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Introduction
In the semiconductor industry manufacturers
deal with great changes every year: shorter
device product lifecycles, rapid technology
changes and market volatility. Therefore the
vendors of abatement equipment must have
the flexibility to react quickly and effectively
to market and technology changes. To address
these changing market needs, BOC Edwards,
Exhaust Management Systems division, is
committed to delivering customers solutions
and proven equipment for toxic gas abatement.
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Acid rain, global warming, ozone depletion,
and smog are environmental problems facing
the world today. In order to achieve compliance
with future legislative limits intended to
reduce air pollution, it is necessary to develop
alternative abatement methods for a wide
variety of harmful gaseous compounds. It is
within this context that, over the past 10 years
or more, atmospheric pressure plasmas have
been increasingly promoted as a technology
for a number of applications in the area of
pollution abatement and is intended to improve
on some of the shortcomings of thermal systems.
Microwave Atmospheric Plasma for the
Abatement of Gases resulted from MicroElectronics Manufacturing
In the semiconductor industry, gases with
strong global warming potential like perfluorocompounds (PFCs) as well as toxic and corrosive
gases are used extensively for plasma enhanced
chemical vapor deposition (PECVD), plasma
etching and plasma cleaning. In general, only a
small portion of these gases is consumed during
semiconductor fabrication, so the effluent
stream from a particular process may contain
relatively large quantities of environmentally
harmful compounds.

While the ideal solution to this problem would
be to develop cleaner processing methods, or to
recover and recycle unused process chemicals,
achieving the zero emission goal sought by the
semiconductor industry will probably require
continued use of some form of post-treatment.
Microwave discharge is one technique used to
obtain a non-equilibrium plasma, even under
atmospheric pressure. Microwave plasmas differ
significantly from other plasmas, exhibiting
many interesting properties. For example, the
electron density and temperature is higher in
microwave plasma than in radio-frequency or dc
plasmas, so its reactivity is expected to be higher.
continued on page 2

Editor’s Comment
I am delighted to have invited Dr Marilena
Radoiu to describe BOC’s Zenith Etch Microwave
Plasma System which is the world’s first integrated
microwave plasma and wet scrubber system.
This is developed at BOC’s Exhaust Management
Systems Division, and offers the highest energy
transfer from the plasma to the gas to be abated.
In this issue we also have two invited articles
of microwave developments from Down Under.
In the first, Professor Nguyen Tran, describes
recent microwave power activities in Australia
and focuses on timber modification, nuclear
waste drying, plasma sterilization and deposition
and plasma ignition. It is pleasing to see that
Nguyen concentrates primarily on projects which
attract industrial funding as this demonstrates the
acceptance of our techniques by industry at large.
This essentially bridges science to applications
which is what Bernie Krieger and others have
advocated long ago.
The other news from Down Under focuses on a
new pasteurisation rig supplied to the USA by
Keam Holdem the New Zealand based company.
The tunnel treats discrete barrier-packed readyto-eat food products and features non-contact
temperature measurement to automatically
control the generator power. A particular feature
of microwave heating, states Rick Keam, founder
of the company, is the ability to heat a product
that is fully enclosed in a plastic airtight barrier
package.
Ricky Metaxas
St John’s College, Cambridge CB2 1TP, England, UK
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The reason of this being the fact that at high frequencies,
only light electrons can follow the oscillation of the
electric field. This way they gain energy and collide mainly
by elastic collisions with both the molecules to be abated
and the carrier gas. Also, electrons are responsible for
the absorption of energy from the electric field and the
transfer of the energy to the gas stream. High translation
temperature and large energy concentrations which are
conducive to obtain high heat-transfer and high masstransfer coefficients lead to the use of non-equilibrium
plasmas in heterogeneous processes of pollutant
destruction. As far as the process regime is concerned,
it may be pyrolysis, oxidation, reactions with hydrogen
and alkali metals and the pyrohydrolysis in water vapour.
The latter process, pyrohydrolysis is the most promising in
connection with an unusual activity of hydroxyl radicals.

-

There are some additional benefits of the plasma system
including good plasma stability, chemical flexibility
meaning that the reagent can be easily changed, efficient
energy transfer because the gas itself is used for transferring
energy into heated gas molecules, efficient energy usage
and the plasma can be instantly ignited or extinguished via
simple electrical control.
Conclusions
Many different types of high-pressure discharges may
be used as reactors for pollution control. The energy
consumption of plasma reactors depends on both the
chemical reaction efficiency of the plasma and the energy
conversion efficiency from the main power source to the
plasma. BOC Edwards’ Zenith Etch Plasma is the world’s
first integrated microwave atmospheric plasma and wet
scrubber system that offers the highest energy transfer from
the plasma to the gas to be abated. Its field success rests
on both the technology of microwave plasmas integrated
with water scrubbing which are enabling a wide range
of reactions to be performed quickly and easily and also,
on its innovative design to achieve higher up-time, longer
service intervals, reduced space and utilities requirements
and lower waste emissions.

