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Case Study 5 - Development of a
5.8 GHz Dummy Load
John Bows
Unilever R&D
Colworth, UK

loads, and their inherently narrow frequency
response is not seen as an important limitation
for applications within the ISM bands. Thus, a
key design specification was the use of ordinary
tap water as the absorbing element as well as:
• Operating frequency throughout the ISM
band, 5.8 GHz +/- 75 MHz
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In 2003, Panasonic introduced the first ever
low cost, high power (700W) industrial
magnetron designed for operation at the ISM
(Industrial, Scientific and Medical) frequency of
5.8 GHz. This introduction suddenly made
practical the study of materials interactions and
development of microwave heating processes
which previously were of little or no interest
due to the cost of generating high power at 5.8
GHz.
Gerling Applied Engineering, Inc. (“GAE”)1
recognized the opportunity to develop a line of
equipment for use with the new Panasonic
magnetron and began investigating the
availability of basic waveguide components
required for a typical process system. Few
available “active” waveguide components,
such as couplers, tuners and loads, were
practical for use in high power 5.8 GHz
microwave heating systems.
Several
manufacturers offer high power components
designed for applications in telecommunications and radar, but most are designed as
broadband devices which are costly by
comparison to similar 2.45 GHz components
used for industrial heating. However, some
components were available cost-effectively
while others were within GAE’s own expertise
to design with minimal development cost. One
exception to this was the dummy load.

Design Specifications
The dummy load should be rated for operation
up to 700 W for an industrial heating system.
Dummy loads for high power typically utilise
water as the internal power absorbing element
(rather than internal "dry" silicon carbide
absorbing elements of low power loads). Such
designs tend to be much smaller than dry type
loads,
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Editor’s Comment
In this issue John Bows introduces another case
study involving the design of waveguide
components, specifically, that of a dummy load
rated at 700 W and to cover the ISM frequency
band centred at 5.8 GHz. Some of the details for
this case study were supplied by John Gerling at
GAE, USA and Vadim Yakovlev at Worcester
Polytechnic Institute, USA.
The 10th AMPERE conference will be held at
Modena, Italy, during 13-15 September 2005,
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. Profess’a Leonelli kindly supplied us
with a leaflet announcing this important venue
which appears on page 3.
As it is seen from the News and Events section
the RF and microwave heating sector is enjoying
a revival with major venues being held in
America, Japan and Europe during this current
year. This is extremely healthy for our topic areas
and what is more it may lead to new industrial
applications.
I had hoped to include a draft of the accounts in
this issue. However, the newly appointed
auditors suggested that we ought to produce
accounts for the Association from the last
accounts dated July 2001 presented to the
membership at the Bayreuth conference up to
incorporation day and then from that date to 31
July 2003 which is to be submitted to Company
House in the UK. Such accounts will take longer
to produce and will be presented to the
membership at a later date.
Ricky Metaxas
St John’s College, Cambridge CB2 1TP, England, UK

• WR159 waveguide (rated for 4.90-7.05 GHz)
• Internal water channels made of low loss, inert
materials such as quartz, Teflon or UHMW
polyethylene
• 20 dB minimum return loss (0.1 maximum reflection
coefficient)
• No requirement for calibration or impedance matching
during production (i.e. assembly only)
• All parts to be readily available or made from
commonly available materials, and the total number of
parts and any custom machining to be minimal.

each iterative test. The approximate optimal length could
be found relatively quickly in this way, but interactions
between the design variables could increase design time
and effort.

Computer Optimization
The optimal design of the dummy load was found with the
use of electromagnetic modelling software QuickWave-3D
by QWED2 and the optimization procedure RBFNNMO by
the Industrial Microwave Modeling Group (IMMG) at
The simulator
Worcester Polytechnic Institute3.
implements the 3D conformal FDTD method whereas the
controlling optimizer is based on the RBF neural networks
technology; the details of this method of efficiency
optimization are given by Murphy and Yakovlev (2003)4.

Figure 1 shows the basic design concept chosen, similar to
many industrial 2.45 GHz dummy loads. Quartz tube was
preferred for the water channel due to its low dielectric
loss, mechanical high stability, commercial availability and
low cost.

The best configurations (dimensions a and b) that provided
the desirable coupling have been determined for 6
different standard quartz tubes (dimensions OD and ID).
The obtained geometries were computationally tested by
criteria of practical convenience, required temperature
stability (20 to 50˚C), and machining tolerances (±0.2 mm).
Three designs passed these tests. For the geometry
demonstrating the best performance a physical prototype
was manufactured as a fully functional production sample
suitable for display and demonstration purposes (Figure 2).

