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Abstract

The radiation characteristics of hemispherical DRA elements mounted on or embedded in a hollow circular
cylindrical ground structure are investigated. The performance of the DRA array which operates at about 1.8
Ghz, is studied. Factors influencing the array performance, such as the number of elements and element
spacing are explained. The perforated dielectric technique is used to design the array from a single dielectric
sheet. The overall profile of the antenna can be significantly reduced. The radiation patterns with respect to

the number of DRA elements are depicted.

Keywords: DRAs, FEM, FIT

1. Introduction

Cylindrical conducting surfaces with antennas fixed on
top are widespread in different systems such as aero-
space vehicles and satellites In these applications, the
antenna radiation pattern is needed to be almost omnidi-
rectional, and the antenna efficiency has to be high [1-4].
The dielectric resonator antenna (DRA) can offer all the
requirements for such applications [5-11]. DRA antenna
has great flexibility in shape, material and feeding
mechanisms. In addition, DRA resonant antennas can
have wide bandwidth and large angle of coverage. The
radiation characteristics of cylindrical and hemispherical
DRAs placed on or embedded in circular cylindrical and
spherical ground planes are investigated in [12-15].

In this paper, the performance of the hemispherical
DRA array elements mounted on or embedded in circular
cylindrical ground plane for producing omnidirectional
radiation pattern, which operates at about 1.8 GHz, is
studied. The array performance is very much influenced
by several factors, such as the number of elements and
elements spacing. These effects have been investigated
in this work. The perforated dielectric technique is used
to design the array from a single dielectric sheet. The
overall profile of the antenna can be significantly re-
duced. The perforation is implemented as a uniform lat-
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tice of holes drilled through dielectric links that help in
fixing the antenna elements [16]. It can be seen that an
increase in the number of hemispherical DRA antennas
directly result in a better approximation of an omnidirec-
tional pattern. The hemispherical DRA antenna elements
are uniformly distributed along the circumference of a
finite hollow conducting cylinder. The radiation patterns
with respect to the number of DRA elements are investi-
gated based on the radiation characteristic. It will be seen
that an array of eight hemispherical DRAs is a good can-
didate for omnidirectional pattern. Numerical results are
obtained using the finite element method (FEM) and
compared with that calculated by the finite integration
technique (FIT) for authentication.

2. Methods of Solution
2.1. Finite Element Method

In this paper, the finite element method (FEM) is used to
determine the radiation characteristics of the antennas.
The finite element method is quite suitable for the analy-
sis of DRA antennas. The basic idea of the finite element
method is to divide the electromagnetic structure in a
number of elements which usually have the same shape
but can differ in size, as the elements shape could be
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rectangles or triangles for surfaces or cuboids and pyra-
mids for solid objects. The field within each element is
expanded in terms of a set of basis functions. These
functions are usually weighted and controlled by the
field values at the nodes of the element. A matrix equa-
tion is then formed, with the field values at the element
nodes as the unknowns. Solving this matrix equation the
unknowns can be determined [17-24].

2.2. Finite Integration Technique

The finite integration technique (FIT) is conceptually
different from the FET method. This is why it is used to
confirm the accuracy of the results. This method is very
versatile and suitable for quite a wide range of electro-
magnetic problems. The basic idea of this approach is to
discretize the application domain in a set of staggered
grids and apply Maxwell’s equations in the integral form
to such grids, so it is called Maxwell-Grid-Equations
(MGE). As usual in some of the numerical techniques,
the application will end up in matrix equations. The re-
sulting matrix equations of the discretized fields can be
used for determining the distribution of the fields in the
problem domain. The finite integration technique is rela-
tively faster than other numerical techniques such as the
finite difference time domain technique and the FEM
mentioned above. It has also relatively high flexibility in
modeling different geometric shapes and in handling
boundaries. It has to be noted that, from our experience
the results determined using the FEM are more accurate
than those obtained using the FIT due to the fact that the
FIT has to stick to a rectangular or cubical staggered
grids which are not adequate in fitting the curved
boundaries. More details about FIT can be found in
[25-30].

3. Numerical Results

An Array of Hemispherical DRAs Mounted on or
Embedded in Circular Cylindrical Surface

Figure 1 shows the array geometry of hemispherical
DRA elements which are equally spaced and placed on a
circular cylindrical ground plane. The hemispherical
DRA with dielectric constant e = 8.9 is used. It has ra-
dius “a”, of 2.54 cm. A coaxial probe with radius of
0.075 cm excites each element. All the ports of the ele-
ments were fed with signals which are in phase and equal
in amplitude. The probe is located off the center by d,=
1.74 cm with a height “A4”, of 1.52 cm. The hemispheri-
cal DRA is designed to operate at 1.8 GHz. / the length
of the circular cylindrical ground plane, “Ig”, is 50 cm.
The thickness of the cylindrical conductor is 0.6 mm, and
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DRA array mounted on

Single DRA element. Cylindrical conducting ground

Figure 1. The geometry of hemispherical DRA array moun-
ted on a cylindrical ground.

[T 1}

the radius of the circular cylinder is “r,”. The simulated
reflection coefficient as a function of frequency and the
radiation pattern for one element, and two elements
mounted on circular cylindrical ground plane are illus-
trated in Figure 2. The radius of the circular cylindrical
ground is 7, = 7.5 cm. The simulated results are calcu-
lated by using the FEM and compared with that calcu-
lated by FIT method. Good agreement is obtained.

