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Introduction
Alter was founded in 1986 and its ''mission''
remains unchanged to this day: promoting the
use of microwave technology with proficiency
and innovation.

We design and produce microwave generators
for industrial use: we are one of the fewest
companies, if not the only one, who can
provide generators in switching technology
with power ranging from 1 to 90 kW.
We have chosen not to develop complete
machines nor to deal with industrial processes
that use microwaves, but to provide microwave
generators to machine and/or process line
producers, with the best available technology,
customising the product according to the
Customer's requirements.
Alter employs 14 people full time: our
company is small but with a strong presence of
graduate technicians with several years of
experience, and we actively cooperate with
Universities, in particular with the University of
Modena and Reggio Emilia, and research
centres (CNR/INFM).
Alter is a company oriented to innovation; this
is substantiated by the fact that, on average,
10% of the turnover is invested every year in
competitive research and development
activities.

Products
We developed, produced (and sold!) our first
microwave generator with adjustable power in
1986: it used the 1200W magnetron called
YJ1540 produced in Europe at that time.

During those years, especially in Italy, a
process technology for microwave
pasteurisation of food products packaged in
plastic films had gained ground: the size of the
process cavities were considerable and the use
of several low-power magnetrons was
preferred. In 1989, we developed the variable
power generator for the 2000W magnetron and
we widened the range of products by
developing also the corresponding fixed-power
models.

continued on page 2

Editor’s Comment
In this issue I am delighted to welcome two
articles from colleagues who have been involved
with microwave heating for a number of years. 

In the first article Marco Garuti introduces the
strides that ALTER have made in the design and
manufacture of switch mode power supplies for
microwave heating and allied technologies.

In the second article Richard Day traces the
development of microwave heating at UMIST
with particular reference to manufacturing
methods, their structure property relationships
and the processes which occur under this
technology. 

The AMPERE Committee has recently met in
Bologna and Modena to discuss the organization
for the 10th AMPERE conference which will be
held at Modena, Italy, during 13-15 September
2005. This conference is preceded by a short
course on 12 September. The usual mix of
industrial and academic contributions are
envisaged as well as thematic keynote addresses
by well-known personalities in our field. 

Ricky Metaxas
St John’s College, Cambridge CB2 1TP, England, UK

Developments of Switch-Mode
Power Supplies at ALTER

by Marco Garuti
Alter Power Systems s.r.l.

Figure 1: VPG1540: adjustable power supply 
for 1200 W magnetron (1988) 



Our market was mainly domestic with a few rare sales
abroad. Finally, in 1991, we signed an agreement with an
American distribution company with branches in all the
European countries and our products started to be used in
new markets and for different applications. From the
technical point of view, a variable power generator had a
linear power supply circuit with phase division current
control by means of a solid-state switch: this solution,
lumbered with considerable volumes and weights, was not
very efficient but it was the only one available in those
years. At the end of the eighties, we tried to develop a
''switching'' power supply circuit using the first power
transistors available (GTO), but the results were really
discouraging. Only in 1993 did we take up the project that
was completed the following year; the first power supply
unit for magnetron in ''switching'' technology with an
electrical power of 3000W. The product, still going strong
today, has always been greatly appreciated and also a bit
envied. 

It has represented a real innovation in this field concerning
services and advantages offered, for example, in terms of
weight and size with a better ratio of one to three if
compared to a linear power supply unit. We continued to
widen the range of products, always in switching
technology, introducing the 3000W magnetron in 1997
and the 6000W magnetron in 1998. We incorporated
digital controls in some generators in such a way as to
guarantee precision and repeatability in the control of
critical applications such as processes for the semi-
conductor industry. In 2002 we developed two new
generators in switching technology, with a continuous and
pulse output, as required by the application of coatings for
mechanical parts and for microelectronics (PE-CVD
processes: Plasma Enhanced Chemical Vapour
Deposition). The smaller one delivers 300W continuous
and 1500W pulse, whereas the larger one delivers 1600W
continuous and 8000W pulse. In 2003 we presented the
new family of parallelable switching power supply units,
suitable for controlling big power magnetrons (30kW @
2450 MHz and up to a 100 kW @ 915 MHz).

