than
1.7V still produces a fully-charged cell, the
P24 charger is designed to taper the current to

Deciding when to recharge

In practice, imposing a 30% limit
does not reduce the usefulness of the
method as much as you might think.
For example, a typical portable radio
running on alkaline manganese C
cells can run for 24 hours before
needing a recharge, and a flash-lamp
with two D cells for about 5 hours.

Moreover, in real life, it seems no
more trouble to recharge alkaline-
managanese cells than it does when
using NiCd. Of course, in contrast to
NiCd cells, you can use up the whole
of the remaining reserve capacity of
an alkaline cell at any time if you
wish. This is a big advantage.

A problem arises in deciding when
the 30% limit has been reached.
With a NiCd cell, it is clear enough
when the cell needs a recharge, but
the 30% limit is more obscure with
alkaline cells. Misunderstanding of
the 30% limitation and lack of a
method of determining the recharge
point has resulted in assessments of
this method of recharging, such as
the Which? magazine survey, giving
a negative verdict.

For good results, the current taken
by the appliance must be known.
Once you know this, you can either
judge roughly.when the cell needs a
recharge from knowing the original
Ah capacity, in which case you must
put up with the effects of any mis-
judgement, or you can attach simple
integrating timer. This could flash a
light-emitting diode or operate a cut-
out after C/3 Ah has been reached. A
low-current timer design will be
shown in a subsequent article.

zero at about 1.68V. The cut out operates at
1.62V.

I should mention here in case anyone is
tempted to experiment, that this design was
not arrived at in a single step. Many circuits
were tried in order to provide the 1.68V ceil-
ing — including constant-voltage transformers,
electronically stabilised ac supplies, feedback-
controlled switch-mode psu and many others.
Eventually the circuit of Fig. 1 was arrived at.

Pulse-balancing

In this technique, instead of charging the cell
with a constant ratio of forward to reverse cur-
rents, the large forward pulse of the pcr charge
is varied and the small reverse charge is kept
constant. This gives the taper charge and can
be arranged to give a natural balance at the
end-of-charge point.

When the cell is in a partly discharged state,
i.e. high charge-acceptance, the forward pulse
is large but kept within limits by the current
limiting circuit. The limit was set at about
C/35 amps, but any setting from C/30 to C/40
provides good recharging.

Various criteria were used to fix the maxi-
mum limit; the length of charging had to be
practical for everyday use; the cell had to
show no signs of internal distortion after
charging; and the charging components had to
be low cost and therefore low power devices.

The maximum ratio of forward charge to
reverse charge was set to 4:1 — but in fact any
ratio around this figure will work. As charging
continues, the size of the forward pulse is
gradually lowered to keep within the cell’s
charge-acceptance limits as explained above,
and the ratio of forward charge to reverse
charge reduces, until at 1.68V it is 1:1. That is,
the energy contained in each forward pulse
equals the energy contained in the reverse
pulse at this cell voltage. The oscilloscope
screens of Fig, 2 show what happens. Note the
period of this quasi-square wave is not quite
even.

If left to itself, the cell/circuit combination
would settle at a 1:1 pcr ratio at 1.68V and
stay there indefinitely. The circuit so far could
be regarded as a complete charging circuit,
requiring no more components. However,
leaving the cell in such a state for any length
of time is not desirable because each forward
and reverse pulse represents a charge/dis-
charge cycle and there is a limit to the number
of these the cell can take.

Also, failure of just one component of the
circuit might result in overcharging, so for
safety’s sake and to preserve the life span of
the cell, a further circuit has been added to
stop charging. This consists of a simple com-
parator which effectively stops both forward
and reverse pulses just before 1.68V. The
voltage chosen is 1.62. This an arbitrary volt-
age which I found gave a good charge to the
cell. Other voltages could be chosen, but
voltages lower than this tended to give short-
er charging times and not such a good
charge. Voltages too close to 1.68V gave
erratic turn-off — the reasons for which are
mentioned later.

COMPONENTS

Circuit details

Op-amp /C),, Tr| and T», provide the 1.68V
ceiling voltage for the forward charge pulse.
The voltage reference is derived from the 5V
power line provided by the 7805 regulator by
means of resistor chain Ry, R3 and VR.

Exactly how the ceiling voltage is set is
described later, but adjustment is carried out
with preset pot VR,. The forward charging
current is provided at mains frequency every
half-cycle to this circuit by rectifier diode D,
from the 6V ac transformer line. On its own,
this circuit would generate hf oscillations
every half cycle, so this tendency is sup-
pressed by C;.

Since each of two cells takes a forward
pulse every half-cycle, to balance the trans-
former these two circuits are used back-to-
back with centre-tapped transformer.

To limit the maximum current that the
above circuit can supply to around C/35, Tr3
and R, are added. Transistor Tr3 simply
clamps the base of Tr, at a pre-set current
level determined by R.. However, the circuit
would try to supply this current at all voltages
up to the 1.68V limit, so R, added to introduce
a gradual tapering-off of current as the cell
voltage rises. The internal resistance of the cell
cannot be relied on for this.

The reverse-charge part of the pcr cycle is

Safety issues

Safety has to be seen in context. For
example, we use that most
flammable of fuels, petrol, to power
our most popular method transport,
but few refuse to travel by car just
because of the fire risk. The car
makers do not put a warning about
fire-risk on cars.

We use a lethal voltage instead of
a safe one around the home to
power various devices — and we
actually hold some of these devices
in our hands to operate them!

The risk in both cases is universal-
ly accepted despite the fact that
people do occasionally come to
grief, because the usefulness is great
and the risk small when devices are
used correctly.

Compared to the two examples
above, any risks posed by the tech-
niques put forward must be regard-
ed as miniscule, when approached
properly. From the tests conducted,
and the continuous use this charger
has had over many years, the risks
appeared to be acceptable. Any risk
would seem to come from random
component failure and misuse.

In a well-ordered technology-
based society, the warning on the
side of alkaline cells Should be
amended to, “Do not recharge in an
unsuitable charger” It would then be
technically correct, which it is not at
present.
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provided by Tr4 and R;. While the cell is being
charged Tr, is turned constantly hard on via
the led and R;. During the forward per pulse,
the small reverse-charge current is swamped
or cancelled out by the much larger forward
current. This is a simpler and cheaper concept
than one which uses a second pulsing circuit
for the reverse pulse and is easy to turn off at
the end of charging.

While charging is in progress, the led is on,
and can be used to show when the cell is
under charge, but there are better methods as
discussed later. Different values of R, R, and
R, are used for cell sizes D, C, and AA. Table
1 shows values for these sizes.

