
AMPERE NEWSLETTER
A newsletter devoted to RF & MW heating in the range 1 MHz to 20 GHz         ISSN 1361-8598

ISSUE 49

MAY 2006

CONTENTS

Recent Advances 

in Measuring 

Dielectric 

Properties

................ page 1-2

NEOPTIX AD

................ page 2

Microwave 

Research for the 

Food Industry at 

SIK

................ page 3-4

INDO-US 

Workshop on 

Microwave 

Technology 

for Materials 

Processing

................ page 4

News & Events

................ page 5

OPSENS AD

................ page 5

DIPOLAR AD

................ page 6

Recent Advances in 
Measuring Dielectric Properties

by Shelley Begley, Agilent Technologies,
Santa Rosa, California, USA

Introduction
A material’s dielectric properties, or permittivity, 
is one of the factors that determine how it 
interacts with an electromagnetic field.  Agilent 
Technologies, formerly part of Hewlett Packard, 
has provided products for measuring these 
properties using a network analyzer for about 
15 years.  Over the last few years, we have 
seen increased interest in these measurements. 
In addition, many customers started asking for 
capability we did not have, so we had to get busy 
designing new products to meet their needs. 

Slim Dielectric Probes
One of the most frequent requests was for 
an open ended coaxial dielectric probe that 
fits into small spaces.  Customers were trying 
to fit probes into chemical reaction vessels, 
fermentation tanks, micro titer plates and 
other small containers.  Our original dielectric 
probe is 20mm in diameter, and just didn’t 
fit.  So, design engineer Wendell Anderson 
and our precision machine shop accepted 
the challenge of designing and fabricating the 
tiny parts needed to make a well matched 50 
ohm transmission line that could seal out the 
worst chemicals our customers could think of 
to put it in.  Once we had the new hardware 
in hand, another technical hurdle had to be 
jumped.  Making the probe smaller meant 
that it couldn’t have a large flange at the tip. 
The flange on our original probe simulates an 
infinite electrical ground plane and simplifies 
the mathematics needed to model the fringing 
capacitance at the probe tip1.  Since we 
use this model to calculate permittivity from 
the network analyzer S-parameter data, we 
needed a new way to determine the fringing 
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Editorial
In this article I am delighted to welcome an article 
from Shelley Begley at Agilent Technologies whom 
I met at the Modena short course. I am sure 
readers will be very interested to find out about the 
range of probes they have designed for dielectric 
material measurements.

SIK has been associated with microwave heating 
for a very long time. In fact Thomas Ohlsson was 
one of the three founding Executives of AMPERE 
along with Serge Lefeuvre and myself. The AMPERE 
organisation was formally announced at Göteborg 
in 1993 where SIK staged the biennial microwave 
and high frequency conferences now embraced 
under AMPERE. In his brief article Thomas takes 
us through the number of projects which SIK is 
currently involved with. 

The Indo-US Workshop held at Mumbai, India, 
in February this year is summarised by Dinesh 
Agrawal of Pennsylvania State University for the 
Newsletter. This was hailed as a great success not 
least for the great enthusiasm shown by the local 
audience for our topic.  

Finally, the AMPERE Committee of Management 
wishes to remind all those that have not renewed 
your subscription to please do so as we need your 
cooperation and valuable input to our operations. 
In order to do that visit our website or contact June 
Lennie at Loughborough University who will once 
again send you a form to complete. 

Ricky Metaxas
Newsletter Editor
St John’s College, 

Cambridge CB2 1TP, 
England, UK

capacitance.  Dr. Philip Bartley, an engineer 
from one of our solutions partner companies, 
Innovative Measurement Solutions, was 
able to develop a technique to accurately 
model our new probe using Buckingham’s 
pi theorem and a genetic algorithm.2
 
As a result, Agilent has introduced two new 
dielectric probes: a rugged high temperature 
probe with a 9.5mm diameter, and a super 
slim, low cost version with a 2.2mm diameter.