A Technological View

In itself the technology of switching power supply has been
known for a long time and widely used in industry and the
domestic market, thanks to the advantages related to      
each iterative test. continued on page 4- 2 -

volume and weight reduction (relatively important in our
field), and especially to the set of qualities that the final
product acquires (very important in our case). This
includes control repeatability and precision, output
stability against strong input variation, possibility to
continuously adjust the output and the extremely low
energy requirement - these are part of the functional
advantages that the switching technology offers. In
comparison with a ''linear'' power supply circuit,
regarding the possibility of output adjustment, switching
circuits are slightly more complicated: obviously if the
comparison is made with a fixed power adjustment circuit,
(the so-called ferro-resonant, typical of domestic ovens) the
complexity is definitely higher but the performances
cannot be compared. The clarification is required because
only recently did some producers update (or make
available) the utilisation data of the magnetrons with the
modern switching power supply units instead of those with
the traditional ''ferro- resonant''.

Technically, the power supply units for magnetrons are
direct current generators, that is to say they are designed to
deliver the current required by the tube in order to oscillate
and produce energy at radio frequencies: they are not
power supply units able to control the working voltage of
the magnetron.

In particular, our generators belong to the ''quasi-
resonant'' switching power supply type which can
considerably reduce energy losses in power transistors: the
increase of circuit complexity is amply compensated by
the huge temperature decrease in the switching
components, which leads to a substantial increase of
system life and reliability. Another advantage is given by
the relative ease with which it is possible to filter the
output in such a way as to deliver to the magnetron a
nearly flat current, without peaks: our power supply units
have, on average, an output  ripple of 5%; on the contrary,
the ferro-resonant power supply units, or the linear ones
with phase-controlled, deliver a ''pulse'' direct current at a
frequency equal to or twice that of the mains, and the
ripple is therefore equal to 100%. This may not seem very
important if we consider that for all the magnetrons in
domestic ovens, and also for several applications in
industry, this is the normal working condition. However, if
we dwell on the subject of the ''life of the magnetron''
(without considering the other aspects of functional
advantage described above), things change completely
and the ''output ripple'' becomes very important: the
average life of a magnetron powered by direct current,
without peaks, is two or three times longer! 

Figure 2:  SM745: switching power 
supply for 1900 W magnetron (1993) 

Figure 3:  A closed style, up to 3000 W microwave
head, including waveguide launcher and magnetron

Figure 4:  MPS : multichassis switching power 
supply for magnetron up to 100 kW (2003) 
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From the late 1980s I worked as a
postdoctoral assistant studying inter-
facial effects in composites. After a
few years I gained a lectureship at
UMIST in what has become the
Manchester Materials Science Centre.
I carried on looking at composite
interfaces and into the techniques

used to measure their strength. I also embarked upon a
number of other diverse  studies, mainly in the rapid
manufacture of ceramic matrix composites, toughened
polymer composites and textile-based composites.  

After a while a few things came together, the first being the
realisation that while I may think everything is interesting it
is somewhat difficult to pursue everything at once. The
second was finding some papers on interfaces in
microwave-cured composites. These papers suggested that
the adhesion between fibre and matrix was improved when
samples were heated using microwaves instead of
conventional methods. I decided to try looking at some
microwave-cured interfaces using a more powerful
technique to which I had access- Raman spectroscopy. The
results confirmed the original work and I began to take an
interest in microwave heating as a way of making
composites. Not too much longer afterwards I began a long
association with Hexcel Composites who continue to
sponsor our work. During this time Jim Methven was a
huge source of help giving me access to facilities and
advice. From this initial study we began to understand
some of the issues associated with making composites
using microwave heating. Soon after we also began work
on ways of modifying the resin transfer process for
manufacturing composites so that microwaves could be
used advantageously. 

The group now has now expanded significantly since these
preliminary studies and we are fortunate to have been able
to develop an excellent range of equipment. The broad
objectives of our research are:-

- To develop rapid manufacturing methods for composites
- To understand the effect of microwave processing upon 

the structure-property relationships in materials
- To develop analytical tools in order to understand the 

processes which occur in materials during microwave 
heating.