Based on these facts, the world’s first integrated vacuum and
exhaust management system was developed incorporating:
- Atmospheric 2.45 GHz microwave plasma
(up to 2 kW) for exhaust gas abatement;
- Integrated wet scrubber for hazardous air pollutants
retention with water recirculation unit for water
consumption minimization;
- Up to four dry vacuum pumps;
- Integrated control strategy;
- Optimum length exhaust line between vacuum pump
and gas treatment.
The schematics of the system are shown in Figs. 1 and 2.
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The main benefits of this system are:
- Compact design with small footprint;
- Uses less energy than a burner or a catalytic system
with water as sole reagent;
- It does not require fuel gas and does not produce
electromagnetic emissions;
- It is installed post vacuum pump meaning no foreline
modifications and therefore, no risk of contamination
or corrosion of the vacuum pump and process tool;

For more information contact:
Dr. Marilena Radoiu
BOC Edwards, Exhaust Management Systems
Kenn Business Park, Clevedon
BS21 6TH United Kingdom
Marilena.Radoiu@bocedwards.com

Your news and views are always welcome

Please write to the Editor:
Dr Ricky Metaxas, Electricity Utilisation Group
St John’s College, University of Cambridge
Cambridge CB2 1TP, UK
Tel: +44 1223 338646 Fax: +44 1223 337720
Email: acm33@cam.ac.uk
www2.eng.cam.ac.uk/~acm/eug.html www.ampereeurope.org

see page 3 for figures 1 and 2

AMPERE Subscription Rates
Europe:
Worldwide:

1
2
1
2

year
years
year
years

Its maintenance does not require breaking of the
vacuum lines;
Power consumption of max. 10 kW (for a 4 pump
system).

The information contained in this newsletter
is shown for the benefit of AMPERE members.

£30.00
£50.00
£35.00
£60.00

All contributions are believed to be correct and AMPERE
accepts no responsibility for any damage or liability
that may result from information contained in this publication.

Contact:
Miss June Lennie
IPTME, Loughborough University
Loughborough LE11 3TU, UK
Tel: +44 (0)1509 223331 Fax: +44 (0)1509 223949
e-mail: j.lennie@lboro.ac.uk
www.ampereeurope.org

Readers are therefore advised to consult experts
before acting on any information contained in this newsletter.
© Association for Microwave Power in
Europe for Research and Education
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Abatement frame
(2.45 GHz microwave atmospheric
plasma and water scrubber)

Vacuum frame
(with 4 vacuum dry pumps)

Figure 1. BOC Edwards Zenith Etch Plasma System
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Figure 2. Schematic of the atmospheric plasma integrated with water scrubber abatement
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Microwave Power Research Activities in Australia
University. It is fascinating to see the number of experiments
he has carried with microwaves, which would otherwise
have not eventuated.
My research activities have been gravitating towards projects
which have supporting industrial funds. We have been
concentrating on combining simulation with experimental
work to arrive at applicator designs which are more
commercially viable and competitive for industry. We have
tackled a wide of projects. Experimental work is very time
consuming and expensive. My experiences have shown that
if a project could be investigated initially with simulation
using the correct technical input, consideration time saving
can be achieved. Therefore one has a much better chance
of success.

by Professor Nguyen Tran
Swinburne University of Technology,
Melbourne, Australia

Microwave power research activities in Australia have
now centred on the following fronts: Microwave timber
modification, nuclear waste drying, microwave plasma
sterilisation, deposition and processing and microwave
plasma ignition.

The food project is concerned mainly with continuous
cooking and sterilization. The machine designed for Mars
confectionery continues to perform well on a continuous
basis on a 24/7 schedule over the last 14 years. Some
improvement has recently been made to the machine to
provide better protection and matching for the magnetrons.
Low plasma sterilization is currently being investigated. We
were looking at sterilising abalones, which are a delicacy
food in Asian countries. You may recall that the wedding
reception of Emperor Hirohito of Japan called for three
tonnes of abalones from Tasmania, Australia!

