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Abstract- In this paper, a probe fed V-shaped dielectric resonator antenna (DRA) loaded with circular patches, is
proposed for X band applications. A prototype was fabricated to validate the results. Circular polarization is
achieved by the geometry of DRA integrated with the circular patches on its surface. These circular patches
behave as a monopole antenna. To achieve circular polarization two orthogonal fields have been excited in the
DRA which are in time phase quadrature. Due to the symmetry of design, it shows dual polarization, both LHCP
and RHCP, in two orthogonal directions. The fabricated prototype exhibits wide impedance bandwidth of 7.85-
10.1 GHz (25%) and circular polarization (CP) bandwidth of 8.35-8.7 GHz (4%). Maximum measured gain of 4.8
dBi has been obtained in comparison with the simulated gain of 5.6 dBi. Applications of the proposed antenna
include satellite communication, telemetry tracking and control, Synthetic aperture radar (SAR), weather radar
and military radar in X band. Directional CP performance is useful in designing a smart antenna and multiple

input multiple output (MIMO) antenna.

Index Terms— Directional circular polarization, DRA, smart antenna, X band.

L INTRODUCTION

The advent of efficient antennas has revolutionized the field of
communication. In the pursuit of efficient antennas, in 1983
Long et al. [1-2] proposed cylindrical and rectangular
dielectric resonator antennas (DRA). In 1984 Long et al. [3]
presented hemispherical DRA. DRA is a relatively new
concept of using dielectric material as antenna instead of
metallic antennas which were used previously. Now a day,
DRA antennas have been popular due to its various
advantages over existing metallic antennas. Major advantages
of DRA are wide impedance bandwidth as radiation area is
more as compared to patch, low losses due to the dielectric
body of the DRA, flexible excitation schemes as a number of
options of excitation increases due to three-dimension body of
the DRA, more design parameters (degree of freedom) and
high radiation efficiency [4-7].

Circular polarization is also a much-sought property in
antennas for satellite communication and radar applications
due to low polarization losses, ease in the alignment of the
antenna and ability to combat multipath interference and
fading. The benefits of circular polarization in mobile services
explained in [8-9]. Circular
polarization can be achieved by single-feed, multi-feed and
different DR shapes, however the mono feed method is easier

and communication are

and compact. Different feed methods already discussed in the
literature [4-5]. Initially, in the 1990s, basic geometrical
shapes such as cylindrical and rectangular DRAs were studied
at length [1-7]. Subsequently, different shapes of DRA were
also analyzed such as trapezoidal [10], hexagonal [11], ring
[12] and L-shaped [13] to achieve circular polarization. Pan et
al. [10] discussed wideband circularly polarized trapezoidal
DRA operating in 3-3.98 GHz band but, with a high volume of
16800 mm?. V. Hamasakutty et al. [11] discussed hexagonal
shape DRA operating in 3-3.475 GHz band with 15% CP
bandwidth. Mongia et al. discussed several shapes of DR
including spherical, ring etc. in [12]. Shen et al. [13] discussed
L-shaped DRA excited using Y-shaped microstrip line feed,
operating in two bands with CP bandwidth 11.8-12.3 GHz and
14.3-14.8 GHz. And the quest for wide circular polarization
and impedance bandwidth with different DRA structure is still
pursued.

In this paper, V-shaped DRA is proposed for X band
applications. A prototype of the proposed DRA is also
fabricated to validate the results. Measured impedance
bandwidth and measured axial ratio bandwidth (ARBW) of
the proposed antenna are 25% (7.85-10.1 GHz) and 4% (8.35-
8.7 GHz), respectively. This antenna can also be used in the
MIMO antenna system and smart antenna array because of its
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directional circular polarization property. Proposed antenna
operates in X band which has a plethora of applications as
discussed in [14-15] such as Radar and satellite
communication. Smart beam steering antenna array is also one
of the emerging applications in X band.

Fig. 1 Fabricated V-Shaped DRA Prototype

1L ANTENNA DESIGN

A. Antenna Configurations

In this paper, V-shaped DRA fed with the probe is
proposed, as shown in Fig. 1. It comprises Eccostock Hik bar
having relative dielectric constant 10 and its effective
permittivity varies from 9.8-7 with respect to height of DRA
from 1-11 mm, calculated using equation (4.29) of [16]. The
Eccostock bar has been moulded in V-shape, a copper plate
has been used as ground, two copper patches have been
embedded on the surface of the DRA and a copper probe
having diameter 1 mm has been used for feeding the structure.
The schematic of the DRA is shown in Fig.2. Table-1 shows
the dimensional details of the antenna. Antenna design steps
are shown in Table-2.

