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Abstract In this paper, a compact two-element cylindrical dielectric resonator antenna (CDRA) array with corporate
feeding is proposed for X-band applications. The dielectric resonator antenna (DRA) array is excited by a microstrip
feeder using an efficient aperture-coupled method. The designed array antenna is analyzed using a CST microwave
studio. The fabricated sample of the proposed CDRA antenna array showed bandwidth extending from 10.42GHz to
12.84GHz (20.8%). The achieved array gain has a maximum of 9.29dB; at frequency of 10.7GHz. This is about
2.06dB; enhancement of the gain in comparison with a single pellet CDRA. The size of the whole antenna structure is

about 50 x50mm?.

Index Terms— CDRA array, microstrip line feeding, elliptical slot.

I. INTRODUCTION

The global market of today’s communication
technology has focused on low profile devices
which have become part of the routine life. The
ever-increasing drive for miniaturization has led
to reduction in the size of the device internal
structure as well as the integrated system. The
requirements for commercial applications are
often quite strict, as the antenna should have
compact size, wide bandwidth, high gain, low
cost, and be rugged to be widely acceptable.
Dielectric Resonator Antennas (DRA) are
fabricated from low loss microwave dielectric
materials, where the resonant frequency is
predominantly a function of size, shape and
material permittivity [1-2].

In general, a single element DRA has a broad
radiation pattern with limited gain of about 5dB;
[3]. Similar to other conventional low gain
antennas, DRAs gain can also be enhanced by
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deploying array configurations. The most
attractive and high gain DRA arrays have been
introduced in [4-5]. Since last few years, DRA
arrays of wvarious shapes like cylindrical,
triangular, and rectangular have been proposed in
[6-7]. Published works have shown that, the
CDRA is the most widely used technology
although the rectangular dielectric resonator
antenna (RDRA) has shown several advantages.
The reason behind that attraction is the simple
mode structure of the CDRA as compared to
RDRA (larger number of edges in the RDRA lead
to more complicated mode [8]. The main
advantage of CDRA for high gain applications is
that, it is more directional as compared to
rectangular and annular shaped DRAs [9].
Various types of coupling methods have been
used to feed linear array of DRASs, such as
microstrip lines [10], coplanar waveguide [11],
slotted waveguide [12], and dielectric image line
[13]. Among these excitation schemes, aperture
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coupling with a microstrip feed line is mainly
used because of ease of assembly, suitability to
integrate with circuits, and its inherent isolation
between the radiating element and feeding
network [14].

In a transmitting array, power radiated from
each element will impinge on the other elements
in the array, while in a receiving array some of
the scattered power from each element will
impinge upon nearby elements. This interaction
between the elements of the array is referred to as
mutual coupling. It causes distortions in the
desired radiation pattern of the array and can also
affect the input impedance of each element,
resulting in mismatch losses. The type of antenna
element used in the array, its feed network and its
design parameters like gain, radiation pattern etc.
affect the mutual coupling. The closer the
elements placed in the antenna, the higher is the
mutual coupling. To find the amount of mutual
coupling in an array, the mutual interaction
between two elements is often examined first.
The element spacing is kept normally from 0.5\
to 1.0A to reduce mutual coupling between array
elements, and avoid grating lobes. When using
DR as array element, the mutual coupling is
mostly dependent upon the shape of the DRA, its
dielectric constant, and the feed mechanism. The
E-plane coupling is stronger than H-plane

1. SINGLE-ELEMENT ANTENNA DESIGN
AND PERFORMANCE

Fig.1 shows the geometry of the proposed
single element dielectric resonator antenna fed by
an elliptical slot. It is printed on a 0.8mm thick
Rogers TMM4™  substrate  with relative
permittivity e=4.5 and dielectric loss tangent of
0.017. The ground plane is printed on the
substrate with dimensions of (30x25) mm?, which
is small enough to meet the circuit boards for
many wireless communication applications. The
available DRA cylinder has diameter D=6mm,
height h=9mm, and is made of alumina material
of (&pr=9.4). The DRA position is slightly offset
from center point of the slot along the feed line.
An elliptical shape slot with major slot radius s
and minor slot radius s, is etched on the ground
plane as a feeding mechanism for coupling and
bandwidth enhancement. Stub length (L) was
chosen to be as quarter waveguide wavelength. A
microstrip feed line with dimensions Ly and Ws is
used to couple the input signal to the DRA
through the elliptical slot. L;is chosen as 22.5mm
to be comparable to the waveguide wavelength,
and Ws is calculated as 1.5mm corresponding to
50Q, dielectric constant (&) and patch thickness t
by using the following standard formula [17]:

coupling and it decreases less quickly with W, eiei_z forw, /t <2
increasing element separation [3], [15]. T )2 g, -1 06
In this paper, a two-element cylindrical 718 ~1-in(@8 71)+Z{'"(B *1)*0'39*75}] for W, /t>2
DRA array design with corporate feeding 1)
network is presented. A slot coupling feeding where,
technique is used, because it is most suitable for 7 31 & -1 011
DRA arrays where relatively simple circuit =0 |7 22 (0.23+ =) ()
. . . . 60 2 e +1 £
integration is required, as compared to other © N
feeding mechanisms. Moreover, the ground plane and,
here isolates the feed network from the radiating 37ix ©)