Op-amp ICy, and its associated components
form a conventional comparator to detect the
end of charging. It can be pre-set by VR, to
trip at around 1.62V. Voltage on the cell can-
not be monitored directly by the comparator
because of the small ripple voltage across the
cell when being pulsed. The cell voltage is
therefore filtered by Rg and C; before being
applied to ICy,

The comparator is biased towards the ‘off’
position, i.e. output low, so that once turned
off by a voltage over the limit, it cannot be
turned back on again except by manually-
operated switch. This arrangement is needed
because once a fully charged cell has tripped
the comparator, the cell voltage soon drops
and could turn the comparator back on to give
more, unnecessary charging.

Once the comparator is tripped, Try4 is turned
off via Rg and the reference voltage presented
to IC), is lowered via R4 and D). This effec-
tively stops charging. In this state only small
semiconductor leakage currents around the
cell charging circuit are present, which can be

50

Temp (°C)

SRR E o L

disregarded for practical purposes. However it
would not be advisable to leave the cell in the
charger for long periods, several weeks for
example, because of these leakage currents.
The charge sequence can be started again by
pressing momentary push-switch S$; which
simply overcomes the bias of the comparator.
The IC chosen for this circuit is the LM324
quad op-amp — a cheap temperature compen-
sated device which can do both functions of
reference and comparator reasonably well. It
makes a two-cell charger very economical.

Setting up the circuit

First, comparator IC), is disabled by being
turned on, i.e. output high, by VR,. A high-
value low-leakage electrolytic capacitor is
then substituted for the cell. I used 50,000pF
computer-grade type which seemed to work
very well.

At power on, preset pot VR, is now adjusted
to give 1.68V on C; using a high-impedance
dvm. The capacitor acts in approximately the
same way as a cell, that is, as a store of elec-
trical energy, so you can say that at 1.68V the
energy in from the forward pulse equals ener-
gy out from the reverse pulse.

This method ignores the small amount of
ripple on the large capacitor about 10mV
peak. After this preliminary setting it is best to
check the balance point with a real cell to
ensure the voltage never rises above 1.68V,
before you set the comparator. You could do
the setting-up with a cell, but it would then
take a much longer time, perhaps several
hours, to reach the balance point, whereas you
can get to it very quickly using a capacitor.

Having done this, the comparator can be set
to trip at around 1.62V by observing the out-

Fig. 4. Traced chart
recordings of
characteristics of an
alkaline call under
charge using the
circuit of Fig. 1.

These show that
temperature and
pressure rise are
negligible.

put led while adjusting the voltage on the large
capacitor to this value with a variable resistor,
While you have the dvm at hand, the com-
parator voltage swing should be checked to
ensure correct operation. This comparator will
trip within 10mV of the set voltage.

The charger is then ready to use.

Charge indication methods
Although the led in series with Rg can show
when charging is in progress, it cannot show
what point has been reached. Small inexpen-
sive moving-iron meters are on the market
which could be used at point M in the circuit.
A meter is the best indicator with small
cells. Alternatively, for D and C cells, a fila-
ment lamp-bulb can be successfully used. This
is set for full brightness with a discharged cell
— i.e. at the short-circuit current — and just
glowing at the balance point. A parallel resis-
tor may be needed with some bulbs. For this
purpose, I have used a T1 1.5V 200mA,
which is difficult to obtain, and a MES lens-
end 1.2V type which is more readily available
at 200mA and 300mA. Performance can be
improved with an ntc thermistor in parallel
instead of a resistor.

Using the charger

The charger has been proved from 15°C to
25°C so use outside this range is not recom-
mended. As stated, there is no temperature
compensation.

Also, the construction has to be such that the
cells and circuit are kept within temperature
limits by free ventilation. This means an open
construction with plenty of slots for air circu-
lation.

The comparator circuit is prone to trigger
prematurely when approaching full charge if
current spikes are allowed in from the mains,
so a mains filter is essential. For the same rea-
son, the whole circuit should be in a metal box
to reduce incoming emi, although the absolute
need for free ventilation will nullify most of
this benefit. The metal box can be a safety fea-
ture if there is any remaining doubt about
bursting cells. Also, any thermal effects from
Tr, can be reduced by using the metal box as
the heat-sink.

A spike from a comparator rapidly turning
off can trigger a neighbouring comparator to
turn off before its time, if that was also in the
sensitive region near the end of charging. To
prevent an abrupt turn-off, capacitor Cg has
been added.

If you live in an area of high interference, it
may be necessary to current-slug the com-
parator with capacitors C4 and Cs, and the ref-
erence with C;. The value chosen depends on
how severe the interference is. Start with 1IpF
for C4 and Cs if you experience premature
turn-off. These capacitors must have negligible
leakage current.

Drift with age may be a problem if not
detected. As a result, it would be reasonable to
check the two important voltages with a meter
now and then. I suggest a check after the first
couple of cycles and then every six or twelve
months.
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Safety

Because of the likelihood of counter-claims
about safety from battery manufacturers trying
to protect their market, more than usual effort
was put into checking the safety of this design.

There are two main areas that could pose a
risk. Firstly, there is the possibility of internal
pressure arising from an accumulation of
gases caused by electrolysis. This is the the
most likely cause of leakage if recharging con-
tinues when the cell is fully charged. But it
could occur at any point on the recharge cycle
if the cell was given a current larger than the
cell’s charge-acceptance. This could be caused
for example by using the charger at low tem-
peratures.

Secondly, a risk could be posed if the tem-
perature during recharge rose to excessive lev-
els. Leakage could come from the expansion
of any gases already inside the cell — from
reverse-charging for example — or from steam
being formed if the cell got hot enough for
this. These two potential risks are examined in
turn.

Regarding the first point, internal pressure,
three methods were used to check internal cell
pressure during recharging. I noticed that
whenever a cell leaked due to internal pressure
from deliberate abuse, it bulged slightly at the
ends, and it was possible to measure this small

expansion with vernier callipers. In fact, a
bulge could be easily detected before any
leakage occurred. Both bulge and leak condi-
tions could be readily achieved by deliberate-
ly trickle-charging the cell.

This formed the basis for the first method. I
measured cells with callipers — with insulated
jaws of course — before, during and shortly
after being recharged in the P24 but there was
never any size increase over many cycles. It
was clear that there was no detectable pressure
developed by normal recharging.

The second method I used to check pres-
sure was to attach a bourdon type pressure
gauge to the cell with an adapter. I did this to
be able measure directly the pressure, if any,
that was being developed inside the cell. The
cell was firstly pressurised via a schraeder
valve and left for a few hours to confirm the
cell was gas-tight and then given several dis-
charge/recharge cycles.

