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Abstract: A new compact band-notched S-shaped Dielectric Resonator Antenna (DRA) for ultra wideband (UWB) applications is
presented. An excellent notch band characteristic is achieved by implanting an inverted T-shaped parasitic strip on the front plane of
dielectric substrate. By etching a rectangular slot on the ground plane, the width of the notch band characteristics can be controlled.
The overall size of the antenna is 11x23%x0.75mm3.The results obtained by measurement depict that the presented DRA achieves
satisfactory radiation characteristics along with UWB impedance bandwidth of around 135% with a sufficient band rejection in the
band of 5.15-5.825GHz, high radiation efficiency and nearly constant gain.
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1. Introduction

In February 14, 2002 the Federal Communication
Commission (FCC) of the United States proposed the First
Report and ordered the unlicensed usability of (ultra
wideband) UWB technology in the frequency range between
3.1 GHz and 10.6 GHz [1].Since then, UWB communication
systems have received immense attention because of
remarkable advantages such as low power consumption,
high data rate, low complexity, low cost etc [2-5]. Over the
last two decades, Dielectric Resonator Antenna (DRA)
became one of the most attractive candidate for UWB
communication systems as it offers high radiation efficiency,
zero conductor loss and surface wave loss, nearly constant
gain, compact size and high degree of design flexibility [6-
10, 19].

On the other side, some critical problems have been
identified for UWB application due to the presence of
electromagnetic interferences from interfering narrowband
systems such as WIiMAX (3.3-3.8GHz), WLAN (5.15-
5.825GHz) etc [11-12]. To minimize the interference
problem, several design methodologies have been proposed
as like creating different slots on the ground plane [13-14],
embedding different stubs [15-16] as well as embedding
various kind of parasitic strip [17-18].

In this letter, a novel design of compact S-shaped UWB
DRA with band notched characteristics is presented. By
inserting S-shaped DR on a dielectric substrate UWB has
been achieved. A modified U-shaped microstrip feed line
has been used for wideband impedance matching. A T-
shaped inverted parasitic strip along with a rectangular
slotted ground plane has been implemented to achieve
controllable band notch characteristics. After all, the antenna
comes with a compact size of 0.1324x0.411x0.061
calculated at 3.1GHz.

2. Antenna Design

Fig. 1 represents the configuration of the proposed S-shaped
DRA which is excited by a modified U-shaped microstrip
feedline. The antenna is based on dielectric substrate Rogers
RO3003 (11x23x0.75mm3) with relative permittivity of
g, =3.0 and loss tangent § =0.0013. The material used for
RDR is ECCOSTOCK HiK of dielectric constant &,=20 and
Loss tangent of tan 8=0.02. An air gap has been created by
etching RDR into S-shaped DR to lower the Q factor and
broaden the impedance bandwidth. A S-shaped DR has been
inserted into the dielectric substrate in order to minimize the
total volume of the antenna. An inverted T shaped parasitic
strip is embedded on the front plane of dielectric substrate to
achieve band notch characteristics at the frequency of
55GHz used for WLAN.A partial ground plane
(5x11mm?)with rectangular slot (4x1.9mm?2) has been
etched at the back side of the dielectric substrate which
controls the width of the band notch characteristics.
Meanwhile, it should be also indicated that the proposed
antenna is mechanically strong as it is not required to use
any adhesive to implant S shaped DR into dielectric
substrate. S shaped DR can be inserted into the dielectric
substrate by using a little glue in the sides of DRA which
will not affect the results. The antenna has been optimised
by ANSYS HFSS version 17.
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Figure 1: (a) Geometry of the proposed S-shaped DRA (b)
3D-view of the DRA.

Fig. 2 depicts the evolution of the proposed S shaped DRA.
The optimised dimensions of the proposed antenna are as

follows: a=9mm, b=11mm, f,=6.7mm, d;=2.15mm,
g1=3.55mm, h=6.8mm, i=2.3mm, j=2.9mm, m=7mm,
n=1.9mm, p=5mm, g=23mm, r=11lmm, s=4.5mm,

L=2.43mm, W=0.94mm, a;=4mm, t=0.75mm, t,=2mm,
9,=0.02mm, g5=g,=0.05mm.

(2) (B
Figure 2: Evolution of the proposed UWB S shaped DRA
(a) Planar RDRA (front view) (b)Inserted S shaped DRA
with T shaped parasitic strip

Fig. 3 depicts the return loss characteristics of the proposed
antenna with RDR and S shaped DR. It is observed that the
RDR covers the frequency band of 4.4-13.5 GHz but doesn’t
contribute to lower part of UWB band. After introducing the
S-shaped DR, bandwidth has been enhanced in the range of
3.1-15.75 GHz which is covering the band more than UWB.
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Figure 3: Simulated reflection coefficient characteristics of
the RDRA and the proposed antenna.

