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Abstract

In this article, a novel T-shaped compact dielectric resonator
antenna for ultra-wideband (UWB) application is presented
and studied. The proposed DRA structure consists of T-
shaped dielectric resonator fed by stepped microstrip
monopole printed antenna, partial ground plane and an
inverted L-shaped stub. The inverted L-shaped stub and
parasitic strip are utilized to improve impedance bandwidth.
A comprehensive parametric study is carried out using
HFSS software to achieve the optimum antenna performance
and optimize the bandwidth of the proposed antenna. From
the simulation results, it is found that the proposed antenna
structure operates over a frequency range of 3.45 to more
than 28 GHz with a fractional bandwidth over 156.12%,
which covers UWB application, and having better gain and
radiation characteristics. The novelty of the work is using a
slot in the ground plane, L-shaped tuning stub and a parasitic
strip to enhancing impedance bandwidth. The proposed
design can support wide application such as UWB
communication systems, and Radar applications.

1. Introduction

Since the release of the frequency band from 3.1 to 10.6
GHz for commercial use by the Federal Communication
(FCC) [1],Ultra wideband communication systems achieves
immense attention in the wireless communication due to
several  advantages, including simple  hardware
configuration, high data transmission rates, high-precision
ranging, low cost and low power consumption[2].

To overcome growing demand for wideband or multiband
operation, various techniques have been reported over the
years. In [3] a novel multiband planar patch antenna based
on composite right/left-handed (CRLH) transmission-lines
metamaterial (MTM) unit-cells have been proposed. In [4]
the antenna is composed of back-to-back triangular shaped
radiating patches that are excited through a common feed-
line, with truncated T-shaped ground-plane that is located
under the feed-line. The antenna in [5] uses variants of
monofilar Archimedean metamaterial-based unit-cells
comprising spiral and rectangular configurations in the
realization of a novel Leaky-wave antenna (LWA). In [6]
the proposed antenna is shown to operate over a wideband

from UHF to C-band with good radiation characteristics. In
[7] a compact planar dipole antenna is proposed that
employs three radiation elements to implement a multimode
antenna that radiates energy omnidirectionally in its three
frequency bands. The array antenna presented in [8] consists
of 6X6 matrix of spiral-shaped radiating elements that are
excited through proximity-coupled, single feed-line. The
antenna structure in [9] consists of dual-port slot antenna
that is constructed on a single layer of dielectric substrate
and operates over a large frequency bandwidth with a peak
gain and maximum radiation efficiency at its mid-band
operational frequency.

Recently, the dielectric resonator antenna (DRA) have
attracted a considerable amount of interest in UWB antenna
due to several striking characteristics such as high radiation
efficiency, light weight, compact antenna size, various
excitation mechanisms, wide bandwidth, low dissipation,
and no excitation of surface waves [10-14].

Significant efforts for the DRA have been reported to
achieve wide bandwidth enhancements in the last two
decades, such as special feeding mechanisms [15, 16],
stacked DRs [17-19], various geometries of DRAs [20-26],
conformal patch feeding [27, 28] and introduction of an air
gap between the DRA [29].

In this paper, we proposed a new ultra-wideband dielectric
resonator antenna with enhanced bandwidth and improved
radiation pattern. By implementing a combination
mechanism of a T-shaped RDR, a stepped monopole
antenna with truncated ground plane, exciting microstrip
feed line, an inverted L-shaped stub, and a slot on the
ground plane, ultra-wide impendence bandwidth with stable
radiation patterns are achieved. By this new combination the
proposed UWB DRA can covers UWB frequency band, and
entirc Ku and K-band. The analyses in this paper are
performed using the commercial HFSS software.

Simulation results of return loss, gain and far field radiation
patterns are presented and discussed to validate the
usefulness of the proposed antenna structure for UWB
applications.

2. Configuration and antenna design

The configuration of the proposed DRA is shown in Fig. 1.
The antenna is consists of a T-shaped dielectric resonator



and a stepped microstrip fed monopole antenna that is
supported by an FR4 microwave substrate with size of
25%25 mm?, thickness of 0.8 mm and dielectric constant of
4.4. The DR is made of Rogers RT/Duroid 6010 microwave
dielectric material with a dielectric constant of 10.2 and a
loss tangent of 0.003. The feeding structure comprised of a
50 Q microstrip transformer with W=1.6 mm width and
L=8 mm length and a stepped monopole antenna with
lengths of Lpi=4.3 mm, Le=2.5 mm and widths of
Wei=1 mm, Wp=4.3 mm. By adjusting the position of the
step-shaped feeding underneath the DR (L3), a good
impedance matching with a significant coupling can be
achieved. The partial ground plane with size of 25x11.5
mm?is applied on the back side of the dielectric substrate.
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Figure 1: Geometry of the proposed UWB DRA (a) top
view, (b) bottom view, and (c) 3-D view.