Ground

DRA  with two
circular patches

DRA
4
Y Pa
hdra
PH e
L 4 v
Patch radius-ri =r1 >
Probe Height-PH
Heightof DRA- hdra
Fig. 2 Geometry of proposed DRA
Table-1
Design Parameters (in mm)
L w F hdra | rl PH D GW
17 11 6 11.1 485 | 74 44 100
Table-2
Steps Design Impedance BW ARBW
Step-1- RDRA , 7.7-10.2 GHz B
Step-2- V-Shaped 9.2-9.6 GHz 9.08-9.12 GHz
DRA
Step-3- V-Shaped 8.25-9.8 GHz -
DRA with a
single circular
patch
Step-4- V-Shaped 7.8-10 GHz 8.44-8.86 GHz
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Fig. 3 Comparison of simulated impedance bandwidth of different
antennas as shown in Table-2

In step-1, dimensions of the rectangular dielectric resonator
antenna (RDRA) have been obtained using design equations
(2-5), as mentioned by Mongia et al. [7]. Approximate
parameter values obtained from design equations were further
optimized using high-frequency structural simulator
(HFSS). The dimension of the RDRA-1 is 6 mm X 17 mm X
11.1 mm which resonates at 9.6 GHz. In step-2, a V-shaped
DRA is obtained by joining two RDRAs and excited by a
probe of diameter 1 mm at the center of the structure, as
shown in Fig. 3. In the next step, a circular patch is etched on
one surface of the V-shaped DRA which results dual
resonance at 8.75 GHz and 9.65 GHz, as shown in the Fig. 3.
Second resonance is due to circular patch etched on the
surface of the DRA, having diameter 1.1A0/4, where Ao
corresponds to free space wavelength at resonant frequency
8.65 GHz. In the fourth step, two circular patches are etched
on both sides of the DRA. These circular patches fed by probe
are equivalent to monopole antenna as discussed in [17].
Consequently, the resonance frequency of the DRA shifts
from 8.65 GHz to 8.1 GHz. Fig. 3 shows the comparison of
simulated impedance bandwidths in all the steps explained
above.
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Fig. 4. Comparison of simulated AR of different antennas as shown
in Table-2. All ARs are at 0=50° and ¢=50°

From the observation of the Fig.3, it is concluded that
impedance bandwidth in step-1 is wide enough but ARBW is
null. Step-2 aims to design a DRA with wide impedance
bandwidth as well as pleasing ARBW. In this step, due to even
symmetry in V-shape along the joint, DRA exhibits directional
circular polarization. It shows RHCP at ¢ =50° direction and
LHCP at ¢ = -50° direction. But the ARBW is still narrow,
from 9.08-9.12 GHz (40 MHz), as shown in Fig. 4. To
increase ARBW, in step 3 a circular patch was etched on one
side of DRA which still results in diminished circular
polarization due to asymmetrical structure. In step-4, ARBW
has been increased from 40 MHz to 420 MHz by embedding
two circular patches on both sides of the DRA, as depicted in
Fig. 4. Fig-5 shows simulated AR for different elevation
angles in coarser and finer views respectively. It is noticed that
the minimum AR frequency point shifts wr.t. the elevation
angle. So, circular polarization is stronger at ¢=+50° and
450<p<55°.
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Fig. 5. Simulated Axial Ratio Vs frequency variation for different
values of elevation angle (8) with a constant azimuth angle (¢ =50°)



—%= Gain LHCP P!

~»— Gain RHCP PI

—v— Gain RHCP
4 Gain LHCP Phi=-50 deg

—E— AR Phi=50 deg

=~ AR Phi=-50 deg

E‘ —
s z g
£ 101 o
3 <
15 2
-
w,/v
-20 4 \ /
vy 0
-25 T T T T
8.2 8.4 8.6 8.8 9.0 9.2
Frequency (GHz)

Fig. 6. Simulated Gain (LHCP and RHCP) and AR graphs
in @ =+50°and § = 50° direction

Fig. 6 shows the comparison between gain (LHCP and
RHCP) and axial ratios simulated for ¢=+50° direction.
Due to the symmetry of proposed antenna, gain (LHCP) at
¢=-50° and gain (RHCP) at ¢=50° have approximately
same values, gain (RHCP) at ¢=-50° and gain (LHCP) at
¢=50° have also approximately same values. Simulated
axial ratios in ¢=+50° directions are also nearly same. Fig.
7 shows 3D radiation pattern plotted in XY plane and
directions of circular polarization wave radiation with
respect to antenna placement.