3. Parametric Study and Key Parameters

Parametric optimizations have been performed on different
structural parts of the antenna before arriving at the final
structure. Basically the aspect ratio is the ratio between the
thickness and the horizontal length of DR which has been
calculated by using equation 1 where o is the aspect ratio,
‘a’ is the horizontal length of DR and t; is the thickness of
DR:

2a

c{=r—__ =3 1GH: (1)
Here, the dimensions of ‘a’ and ‘t;” has been chosen in a
manner to get the lower end UWB band. Fig. 4 showing the
effect of various lengths (a, x-axis) of S-shaped DR on Sy;
characteristics. It can be seen that as the length of S-shaped
DR changes from 9mm to 10.5mm, the UWB band gets
drastically deteriorated due to the reduction of the aspect
ratio. From equation 1, it is also seen that by increasing the
length ‘a’ the lower cut off frequency of UWB band gets
shifted up and thus cannot contribute to UWB band. Overall,
it can be observed from the analysis that the length (a) of S-
shaped DR plays the role in bandwidth performance and the
dimension of ‘a’ has chosen as 9mm to get the UWB band.
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Figure 4: Simulated reflection coefficient for various

horizontal length (a) of S shaped DR

To achieve controllable band notch characteristics, an
inverted ‘T’ shaped strip has been implemented below the
DR. The overall length of T shaped parasitic strip represents
the quarter of the wavelength at notch frequency as depicted
by using equation 2:

T,,=h+L = ””WT @
Where, Tgip is the T shaped parasitic strip, ‘h’ is the
horizontal length and L is the vertical length of T shaped
parasitic strip, Anoeh IS the wavelength of notched resonant
frequency. Fig. 5illustrates the effect of varying the length of
‘h> on S;; characteristics which intern varies the overall
length of T-shaped strip. It is observed that by increasing the
length of ‘h’ from 5.8mm to 6.8mm, the centre of the notch
frequency band gets shifted up from 5.5GHz to 6.5GHz.The
notched frequency can be calculated as follows:

fwrrﬂ = d ~35GH: [3}

"“.vwrm E{,,j"
where . IS the notched resonant frequency, c is the speed
of light, e is the effective relative permittivity.
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Figure 5: Simulated reflection coefficient for various length
(h) of T-shaped parasitic strip

As it will be essential to control the width of band rejection,
the rectangular slot on the ground plane has been
implemented which can control the width of band rejection
feature, so it is became necessary to carry out parametric
study by implementing the effect of various lengths of
rectangular slot (a;) as depicted in Fig. 6.From the figure, it
can be noticed that by increasing the length of rectangular
slot (a;) from 4mm to 5.2mm, the width of the band notched
characteristics is decreased due to electromagnetic coupling.
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Figure 6: Simulated reflection coefficient for various
lengths (a,) of rectangular slot etched on the ground plane

4. Results and Discussions

Fig. 7 depicts the measured and simulated return loss
characteristics of the antenna. The antenna covers UWB
bandwidth and beyond (below-10dB) from 3.1GHz-
15.75GHz or 135%. Moreover, the simulated and measured
S1; characteristics of the proposed S shaped DRA have been
compared to reasonable agreement though some

mismatching may be there due to fabrication error and SMA
connector losses.
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Figure 7: Measured and simulated reflection coefficient

characteristics of the proposed antenna.

3 4 5

The simulated electric field distribution in both Rectangular
Dielectric Resonator (RDR) and S shaped Dielectric
Resonator at4.5GHz and 12.5GHz is shown in Fig. 8 (a-d)
respectively. Since, the resonant frequency of each of the
modes present inside S shaped DR will be a function of its
optimised dimensions. Hence, the dimensional parameters of
S-shaped DR are optimized based on different types of

modes. Fig. 8 (a) demonstrates TE “115 mode inside RDR.
From Fig. 8 (a), it is observed that there are some disordered
lower order electric field distribution concentrates mainly at
the bottom of RDR that could deteriorate the radiation
patterns. Hence, S-shaped DR has been introduced in order
to get well structured electric field distribution that can make
a balanced E-field distribution. From Fig. 8 (b), it is clearly
noticed that the bottom portion of S shaped DR has strong
well structured electric field distribution at 4.5GHz which
helps to improve the balanced E-plane cut. As shown in Fig.
8 (c), it is also observed that there are some deformed higher
order electric field distribution in RDR that could drastically
affect the radiation characteristics. So, in order to eliminate
disordered higher order mode at high frequency, two air
gaps has been introduced by giving S-shape thus to make a
balanced E-field distribution at higher frequency. Fig. 8 (d)

represents TE “225 mode inside S-shaped DR where E-field

concentrates more at the bottom and centre part. As a
consequence, the overall radiation characteristic of the
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Figure 8: Electric field distribution inside (a)RDR at 4.5GHz (b)S-shaped DR at 4.5GHz (c)RDR at 12.5GHz (d)S-shaped
DR at 12.5GHz