Manufacturing of Composites
Resin transfer moulding is a technique we have been using
for about 13 years. Initially this was used in studies of
toughened epoxy resin/ carbon fibre composites in
collaboration with Prof. Peter Lovell and ICI. The results
were very encouraging with Peter developing effective
preformed toughing agents and a student, Abdul Wazzan,
making toughened composites. These materials showed 

Back to the Future in Manchester
by Richard Day, Microwave Processing Group, 

Manchester Materials Science Centre, UMIST, Manchester

Richard Day

better properties than those containing a commonly used
toughening agent. It soon became clear to me that there
were two inherent problems with this process, one being
the length of time to load the  reinforcement into the
mould, the other the curing time of the thermosetting resin,
which for most epoxies is of the order of hours. I began to
work with colleagues in the Department of Textiles to make
composites, and to look at ways in which the resin transfer
moulding process can be changed to improve the rate of
curing of the resin. Following a project  with BAe, Hexcel
and Qinetiq, in which Jim Methven collaborated, we now
have a system which uses a microwave transparent mould
in a variable frequency cavity and can now make
composites with the same properties as conventionally
prepared ones with a time reduction of as much as 50%.
In forthcoming work we will upgrade this process to
industrial scale composite manufacture. We are now also
developing other techniques for making composites and
hope to be able to present these at the next AMPERE
meeting in Milan.

Effect of Microwave Processing on the Structure
We are fortunate to have very extensive characterisation
facilities in the Materials Science Centre and we use these
fully to understand the processing structure-property
relationships.  Some of the characterisation techniques we
need to understand the processes that occur during
microwave heating of thermosetting polymers, however, do
not exist. Hence our interest in developing tools which
help to understand the effect of microwave processing on
structure and properties. For instance one way in which the
curing of resins is followed is differential scanning
calorimetry (DSC). From DSC the degree of cure and the
rate of the curing reaction can be obtained. We soon
realised that we needed a similar technique geared to
microwave heating. From this concept we have developed
a microwave calorimeter. With this we have studied the
reactions in a range of epoxy and other resin systems.
Details of the construction and some of the studies we have
undertaken can be found in the Proceedings of the
Loughborough AMPERE meeting. (Incidentally
congratulations to Jon and his group for a smoothly run
meeting.) One of the limitations of DSC is that it does not
give chemical information. For some time Gerard Fernando
at Cranfield University has been working on optical sensors
and has developed near infra red probes which can be used
to obtain real time spectra during DSC runs. He has
developed a sensor that can be used in our system. Thus
we can obtain chemical as well as kinetic information
during conventional and microwave curing of resins. A
further bonus is we can measure the dielectric properties of
the sample simultaneously. We plan to continue our
association with Gerard looking at many more materials
and resolving some of the inconsistencies in the literature.
This system has also been useful in another field.
Microwave heating research is alive and well in other
departments in UMIST. 

continued on page 4



- 4 -

We have reached these results with magnetrons having
different powers, but the best evidence comes from an
installation in Italy, most probably one of the most important
on a European scale, where 200 magnetrons have been
working (YJ1600, 6kW@ 2450 MHz type) since 1998: 85% of
them accumulated more than 23,000 hours of work.

Strategies for the Future
We want to consolidate our market position and continue to
offer the best possible technology to all our customers; the
sector of power electronics is in such a continuous
development that, in order to keep these prospects and
promises, we must continue to invest in technology and
accept the market challenges: we do not know any other way.
We are constantly updating our website to make it more
comprehensive. This site, whose quality level was already
good according to those who visited it, distributes technical
information and documents to all our customers and
registered users, as well as general information to occasional
visitors. See you at our site at the next conference! 
We would like to thank Ampere Newsletter for featuring us in
this edition! For more information contact: 
Tel. ++39 0522 553875   ++39 0522 553820 - 
Fax ++39 0522 553577 or visit us at www.altersystem.com

The AMPERE committee met in Bologna on Thursday 27th
May at the Academia of the Institute of Sciences in Bologna.
Professor Alberto Breccia was kind enough to arrange a small
celebration before the meeting started whereupon Ricky
Metaxas received the certificate from the President of the
Academia commemorating his membership of the Academia
of the Institute of Sciences bestowed on him some time ago at
the request of Professor Alberto Breccia.

Developments of Switch-Mode 
Power Supplies at ALTER

AMPERE Committee 
plans next conference 

continued from page 2

A few years ago we were contacted by one of Arthur
Garforth's students in Chemical Engineering. Arthur has
interests in  catalysis and was looking for a way of controlling
the temperature in a continuous flow microwave induced
hydrocracking reaction. We were able to provide this and it
has lead to ongoing collaboration in this area.

