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ABSTRACT
An integral method is presented to correctly
calculate the mutual coupling between a parallel-
plate waveguide applicator and an inhomoge-
neous lossy structure. The aperture field and
hence the electromagnetic absorption in the
biological structure is a result of this coupling.
The results are presented for the TEj-mode
excited parallel-plate waveguide applicator. The
possibility of changing the electromagnetic
absorption in the biological structure by intro-
ducing a dielectric material in the waveguide is

investigated.

I. INTRODUCTION
In a hyperthermia treatment, the biological
tissues are placed in the near field of the
electromagnetic (EM) sources. One of the most
frequently used hyperthermia EM-sources, is the
waveguide applicator. Because the biological
tissue is in the near field of the applicator, the
field, scattered by the tissue, will change the
aperture field of the applicator and the electro-
magnetic absorption. Up to now, only waveguide
applicators irradiating homogeneous or layered
biological media were modelled [1][2][3]. In this
paper, an integral equation method to model a

parallel-plate wavegunide applicator irradiating a
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realistic inhomogeneous biological tissue is
presented. A new feature of the developed soft-
ware is the possibility to design new applicators
by introducing inhomogeneous dielectric mate-

rials in the waveguide.

I1I. INTEGRAL EQUATION METHOD
Figure 1 shows the configuration. A parallel-
plate waveguide applicator with aperture width a,
irradiates an inhomogeneous lossy tissue. In the
waveguide, an inhomogeneous dielectric material
can be placed in order to influence the absorbed
power distribution in the biological tissue. The
applicator is excited by the TEi-mode of the
parallel-plate waveguide. The width of the
waveguide and the frequency is chosen in such a
way that only the lowest TEj-mode propagates in
the waveguide.
The field, scattered by the lossy inhomogeneous
tissue is modelled by polarisation currents. The
electrical field in the biological tissue can be
written as a function of the aperture field and the
polarisation currents in the tissue:
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Gt(x,ylx',y") is the Green's function of the two-
dimensional half free space with short circuited
wall at x=0 where Gr is zero. Sp refers to the
lossy inhomogeneous tissue. Jp(x'y') is the
polarisation current distribution in the tissue and
E;*(y") is the aperture field. The superscript r
refers to the half plane x >0.

The electrical field in the waveguide follows
from the incident field (= TEj-mode) in the
waveguide, the aperture field, and the field due
to the polarisation currents in the dielectric

material placed in the waveguide:
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Gw(x,yly',y) is the Green's function of the
homogeneous filled short-circuited waveguide.
Ezinc' is the electrical field of the lowest mode
and its reflection on the short circuit. S4 refers to
the dielectric in the waveguide and the super-

script 1 to the half plane x<0.

The electromagnetic problem is completely

defined if the continuity of the tangential compo-

e 1 4 .
nent of the magnetic field (Hy= 3-5}1—05;132) is

applied in the aperture:
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[iE‘z(x,y)J =[-§-Ei(x,y)J Ocy<a (3)
ax x=0+ aX X'=0~

(1), (2) and (3) are three coupled integral
equations. In (1) and (2) E,* and E,! in the lossy
medium and the dielectric material respectively
can be written as a function of the respective
polarisation currents. These fields are deter-
mined by solving (1), (2) and (3) for the
unknown polarisation currents using the moment
method and the point matching technique. The
specific absorption rate (SAR) distribution in the
lossy tissue is calculated from the formula
6, y)IEL x,y)I%/2.

III. RESULTS

In figure 2, two examples of waveguide applica-
tors loaded with dielectric wedges irradiating a
muscle tissue at 433 MHz are shown.

The SAR-distribution is given in dB with respect
to the maximum SAR-value near the surface of
the muscle tissue. The two dielectric wedges are
used to change the SAR-distribution in the
muscle tissue. From the SAR-distribution results,
we note that is possible to achieve respectively
smaller and broadened absorption compared to
the results of the homogeneously filled
waveguide. The penetration depth of the SAR-

distribution is unchanged.

1V. CONCLUSION
Starting from three coupled integral equations, it
is possible to correctly calculate the mutual

coupling between an inhomogeneous biological



tissue and a parallel-plate waveguide. By intro-
ducing dielectric materials in the waveguide, it is
possible to design new waveguide applicators in
order to change the SAR-distributions in the
biological tissue. An example of a waveguide
applicator with two types of wedges has been
presented. Although it was possible to change the
width of the SAR-pattern, changes in the

penetration depth were not achieved.
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Fig. 1: parallel-plate waveguide applicator irradiating an
inhomogeneous lossy medium
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Fig. 2: SAR-distributions for the waveguide applicator loaded with two
types of wedges
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