Fig. 9 demonstrates the E-field distribution on T-shaped
parasitic strip at the notched frequency of 5.5GHz.It is
clearly seen that the density of E-field concentrates mainly
on T shaped parasitic strip at 5.5GHz.This circumstance has
been raised due to the radiated power reduction across the
notched frequency of 5.5GHz by encapsulating
electromagnetic wave.
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Figure 9: Electric field distribution of the proposed antenna
at notched frequency of 5.5GHz
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Fig. 10 represents the simulated as well as measured
normalised H-plane (xz) and E-plane (yz) radiation
characteristics of the antenna at three different resonant
frequencies of 4.5GHz, 7.2GHz and 12.5GHz respectively.
It is observed that the presented S-shaped DRA provides
consistency of the eight shape omni-directional patterns in
the E-plane, whereas H-plane shows the omni-directional
patterns with low cross polarization level. Moreover, it is
seen that the radiation characteristics is mostly omni-
directional over the entire frequency band but due to the
asymmetrical S-shaped structure, slight distortion is
observed.
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Figure 10: Simulated and measured far-field radiation patterns; E-plane (yz) and right H-plane (xz) at (a) 4.5GHz (b) 7.2GHz
and (c) 12.5GHz

Fig. 11 represents the measured gain and radiation efficiency
of the DRA. It is seen that the proposed antenna achieves
more than 90% efficiency within the whole band. From the
measured results, it is seen that the overall gain appears
more than 3dBi over the entire operating band. Furthermore,
it is also identified that the gain and radiation efficiency
have drastically decreased across the notch band at 5.5GHz.

100 5
)
E-’ 80 -4
>
2
2 607 -3 @
S =3
= =
= 40 -2 w
o 1 =
1 e
% 20 - T peeesenes Measured gain -1
] Simulated efficiency
14

0 T T T T T T 0
2 4 6 8 10 12 14 16
Frequency(GHz)

Figure 11: Simulated radiation efficiency and measured
gain of the proposed antenna

Table I represents the comparison of the proposed DRA with
other related antennas. It is noticed that in ref [7, 9], the size
of the antenna is larger with impedance bandwidth lower
than the proposed antenna. Similarly, after comparing the
size and impedance bandwidth of ref [10] and ref [19], it is
observed that the proposed UWB DRA is compact in size

— Measured crosspole

90 Measured copole

+«:aes Simulated crosspole
=« = Simulated copole

60

-10
-20 -
30
-40
-50
.40 -
-30
.20
10—

Measured crosspole
== \easured copole
------ Simulated crosspole
=+ = Simulated copole

90

and achieves impedance bandwidth of 135 % ( 3.1-
15.75GHz) which creates novelty.

Table 1: A comparison of the proposed antenna with other
related references

References Size (mm?) Sy bandwidth

[7] 50%44 3.1-10.6 GHz

[9] 18x36 3.14-10.9GHz

[10] 15x33 3.1-10.6GHz

[19] 100x100 5.6-11.5GHz
Proposed Antenna 11x23 3.1-15.75GHz

5. Conclusions

A novel compact S shaped UWB DRA with band notch
characteristic is presented. The proposed antenna consists of
an inserted S shaped DR excited by modified U shaped
microstrip feedline, a partial rectangular slotted ground
plane etched at the back side of the dielectric substrate and
an inverted T shaped parasitic strip to achieve wideband
characteristics which covers the UWB band from 3.1GHz to
15.75GHz along with band notch characteristics for WLAN
band (5.15GHz-5.825GHz). Moreover, the measured and
simulated results of the compact S shaped DR verifies their
predicted performance characteristics including Omni
directional radiation patterns, band notch characteristics at
5.5GHz for WLAN band, high radiation efficiency of more
than 90% and nearly constant gain which is more than
3.5dBi over the desired frequency band. Hence this antenna
can be considered to be a potential candidate for modern
wireless communication systems.
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