QUARTZ TUBE
WR159 WAVEGUIDE

a = DISTANCE FROM SHORTING PLANE
b = OFFSET FROM CENTER
20.2

TUBE OD

s
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TUBE ID
Figure 1: Basic design concept for 5.8 GHz dummy load

Its orientation in the H-plane was preferred for frequency
response. Unknown was the exact geometry, as identified
by the dimension variables, that would provide the best
overall performance.
It is important to note that the design does not include any
impedance matching elements such as tuning stubs.
Although commonly found in dummy loads of similar
design, such features generally require adjustment and
calibration which add cost and are contrary to the design
specifications.

Figure 2: Prototype of the GAE model GA1221 Dummy Load

Conventional Design Methodology
Without computer aided computational methods, design
optimization involves the construction and testing of many
prototype models until the performance goals are met. The
use of a (low power) network analyser simplifies the
process but high power testing is still required as
temperature responses can affect performance.
Even with such a simple geometry, the number of iterations
required to find the optimal design can be quite large (e.g.
20 sizes of commercially available quartz tube fit the given
waveguide height). The experienced engineer can of
course minimise the number of iterations, e.g. use starting
assumptions that “b” should be zero, “s” can be whatever
length is convenient for construction, “a” should be around
a guide wavelength and shortened in small increments for
each iterative test.
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E.K. Murphy and V.V. Yakovlev, FDTD-backed RBF neural network
technique for efficiency optimization of microwave structures, Proc.
9th AMPERE Conf. on MW and RF Heating, Loughborough, U.K., Sept.
2003, pp. 171-174.
continued on page 4
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10th International Conference on
Microwave and High Frequency Heating
12th - 15th September 2005
Dept. of Materials and Environmental Engineering
Modena and Reggio Emilia University, Italy

Potential Topic Areas

Industrial Exhibition
An industrial exhibition will be held
during the conference.

Case histories
Chemistry & biochemistry
Dielectric property measurement
Economic & productivity benefits
Food processing
Industrial & commercial applications
Material interactions
Materials processing
Medical applications
Modelling
Plasma processing
Safety & Regulations
Semiconductor & microelectronics
Systems architecture & design
Waste remediation

Short course / Workshop
A one day short course/workshop will be
held on the 12th Sept.
Social Programme
A social programme will be organised for
participants and accompanying persons.
For further information, contact:
Prof. Cristina Leonelli
Dept. Materials & Environmental Engineering
University of Modena and Reggio Emilia
Tel: +39-059-2056247
Fax: +39-059-2056243

E-mail: leonelli@unimore.it
Website:http://www.mag.unimore.it

AMPERE

University of Modena and Reggio Emilia
Established 1176

www.ampereeurope.org
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Experimental design can be costly and time consuming.
The cost of each prototype may be $100-$200, but the time
consumed for making and testing the samples with
different geometries could be weeks depending on
resource availability. For a fully burdened labour cost of
$50 per hour, the total cost of experimental design
optimization could have easily exceeded $6,000-8,000.

Case Study 5
continued from page 2

Computation was performed on a PC with a dual P IV 1.8
GHz processor. It took 3 to 7.5 min to run each scenario
(longer for the tubes of larger internal diameter) with the
use of 22.3 MB (183,000 cells) to 30.3 MB (270,000 cells)
RAM respectively. The frequency responses of the
reflection coefficient turned out to be quite smooth, so
steady state in each computation was reached within 6,500
to 9,000 time steps.

An important consideration for GAE was the limited
availability of resources for other related development
tasks, such as the other 5.8 GHz waveguide components.
To shorten development time and minimise costs, the
IMMG was approached. The simulation was relatively
simple and only required a two-parameter optimization,
taking two weeks to complete. Such a modelling/
optimization effort costs around $4,000-5,000.

Each of 6 different designs was optimized employing the
computed data for 40 to 60 configurations produced by
corresponding (a, b) combinations: 8-10 values of a and 56 values of b. The respective optimization took from 3.2 to
5.5 hours (more for the larger tubes), therefore, the total
computation time required for compete solution of the
optimization problem was about 25 h.

This case study shows that modelling may lead to
substantial savings of R&D resources. Moreover, with
computer optimization, the designer gets a configuration
which is completely characterized in terms of the system
performance and which is genuinely optimal while the
experimental design is often stopped when a geometry with
merely acceptable performance is found.

Results
Actual performance data for the prototype closely match
the computed data as shown in Figure 3. These results,
along with the cost benefit and timely project completion,
have strongly validated the decision to utilize the
computer optimization design rather than the conventional
iterative prototyping method.