The gauge never showed any significant
pressure increase or decrease. As the volume
of the released gases is small, I tried to make
this rather clumsy technique more effective by
filling the ‘dead space’ in the gauge with sili-
con oil, plugged with light silicon grease to
stop it escaping and contaminating the cell.
But it still never showed any pressure

COMPONENTS

The gauge was refined in a third, more sen-
sitive test by attaching an electronic pressure
sensor to a chart recorder so that the whole
cycle could be recorded. The arrangement is
shown in Fig. 3. This third method again

- showed no detectable pressure increase.

Regarding temperature rise, it was noted by
Hallows that temperature rise with pcr is very
small, in contrast to other methods of recharg-
ing. My tests confirmed this. A temperature
sensor was attached to the metal jacket of the
cell during cycling and connected to a chart
recorder. As Fig. 4 shows there was no sig-
nificant rise in temperature.

The overall conclusion from these tests was
that the P24 simply does not create internal
pressure in cells. Cells in many conditions
from brand-new to totally dead were used in
the tests to cover the range of possibilities in
real life.

A post-mortem was conducted on cells that
had been cycled to exhaustion to check if
there had been any physical changes inside the
cell. The cells were sliced up on a miniature
milling machine with a 0.5mm slitting saw,
which did not disturb the contents too much.
In no case was there any tell-tale sign of elec-
trolyte leakage.

No distortion attributable to internal pressure

increase.

was observed.
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In vector-based orientation
schemes, compensating for
sensor offset and drift is a major
problem. Digital processing not
only simplifies compensation,
but also allows new techniques
such as continuous error
removal. David Risk and

Richard Noble explain.

netic field sensors, this algorithm is of more general

application to any system in which fixed magnitude
vector quantities are measured by less-than-perfect sensors.
It applies equally well, for example, to the accelerations
involved in measuring the gravity vector.

Both types of measurement are of interest in such areas
as magnetic compasses, virtual reality devices, sea-bed
wreck-finding systems and geophysical surveying.

The algorithm assumes that the sensors used for mea-
surement are substantially linear but may have large, vari-
able and differing zero-offsets coupled with significantly
differing and variable sensitivities. This accords reasonably
well with reality in that sensor manufacturers usually
achieve reasonable linearity, or at least consistent, simply
correctable non-linearity, but often suffer from a spread of
large zero-offsets which may vary quite alarmingly with
temperature, coupled with a spread of sensitivities equally
affected by temperature or power supply changes.

In the past, analogue solutions to this type of problem
have frequently resulted in a proliferation of trimpots and
temperature compensation schemes of varying success.

The currently popular approach of digital processing
throughout presents the opportunity to not just simulate
these analogue palliatives, but to adopt new, more suc-
cessful techniques permitting continuous error removal,
even if the source of error is not clearly understood.

The approach described here applies specifically to fixed
or slowly varying vector measurements, in two or three
dimensions, in particular only to vectors which do change
their orientation.

Although developed specifically for use with mag-

-

orientation

The sum of the squares...

The underlying principle used here exploits the fact that the
components of a vector, as projected on to the X, y and z
axes of an orthogonal coordinate system, are related to that
vector by Pythagoras’ equation. The square of the total vec-
tor magnitude is equal to the sum of the squares of the
component values.

Where the vector is of nominally fixed magnitude, the
Pythagoras relationship permits the derivation of a unique
solution to the sensor imperfections.

Any difference between the sensitivities of the sensors
measuring the vector will distort the circle or sphere into an

SENSORS
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ellipse or ellipsoid, still centred about the ori-
gin. The existence of zero-offsets will displace
the centre of the ellipse or ellipsoid away from
the origin.

Four known points on an ellipse will unique-
ly define it. Six known points will do the same
for an ellipsoid in three dimensions. Hence a
succession of real readings from imperfect
sensors should permit the calculation of the
unknown sensitivities and zero-offsets of each
of those sensors.

Details of the algorithm are, for the sake of
interest, described in terms of a practical appli-
cation in which the orientation of the Earth’s
field is determined using magnetic sensors.
The sensor referred here to is the FGM-3 mag-
netic sensor developed by Speake & Co, but
the principle applies equally well to other
types of flux-gate device and to Hall effect or
magneto-resistive devices, with appropriate
modifications.

The FGM-type sensor’s output is a large
rectangular pulse whose period is proportion-
al to the external magnetic field along its prin-
cipal axis, within its linear range of operation.
Unfortunately, since the output cannot have a
negative period, this cannot be a direct pro-
portionality. There has to be a zero field peri-
od in the form of a zero-offset large enough to
accommodate negative values of magnetic
field.

There are then two unknown parameters as-
sociated with each sensor, the first being the
slope of the relationship between period and
magnetic field, and the second, the zero-offset
or period which corresponds to zero magnetic
field. Both these parameters must be taken in-
to account, when using sensor combinations to
determine orientation information using the
Earth’s field.

Though an attempt is made to reduce the
variation in these parameters, no two sensors
are alike and some calibration is called for.

For small quantities, this calibration is fairly
easy to carry out, but in the large scale pro-
duction of application devices it would be
much more desirable to remove the calibration
requirement.

Continuous autocalibration

There are some circumstances in which con-
tinuous autocalibration is possible. One is the
two-dimensional bolt-down type compass
magnetometer, in which the sensors are con-
strained to rotate in a horizontal plane or at
least in a fixed plane, which need not neces-
sarily be horizontal. The other is the full three-
dimensional sensor combination, used to de-
termine the alignment of the Earth’s field with
respect to an orthogonal set of sensor axes.

The only other requirement for this type of
autocalibration is that the sensor combination
should be in continuous or intermittent motion
of some sort. If this is the case, it is normally
possible to continuously determine and update
the values of the two (or three) sensitivities
and the two (or three) zero-offsets, using only
the readings taken in the normal operation of
the orientation-determining device.

The fundamental principles behind the
method is the fact that the earth’s field can be
regarded as substantially fixed in both magni-
tude and orientation and that the sum of the
squares of the orthogonal field components
will remain constant regardless of the orien-
tation of the reference axes. In the three di-
mensional case, for example, if the field com-
ponents are hy, hy and h, then:

h,2+hy2+h,2=Ihi?

If there are any zero-offsets or unmatched
sensitivity variations between sensors then this
relationship will not hold true and can be
made to indicate the required corrections.

For simplicity, a two-dimensional algorithm
will be developed first from which the expan-

ty
(t X .ty)
tyo 5,
Sy
byl o/
h |
l
hy txo tx
h
Fig. 1. Transformation of elliptical locus of errored
readings to circular locus of true readings at origin (0,0).

sion to three dimensions is obvious.

Two dimensional autocalibration
For an Earth field vector, h, having orthogonal
components h, and hy, in the plane of the sen-
sor axes, assume the sensors give output peri-
ods of t, and t,.

If the sensors have differing sensitivities
(slopes of period against field) s, and sy and
differing zero-offset periods tg and tyq, then:

t=syhy/httyo ()
ty=syhy/h+tyg )]

where the x and y components of the field are
assumed to be divided through by h, the mod-
ulus of the field. This effectively converts the
field components into their direction cosines,
which are independent of the field magnitude.