High Frequency Measurements
Making the probe dimensions smaller also allows them 
to operate at higher frequencies so both the new probes 
work up to 50 GHz.  Our original probe operated up 
to 20 GHz.  Although higher frequency was not part 
of the original design criteria, it has become a very 
popular feature.  Permittivity in polar liquids varies greatly 
over frequency.  Measuring over a broader frequency 
range is very useful for characterizing the terms in 
the Debye permittivity model, specifically characterizing 
relaxation frequency and estimating permittivity at infinity.   
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Conclusion
Agilent has made significant advances in permittivity 
measurements, meeting our customers' needs for new 
capabilities.  Our research and development in this area 
continues.  For the latest information on all Agilent’s 
dielectric measuring products, please visit www.agilent.
com/find/materials
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Figure 1. Close up of 9.5mm flangeless probe tip 

Figure 2. 2.2mm probe with in line ECal module.

Electronic Calibration Refresh
Customers also frequently requested improvement in the 
calibration process.  Calibrations had to be performed 
more frequently than desired, especially when measuring 
a process over time, or when the microwave cable that 
connected the dielectric probe to the network analyzer had 
to be moved.  We developed an innovative way to solve this 
problem using an existing Agilent product, the Electronic 
Calibration module (ECal). The ECal module is connected 
in line between the dielectric probe and the cable.  Next, 
the normal calibration is performed once at the end of 
the probe. Software then transfers the calibration to the 
ECal module, which effectively saves it and automatically 
performs a complete ECal calibration before each 
measurement. This virtually eliminates cable instability and 
system drift errors.  Figure 3 shows the effects of system 
drift and cable instability on a dielectric measurement 
and the improvement made with Electronic calibration 
refresh.  Both measurements were made 24 hours after the 
original calibration. The noisier trace was made before the 
Electronic calibration refresh was turned on; the smoother 
trace shows the improvement after it was turned on.   

Figure 3. Permittivity vs. frequency
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Introduction
The application of microwave energy offers many 
advantages for the food industry. Microwave heating is 
rapid, clean and can be directed to heat the food alone. 
Microwave measurements give rapid information about 
the properties of the foods, often without direct contact 
with the food. Still the number of applications in the 
food industry is relatively low.   It is a technology with 
many advantages but its proper application in the food 
industry requires good understanding of the fundamentals 
of microwave heating of foods as well as knowledge of 
food technology and the demands and constraints it puts 
on the microwave application. For many years SIK has been 
performing research and development in this crossroad 
between microwave engineering and food technology, [1].  
Here a number of examples of recent research into both 
the fundamentals and the applications of some microwave 
processes and measuring systems will be presented.

Dielectric Properties and Heating Uniformity
The ability of microwave energy to penetrate into the 
foods and directly heat interior parts is at the heart of the 
advantages. The penetration ability of microwaves at 2450 
MHz, the most used microwave frequency, is however 
rather limited, typically the penetration depth is 10-20 mm 
from one side in a wet food, as illustrated in the classical 
publication by Bengtsson and Risman from 1971, [2]. Most 
data in the literature is for pure foods. For modelling of 
composite food, a new method for determining dielectric 
properties of composite foods was developed, the so called 
retro-modelling technique, [3]. 

Understanding and controlling is microwave heating 
uniformity is not easy, as several interacting factors influence 
the microwave heating uniformity such as composition, 
geometry and placement of the food components in the 
heating equipment.  This has been an area of research at 
SIK for many years, [4-6].