Thanks are due to John F. Gerling (Gerling Applied
Engineering, Inc., Modesto, CA) and Vadim V. Yakovlev
(Worcester Polytechnic Institute, Worcester, MA) for
providing the details of this case study.
John Bows
tel: +44 (0)1234 222124
e-mail: john.bows@unilever.com
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He/She should have 5+ years of experience in the RF field
and be capable of designing power amplifiers in the 82MHz
range at power levels from 1 to 18KW and possibly beyond.
These power supplies are used to drive laser discharges,
which represent a challenging dynamic load.
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The ideal candidate should have worked in a manufacturing
environment and be familiar with the disciplines necessary
to introduce new products into production.

Figure 3: Frequency response of the reflection coefficient
(magnitude of S11 parameter) of the optimized load.

This position offers the successful candidate a unique
opportunity to join a company in a role that is key to its
future and which will reflect in the status of the candidate.
They should possess design flair and enjoy the challenge of
developing RF products.

Modelling Benefits
This project demonstrated that with the help of an efficient
optimization tool, the designer may avoid struggling with
complex/unknown interactions between design variables
as corresponding information could be naturally revealed
in the course of optimization. For example, the found
differences between the dimensions a and b with regard to
their sensitivity indicated that:

It is possible that an exceptional candidate with less
experience may be suitable but they would need to have
worked in a design/production environment.
This is a senior position and will attract a salary and benefit
package in line with market rates.

(1) it was possible to opt for the convenience of b = 0
without seriously compromising performance, and

For more information please contact:
Dr K Lipton, Rofin Sinar UK Ltd,
York Way, Willerby HU10 6HD, UK or
e-mail to kenl@rofin-uk.com

(2) the dimensional tolerance of a was more critical than
other dimensions, thus requiring special attention during
fabrication. Such criticality is much easier to identify using
the computer optimization technique.
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News & Events
7th International Workshop on
FINITE ELEMENTS FOR MICROWAVE ENGINEERING
Antennas Circuits and Devices

39th IMPI Symposium
The next IMPI Symposium will be held at
The Marriott Bloor Yorkville Hotel Toronto, Ontario, Canada
during July 13-16, 2004

May 20-21, 2004, Madrid, Spain
Topics include computational electromagnetics, emc and
industrial applications.
Organized by the Polytechnic University of Madrid (Spain)
and the University of Florence (Italy).
Sponsored by: Escuela Técnica Superior de Ingenieros de
Telecomunicación (Universidad Politécnica de Madrid),
IEEE Spain Section, IEEE Region 8, IEEE AP-S, IEEE MTT-S,
RYMSA

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

Details at www.fem2004.etsit.upm.es
International Symposium of Microwave Science and its
Application to Related Fields

OPTIM 2004, Romania
9th International Conference of Electrical and Electronic
Equipment, OPTIM ‘04 will be held in Brasov, Romania,
May 20-22, 2004.
The conference is organised by the Faculty of Electrical
Engineering and Computer Science, Transilvania University
of Brasov. There will be sessions on Electromagnetic
Processing of Materials and Electroheat.
Organizations that sponsor the OPTIM Conference:
IEEE, IEE, VDE, and also AMPERE.

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".

For information contact
Prof. Mihai CERNAT, OPTIM 04’ Conference secretary
Tel. +40 68 474718, Fax +40 68 414459
e-mails: optim@vega.unitbv.ro or cernat@leda.unitbv.ro
websites: http://optim.8com or www.leda.unitbv.ro/optim

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

HES 04
International Symposium of Heating with Internal Sources
Induction - Dielectric - Conduction and EMP

AMPERE Subscription Rates
Padua 23-25 June 2004

Europe:

Chairman of Symposium
Professor Sergio Lupi
Depart of Electrical Engineering
University of Padua
Italy

Worldwide:

1
2
1
2

year
years
year
years

£30.00
£50.00
£35.00
£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

Details at www.die.unipd.it/eventi/hes04
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News & Events
14th International Drying Symposium

4th World Congress

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

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

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

Technical Programme Chair:
Diana Foltz of Virginia Polytechnic Institute

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

Papers may be submitted on-line at
www.microwave-rf.org.

3rd International Workshop on Biological Effects of EMFs

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

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

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

Details at www.telecomlab.gr/bioeffects
or Kety Apostolou, conference secretary at
conf2004@imm.demokritos.gr
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ADVERTISE in the AMPERE NEWSLETTER
Advertise your products and services
in future issues of the AMPERE NEWSLETTER

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

Rates:
1/4 page: €100
1/8 page: €70

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

SAVE 10%
for four consecutive issues or more
The information contained in this newsletter is
shown for the benefit of AMPERE members.

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.

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.

A.C. Metaxas
Electricity Utilisation Group • St John’s College
University of Cambridge • Cambridge CB2 1TP, UK

Readers are therefore advised to consult experts
before acting on any information contained in this newsletter.

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
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