The Future
Some of you will be aware that UMIST and the Victoria
University of Manchester have decided to merge in October
2004 to form the University of Manchester and so the next
year will see some changes for us. The main one will be the
formation of the School of Materials in this new university by
the merger of the Materials Science Centre, the Department of
Textiles and Paper and the Corrosion and Protection Centre.
The School will have 55 academic staff and thus be the largest
of its type in Europe. More importantly for me it will bring me
closer to the colleagues I have worked with in Textiles. I hope
to combine the technology, versatility and speed of handling
textile preforms with the reduced curing time of microwave
heating to develop very low cycle time routes for composite
manufacture using resin transfer moulding. I am also moving
back to the past to revisit the toughening of resin systems, but
this time to understand the effect microwave processing has
on the behaviour of the toughening phase. So it appears that I
can now look forward to undertaking similar work to that I
was doing when I first started at UMIST, but using microwaves
to process the materials more rapidly and, I hope, more cost
effectively than before.  
For more information contact:
Tel: +44 161 200 3612
Fax: +44 161 200 3586
website: http://www2.umist.ac.uk/material/research/
micropro/mwpframeset.htm

Back to the Future in Manchester

continued from page 3

The Palace where the Academia has its headquarters was built
around 1549 following a request in the will of Alessandro
Poggi and of Cardinal Gionvanni Poggi. After many changes
of owners the Palace was bought by the Senate of Bologna to
be devoted as a seat of the Institute of Sciences. Professor
Breccia presented each member of the committee with a book
on Luigi Galvani describing his original experiments with
electricity. 

Profess’a Cristina Leonelli outlined her thoughts regarding the
10th in the series of AMPERE conferences to be staged in
Modena during September 2005. The evening was spent
having a delightful dinner at the hippodrome in Bologna. 

Members of the Committee at the Academia Delle Scienze dell’Instituto 
Di Bologna in the Palazzo Poggi in Bologna during their meeting

Ricky Metaxas receives 
the signed Memorandum of 
Understanding (MoU) from 

UIE Secretary Michel Machiels who
kindly came to Bologna for this purpose

Ricky Metaxas receives the certificate 
from the President of the Academia
Professor Ilio Galligani

Dinner at the hippodrome. 
From front left: 
Jose Civera-Catala and 
Jean Paul Bernard
From front right: 
Michel Machiels, 
Elias de los Reyes, 
Cristina Leonneli and 
Alberto Breccia. 

The following day the committee visited the venue at the
Universita degli Studi di Modena e Reggio Emilia where the
conference will be held and were also taken on a tour of a
special visit planned for the participants and accompanied
persons. There followed a magnificent lunch at a country
house where the gala dinner may be staged. The Committee is
grateful for the warm hospitality afforded the committee by
Cristina Leonelli and Alberto Breccia. 
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AMPERE Subscription Rates

Europe: 1 year £30.00  
2 years £50.00

Worldwide: 1 year £35.00  
2 years £60.00

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

News  &  Events

The next IMPI Symposium will be held at 
The Marriott Bloor Yorkville Hotel Toronto, Ontario, Canada
during July 13-16, 2004

Technical Chair
Dr J Pearce
University of Texas at Austin
Dept of Electrical and Computer Engineering
Austin Texas
Tel:  +01512 471 6902 
Fax: +01512 471 1720
e-mail: jpearce@mail.utexas.edu

Also for further details visit
http://www.impi.org/Meetings/index.html

39th IMPI Symposium

International Symposium of Microwave Science and its
Application to Related Fields

July 28-30, 2004

Sunport Takamatsu International Convention Hall,
Takamatsu Japan
Executive Committee Chairperson: Shunsaku Katoh

Sponsored by the Institute of Research and Innovation (IRI)
and Japan Industrial Technology Association (JITA) 

The official website at
http://www.takamatsu.or.jp/mw2004/ contains information
on "Call for Papers" and "On-line Registration and Abstract
Submission".

Prior to the above Symposium a Seminar will be held during
26-27 July 2004 bearing the title:
“2004 Asian Seminar on Microwave and Radio Frequency
Activation of Reactions of Organic Molecules or Polymer
Chemistry” 
Chaired by Professor Albert Gourdenne of ENSIACET
Toulouse France 
e-mail: Albert.Gourdenne@ensiacet.fr

FEM Workshop Madrid 

Change of name to AMPERE EUROPE

The FEM04 workshop on Finite Elements for Microwave
Engineering: Antennas Circuits and Devices, was held in
Madrid during 20 and 21 May 2004. 