Applying the condition that h,2+hy’=h?, or
more appropriately,

(hy/h)*+(hy/hy>=1
gives,

(ty—ty0)/s > Hty—ty0)*/s, =1 (3)

This is the equation, in t, and t,, of an
ellipse with its centre located at (tyg, tyo) and
having principal axes s, and s,, Fig. 1.

All measured pairs of sensor readings, t, and
ty, must lie on this ellipse, and hence any four
different points are sufficient to define the
ellipse completely.

It must therefore be possible to deduce the
centre, (tyg, tyo) and the principal axes, s, and
s, from any four different pairs of sensor read-
ings. Although in theory any four points will
do, the precision of calculation with measure-
ments of finite accuracy will be adversely af-
fected if the points are very close together.
This should not be a problem with orientation
systems which are in constant motion, and the
algorithm should be designed to wait until it
has collected sufficiently different inputs be-
fore proceeding to calculate.

If the four points are denoted by (ty;.ty;), i=1,
2, 3, 4 then four equations of type (3) above
are available, having the typical form,

(hitx0) /8,7 +(tyi~ty0) /sy *=1

Subtracting these from one another succes-
sively will yield three equations of the typical
form,

((txiZ_txH»l 2)‘2tx0(txi_txi+ I))/ sx2
+ ((tyi2—tyin) -2t oty +1))/s,2=0

Multiplying each through by s,2 and setting
k=s,%/s,% will yield three equations of the
form,

aitx0+bi(kty0)+cik=di
i=1,2,3

where a; is 2(t,;—tyi+1)s b; is 2(t2yi—tyi+|), ¢ is
—(tin_tyiHZ) and d; is (txiZ_txiH )

These three equations are linear in tyg, (ktyg)
and k and are therefore soluble for these val-
ues, using the determinant method or the
Gaussian elimination method of solving linear
simultaneous equations.

This will immediately provide the values of
tyo and tyo-
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Generate 4 data pairs

(ta, ti)

|

Solve 3 linear equations
for txo» ktyo, k

|

Deduce t,q

|

Solve one of the 3
equations for sy

|

Deduce sy

|

Convert data to hyp, hym form

Fig. 2. Sequence of operations in the
two-dimensional algorithm

Finally, the last of the type (3) equations,
viz,

(tx4_tx0)2/ sx2+(ty4"‘ty0)2/ Sy2= 1

can be solved for s, and hence for s, by set-
ting s,%=ks,? and inserting the other known
values.

This gives the required sensitivities and zero
offsets of the individual sensors. They can
now be used to correct the incoming readings
to give valid direction cosines for the orienta-
tion calculations, as follows.

For any pair of readings, (t,, ty),

hy/h=(t,~t,0)/sx
hy/h=(ty—~t,0)/sy

giving the desired corrected values in terms of
known constants and measured values.

Then measuring the orientation angle, 6, of
the vector h in the clockwise direction from
the y axis, for example, gives,

0 =tan™! (hx/hy)

Calibration can be carried out at whatever
intervals are considered appropriate to main-
tain a suitable compromise of stability and
speed of data acquisition.

The FGM sensors are generally stable
enough for orientation purposes without con-
tinuous recalibration, if supplied from a stable
voltage source, and may only need the initial
start-up calibration. The technique can be
used, however, to overcome the effects of drift
from any potential source.

Moving to three dimensions
The expansion to three dimensions follows the

same pattern and ends up defining a three-
dimensional ellipsoid using six pairs of dif-
fering measurements, yielding five simulta-
neous equations to solve and giving, finally,
three sensitivities and three zero-offsets as cor-
rections.

With this many equations, the determinant
method of solution is not very efficient and
Gaussian elimination is probably the preferred
approach. An excellent description of
Gaussian elimination was given by John
Hopkins in his article ‘DIY Circuit Analysis’
in the January 1996 issue of Electronics
World, p. 31.

Figure 2 is a flow diagram of the sequence
of steps required by the algorithm for use in
two dimensions.

Practical demonstration

A simple practical demonstration of the
mechanics of the algorithm is sometimes use-
ful. This can be carried out by means of a
hypothetical experiment. Values for the sen-
sitivities and zero-offsets are assumed and the
readings from the sensors are back calculated.
The algorithm is then run on the hypothetical
readings to show that it can make reasonable
estimates of the required corrections.

In practice, the techniques for obtaining
readings will vary with individual designers,
but a typical method might be to count how
many internal processor clock pulses occur
during, say, 128 or 256 incoming sensor pulse
periods, using either internal hardware count
registers or some software equivalent. This
generates an arbitrary number which is pro-
portional to the sensor period and therefore to
the external field strength. The designer will
usually arrange that this number ranges over
sizes that stay within some register’s capacity
for convenience, but which is still large
enough to provide the desired precision.

For orientation determinations, the field
strength itself does not have to be known, so
these arbitrary numbers can go directly into
the algorithm as they stand.

Using again the two-dimensional example,
suppose that the sensors have different zero-
offsets of t,4=2000 and t,(=1850. These are
the arbitrary counts obtained at zero field
respectively for the two sensors.

Suppose also that the sensitivities differ and
can be simulated by slope factors of s,=880
and s,=740. Then you can calculate the
expected counts for any angle to, say, the y-
axis from,

t,=880h,/h+2000
ty=740h,/h+1850,

the values of h,/h and hy/h being simply the
sine and cosine of the chosen angle. These
counts now contain the errors caused by the
sensitivity and zero-offset factors chosen.

Using four arbitrarily selected angles, we
can make up a table of the field’s direction
cosines,

0 0° 300 60° 90?
hyh O 0.5 0.86603 1
hy/h 1 0.86603 0.5 0

SENSORS

From this we can calculate a table of errored
readings,

tx 2000 2440 2762 2880
ty 2590 2491 2220 1850

Using these readings, coefficients of the
three simultaneous equations can be calculated,

i a; bi [ di

1 880 198 -503019 -1953600
2 644 542 -1276681 -1675044
3 236 740 -1505900 -665756

In matrix form then the equations are:

-880 198 503019 | ¢, -1953600
—644 542 -1276681 |f kt , [=| -1675044
—236 740 -1505900) & -665756

Solving by the determinant method gives,

t,0=2000.9 (0.05% error)
kty0=2604.9
k=1.4086

giving t,(=1849.3 with 0.04% error. From the
fourth Pythagoras-type equation using the last
set of readings,

sy%=548642 and 5,=740.7 (0.1% error)
from which, using s,?=ks,2:
$,2=772817 and 5,=879.1 (0.1% error)

The four supposedly unknown parameters
have been recovered with a reasonably good
accuracy. It may be verified that the errors
noted are almost entirely due to using five fig-
ure precision for sin60°® and cos30° in the
direction cosine table. If exact arithmetic is
used, as for example in the computer algebra
software Derive, then s,, sy, t,o and t,o may be
recovered with zero error.