DR, thus the radiation characteristics are mainly
from the dielectric resonator. The designed
antenna is analyzed, and its characteristics such
as reflection coefficient, radiation patterns and
gain are investigated. The design methodology of
the proposed DRA array, based on finite
integration technique using a CST microwave
studio [16], is deliberated and the detailed results
of the proposed antenna are presented.
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S22,

The microstrip line is connected to a 500
coaxial SMA connector as a feeding port. The
proposed antenna is designed and optimized in
terms of its dimension parameters, and the
optimized values of parameters are shown in
Table 1. The resonance frequency for the TMyjo
(Dominant Mode) can be found from [18]:
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where a and h are the radius and height of the
dielectric resonator respectively. For the used
DR, the calculated frequency was found as
10.269GHz.

The realized reflection coefficient and gain of
the elliptical slot CDRA are shown in Figs. 2 and
3 respectively. The antenna achieves -10dB
bandwidth  extending from 9.97GHz to
12.558GHz which constitutes a 23%. The antenna
gain ranges between 5.5dB; and 7.25dB;. The
experimental results are also drawn on the same
figures. The differences between the measured
and simulated results, seen in a shift to higher
frequency and general increase in reflection
coefficient may be attributed to the fabrication
errors and the effects of using glue to fix the
DRA.

25

(a)
RN S
—‘l—‘ Ground ‘l | 13
’_4 | Microstrip Line L.
(b)

Fig.1: Elliptical slot cylindrical shape DRA (a)
Top view and (b) Side view with design
parameters.
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TABLE |
Design dimensions (in mm) of the proposed antenna
Ly W, D h S Sw
25 30 6 9 2.98 0.8
Lo L W t
45 225 15 0.8
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Fig. 2 Simulated and measured reflection
coefficient versus frequency for the proposed
CDRA.
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Fig. 3 Simulated and measured realized gain

versus frequency for the proposed CDRA.

I11. TWO-ELEMENT CDRA ARRAY USING
COOPERATE FEEDING

The CDR antenna designed in the previous
section is used here to form a two-element CDRA
array with corporate feed network as shown in
Fig.4. The purpose is to maintain the bandwidth
and achieve the array response. The array is
designed on a ground plane of dimensions
50x50mm?. This antenna is designed on the basis
of using spatial diversity in which the same data
is transmitted over each of the multiple paths. In
this case each of the two elements is essentially
transmitting and receiving the same data although
the data is coded differentially.

The optimum distance between two radiating
elements (DRs) is determined from simulations to
achieve the best reflection coefficient response
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(S11<-10 dB). The best distance obtained between W,
the two centers of the DRs is 22mm (0.806A.0) at P
a resonance frequency of 11GHz, and reaches S
(0.91610) at the highest frequency of operation 25,47 : JL-W
(12.5GHz), so that the grating lobes are avoided. 25
The corporate feed network is used to feed the Le
DRAs in-phase where a 50Q (Ly =6.6mm, W; ¢ W,
=1.5mm) transmission line is divided in two 100 N B
Q (L=10.6mm, Wy = 0.34mm) lines. Both L; and
L¢3 are chosen as a result of simulations to achieve
the best reflection coefficient response (S11<-10
dB) and they are comparable with the waveguide
wavelength. Two quarter- wave transformers at
each end are used to match the impedance of
these 100 Q lines to the 50Q (Ly=22.5mm, W; =
1.5mm) lines. These quarter wave transformers of
70.7Q2 (L;=10.2mm, W;=0.8mm) impedance
have a width of 0.8mm. The 50Q lines are used to
feed the DRAs. Ws , Wy and Wy, are calculated
according to (1). The design dimensions of the
two-element CDRA array using corporate feed
network is shown in Table Il. The proposed
antenna array was fabricated and its performance
was measured with HP8510C vector network
analyzer. The performance of the proposed array
(reflection coefficient magnitude and gain) is
compared with the performance of single-element
CDRA and the results are shown in Fig.5 and
Fig.6.

Ve

TABLE Il

Design dimensions (in mm) of the two-element
CDRA array using corporate feed network.