As the resonance frequency is 1.8 GHz, i.e. 1 =16.67
cm, which is of the same order of the diameter of the
cylindrical ground plane, thus the back radiation is rela-
tively high. This high backward radiation has revealed
itself strongly in the radiation pattern of the single ele-
ment and also in that of the two oppositely mounted
elements. The results indicate clearly that the backward
radiation is not in phase with the forward radiation of the
other element which causes lower forward and backward
radiation, i.e. 0° and 180° directions, than the in-phase
radiation at 90° and 270° directions. In the same time, the
antenna bandwidth for the two element array has gone
down due to the effect of the other elements as seen from
the behavior of the reflection coefficient.

The radiation patterns with respect to the number of
DRA elements array are investigated by using FIT and
compared with FEM. Good agreement is obtained. It can
be seen that increasing the number of DRA elements in
the array result in a better approximation for an omnidi-
rectional pattern. When the numbers of DRA elements
are increased to five elements the ripple in the radiation
pattern is 7 dB. For six hemispherical DRA elements, the
ripple in the radiation pattern is reduced to be 2 dB as
shown in Figure 3. However, increasing the number of
elements brings them closer to each other which result in
strong coupling between them. This strong coupling re-
duces the reflection coefficient bandwidth and causes
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Figure 2. The reflection coefficient and radiation pattern at
ry = 7.5 cm. (a) The reflection coefficient; (b) The radiation

patterns.
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Figure. 3. The radiation patterns of an array with different
elements at ry = 7.5 cm on cylindrical ground plane. (a) 3
elements; (b) 4 elements; (c) 5 elements; (d) Six elements.
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some difficulty in adjusting the feed for the antenna ele-
ments. (It has to be noted that no more than 9 DRA ele-
ments can be fixed on the ground plane circumference
according to the selected dimensions).

Figure 4 shows the reflection coefficient as a function
of frequency for one element, and also for two elements
when 7, = 15 cm. Increasing the size of the cylindrical
ground plane has reduced the level of the diffracted field
which forms the back radiation for the single case as in
Figure 4(a). It indicates a lower effect of each element
on the other's radiation in the front direction. This is of
course due to the lower level of the diffracted field. In-
creasing the number of the elements as in Figures
5(a)-(c) the strong dips in the radiation pattern becomes
more diluted. As the number of the DRA elements
reaches 8 in this case, the ripple in the radiation pattern is
reduced to 3 dB as shown in Figure 5.

For more economy and for getting rid of the protrusion
of the DRA elements, a hemispherical DRA array with
elements embedded in cylindrical ground plane structure
loaded with protecting dielectric superstrate is proposed
as shown in Figure 6. The superstrate layer directly
loads the hemispherical DRA. It has a relative permittiv-
ity &, = 2.2, a thickness sic = 27 cm and rc = 45 cm, as
shown in Figure 6. The reflection coefficient and the
radiation pattern for one element and three elements is
depicted in Figures 7(a) and (b). The results are pro-
duced for r, = 15 cm. The radiation patterns for 5 and 8
hemispherical DRA elements are illustrated in Figure 8.
The variation in the ripple in the radiation pattern by
increasing the number of embedded DRAs is nearly
producing similar variations as in the case of protruding
elements. But note that impedance bandwidth decreased
with embedded DRAs.

Another geometry of DRA array is shown in Figure 9.
The perforated dielectric technique is used to design the
array from a single dielectric sheet. The spacing and the
diameter of holes are used to determine the effective di-
electric constant of the material surrounding the DRA
elements, the effective dielectric constant, &, for the
perforated material can be calculated from [16].

2
a :L, Ep =&, (l—a)+a

2(3/4)s;

Where R), is the radius of the air holes, and Sj, is the cen-
ter to center separation of the holes. This technique of
fabricating the DRA array is more practical, and feasible.
The reflection coefficients as a function of frequency for
one element and four elements are shown in Figure 10.
The radiation patterns in x-y plane for one, four and eight
elements around the circular cylindrical ground plane of
radius 7, = 15 cm are shown in Figures 10 and 11. The
ripple in the radiation pattern is reduced by increasing
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Figure 4. The reflection coefficient and radiation pattern at
ry = 15 cm. (a) The reflection coefficient; (b) The radiation
pattern.
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Figure 5. The radiation patterns of an array with different
elements on cylindrical ground plane, at ry = 15 cm. ()
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Figure 6. The geometry of hemisphere DRAs array embed-

ded in a cylindrical ground.
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Figure 7. The reflection coefficient and radiation pattern at
ry = 15 cm. (a) The reflection coefficient; (b) The radiation
pattern.
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Figure 9. The geometry of hemispherical DRA elements
with perforated link on a circular cylindrical ground plane,
ry=15cm, R, =4.23 mm, S, = 16.92 mm, t, = 2.032 mm.
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Figure 10. The reflection coefficient and radiation pattern

at ry = 15 cm. (a) The reflection coefficient; (b) The radia-
The performance of a hemispherical DRA antenna mounted tion pattern.

4. Conclusions
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Figure 11. The radiation pattern of perforated antenna
array with different number of elements at ry = 15 cm.

on and embedded in a hollow circular cylindrical plane
has been demonstrated in this paper. The effects of the
cylinder curvature on the radiation pattern, element
numbers and element spacing are investigated. Eight
hemispherical DRAs have been found to be a good can-
didate for producing an omnidirectional pattern. A high
gain omnidirectional antenna array operating at 1.8 GHz
with low gain ripple in the azimuth radiation pattern is
achieved by different structures.
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