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A Compact Light-Weight Gaussian-Beam
Launcher for Microwave Exposure Studies

PERAMBUR S. NEELAKANTASWAMY, KRISHNA KUMAR GUPTA, anp DILIP KUMAR
BANERJEE

Abstract—A new type of compaci light-weight Gaussian-beam launcher
for producing a fecused-microwave exposure field in biological experi-
ments is described. This launcher is identical to the structure described by
the authors elsewhere [1}, except that a simple circular waveguide aperture,
instead of a corrugated pipe, is used to illuminate a dielectric sphere lens
with the result that a considerable weight and size reduction of the
Ianncher is achieved. The proposed structure consists of a simple cylindri-
cal waveguide excited with a balanced mixture of complementary modes
and the diffracted field due to this waveguide aperture is made to
flluminate a dielectric sphere (lens). It is shown that a near-circular
Gaussian beam is then produced in the image space of the sphere with a
high focusing factor. Design details, theoretical calculations, and experi-
mental results concerning a practical launcher are presented. Suitability of
this compact structure for diathermy applications at a frequency of 2450
MHz is mentioned.

I. INTRODUCTION

ECENTLY, the authors [1], [2] described a practical
method of launching a microwave Gaussian beam
which is used to produce a focused exposure field in
biological experiments for partial-body irradiation. This
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launcher consists of a dielectric spherical lens, illuminated
by a scalar horn; the resulting EM field in the image zone
of the lens is a near-circular Gaussian beam. The simplic-
ity and compactness of this structure with its ability to
focus microwave energy in a very small region indicate its
practical utility in the areas of biological researches and
medical applications of microwaves. For example, one of
the authors has successfully employed this launcher in a
noninvasive beam wave reflectometric instrumentation for
measuring complex permittivity of biological materials at
microwave frequencies [3].

While the launcher described in [1] is a more practical
source of microwave Gaussian beam than the plane-wave
irradiated dielectric spherical lens system due to Ho et al.
[4], yet the sphere-illuminating scalar horn of this launcher
is rather a heavy structure, and, therefore, for low-
frequency applications (such as for 2450 MHz), there is a
need to develop a low-weight launcher system. Hence,
presently, a new type of launching device is proposed
wherein the heavy scalar horn of [1] is replaced by a
suitable low-weight waveguide aperture antenna.

II. DEBSCRIPTION OF THE PROPOSED STRUCTURE

Fig. 1 illustrates the launcher structure presently pro-
posed. It consists of an open-ended circular waveguide
with a modified aperture end. The open end has a shorted
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Fig. 1. X-band Gaussian-beam launcher (dimensions are in mm).

Fig. 2. Normalized three-dimensional pattern (electric field squared at
d=5.0cm). -

cup approximately quarter-wavelength high excited with
two complementary propagating modes (TE,; and TM,;)
by means of a slot in the shorting plane and by two
vertical wires symmetrically disposed on either sides of the
slot [5]. A rim choke is provided circumferential to the
cup to suppress the back radiation and side lobes due to
edge diffraction. The slot in the shorting plane is loaded
with a dielectric piece in order to eliminate any possible
excitation of spurious slot modes.

This dual-mode excited waveguide aperture, produces a
symmetrical tapered field [5] similar to the scalar horn of
[1], which is used to illuminate the dielectric spherical
lens. The expressions for the field components in the two
principal planes in the image zone of the lens are given by

(L, 3]

III. RESULTS AND DISCUSSION

A test launcher of the dimensions shown in Fig. 1 was
fabricated and near-field measurements were carried out
at a frequency of 9.370. GHz with a dielectric sphere
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having a relative permittivity of ¢, =2.73 (paraffin wax)
and of a diameter equal to 4.0 cm. The measured and
calculated patterns at d=35 cm in the image space of the
lens of the test launcher are presented in Fig. 2. From the
results presented here, the following inferences can be
made: 1) similar to the Gaussian-beam launcher of [1], the
present structure also produces a near-circular Gaussian
beam, in the proximity of the sphere; 2) Table 1 provides
results on the focusing factors of the three systems,
namely, the planewave illuminated lens [4], dielectric
sphere illuminated by the scalar horn [1], and the pre-
sently described system; and 3) for a relative comparison,
the overall sizes and weights of the two types of launchers
are also given in Table I which indicate the considerable
reduction in size and weight of the proposed launcher.

The performance characteristics of the launcher de-
scribed and the relevant design considerations, follow
closely those applicable to the structure of [1]. Research
efforts are being made to design and fabricate a launcher
at the microwave diathermy frequency of 2450 MHz.
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