The design procedure of the proposed DRA is shown in Fig.
2.The simulated reflection coefficients for the different
antenna structures shown in Fig. 2, are plotted in Fig. 3

From the Figure 3, we can see that the monopole antenna
resonate at two frequencies with an impedance bandwidth
from 8.8 to 23.8 GHz. In order to increase the bandwidth
and move the lower band toward lower frequencies, a DR is
loaded on the monopole as shown in Figure 2(b). From
Figure 3, it can be seen that the monopole antenna loaded
with the DR, achieves better impedance matching than the
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basic monopole antenna structure. But the antenna still
presents some mismatches at low frequencies band (less
than 5.2 GHz), the band (18-19.4 GHz), and the high
frequency band (more than 25.2 GHz). To further improve
the impedance matching of the antenna, a slot is added to the
partial ground plane, as shown in Figure 2(c). From Figure
3, it is clear that the added slot can improve the impedance
matching; however, the antenna still has a mismatch at the
low frequency less than 5.2 GHz. So, to improve this
impedance mismatching at low frequencies, an L-shaped
tuning stub is added to truncated ground plane, as shown in
Figure 2(d). We can notice from Figure 3 that the monopole
antenna loaded with the DR and the added slot in the ground
plane and added L-shaped tuning stub shows a better
impedance matching than the previous structures.
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Figure 2: Evolution of the proposed UWB DRA. (a)
Monopole antenna. (b) Monopole antenna loaded with the
DR. (c¢) Monopole antenna loaded with the DR and the
added slot in the ground plane. (d) Monopole antenna loaded
with the DR and the added slot in the ground plane and
added L-shaped tuning stub. (¢) The proposed DRA.

(e)

To further improve the impedance matching and get a better
reflection coefficient, a parasitic strip is added at the bottom
of substrate, as shown in Figure 2(e).From Figure 3, we can
notice that the proposed antenna has a better impedance
matching over a very wide frequency band from 3.4 GHz to
more than 28 GHz, a bandwidth of more than 156.7%; and a
reflection coefficient that can reach until about -45dB.
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Figure 3: Simulated reflection coefficient for various
antenna structures shown in Figure 2.

The proposed DRA was designed, simulated, and optimized
using HFSS. The parameters of proposed DRA are as
follows: Ls=25 mm, Ws=25 mm, Hs=0.8 mm, Lpi=7 mm,
Wpi=6 mm, Lp=14 mm, Wp2=6 mm, Hp=2.5 mm, L=8§
mm, Wr=1.6 mm, Lpi=4.3 mm, Wpi=1 mm, Lp=2.5 mm,
Wp=4.3 mm, [3=0.7 mm, Lg=11.5 mm, L,=1.5 mm,
Wi=1.6 mm, Lrsi=6 mm, W1s1=0.5 mm, Lrs>=1 mm,
Wrs2=6 mm, Ls»=4 mm, Ws=4.3 mm.

3. Parametric study

In order to accomplish an investigation of the characteristics
of the DRA, to obtain the most effective antenna
performance, a parametric study is achieved. The
commercial software Ansof HFSS is used for the parametric
analysis. Important parameters of the proposed DRA are
investigated by changing each time a parameter while
keeping other parameters unchanged.

The effect of the height of the DR on the reflection
coefficients for the proposed DRA is illustrated in Figure 4.
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Figure 4: Simulated reflection coefficient for various height
of DR.

It can be seen that, the height of ground plane has
considerable effect on the reflection coefficient of the DRA
at the high frequency bands; but at the low frequency band
this effect is minor. As shown in Figure 4, for the proposed
antenna, the best matching and bandwidth is achieved at
Hp=2.5mm. The Figure 5 illustrates the influence of the
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tuning stub length Lsti. It is observed that by increasing
lengths of Lsti, impedance bandwidth is sensibly degraded,
at the low frequency band. Thus, form this figure the
optimized value of Lsti is equal to 6 mm. The effect of
various lengths of Wsr2 on reflection coefficient versus
frequency is illustrated in Figure 6. It can be seen that by
changing the length of Wsr2, the impedance matching of the
antenna will be changed, especially at the low frequency
band. From Figure 6, the optimized value is Wst2=6 mm.
Figure 7 shows the effect of the partial ground plane length,
L on the reflection coefficient of the proposed DRA. From
this figure, it can be seen that, the length of the ground plane
has a very important effect on the bandwidth and the
impedance matching of the antenna. The best matching and
impedance bandwidth is achieved at Le=11.5 mm.

The last parameter to be examined which plays a
fundamental role in the excitation of the DR is the length Ls.
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Figure 5: Simulated reflection coefficient for various length
of Lst1.

The effect of the length, L3 on the reflection coefficient of
the proposed DRA is depicted in Figure 8. From this figure
it is very clear that this parameter influences both the
impedance matching and bandwidth of the proposed DRA.
As a result, the best impedance matching is achieved at
L3=0.7 mm.
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Figure 6: Simulated reflection coefficient for various length
of Wsra.