Food Industry Applications
At SIK the emphasis of the development work has been 
on food industry applications. Direct volume microwave 
heating of foods can be done rapidly while the food is 
being transported in microwave transparent tubes. At 
2450 MHz, the combination of two concentric microwave 
modes makes it possible to uniformly heat foods with high 
solid contents or viscosity in a tube of 25 mm diameter. 
Less damage due to contact with hot surfaces and due to 
agitation and shear are other advantages of this microwave 
heating system. Computer simulation of the microwave 
energy distribution is essential to design the correct 
applicator dimensions, [7]. 
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Microwave Research for the Food Industry at SIK

by Thomas Ohlsson
SIK, The Food Research Institute
Göteborg, Sweden

Food Design for Microwave Domestic Heating
SIK has a long tradition within modelling of microwave 
heating, with work starting already in the 1970’s [1]. With 
a development of modern computers towards increasing 
power, numerical modelling of electromagnetic fields in 
the ovens and foods during heating has become a valuable 
tool when designing microwave heating units as well as 
microwaveable food products and packages. Food safety 
requirements imply that all parts of the microwave heated 
food have reached 70°C. High quality requires that the 
hot parts have not reached much higher, in order to avoid 
drying out or even burning of these parts. Using a newly 
developed 3- dimensional FDTD software for calculating 
the microwave thawing and heating of frozen foods, 
the design of food components and packaging can be 
optimised so that the desired, often uniform, temperature 
distribution is reached, [8]. Based on a fractional factorial 
scheme and a suitable selection of the relevant factors, 
the optimal settings of values for these factors are found 
by optimising the heating uniformity. It is possible to 
influence the heating distribution favourably, and in many 
cases it can be controlled towards the desired heating 
uniformity. At the same time the heating times can often 
be significantly reduced, as a more uniform temperature 
distribution involves less energy losses due to evaporation 
in the hot spots. 

Microwave-Assisted Drying
Microwave-assisted drying has advantages of shorter drying 
time, energy savings and improved food quality.  By 
controlling the microwave distribution and by combination 
with other drying methods, high quality dried foods, such 
as fruits, can be produced, [9]. It should be pointed out that 
low microwave power levels are often sufficient to speed 
up the drying process considerably. Understanding the 
fundamentals of the coupled heat/microwave distribution 
and water transport is important for improving the control 
of the microwave drying process. This understanding is 
also essential for solving problems of unacceptable texture 
due to moisture migration during microwave reheating 
of baked and breaded foods. Such quality problems 
can be solved by optimising the heating uniformity and 
minimising overheating.

Microwave Based Product Control Methods
A microwave based method was developed in close 
cooperation with the University of Kiel, where 
measurements of dielectric properties of foods are used 
to analyse water related quality properties of foods.  
Examples are the detection of added water in foods or 
the determination the storage time of fish on ice or in 
frozen storage which were shown to be determined 
with good accuracy by combining microwave reflection 
measurements with multivariate analysis methods, [10].  
Microwave transmission measurements combined with 
multivariate statistical analysis are also used to detect 
foreign objects in foods, such as stones, glass, plastic and 
bone chips, down to a size of a few mm. The technology is 
now being commercialised, [11].

continued on page 4
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Microwave Research for 
the Food Industry at SIK
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For more information contact: 
Dr T Ohlsson
SIK 
The Swedish Institute for Food and Biotechnology 
PO Box 5401, S 40229 Göteborg, Sweden
Phone +46 31 335 56 23, Email: to@sik.se

A total of 20 eminent experts, 13 from U.S. and 8 
from India, were invited to present Invited Papers at 
this workshop and share their expertise and experience 
with the participants.  In addition, ten researchers and 
microwave engineers including four from the overseas (one 
each from U.K., Canada, Japan and China) also presented 
their R&D works.  Main invited speakers include, Robert 
Schiffmann, Bernard Krieger, David Clark, Dinesh Agrawal, 
Jon Binner, M. Sato, Raj Varma, Hu Peng and others. The 
technical program of the workshop was designed for 
comprehensive coverage of every field where microwave 
energy is applied for heating including basics of microwave 
processing, microwave furnace design, global commer-
cialization status etc.  Papers were presented in 9 technical 
sessions, each session devoted to one industry.  The papers 
presented evoked excellent and meaningful discussion 
with active participation of the delegates. A total of 85 
delegates, participated in the workshop.  The workshop 
was thus a very interactive forum for technology exchange 
and learning of trends and innovations in the field.  The 
majority of delegates were from Indian Industry, a few 
were from R&D National Labs and academic institutions.  
The discussions and deliberations during the concluding 
session confirmed that this Workshop has hastened the 
smooth and easy adoption of microwave technology into 
our rapidly changing industry.   