$=—50°
LHCP at 45° < @ < 55°

RHCP at 45° < @ < 55°
- g

Fig. 7 3D radiation pattern in XY Plane showing the direction of
RHCP and LHCP radiation at 8.65 GHz

Similarly, simulated impedance bandwidth and axial ratio
bandwidth of the proposed design are 7.8-10 GHz (24%) and
8.44-8.86 GHz (5%) respectively, as shown in Fig. 3-4. The

Proposed DRA exhibits gain from 2.5-5 dB and good AR
bandwidth in the range 45°<0<55° at $=+50°. So, the proposed
antenna demonstrates directional CP which can be used in
smart beam steering antenna array system.

B. Effect of height of DRA

The height of any antenna plays a major role in its radiation
properties. In case of DRA, bandwidth and mode degeneracy
can be controlled by proper choice of resonator dimensions
[5]. When the height of DRA varied it is observed that
resonant frequency due to DRA also varied. To study the
effect of the height of the proposed DRA, the design was
simulated for four heights viz. 10 mm, 11 mm, 12 mm, 13
mm. S-parameters and axial ratio graphs are shown in Fig. 8
for various heights. The resonant frequencies and ARBW at

various heights are tabulated in Table-3.
Table-3

Resonant frequencies at various heights of DRA

Height of DRA Resonant Frequency ARBW (in GHz)
(in mm) (in GHz)
10 9.7 8.12-8.22,8.52-9.1
11 8.1 and 9.7 8.4-8.82
12 8.25and 9.5 8.45-8.65
13 8.25and 9.3 -

Alteration in surface current distribution and field distribution
along the surface can be subtly observed due to the variation
in the height of DRA. The orthogonal fields must have equal
magnitude and must be in time phase quadrature for exciting
circular polarization. Circular polarization depends on how
effectively fields cross each other orthogonally. So, it is
observed that when the height of DRA is 10 mm, circularly
polarization is maximum but has poor impedance matching
which can be improved by increasing the height of DRA to
11.1 mm.
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Fig. 8 Simulated S11 and AR against frequency for different heights
of DRA. AR is at 6=50° and ¢=50° (a) S11 (b) AR

However, the circular polarization is reduced a little bit but an
improved impedance matching along the band is observed.
Circular polarization further diminishes at 12 mm and 13 mm
heights. Henceforth, circular polarization and impedance
bandwidth are achieved at the optimized height of 11.1 mm,
after observing its effects on different parameters.




C. Effect of the radius of circular patch
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Fig. 9 Simulated S11 and AR against frequency for different radius of
patches etched on surfaces of DRA. AR is at 6=50° and ¢=50° (a) S1i
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Circular patch antennas can behave as a monopole antenna
when etched on the surface of the dielectric substrate.
Radiation properties of the monopole antenna change with
respect to surface area and shape of the patch [17]. To study
the effect of a change in surface area and size of the circular
patch on radiation properties of DRA, the proposed antenna
was simulated for different radii of the patch. Fig 9 shows the
variation of S and axial ratio against frequency for different
radii of the patch. For radii less than 4 mm it has been found
that excitation probe does not directly feed the circular patch,
instead the energy has been coupled electromagnetically with
the circular patch. Due to this, poor impedance bandwidth has
been observed for radii less than 4 mm, as shown in the Fig. 9
(a). The resonant frequencies and ARBW at various radii are
also tabulated in Table-4.

Table-4
Resonant frequencies at various radii of Patch
Radius of Patch Resonant Frequency ARBW (in GHz)
(in mm) (in GHz)

3 7.7 8.5-8.95
35 7.5 7.95-8.75

I 8.3 7.65-83]
4.5 8.2.and 9.9 7.75-7.95
4.85 8.1 and 9.6 8.44-8.86

5 8and 9.3 8.55-8.95

The resonance at 8.1 GHz is due to patch whose diameter
corresponds to Ao/4, where Ao is free space wavelength
corresponding to resonant frequency. Table-4 shows increase
in patch radius improves impedance bandwidth. Henceforth,
circular polarization and impedance bandwidth are achieved at
the optimized radius of 4.85 mm, after observing its effects on
different parameters.

III. CHARACTERIZATION AND RESULT VALIDATION

The performance characteristics of the proposed DRA have
been analyzed, investigated, and optimized by utilizing HFSS.
A prototype of V-shaped DRA is fabricated with Eccostock
HiK dielectric bar (£=10) as shown in Fig. 1. The circular