Using the corrections above to recalculate
the original hypothetical angles from
=tan"'h,/h, gives:

hy/h  -0.001 0.4995 0.8658 1.000

hy/h  1.000 0.8663 0.5005 0.0009
0 0.062 29.97° 59.97° 89.95°
Error 0.06° 0.032 0.03® 0.05°

In any practical situation, the errors arising
from other causes are likely to be much larger
than this, but the demonstration does indicate
the efficiency of the technique if other errors
are small.

This type of hypothetical experiment can be
set up as a computer program and usefully
exploited to determine the effects of limited
digital measurement precision, non-linearity
and non-orthogonality on the success of the
algorithms when working in less than perfect
conditions.

Compass gimbals

An interesting extension of the basic ideas
used above applies to certain types of com-
pass, particularly hand-held types, which
often require some kind of calibration on a
level surface after being switched on. It could
also apply to other types of installed compass,
used within a limited geographical area in
which the earth’s field is assumed to vary
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very little.

For such systems, it should only be neces-
sary to try to ensure a level attitude in one
axis, rather than the two normally assumed
necessary, since a simple Pythagoras calcula-
tion will immediately indicate whether the
crossed sensor assembly is level or not, by
comparison with the known horizontal com-
ponent magnitude.

Furthermore, if one axis is known to be
level, either by spirit level or gimballing, it is
relatively easy to calculate the correct level
magnitude of the tilted sensor and even the
extent of the tilt. The first case is found by
ignoring the output of the tilted sensor and just
calculating what it should be by Pythagoras.
The second case is found by now using the
erroneous tilted output value in conjunction
with the calculated true value, in the appro-
priate trigonometric equation to find the angle
between them.

For these restricted cases, then, one gimbal
can apparently be discarded, making con-
struction simpler.

Vanishing vehicles?

An even more interesting property of the algo-
rithms, which was neither sought after nor
even appreciated originally, is their ability to
make surrounding magnetised or magnetisable
material virtually disappear from the view of
the orientation-determining device.

For a compass, this means that the ship or
vehicle in which it is installed vanishes, as far
as causing deviations is concerned. While this
is not totally true, as will be seen later, it ap-
pears to be correct for any reasonably careful
installation down to third-order effects. Even
for a bad installation it should effect a major
improvement.

We are indebted to W. Denne (Extra Master,
F. Inst. Nav., Assoc. R.ILN.A.) for the back-
ground information and theory on which this
analysis of effects is based. For the purpose of
the analysis, two types of interfering material
are considered.

The first is magnetised material, by which is
meant anything which has acquired a degree
of remanent magnetisation. This is magneti-
cally ‘hard’ material with a reasonably high

coercivity which has become magnetised by
some event in its history and retains this mag-
netisation, much like a deliberately fabricated
permanent magnet. This type of magnetisation
can occur during such processes as arc weld-
ing or construction and generally does not
change much subsequently.

The second type is magnetisable material,
by which is meant anything which can acquire
a temporary magnetisation as a result of being
in a magnetic field. This is magnetically *soft’
material with a low coercivity but reasonably
high permeability, allowing it to magnify any
local fields which surround it to much higher
values. Such material will produce temporary
magnets as a result of the Earth’s field, for
example.

These two types, either singly or in various
combinations, account for all the interfering
fields experienced by a compass installation
and are described by Denne using the follow-
ing notation.

X, Y and Z represent the true components of
the earth’s field, X being in the forward direc-
tion of the vehicle, Y being in the transverse
direction to the right (or starboard) and Z
being vertical.

X', Y’ and Z’ are the disturbed components
as seen by the compass, using the same direc-
tional significance.

The disturbed values can be expressed in
terms of the true values by the following,

X'=X+aX+bY+cZ+P
Y’ '=Y+dX+eYHZ+Q
Z'=Z+gX+hY+kZ+R

where the coefficients a to k are attributable to
errors arising from the ‘soft’ material being
magnetised by the Earth’s field, and P, Q and
R are deviations caused by the permanent
‘hard’ material.

Rearranging the terms gives,

X'=X(1+a)+P+bY +cZ
Y'=Y(1+e)+Q+dX +1Z
Z =Z(1 +k) +R+gX +hY

The first term in each of these equations rep-
resents a variation in the amplitude of the field
component or, in other words, a sensitivity
variation in the measurement.

Microcontroller implementation

The second term in each equation is an add-
ed offset to the field value, exactly that which
we have described as a zero offset previously.
If the remaining two terms in each equation
were zero, negligible or could be removed
algorithmically like the others, then the effect
of the disturbing material would be eliminated
completely.

It has not proved simple to remove these
remaining terms algorithmically, so it is of
interest to examine them by a physical inter-
pretation. In any magnetisable body, the direc-
tion of magnetisation arising from an external
field would generally be expected to have the
same direction as the field causing it. For
example, in a spherical, totally isotropic piece
of soft iron, the direction of magnetisation
caused by Earth’s field would align itself pre-
cisely with the earth’s field. In this case, the
cross-axis effects would not exist and coeffi-
cients such as b, ¢, d, f, g and h would be zero.

For shapes which are increasingly less sym-
metrical, then shape-dependent demagnetisa-
tion would give rise to some tendency to de-
part from true alignment of field and induced
magnetisation, leading to finite values for the
cross-axis coefficients. Nevertheless, for all
but peculiarly shaped objects, such as long
thin bodies, we would argue that the departure
from alignment would represent an order
lower effect than the main axis effects.

Magnetic anisotropy could also give rise to
similar alignment errors but again, for all but
highly anisotropic materials, should give rise
to an order lower errors. Provided the initial
installation is carried out with some consider-
ation of such errors, it would seem that the
cross-axis effects could be of a lower order
than the main deviations.

In any case, a considerable improvement in
performance might be anticipated from use of
the automatic calibration algorithms in most
cases.
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The algorithms described here are no longer purely academic.
Since submitting this article, one of the authors, Richard Noble
has successfully implemented a two dimensional version in a
microcontroller type chip intended for use as a compass in con-
junction with an FGM-2 two-axis magnetic sensor.

To obtain a reasonable precision, the internal computations
are carried out in floating point using a 16-bit mantissa and 8-
bit exponent and for economic memory usage the equation
solution makes use of Gaussian elimination techniques.
Although the FGM-2 in this type of configuration has zero off-
sets an order of magnitude larger than the expected signal vari-
ations, the immediate result was an orientation precision of one
degree and accuracy of two degrees in the final output round
the full 360° circle.