The life of the Wood Innovative CRC, which is funded by
the Australian government for seven years to the tune of
around 7 millions dollars (AUS), has reached the half way
mark. A considerable amount of experimental work has
been carried out by Grigori Torgovnikov, culminating into
the purchasing of three 100 kW microwave generators to
be commissioned and to be used for modifying timber logs
of 400mm diameter maximum on a continuous basis. All
appears to go well on this front and I wish Grigori the best
of luck for a successful operation. You would no doubt
hear a report from Grigori in this year AMPERE conference
in September in Modena, Italy. Grigori has been aided by
Alex Taube on the design of a unusual leakage suppressor
and on some fundamental issues on the properties of
timber by two able postgraduate students.

The plasma deposition project such as nitriding and chrome
deposition has led us to develop a new type of applicator,
which is capable of adapting to irregular shapes. Our
approach in this project is three prongs using software EM
simulation, plasma species simulation and experimental
verification. This approach gets us over the line to the end
results at a very competitive budget.

The nuclear waste particulate drying project carried out by
the Sizgek team of husband and wife at ANSTO is heading
towards the pilot plant stage. The design for the pilot plant
has been completed and Sizgek and Sizgek are awaiting
the completion of the construction of the pilot plant.
Microwave fluidized bed drying is considered to be the
best option and he has provided a report on his work at the
Third World Congress in Sydney, Australia with a site visit
to ANSTO. ANSTO has a patent on the process. We will
hear a further report on this project in future.

The plasma processing of fibres led us to develop a pencil
plasma beam using a ridge waveguide; a paper was
presented at the Fourth World Congress in Austin, USA. A
full paper was solicited for consideration to be published in
the Institute of Chemical Engineering Journal.
We have also been busy with looking at the fundamental
aspects of microwave induced permeability in materials
with a large sum of money to fund a PhD candidate. Results
will be presented at future AMPERE conferences, IMPI
Symposia and World Congresses. We are also continuing
with our microwave oil extraction project. One pilot
plant using 20 kW of microwave power has been running
for some years now and the chances are that a 100 kW
machine will be constructed very soon for a much larger
volume production.

The development of the finite element code FVTD in
combination with thermal analysis has been slowed due to
other interests and due also to the availability of software
provided by contemporary software houses such as Ansoft
HFSS, Mefisto or Vector Fields. At the last IMPI conference
in Seattle in July 2005, there was a very up to date
presentation by Ansoft HFSS, Mefisto and Vector Fields,
the impression left to the delegates was that the connection
between an electromagnetic simulation code and thermal
analysis has been well established. The present software
can help microwave engineers achieve optimal designs at
a very competitive cost.
Dr Chris Strauss’ efforts in microwave chemical processing
have made considerable progress towards recognition
at least on the personal level. He has been the Deputy
Director of the Centre for Green Chemistry at Monash
Director

We are heading into spring and summer while most of you
into autumn then winter. When we go swimming at our
fresh ocean beaches around Australia, we extend our warm
thoughts to you all.
For more information contact:
Professor Nguyen Tran,
Industrial Research Institute of Swinburne, Swinburne
University of Technology, Melbourne, Australia
Nguyen Tran <ntran@groupwise.swin.edu.au
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News & Events

Microwaves Down Under!

continued from page 6

IDS (Industrial Drying Symposium) 2006

Keam Holdem has just supplied a 12 kW 2,450 MHz
pasteurisation tunnel to a large US food producer (see
photograph). The tunnel treats discrete barrier-packed
ready-to-eat food products and features non-contact
temperature measurement to automatically control the
generator power. The tunnel also incorporates Keam
Holdem’s proprietary “LoadSnoop” vector reflectometer
to measure in-line the moisture content and density of
the food products. This information is used to control the
generator power and product dwell time.
10.0kW enclosure

Communications
Patch Box

Emergency
Stop

Budapest, Hungary, on 20-23 August 2006.
For more details visit:
http://fft.gau.hu/events/ids2006.html

MAOS 2006
Advances in Microwave-Assisted Organic Synthesis
MAOS 2006 - Conference and Exhibition
26-27 August 2006
Lorand Eötvös University, Budapest, Hungary
For more information contact:
http://www.uni-graz.at/~kappeco/maos/index.htm

4th International Workshop on
“Biological Effects of Electromagnetic Fields”

Conveyor Belt

16-20 October 2006, Island of Crete

Outfeed Safety Vestibules

Access
Port Holes

When using conventional (conduction, convection or
radiation) heat transfer processes, the ability to pasteurise
packaged food products is limited to those products that
can withstand large temperature gradients or extended
processing times. Deposition of heat by microwave extends
the ability to more sensitive “structured” products (those
assembled from dissimilar components or consisting of
dissimilar regions) that make up the bulk of foods that
could benefit from post-package pasteurisation.