patch was cut down in shape manually by using copper foil
tape of thickness 0.07 mm. Manual cutting with precise
dimension is difficult at such a small scale. So, measurement
was done using a circular patch on both sides having radius
around 4.8 mm as shown in Fig. 1. This approximation of
radius and manual fabrication results in concomitant
imperfections which are slight dislocation of the circular patch
on the DRA surface, soldering deformity and deposits, and
adhesive applied for placing the DRA on the copper plate.
These limitations produce variation in simulated and measured
results which can be minimized in commercial fabrication.
Fig. 10 shows the comparison between simulated and
measured results of impedance bandwidth and axial ratio.
Simulated and measured impedance bandwidths of proposed
DRA are 24% (7.8-10 GHz) and 25% (7.85-10.1 GHz)
respectively. Simulated and measured axial ratio bandwidths
of proposed DRA are 5% (8.44-8.86 GHz) and 4% (8.35-8.7
GHz) respectively. Measured results show agreement with
simulated results with some variations due to manufacturing
deformities. Fig.-11 shows simulated and measured gain and
simulated radiation efficiency of proposed DRA at 6=50° and
¢=50°. Maximum radiation efficiency is 94.5% and the
maximum measured gain is 4.8 dBi in comparison to
maximum simulated gain 5.6 dBi. Measured gain is less than
simulated gain because of experimental approximations and
fabrication deformities.
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75 80 85 90 95 10 825 8.50 875 2.00
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Fig. 10 Comparison of simulated and measured results (a) S11 (b) AR
DRA in 6=50° and ¢=50° direction
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Fig. 11 Simulated gain, measured gain and radiation efficiency at
0=50° and ¢=50° of proposed V-shaped DRA
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Fig. 12 Measured and simulated radiation pattern of the proposed
DRA at 9.6 GHz frequency
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Fig. 13 Simulated and measured radiation pattern of the proposed
DRA at 8.65 GHz and ¢=50° for circular polarization

Fig. 12 shows the radiation pattern at 9.6 GHz. The antenna
exhibits linear polarization at 9.6 GHz. Fig. 13 shows gain
(LHCP and RHCP) radiation pattern at 8.65 GHz. The antenna
exhibits circular polarization at 8.65 GHz. Table-5 displays a
comparison of proposed V-shaped DRA with recent circularly
polarized DRAs operating in X band. Shen et. al [13] achieved
14% and 9.6% impedance bandwidth with 4% and 3% AR
bandwidth using L-shaped DRA. Dash et. al [18] proposed
dual-band circularly polarized triangular DRA with narrow
AR bandwidth and low gain. Fakhte et. al [19] achieved high
AR bandwidth of 6% using four stacked rotated rectangular
DRAs. Kishk et. al [20] discussed elliptical DRA with 14%
impedance bandwidth and 3.5% AR bandwidth. In comparison
to these recent DRAs operating in X band, proposed fabricated
DRA exhibits wide impedance bandwidth (25%) and pleasing
AR bandwidth (4%).

An anechoic chamber is the most widely used electromagnetic
measurement system. The results of the proposed antenna
prototype have been measured in a rectangular shaped
anechoic measurement chamber. A horn antenna has been

used as a reference antenna. The measuring antenna is placed
in line with the reference antenna. The photograph of the
anechoic measurement chamber is shown in Figure 14. Two-
antenna method has been used to measure the axial ratio as
explained in [21-22]. Receiving antenna is placed at

Fraunhofer region in respect to the frequency of interest, from
the transmitting antenna which is a fabricated prototype in this
case. Anritsu vector network analyzer (MS2038C) that ranges
up to 20 GHz has been used to measure S-parameters of the
prototype.

Fig. 14 Measurement setup in an anechoic chamber

Surface current movement at the surface of DRA is shown in
Fig. 15, at different phase angles 0°, 90°, 180° and 270°. It
shows RHCP movements of the current vector on DRA
surface.

Fig.15. Simulated surface current at 8.65 GHz at different phase
angles (0, 90°, 180°, 270°)

Table-5 Comparison with recent DRAs operating in X band

BW ARBW [Gain |Frequency |Feed Type
Ref. |DRA Sh: .
¢ Do |o @i [@H2)
14 4 11.9-13.7 | Y shape Microstrip
[13] |L-shaped - feed line
9.6 34 14.9-16.4
. 12.37, |1.6, 2.15, Probe feed
[18] |Triangular 48 18 3.69 7.5.8.7
[19] |Rectangular (21 6 6.5 |10 Aperture Coupled
[20] |Elliptical 14 35 - 9.4 Probe
Prop |y chaped |25 4 48 |8.65GHz |Frobe
osed
Iv. CONCLUSION

A wideband circularly polarized V-shaped DRA is
presented in this paper. The maximum gain of the antenna is
4.8 dBi measured and 5.6 dBi simulated with pleasing circular




polarization bandwidth of 8.35-8.7 GHz. The antenna operates
in 7.85-10.1 GHz band which lies in X band. The proposed
antenna is equipped with various advantages like its compact
design with the height of just 11 mm and volume 1848 mm?
with acceptable circular polarization and impedance
bandwidth. The DRA falls in the category of the deserving
candidate to be validated as compact design for it exhibits a
directional circular polarization and a better average gain.
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