The autocalibration is carried out every time the system has

collected four sets of input readings which differ from one anoth-
er by at least three percent.

The ‘vanishing vehicles’ theory was also put to a rather crude
test by attaching a lightly magnetised steel bolt to the sensor.
This produced an immediate deviation of about 11°, but after
further rotation which triggered a calibration run, the original
precision was promptly restored around the full circle.

The work described above was carried out as a FUSE project
under the EC IT programme ESPRIT, under the guidance of
Bournemouth University as Technology Transfer Node and
Staffordshire University as First User Consultants, whose assistance
along with that of the EU initiative is gratefully acknowledged.

A production version of the chip will shortly become available
from Speake & Co Limited, Elvicta Estate, Crickhowell, Powys
NP81DF, Tel: 01873 811281, fax 01873 810958.
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RF DESIGN

Building on Wu and
King’s landmark paper
on continvously loaded
antennas, Richard
Formato’s design
procedure for
impedance-loaded
wideband antennas
maximises bandwidth
while improving
radiation efficiency.

mix, at least most of the time. The classic example of an abso-

utely terrible ‘antenna’ with an excellent standing-wave ratio is
a dummy load. A good dummy load’s response is nearly flat well into
the uhf range. But because essentially all input power is dissipated as
heat from i“R (Joule heating) losses, for practical purposes its radiation
efficiency is zero.

Adding resistance to an antenna invariably reduces efficiency and, as
a general rule, adding more resistance makes the antenna worse.

But resistance isn’t always bad. As the dummy load shows, resistance
can broaden an antenna’s response by flattening the variation of input
impedance with frequency. Certain types of communication system
benefit substantially from wideband antennas, typical examples being
spread spectrum, frequency-agile, and ALE, or automatic-link-estab-
lishment, systems. In each case, it is desirable to maximise antenna
bandwidth while maintaining acceptable power gain and radiation pat-
tern.

One way to accomplish this objective is to add resistance. The ques-
tion is: how much resistance should be added to strike a reasonable bal-
ance between wider frequency response and reduced radiation effi-
ciency?

Adding the correct amount of resistance at the proper location can
significantly extend an antenna’s frequency range while still providing
quite acceptable efficiency and gain. This article describes an improved
technique for computing the required loading profile for simple wire
antenna elements. A typical monopole antenna is then discussed that
provides continuous coverage from about 12MHz to beyond 150MHz
with no tuner or matching network.

n ntennas and resistors are usually like oil and water — they don’t

This is not the first time

The idea of adding resistors to an antenna to improve frequency
response has been around for quite some time. In 1953, Willoughby!
discussed resistively loaded wires in a variety of configurations, includ-
ing Vees and Rhombics, that provided wideband transmit and receive
antennas. The wires were loaded either with discrete resistors or with
a gradually tapered resistance profile such that the end nearer the rf
source had the lowest resistivity and the end farther from the source had
the highest.

Resistance can transform a resonant, standing-wave antenna element
into a non-resonant, travelling-wave element, thereby increasing the
loaded antenna’s bandwidth. The distinction between resonant (stand-
ing wave) and non-resonant (travelling wave) antenna elements can be
illustrated by considering the centre-fed dipole, or cfd, antenna in Fig.
1. In the unloaded antenna, resonance results from the superposition of
outward-travelling waves produced by the rf source and reflected waves
generated at the impedance discontinuity at the cfd’s free ends.

These two oppositely propagating waves combine to produce a stand-
ing wave which determines the cfd’s resonant frequency. If, however,

WIDEBAND
ANTENNAS

the outward-travelling wave were not reflected, then no standing wave
would exist, and the cfd would not exhibit resonance.

One way to minimise reflections is to add resistance near the ends of
the element. The resistors absorb incident energy that has not been radi-
ated away from the antenna, thereby reducing the reflected wave ampli-
tude. This general principle underlies all resistive loading schemes. Of
course, there are many ways in which resistance can be added to an
antenna, and different approaches can produce dramatically different
results.

Alsshuler? provided the first analysis of the effect of adding a discrete
resistance to the cfd. He found that an essentially travelling wave cur-
rent distribution resulted from inserting a 240Q2 resistor in each arm of
the dipole a distance A/4 from the end, where A is the wavelength.
Radiation efficiency was reduced by about 50%, but the input
impedance was essentially constant over a 2:1 frequency range.

Altshuler’s work provided impetus for Wu and King’s® landmark
paper on continuously loaded antennas. Their work forms the basis of
recent efforts to improve bandwidth by adding resistance. It is discussed
in more detail below.

Some of the results achieved with loaded antennas have been impres-
sive. Kanda® built a very small receive-only field probe — a loaded cfd
— that exhibited essentially flat frequency response from hf to beyond
1GHz. This sensor was so heavily loaded, however, that its radiation
efficiency was far too low for it to be useful as a transmit antenna.
Rama Rao and Debroux36 described a 35ft loaded hf monopole with
swr<2 from 5-30MHz and radiation efficiency ranging from about
15%-36%.

This antenna used a fractional loading profile equal to 0.3 times the
Wu-King profile and a fixed, lumped-element matching network. Other
loading profiles have been proposed that combine resistance and induc-
tance to improve bandwidth and efficiency’.

This article describes a modification of the original Wu-King profile
that increases antenna bandwidth by creating a travelling-wave element

Fig. 1. Centre-fed
dipole helps
illustrate the
difference between
the resonant and
non-resonant
antenna elements.
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Dipole, half-length h, z=h

radius a
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while at the same time improving radiation efficiency by increasing the
antenna’s average current. Because the radiated fields are proportion-
al to the antenna’s Id! product, a higher average current increases the
radiated fields, which in turn improves efficiency. The motivation for
this new profile is the realisation that the Wu-King current profile is a
special case of a more general travelling-wave current distribution with
higher average antenna current.

Wu-King explained
Figure 1 shows a centre-fed dipole antenna consisting of two elements
of length h and radius a. Amplitude of the current profile is plotted
schematically along one element’s length. Maximum current occurs at
the rfsource at the feed point, and the magnitude decreases along each
arm until it reaches zero at the end. In the Wu-King model, the centre-
fed dipole is assumed to have an internal impedance profile along the
wire element given by Zi(z)=Ri(z)+jX(z), where Z' is the (complex)
internal impedance per unit length (€/m), consisting of lineal resistance
R and reactance X', and where J-\/—l

Wu and King develop the differential equation satisfied by the current
I,(z), and then determines by inspection that a travelling-wave current
mode exists for one particular impedance profile, Z'. The Wu-King cur-
rent distribution is,

I{z)= ( ‘UJCXP

linear amplitude decay

which consists of the product of a linearly decreasing (‘straight line’)
amplitude and a travelling wave propagation factor in the complex
exponential term. The wave number is k,=21/A. The propagation fac-
tor represents a current wave progressing outward along each dipole
arm. There is no reflected wave propagating toward the source to form
a standing wave pattern, and consequently no resonance effect.