Visualizing the immediate need of Indian Industry, one 
Indian company M/s Pradeep Metals Ltd. has announced 
to establish an Industrial Microwave Research and 
Development Center at Mumbai. This has been planned to 
cater for immediate needs of Indian industry to convert their 
ideas into actual business proposals and to provide technical 
expertise in microwave technology.  The Microwave 
processing & Engineering Center of Pennsylvania State 
University, USA has offered their technical support to this 
Indian R & D center. 
For more information: Please contact Dr. S. A. Borkar: 
saborkar@rediffmail.com

A Brief Report of the INDO-US Workshop 
on Microwave Technology for 

Materials Processing

Microwave technology, a relatively new technology, is fast 
emerging as a cleaner route for materials processing that 
is capable of meeting growing and challenging demands 
for better performing and cheaper products in a variety of 
processing industries; the process is cost-effective, energy 
saving and environment friendly. This processing route is 
gaining increasing acceptance in modern industry, ranging 
from mineral processing, powder metallurgy, ceramics,

by Dinesh Agrawal
Professor of Materials, and Director 
of Microwave Processing and 
Engineering Center, 
The Pennsylvania State University, 
USA

Invited speakers and members of the organising committee

cutting tools, vulcanization of rubber, elastomers, polymers, 
chemicals & pharmaceuticals, metal melting, steel making 
and treating, nano-materials production, waste treatment 
etc. 

In order to discuss and deliberate on the science, technology 
and application of microwave processing technique in 
these industries, an Indo-US Workshop on “Microwave 
Technology for Materials Processing:  A Promising Option 
For Tomorrow”, was organized by ASM International, 
India Chapter, under the aegis of Indo-US Science and 
Technology Forum, New Delhi at the Hotel Le Royal 
Meridien, Mumbai during February 01 to 03, 2006.
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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

3rd International Conference 
on Microwave Chemistry 2006

3-7 September 2006, Brno, Czech Republic
Website: http://microwaves2006.sci.muni.cz/index.html
Conference fee EUR 500 (includes full meal, social programme 
and accommodation)
For more details contact: 
Milan Hajek: hajek@icpf.cas.cz  or 
organizers: microwaves2006@sci.muni.cz

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

16-20 October 2006, Island of Crete 
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

News  &  Events

IDS (Industrial Drying Symposium) 2006 

20-23 August 2006, Budapest, Hungary  

The institutional organizer of the 15th International Drying 
Symposium is the Department of Physics and Process Control, 
Faculty of Mechanical Engineering, Szent István University 
Gödöllö, Hungary. The scope of the Symposium is to provide 
a forum for the presentation of new results in research, 
development and applications in drying and dewatering 
technologies. The Symposium aims at bringing together 
leading researchers and practitioners from academia and 
industry of many countries.
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

WORKSHOP on Microwave Applications 

16 November 2006, VITO, Mol, Belgium
This workshop, which will be conducted in Dutch and English, 
is organised by VITO (G.Decat), RUG (Prof W. Van Loock) and 
MEAC  (C.Groffils).
For more information contact:
Prof. Dr. Ir. Walter Van Loock
Meerstraat 10, B-9270 Laarne, Belgium
Tel  +32 9 369 66 54     Fax  + 32 9 365 04 57
Email walter-van-loock@tiscalinet.be

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



The Magdrive1000 represents cutting edge technology
regarding power supply for standard magnetrons.
A built in CPU circuit regulates the internal filament

current circuitry and the anode power level applied to the
magnetron.
The behaviour of the magnetron is checked and regula-
ted in order to minimize moding and to ensure maximum
magnetron lifetime under all load conditions.
This new technology makes Magdrive1000 the perfect

choice for industrial products, for industrial installations
and for microwave laboratory work.
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