For more details please visit our web sites:
http://imm.demokritos.gr/bioeffects and
www.telecomlab.gr/bioeffects
additional information contact:
Ms Ketty Apostolou Workshop Secretary

More images at the MODENA Conference

Discussion Panelists:
from left to right: John Gerling, Paul McAleese, Peter Puschner,
Dr Alessandro Tonello, Jean Paul Bernard and Bernie Krieger.

A particular feature of microwave heating is the ability to
heat a product that is fully enclosed in a plastic airtight
barrier package. Under certain circumstances, this effect
can be used to pasteurise a packaged product and thus
overcome post-production contamination due to handling
and exposure during the packaging process. Additional
requirements for this operation are to minimise additional
cooking while meeting pathogen reduction requirements,
and to prevent damage to the packaging including labels
and inks. It has been Keam Holdem’s experience that these
additional requirements are usually easily met.
“We believe that post-package pasteurisation is will grow
significantly as an application of microwave heating as
the world moves more towards barrier packaged shelf
stable foods” says Keam Holdem founder Dr Rick Keam.
The ability to use in-line measurement of moisture content
allows very precise control. Keam Holdem would be
pleased to discuss their in-line analysers with other
microwave companies, especially those operating in niche
markets where control is particularly important.
Enquiries to:
Keam Holdem Associates Ltd
www.keamholdem.com

Inside the Villa Cavazza
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The Banquet at the Villa Cavazza

News & Events
International Workshop on Microwave Technology for
Materials Processing
"A Promising Option for Tomorrow"

IEEE CEFC 2006
The Twelfth Biennial IEEE Conference on Electromagnetic Field
Computation CEFC 2006 will be held in Miami, Florida USA,
30 April - 3 May 2006.

1-3 February 2006
At Hotel Le Royal Meridien, Mumbai 400 059, India
This meeting is organized by the ASM International, India
Chapter and sponsored by the Indo-US Science & Technology
Forum

Visit the conference website at
http://www.cefc2006.com. A detailed call for papers can be
downloaded from the website.
IMPORTANT DATES
One-page Digest Due: 15 January 2006
Notification of Acceptance: 25 February 2006
Early Registration Due: 24 March 2006
Final (Extended) Paper Due: 24 April 2006

For more details contact:
Dr. Shivanand A. Borkar,
Workshop Secretary
Pradeep Metals Ltd.
R 205 TTC Industrial Area, MIDC
Rabale, Navi Mumbai 400701, India

For further information contact:
Professor Jan K. Sykulski
Head of Electrical Power Engineering Research Group
School of Electronics and Computer Science
University of Southampton
Highfield, Southampton, SO17 1BJ, United Kingdom

Tel. 91-22-27691026
Fax. 91-22-27691123
Mobile: 91-9820858344
Email: saborkar@rediffmail.com
pramet@vsnl.com

Tel: +44 (0)23 8059 3448 Fax: +44 (0)23 8059 3709
E-mail: jks@soton.ac.uk
http://www.ecs.soton.ac.uk/people/jks

International Conference on Electromagnetic Fields,
Health and Environment 2006, EHE’06
27-29 April 2006
Madeira Island (PORTUGAL)
For details contact:
www.apdee.org/ehe06

18th European Conference on the Atomic and Molecular
Physics of Ionised Gases (ESCAMPIG XVIII)
12-16 July 2006
Grand Hotel Tiziano e dei Congressi - Lecce, Italy
For more information contact:
Mario Cacciatore and Santolo De Benedictis
Co-chairmen of the Local Organizing Committee
ESCAMPIG-XVIII
website: http://escampig18.ba.imip.cnr.it
info: escampig18@ba.imip.cnr.it

IMPI 2006
The 40th Annual IMPI Symposium will be held during
8-11 August 2006 at the
Royal Sonesta Hotel
Boston, Massachussetts, USA
The Planning Committee is:
Industrial, Scientific and Medical Instrumentation Program
Dr. Nguyen Tran, Swinburne Institute of Technology, Australia
Microwave Ovens and Food Technology Program
Matthew Lorence, MattPak Consulting, USA
For more information contact:
International Microwave Power Institute
7076 Drinkard Way
Mechanicsville, VA 23111 USA
Phone: +1 (804) 559-6667
Fax: +1 (804) 559-4087
info@impi.org
continued on page 5
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