This current distribution exists only when the cfd element has a spe-
cific ‘1/z’ internal impedance profile. The required profile is given by:

60(y /h)
|_H
h

(=Jk,Je)

travelling wave factor

(1)

Z'(z)= 2

where y=yi+y, is the complex expansion parameter discussed in
Altshuler?, with real and imaginary parts subscripted R and /, respec-
tively. The ratio of the antenna element’s vector potential to current is
w, and is approximately constant along its length. Because y varies
with frequency, it is usually evaluated at the fundamental cfd reso-
nance, that is, when h=A/4 (see ref. 3). The 1/z profile in equation (2)
is the basis for the resistive loading used in refs. 4, 5 and 6.

Improved loading profile

An improved loading profile — that is, one that provides better radiation
efficiency than the 1/z profile — can be obtained by generalising the
Wu-King results. The first step is to assume a power law travelling-
wave current distribution, of which the Wu-King current distribution is
a special case.

The next step is to substitute the assumed current distribution into the
current equation developed by Wu and King, which then yields the
condition that must be satisfied by the element’s internal impedance in
order to generate travelling-wave only modes.

This approach is fundamentally different from the one in Wu-King
because the loading profile for a particular travelling-wave current
mode is now an unknown which is determined by solving the appro-
priate equations.

The generalised cfd current distribution is assumed to be of the form:

C(h-|2)"

1.(2)= 3
power law amplitude decay
where C is a complex constant determined by the current at the feed
point. Note that the amplitude decay is a power law variation with
exponent v. The Wu and King case is recovered when v=1, but when
v#1 the more general case is obtained.
The internal impedance profile that produces travelling-wave only

exp  (—jk,lel)

travelling wave factor
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currents of the form in equation (3) is determined as follows. The
derivatives dl,/dz and d?I,/dz? are computed and substituted into the
equation satisfied by /,(z) (Wu and King’s equation!!). This generates
the equation that must be satisfied by the auxiliary function f{z) intro-
duced in Wu-King equation (9). Its solution is,

f(2)=2v(h~|2)" { ‘Eh;—lIZI)}

f(z) determines the impedance profile. Equation (4) generalises Wu and
King’s equation (12), and recovers their results exactly when v=1.

Figure 2 shows several current amplitude distributions parametric in
the power law exponent v. It is apparent that values of v less than 1 can
lead to significantly higher average antenna currents. Radiating ele-
ments with these current distributions are more efficient than those
using the 1/z loading profile which results by setting v=1.

The loading profile resistance and reactance per unit length are com-
puted from f{z) and are given by:

S W LA

C))

(5a)

(5b)
)

The correspondlng lineal inductance (henry/metre) or capacitance
(farad/metre) is given by Li=XY/® and C'=(wX')!, respectively, for
X'>0 and X'<0. The circular frequency is w=2nf where f is the fre-
quency (Hz) at which y is computed.

It is apparent from equation (5) that the improved loading profile in

X'(z)=60v(h—|z|)v'2{v/, a (v)w,,}

Current distribution
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o
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Fig. 2. Values of v less than 1 can lead to significantly higher average
antenna currents,
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Fig. 4. Monopole feed-point resistance plot.

general contains both resistance and reactance. But adding reactance to
the antenna, especially capacitive reactance, can complicate construc-
tion. As a consequence, many practical designs employ only resistive
loading (see refs. 5 and 6, for example), because excellent results are
often achieved even without the loading profile’s reactive component.

Loaded hf-uhf monopole
To illustrate the degree of broadbanding achievable, a loading profile
was computed for a monopole element fed at its base against an infi-
nite, perfectly conducting ground plane. The radiating element height
is 5.83m, and its radius 2:54cm. The design frequency for evaluating ¥
is 12.86MHz, and the power law exponent v is 0.05. y is 8.961—2.431.

Using equation (5a), a resistance profile was computed for 14 discrete
loading points along the antenna, Table 1. The profile increases very
gradually from 0.419Q near the base of the monopole to approximately
7872 near the top. Reactive loading (in this case, inductive) was not
included.

The monopole’s performance was computer-modelled from 1 to
150MHz. The computed input SWR for a feed system impedance of
175€2 appears in Fig. 3; calculated points are marked x. Because swr
was computed for a 175CQ2 characteristic impedance, matching the usual
50€2 coaxial feed requires a 3.5:1 Unun or another suitable broadband
transformer.

The monopole antenna’s performance is excellent at all frequencies
above 36MHz. The swr is below 2 from there to 150MHz (the upper
limit for the computer model), and somewhat worse from approxi-
mately 12 to 36MHz, reaching a maximum 3.3 at 25MHz. Below
11MHz, swr increases rapidly due to increasing capacitive reactance
and decreasing radiation resis-
tance. This behaviour is charac-
teristic of electrically short
antennas, and is evident in the
monopole’s feed point resistance
and reactance plots in Figs 4 and
5, respectively. The data in these
curves were used to compute the
swr plot in Fig. 3.

The monopole antenna’s
impedance bandwidth is remark-
ably good - especially consider-
ing that there is no matching net-
work and only discrete resistive
loading is employed. In addition,
no attempt was made to further
improve the loading profile by,
for example, modifying comput-
ed resistance values or adding
reactance. Adjustments such as
these can frequently yield even
better performance, but they are
not considered further.

Table 1. Resistance profile for 14
discrete loading points along the
anlenna.
Height (m)
Resistance (€2
0.208

0.625

1.041

1.458

1.87

0.419
0.489
0.581

0.859

1.080
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The following observation illustrates how dramatic the effect of load-
ing an antenna can be. For an unloaded monopole, the bandwidth for
swr<2.5 (50Q feed) is typically 15-25% of its A/4 frequency, depend-
ing on the length-to-diameter ratio. A monopole A/4 high at 12.86MHz,
such as the one considered here, would show a bandwidth of less than
3.2MHz. Increasing the bandwidth to greater than 115MHz, as the
improved loading profile does, is indeed a very substantial improve-
ment.

Of course, as the dummy load example teaches, impedance band-
width alone does not a good antenna make. Two other key measures of
the loaded monopole’s performance appear in Figs 6 and 7, maximum
gain and radiation efficiency, respectively.

Power gain, computed as the product of directive gain and efficien-
cy, is plotted in dBi (decibels relative to an isotropic radiator). For com-
parison, the maximum power gain of a half-wave cfd in free space is
2.15dBi. The loaded monopole’s gain at 10MHz is nearly 3dBi, and
from 10 to 150MHz it is mostly in the 4-6dBi range. The monopole
with the improved resistance profile thus exhibits power gain figures
that are typical of similar antennas with no loading at all.

