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Abstract

The radiation characteristics of an antenna composed by a rectangular guide
loaded with dielectric slab are analyzed and presented in this paper. A parametric
study involving the dielectric loading level and the behavior of the cross-
polarization is also included. The obtained results shows a plane performance for
the maximum cross-polarization on a wide frequency band for the hybrid mode
LSE10, dominant in the structure.
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| - INTRODUCTION

The great rise in satellite communications pushes the need for more efficient antennas with low
levels of cross-polarization. Good cross-polarization characteristics offer the possibility of
channeél duplication with the reuse of the frequency band. In this work the far-field radiation
characteristics will be investigated for the partially filled dielectric rectangular waveguide. The
study will focus on the parametric cross-polar analysis for the rectangular waveguide WR 112 [1]
loaded with PTFE (polytetrafluoroethylene, €, = 2.32) for the dominant mode L SE10.

In section Il and I1I, the theory associated with the problem will be presented. The
behavior of radiated fields, as a function of the dielectric loading in the guide will be examined
using cross-polarization as a reference parameter. Taking the best loading configuration obtained
for the hybrid structure, the maximum cross-polarization values will be investigated as function of
frequency.
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Il - THEORY

The structure of the partially filled dielectric rectangular waveguide is shown in Fig. 1, where the
dielectric is considered homogeneous and losses. The hybrid modes that appear in the structure
are combinations of transverse electric and transverse magnetic modes. These modes are said
longitudinal section magnetic (LSM) and longitudinal section electric (LSE) and can be obtained
from the Hertz vector potentials M, and I, [2]-[4]. In particular, the TEmO modes are

equivalent to the LSEmMO modes.
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Fig. 1. Rectangular waveguide partially filled with dielectric.

In order to obtain the propagation constant (3;) for the hybrid modes LSE and LSM, a
system of transcendental functions must be numerically solved. The open-ended rectangular
waveguide is commonly used as feeder for reflector antennas, probes for near-field scans, and as
antenna array elements.

Using Maxwell's equations and the gauge condition [2]-[4], the electromagnetic field
equations for the hybrid modes LSE can be obtained by the following expression:

Ee =—jouOxn, (1)
H ¢ =0x0OxM, (2)
The magnetic Hertz vector potentidl () should satisfy the wave equation,
O%N, +e(x)B%M, =0 )
where ¢r(x) is the relative electric permittivity of the dielectric.

er, 0<X<s
&a(x) = 4
9 EL s<x<a )
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The boundary conditions impose that the electric tangential fields are null on the
waveguide walls and that the tangential electric and magnetic fields are continuous in the
dielectric interface. With these conditions we have (for the LSE modes):

Frxa COUbS) + byo COU( S0 (@~ 8)) =0 ©)

where f,, and £, are respectively the phase constants in the dielectric and in the air in the x-

direction. Due to geometry of the problem, the phase constants in the y-direction are

Byo =By =B, :% ,withn=0, 1, 2... . Therefore,

ﬁxd :\/a)zl’lgogr - Erng _ﬁzz ﬁxO :\/wzﬂgo _Bﬂg _ﬁzz (6)

0Ob 0O Ob 0O

From (6) and (5) we form the transcendental equation to extract the phase constant 3,. The
Hertz vector potentials that satisfy (3) and the boundary conditions are given by:

My =By, sen(B,yX).cos(B, y).e 7)

M} = B, sen(B,0 (@~ x).cox( B,y)e 15:2 )

where B! and B’ areconstants and the indexes d and 0 indicate the dielectric and air regions,

respectively, in which the solutions are valid. The equations for the LSM modes are obtained
following the same procedure shown previoudly for the LSE modes.

The electromagnetic far field radiated from the hybrid guide is obtained considering the
aperture shown in Fig. 2. The technique is well known in the literature [5]-[10] and will only be
briefly presented here. To simplify the analysis, it's considered that the field distribution in the
opening is known and from only the dominant LSE10 mode. The tangential fields at the aperture
are:

} H—Bwuﬁzser(ﬁxdx)éy para0< x<s,0<ys<b

E =0 €)
H - wuB, selB,,(a-x)|ay paras< x<a,0<y<b

) EB,Bzzser(,Bxdx)éx para0s< x<s,0<ys<b

H. =0 (10)
H B2 serB,, (a-x)] ax para s<x<a,0<ys<b
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d

where the constant B is given by the relationship 2@” ,thatis:

mn

B= Sen[léxo (a_ X)]

sen xd X)

(11)
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Fig. 2. Open-ended partially filled waveguide radiating in free space.

The far-fields are obtained applying the Fourier Transform in the aperture tangential fields
as described in [2]-[4].

Il -RESULTS

A rectangular waveguide was considered with dimensions a = 2.850 cm and b = 1.262 cm
(waveguide WR112). The dispersion curves obtained for this guide are shown in Fig. (3).
Ludwig’s third definition [11] was used in the cross-polarization study. It was considered the
plane@=45° in the cross-polar analysis. Fig. (4) shows the maximum cross-polar variation as a
function of dielectric loading, s. We can observe in Fig. (4) that the smallest values of cross-
polarization occur near s = 0.45a. In this case, the value of the maximum cross-polarization
corresponds approximately to —10 dB. Fig. (5) shows the radiation pattern considering s = 0.45a
and f = 7 GHz. Modifications in the diagram due to the dielectric loading can be monitored in
order to obtain high efficient configurations in terms of low side-lobes (LSL), front-to-back
relation and cross-polar levels.
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Fig. 3. Dispersion curves for the waveguide WR112 partialy filled with dielectric layer with g, = 2.32. s= 0.45a.
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Fig. 4. Maximum cross-polarization as a function of the dielectric loading, s.
Rectangular waveguide WR112 (a= 2.850 cm and b = 1.262 cm). €, = 2.32.
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Fig. 5. Radiation diagram for the waveguide WR112 partially filled with dielectric layer
with g, = 2.32. s= 0.45a, frequency of operation of f = 7 GHz.

Fig. (6) shows the behavior of the maximum cross-polar level as a function of frequency,
in the LSE10 mono-mode operation, for s = 0.45a. The curve is very flat indicating the low
frequency sensitiveness near the central frequency of fo = 6 GHz (practically constant with -10dB
in the 3.5 GHz total Band).

Copyright SBMO ISSN 1516-7399



Journal of Microwaves and Optoelectronics, Vol. 2, N.° 4, December 2001. 28

(dB)

>
o

Max X Pol

-10.0

1205 5.0 5.8 6.6 7.4 8.2

Frequency (GHz)

Fig. 6. Maximum cross-polar level as afunction of frequency in the waveguide WR112,
partialy filled with dielectric, €, = 2.32. s= 0.45a. Radiation plane @=45°.

IV - CONCLUSIONS

The radiation characteristics of an antenna composed by a rectangular guide loaded with dielectric

dab were analyzed and presented in this paper. A parametric study involving the dielectric

loading level and the behavior of the cross-polarization is aso included. When considering a

loading of s=0.45a and LSE10 mono-mode operation, simulations show maximum cross-polar

levels of —10 dB. The authors believe that lower levels can be obtained by considering dielectrics
with relative electric permittivity greater than 2.32. However, it is expected that materials with
high €, introduce reflection losses in the system. The presence of the dielectric moved the band of
operation in the main mode, as expected, from 5-9 Ghz in the dominant TE10 mode of the empty
guide, to 4-8 Ghz considering the same guide with dielectric loading (s = 0.45a). Although the
curve of the maximum cross-polar as a function of frequency presented a flat curve, the obtained
levels are relatively high. Researches are being carried to reduce these levels.
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