Papers were presented in several sessions as follows: 
Adaptive methods
Advanced FEM techniques in microwave engineering
Computational electromagnetics
Optimization techniques and FEM base Cad tools
Recent advances in time domain FEM
FEM Applications: Antennas and novel materials
Mathematical aspects of FEM.

All in all there were forty presentations spanning error
estimation and adaptive methods to higher order edge
elements and combined FE and other techniques. Ampere
members presented papers on a Dual sheet method for
active package in microwave heating systems (University of
Cambridge), Application of hp refinements to the analysis
of transmission lines by means of the adaptive finite
elements method (Universidad Politecnica Cartagena),
Drawing and Manipulation of Geometries in 3D CAD-MEF
tool by using the 3D projections (Universidad Politecnica
de Valencia) and A Hybrid Cad Tool for the assessment of
complex EMC problems using 2D models (Universidad
Politecnica Cartagena and Universidad Politecnica de
Valencia). 

The 8th workshop in the series will be held in 2006 at the
University of Stellenbosch, South Africa under the
chairmanship of Professor D Davidson. 
Contact davidson@sun.ac.za for details.

Our name has changed by deleting the word Ltd by a
declaration voted at the Universita degli Studi di Modena e
Reggio Emilia in Modena on Friday 28th May and from
now on we will be known as AMPERE EUROPE. 

There were two proxy votes as well as 16 members present.
All these were in favour of the declaration. 

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



22-25 August 2004 
Sao Paulo Brasil 
Dr. Maria A. Silva, IDS 2004 Chairwoman
IDS 2004 Secretariat
DTF/FEQ/Unicamp
13083-970 Campinas-SP, Brazil
Phone: +55 19 3788-3906
Fax: +55 19 3788-3922
e-mail: ids2004@feq.unicamp.br
website: http://www.feq.unicamp.br/~ids2004

14th International Drying Symposium

The 15th IEEE International Symposium on Personal,
Indoor and Mobile Radio Communications (PIMRC)

September 5 - 8, 2004
Intercontinental Princesa Sofia Hotel, Barcelona, Spain
For more details visit 
www.pimrc2004.org

3rd International Workshop on Biological Effects of EMFs

4-8 October, 2004
Kypriotis Village Resort, Island of Kos, Greece
Organised by N.C.S.R. DEMOKRITOS, Dept of Applied
Technologies, Division of Applied Technologies and
Mobile Telecommunications Lab, Institute of Informatics
and Telecommunications

Details at www.telecomlab.gr/bioeffects
or Kety Apostolou, conference secretary at
conf2004@imm.demokritos.gr
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A.C. 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
http://www2.eng.cam.ac.uk/~acm/eug.html

www.ampereeurope.org

The AMPERE Newsletter is distributed to microwave and radio
frequency academics, industrialists and practitioners. At a stroke
you will be able to reach all those individuals and companies who

can make use of your product and/or services.

ADVERTISE in the AMPERE NEWSLETTER

Advertise your products and services
in future issues of the AMPERE NEWSLETTER

Rates: 
1/4 page: €100
1/8 page:  €70

SAVE 10%
for four consecutive issues or more

News  &  Events

- 6 -

at Austin, Texas, USA
November 7th to 12th 2004 USA

This Congress is organised in conjunction with the
American Institute of Chemical Engineers Fall meeting
which usually attracts 4000 attendees. 
AMPERE is supporting this event.

Apart from the technical programme there will be a 
pre-Congress workshop and a Technology Fair

Congress Chair: Bob Schiffmann 
President of R.F. Schiffmann and Associates, Inc 

Technical Programme Chair: 
Diana Foltz of Virginia Polytechnic Institute

Papers may be submitted at the website at
www.microwave-rf.org.

4th World Congress

AMPERE 2005
10th International Conference on Microwave 
and High Frequency Heating and short course

12-15 September 2005
Universita' degli Studi di Modena e Reggio Emilia,
Modena, Italy

For details contact: 
Prof.ssa Cristina Leonelli
Dipartimento di Ingegneria dei Materiali e dell'Ambiente
Facolta' di Ingegneria
Universita' degli Studi di Modena e Reggio Emilia
Via Vignolese 905/A
41100 Modena

e-mail: leonelli@unimore.it
Tel. +39 059 2056247
Fax  +39 059 2056243

To find more information about the Group please visit
www.mag.unimore.it

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

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. 

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