The point was made at the start of this article that the fundamental
issue in choosing a loading profile is the trade-off between bandwidth
and radiation efficiency. The merit of a particular profile is determined
primarily by these performance measures. An examination of Fig. 3
showed that the monopole’s swr curve is more or less flat from 36 to
150MHz, with somewhat higher but still acceptable swr from 12 to
36MHz.

The second measure of merit, radiation efficiency, is plotted in Fig.
7. The efficiency is generally above 60% over the entire range of 10 to
150MHz, with only minor dips below 60%, and some regions where it
is near or above 70%. Even the minimum efficiency value of 45% or so
near 35MHz is quite acceptable.

The improved resistive loading profile has produced an antenna with
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exceptionally good swr bandwidth, relatively high power gain, and very
acceptable radiation efficiency.

In summary

Adding resistance to an antenna can dramatically improve bandwidth,
but doing so reduces radiation efficiency. The trade-off between greater
bandwidth and efficiency is not arbitrary. Some loading profiles are
much better than others for creating wideband antenna elements.
Previous theoretical calculations of suitable profiles provide a sound
basis for loaded element design yielding very good results. But these
studies considered only a special case of a travelling-wave current dis-
tribution. The improved loading profile described in this article results
from extending the previous work to a power law travelling-wave cur-

rent mode.

Typical computer modelling results show that the improved profile
provides better performance than previously used profiles. The tech-
nique for calculating the improved element loading promises to yield
still better antennas in terms of bandwidth and efficiency, and may be
put to good use to accomplish this goal.
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The fruits of research into
applying microwaves to
geological samples, this
pulsed 2.5GHz power
source is very
inexpensive relative to
laboratory sources since
it uses mass-produced
parts, as John Share and
John Hakes demonstrate.

Dr John A.Share and Mr. John Hakes are with the
Department of Earth Science at

.SGHz

power source

enerating  significant power at
Gmicrowave frequencies is inherently

expensive. Producing 500W at
2.5GHz was, for us, prohibitively costly.
Fortunately, mass production of a domestic
appliance has resulted in 600W, 2.5GHz gen-
erators with integral power supplies being
available for vety little financial outlay.
Second-hand units are readily available at
even lower cost.

At first glance, a domestic microwave oven
may not seem a likely candidate for conver-
sion. One manufacturer suggested that the de-
mise of the magnetron would be the inevitable
result.

Essentially, the design of a domestic micro-
wave oven consists of a magnetron, a cavity
assembly, for the anode tuned circuit, an eht
power supply interlocked with a heater supply
and a blower. It also includes various control
and timer circuits.
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This 2.5GHz power source is based on a reconfigured microwave oven. Components T;, C;, Ry
and the solid-state relays are part of the reconfiguration.

Operating frequency is governed by three
factors — dimensions of the cavity, the mag-
netic field applied to the magnetron, and the
actual value of the eht. Varying any one of
these causes the frequency to alter. Significant
changes will result in the magnetron ceasing
to function.

Starting at component level without consid-
erable expertise would be foolhardy. How-
ever, the conversion of a domestic microwave
oven into a microwave power source is rela-
tively straightforward.

Mechanical modification requires extracting
the entire magnetron/cavity assembly from its
domestic usage enclosure. This reveals that the
oven space and the anode cavity are two sep-
arate items, and that there is an aperature
between the two to allow coupling.

The first stage is to remove the oven with a
hacksaw and fit a plate over the aperture. A
sheet of thin metal and numerous self-tapping

Warning

Very serious hazards exist both
within this apparatus, due to the
presence of lethal power sup-
plies, and from biological dam-
age caused by the microwave
energy generated. Duplication of
this research work must not be
undertaken by anyone who does
not fully understand the dangers
of microwaves and very high
voltages. Extreme caution must
be exercised during development
and operation. Access to a certifi-
cated microwave radiation detec-
tor is absolutely essential.
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screws — no more than 2cm apart — will ensure
a tight rf seal. The signal is extracted into
RG8U by a quarter-wave E-probe, installed
precisely on the centre line of the cavity at a
distance of a quarter wavelength, i.e. 3.33cm,
from the end wall.

Initial trials using N connectors and a probe,
soft-soldered to the socket, resulted in numer-
ous flashovers and carbon tracking. By drilling
out the socket and arranging the plug so that
the centre insulator and conductor of the
RGB8U coax passed directly into the cavity, far
greater reliability was achieved. Trimming the
projection to obtain maximum power output
was then a very simple cut-and-try procedure.

A variable vane within the cavity was obvi-
ously intended by the manufacturer to com-
pensate for manufacturing tolerances. This
was reused to compensate for the presence of
the new coupling.

In its original form, the heater winding was
included on the eht transformer assembly and
inevitably there was an indeterminate delay
between operating the unit and the appearance
of rf output. Our specific requirement was that
the unit would produce bursts of rf under com-

puter control for programmable periods of one
to ten seconds duration.

An additional heater transformer, T}, was
required so that the rf output could be con-
trolled by application of the eht. As with many
high-frequency devices, the anode is external
and is usually connected to the metalwork to
assist cooling. This requires elevating the cath-
ode by several kilovolts, and the heater supply
must of necessity also be at several kilovolts,
relative to ground. Suitable transformers are
available as surplus; however, custom-built
transformers are not out of the question.

Interlocked with a blower and thermal trip
circuitry from the original unit, the heater sup-
ply remains active continuously while the eht
can be controlled by solid-state switching of
the transformer primary.

Interfacing to a pc-compatible used a com-
mercial parallel i/o card and some custom-
designed logic using 74-series devices. This
operated the solid-state relays and provided
interlocks and safety cutout features to provide
automated software control.

Spectral purity of the output is not as hor-
rendous as we first feared; in fact, it is sur-

RF ENGINEERING

prisingly clean, but frequency modulation due
to eht ripple was very evident. Adding
smoothing, namely C and R, resulted in a sig-
nificant improvement — an 8pF paper capaci-
tor and 1MQ glass-encased high-tension resis-
tor were available, but these values do not
seem to be critical.

The purpose of this system was to excite
spin waves in rock samples. For this, it is nec-
essary to achieve maximum current coupling
into the rock sample. A coaxial cavity was
used to achieve this. Such passive devices
offer exceptional selectivity — even when
crudely made to modest workshop machining
tolerances.

The system was operated without failure for
more than two years, and has only been made
redundant by advances in experimental tech-
niques and knowledge of the magnetic struc-
tures of the rock samples themselves, neces-
sitating higher frequencies of excitation. m

Initial funding for this project was provided by
the University of Liverpool RDF Fund, British
Petroleum and the Natural Environmental
Science Research Council.
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