4. Results and discussions

To validate the analysis of proposed antenna, the simulations
were performed by using two commercial electromagnetic
simulators: Ansoft HFSS and CST Microwave Studio. The
optimized DRA parameters are: Ls=25 mm, Ws=25 mm,
Hs=0.8 mm, Lpi=7 mm, Wpi=6 mm, Lp>=14 mm, Wp2=6
mm, Hp=2.5 mm, L=8 mm, W=1.6 mm, Lpi=4.3 mm,



Wpi=l mm, Lp=2.5 mm, Wp=4.3 mm, L[3=0.7 mm,
Lg=11.5 mm, L~=1.5 mm, Wy,=1.6 mm, Lrs;=6 mm,
Wr1s1=0.5 mm, Lrs2=1 mm, Wrs2=6 mm, Ls=4 mm,
Ws=4.3 mm. The simulated reflection coefficient of
proposed antenna is shown in Figure 9. From this figure, it
can be seen that the simulated impedance bandwidth with
HFSS for the UWB DRA is from 3.45 to more than 28 GHz
for return loss below —10 dB; on the other hand the
simulated impedance bandwidth with CST is from 4.54 to
27.10 GHZ. The discrepancy between the results simulated
by CST and HFSS is due to the different numerical
techniques employed by both software, and also the
accuracy of the simulation due to the wide range of
simulation frequencies.
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Figure 7: Simulated reflection coefficient for various length
of partial ground plane, Lc.
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Figure 8: Simulated reflection coefficient for various length
of Ls.

S & e
[T

Reflection coefficient (dB)
SR R 4
S & S o
| | | |

&
&
|

— Simulated HFSS
— Simulated CST

A
3
1

A
&

i 6 [} 10 12 18 20 2 2 2% 28

14" g
Frequency (GHz)
Figure 9: Simulated reflection coefficient of proposed DRA

The simulated radiation patterns in the E(yz)-plane and
H(xz)-plane at four different frequencies (5, 10, 16, and 24
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GHz) are shown in Figure 10. From this figure, It can be
seen that, in xz-plane (H-plane) the radiation patterns are
practically symmetrical across the operating frequency
range. However, in yz-plane (E-plane), the radiation patterns
are not symmetrical and have some deformation at higher
frequencies. This deformation is principally due to the
effects of the higher order modes and the asymmetry of the
structure.

Figure 11 illustrates the simulated peak gains of the
proposed antenna. It is seen that the peak gain of the
proposed antenna is nearly constant in the entire operating
frequency range. However, the peak gain decreases in the
frequency band 3-5GHz.

The simulated group delay of the proposed antenna is shown
in Figure 12. It can be seen that, the simulated group delay
is almost constant and less than 1 ns which show good
linearity within the UWB frequency range.

The simulated total efficiency versus frequency of proposed
UWB DRA is illustrated in Figure 13. From the results it is
noticed that the proposed UWB DRA provides high total
efficiency within most operating frequency band. The
highest radiation efficiency (~90%) is obtained at 5.3GHz.

Conclusions

5. Comparison with other structures

To demonstrate the validity of the proposed UWB DRA, a
comparison with the some existing designs in the literature
is carried out in Table 1.

The summarized data in Table 1 reveals that the proposed
UWB DRA achieved better operating bandwidth and
percentage bandwidth compared other designs. It can also
be observed from Table 1, the proposed antenna exhibits the
highest gain and efficiency. However, its relatively big size
compared to other designs, because in our design the
antenna uses a DR while the others use only planar antennas.
The comparison clearly confirms that the proposed UWB
DRA is competitive when compared with other designs, and
is great candidate for ultra-wideband communication
systems.

6. Conclusions

In this paper, a new T-shaped compact dielectric resonator
antenna for ultra wideband applications has been proposed
and investigated. By feeding the DR with a stepped printed
monopole antenna and using L-shaped tuning stub, a slot in
the partial ground plane and a parasitic strip added at the
bottom of substrate, an UWB DRA with increased
bandwidth is achieved, with an impedance bandwidth from
3.45 to more than 28 GHz, covering more than 156.12%. By
using this new process which consists of L-shaped tuning
stub, a slot in the partial ground plane and a parasitic strip,
the proposed antenna is able to cover UWB frequency band,
Ku-band and K-band. In addition, this antenna also provides
an acceptable radiation pattern, stable peak gain and a nearly
constant group delay in the operating bandwidth. Therefore,
the proposed antenna is cost effective, simple and compact
which make the antenna a good contender suitable for
applications in various UWB systems. The proposed antenna



supports the application in the field of UWB communication
systems, and Radar applications.
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Figure 10: Simulated radiation patterns at frequencies (a) 5,
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Table 1: Comparison between the proposed antenna and
other designs.

Ref Volume Bandwidth Max. Max.
[mm?] [GHz] Gain Eff
[dBi] [%]
[30] 73.44 4.3-18.6 6.03 57.57
(124.89%)
[31] 104.86 0.35-11.45 6.1 76
(188.13%)
[32] 85.56 1.1-6.85 7.1 91
(144.65%)
[33] 427.68 0.7-8 4 80
(167.81%)
[34] 516 1.60-8.65 4.35 84
(137.56%)
[35] 600 0.5-9.45 3.5 70
(179.89%)
Proposed 3625 3.45-28 5.2 90
antenna (156.12%)
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