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Optimized Single-Mode Cavity for
Ceramics Sintering
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Abstract—In this paper, we present a novel method of opti-
mization of a single-mode cavity used for sintering ceramics. The
goal of the optimization is to maximizethe electric energy stored
in the dielectric and minimize spatial variations of tashis field in
the domain occupied by the material. Results of simulations of
two configurations are discussed.

I. INTRODUCTION

I N RECENT years, there has been an increasing interest in
using microwave power for ceramics sintering. Microwave

radiation has several inherent advantages over “conventional”
heating such as power transfer efficiency, reduced sintering
times [1], [2], lower temperature requirements, and improved
material characteristics [2], [3]. This type of processing al-
lows precise and controlled heating, and offers processing
possibilities not available before [4]. Conventional sintering
relies on thermal diffusion of heat from the surface of the
sample to its center [5], therefore, relatively steep temperature
gradients can develop and they can lead to the cracking of
the sample [2]. Microwave heating, on the other hand, is
a volume process; therefore, with proper insulation and a
smooth enough electric field, uniform heating can be achieved.
Although the proposed method seems simple, implementation
of such a microwave system is not trivial. Today, most of the
research in this field relies on multimode cavities primarily
because a multipurpose furnace is required for processing
samples of various geometries and dielectric coefficients. The
disadvantage of multimode cavities is that due to constructive
interference of the electromagnetic (EM) waves propagating
inside the cavity hot spots are formed [1]. These hot spots are
responsible for a phenomenon called “thermal runaway,” in
which a local increase in temperature causes a local increase
of ohmic losses, which, in turn, causes the temperature to
rise even more, thereby completing a vicious cycle that can
destroy the whole sample. Nonuniform heating is one of the
major limitations of multimode cavities and has been dealt
with by applying various sintering techniques (e.g., preheating
the sample in an indirect manner such as in the “picket fence”
configuration [3]) and introducing field modification devices
(e.g., the mode stirrer that is supposed to ensure that the time
averaged value of the electric field be uniform throughout
the sample). Another possible solution offered was to go
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up to higher frequencies, but this solution is probably not
economically feasible [1], [2].

An alternative altogether is to turn to single-mode cavities
where there is much more control over the field distribution
inside the cavity and there is the additional advantage of being
able to optimize the geometry of the cavity to fit the parameters
of the sample. Single-mode cavities have been proven as
adequate for sintering in [6]. Other authors, e.g., Jacksonet
al. [7], have developed a microwave absorption model for a
cylindrical sample filling the entire axis of a cylindrical cavity
and compared power absorption for the lower modes.
Iskander [8] and Manringet al. [9] have developed numerical
codes for solving the fields in single-mode-type resonators and
explored the effects of these fields on the sintering process. It
has been widely accepted that uniform and efficient heating
are both crucial for successful sintering and it is the goal of
this paper to present a systematic procedure for optimizing
the performance of a single-mode cavity with regards to these
two criteria. However, before we go into the details of the
optimization process, the following three questions need to
be addressed: 1) Are the parameters of the problem stable
enough to render such an optimization procedure possible? 2)
What is the meaning of optimization in the context of ceramics
sintering? and 3) Is there an optimum geometry?

The answer to the first question is relatively simple. With
regard to the geometry, we typically know or control the range
of parameters, therefore, we do not consider the geometry as
a difficulty. The parameter that complicates the situation is
the dielectric coefficient since, even if we know its value at
room temperature, this value may change quite substantially
during the sintering process and what is even worse is that
we do not know exactly how this value changes as a function
of the temperature. This is a problem that we do not attempt
to solve in this paper (i.e., is assumed to be real), however,
we wish to point out that in many cases the change in the
imaginary part of is substantially larger than the change in
its real part. As a result, the shift in the resonant frequency
(due to the change in the real part of) is smaller than the
reduction of the quality factor of the cavity that is controlled
primarily by the increased losses. Consequently, although the
source is no longer at resonance, the performance of the cavity
is expected to be reasonable because the effective bandwidth of
the cavity increases. Furthermore, even if such a shift occurs, it
happens on a time scale of seconds or more, therefore, we have
the possibility of tuning the cavity mechanically in parallel to
the heating process [6]. For these reasons, in this paper, we
consider only a given set of parameters.
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