L, | Wy | D | h 5| sw
50 50 6 9 2.98 0.8
Lstub Lt L Le Lis Wi
45 6.6 10.2 22.5 10.6 15
Wi We, d

0.34 0.8 22

Fig.4 Two-element CDRA array using corporate
feed network; (a) simulated antenna, (b) top view
of fabricated antenna and (c) back view of
fabricated antenna.
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Fig.5 shows that with single CDR the
simulated impedance bandwidth is (9.97-12.558)
GHz with a minimum reflection coefficient of -
56.4dB at 10.47GHz, whereas it is (9.936-12.537)
GHz with a minimum reflection coefficient of -
17.99dB at 12.046GHz using CDR array. The
measured impedance bandwidth with single CDR
is (10.1-12.7)GHz with a minimum reflection
coefficient of -40dB at 11GHz, whereas it is
(10.42-12.84)GHz with a minimum reflection
coefficient of -17.80dB at 12.07GHz with CDRA
array. The differences between the measured and
simulated results, seen in a shift to higher
frequency and general increase in reflection
coefficient may be attributed to the effects of the
use of glue to fix the DRA, as this has been
noticed by [9], and fabrication errors. Moreover,
better matching can be usually achieved for a
single element as compared to that for the two-
element array with the feed network.
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Fig.5 Simulated and measured reflection
coefficient curves of the two-element array
compared to a single antenna element.
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From Fig.6 it is clear that with single CDR
the maximum gain is 7.23dBi whereas using
CDR array it is 9.29dBi. Gain improvement of
2.06dBi is achieved at most of frequencies in the
whole frequency band with the CDR array
compared to that of a single antenna element. It
should be noted that the simulated gain curves
assume an ideal feeding network, whereas the
measured results include the insertion loss of the
used feeding network, hence there are local
discrepancies.
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Fig. 6 Simulated and measured gain curves of the
two-element array compared to a single antenna
element.

A comparison between the simulated far field
3D-radiation patterns of the single-element
CDRA and the two-element CDRA array at
10.47GHz and 11.35GHz are shown in Fig.7a&b.
These figures show the directivity over the phi
and theta angles for the two antennas at the
considered frequencies. It is clear that for a
single-element CDRA the maximum power is
radiated in positive z-direction for both 10.47
GHz and 11.35GHz frequencies with maximum
directivity of 7.29dBi at 10.47GHz. While the
two-element CDRA array produces a constructive
superposition increasing the directivity from
7.29dB; to 10.28dB; at 10.47GHz and from
6.769dB; to 9.684dB; at 11.35GHz. This is due to
typical 3dB increase due to using two elements.
Moreover, the beam is narrower in the YZ-plane
due to the array action.

Farfield

enabled (kR >> 1)
farfield (F=10.47
Conponent Abs

Type
Approximation
Honitor

Farfield

Type
Approximation enabled (kR >> 1)
Monitor farfield (f=10.47) [1]
Component Abs

Output i
Frequency
Rad. effic. -0.06823 dB
Tot. effic. -0.86824 dB
Dir. 7.298 dBi

Output
Frequency
Rad. effic.
Tot. effic.
Dir.

(@)

Directivity
10.47
-0.7555 dB
-1.036 dB
10.28 dBi
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Farfield

enabled (kR >> 1)
farfield (F=11.35) [1]
Component Abs

Farfield Type
Approximation enabled (kR >> 1) fApproximation
Monitor farfield (f=11.35) [1] Honitor
Component Abs

Output Directivity
Frequency 11.35

Rad. effic. -0.1685 dB Rad. effic.
-0.1938 dB Tot. effic.
6.769 dBi Dir.

(b)
Fig.7 Comparison of the simulated far field 3-
D radiation patterns for single-element CDRA
antenna and two-element CDRA array at; (a)
10.47GHz and (b) 11.35GHz.

Type

Output
Frequency

Directivity
11.35
-0.908> dB
-1.314 dB
9.684 dBi

Tot. effic.
Dir.

The simulated and measured far field
radiation patterns of the proposed two-element
CDRA array are shown in Fig.8. It shows the
radiation patterns at three frequencies (10.1GHz,
10.8GHz and 12GHz). It can be observed that the
antenna exhibits a stable radiation behavior
across the required operating band. The antenna
has low cross-polar response, and wide beam
covering more than half space in XZ-plane. In the
YZ-plane the pattern has narrow beam, due to
array effect, and good front/back ratio is noticed.

(b)

Fig. 8 Normalized radiation pattern plots of the
proposed CDRA array at (10.1GHz, 10.8GHz and
12GHz) (a) XZ-plane and (b) YZ-plane; Eq CST
(black), Eq Meas.(red) , E, CST (yellow) and E,,
Meas. (blue).
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IV. CONCLUSIONS

In this paper, a compact two-element
cylindrical dielectric resonator antenna array
suitable for X-band applications is presented. The
proposed CDRA array consists of two
cylindrically-shaped dielectric resonators of equal
diameters and heights which are excited by
corporate feeding network through elliptical slots.
The proposed single-element CDRA and the two-
element CDRA array were designed and
analyzed. The fabricated samples were tested for
performance evaluation. The simulated and
measured results showed good agreements, and a
gain improvement of 2.06dB; is achieved at most
of frequencies in the whole frequency band with
the CDRA array compared to that of a single
antenna element. A relatively wide band
extending from (9.936 to 12.537) GHz is obtained
from simulation results, while the bandwidth
extends from (10.42 to 12.84) GHz for the
fabricated sample.
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