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Abstract—In this article, a compact dielectric resonator antenna (DRA) with partial ground plane for
wireless applications is examined. The exhibited structure is fed by a microstrip line. To demonstrate
the functionality of a tri-band, a circular dielectric resonator antenna with concentric circular rings
is created. The developed antenna parametric analysis has been performed on HFSS platform. The
configured design operates at three frequency bands, i.e., 1.98–2.59 GHz (ISM), 3.24–3.85 GHz (Wi-
max), and 4.85–5.85 GHz (WLAN), with the fractional bandwidths of 26.6%, 20.4%, and 18.67%,
respectively. The customized concentric rings are placed onto the substrate to reinforce the antenna
appearance and also miniaturize the size. The measured outcomes are strongly in accordance with the
simulated results. The designed model can be customized with certain attributes to wireless applications.

1. INTRODUCTION

Dielectric Resonator Antennas (DRAs) [1] have been described for advanced wireless technologies as
potentially useful antennas. Particularly in contrast with microstrip antennas, it provides features such
as improved efficiency, high bandwidth, low volume, low production costs, and ease of fabrication.
DRA is an absolutely enticing solution of wireless technology. In recent years, many researchers have
described theoretical and experimental studies on DRAs with cylindrical, rectangular, and hemispherical
types [2–8].

DRAs are adopted by utilizing feeding methods, like coplanar waveguide, probe, and microstrip
line [9]. In this approach, a microstrip feed line is directly connected to a resonator to provide planar
structure [10], and it provides more flexibility. The concentric rings of the implemented feeding structure
are placed onto the substrate to improve the antenna characteristics. The adapted feed line dielectric
resonator antenna with partial ground plane in the ISM band, WiMAX, and WLAN for wireless
applications is implemented. A composite dielectric resonator [11–15] is involved in the described
configuration. Concentric circular rings are desired for the creation of multi-band properties owing to
their basic configuration. This is additionally utilized for tuning the range of frequency for antenna [16–
18]. By stacking the composite materials, size of the antenna is reduced. In recent years, there has been
a tremendous improvement in wireless applications, particularly in ISM, WiMAX, and WLAN bands.
To resolve therapeutic conflicts in wireless body area networks (WBAN) [19–25], WiMAX/WLAN is
utilized. The studied outcomes of the developed structure explicitly encourage the WBAN applications
in wireless technology.

In this work, a miniature composite dielectric resonator is aimed to acquire tri-band [27, 28]
functionality in wireless applications. The primary target of this paper is to accomplish tri-band
attributes [29, 30] with the assistance of the implemented antenna, i.e, circular DRA and concentric
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circular rings. The configured structure is suitable for ISM, WiMAX, and WLAN. An intended structure
is compact and simple, and it is also customized to wireless applications. The analysis of an implemented
antenna is performed on HFSS platform.

2. ANTENNA CONFIGURATION

Figure 1 depicts the structure of dielectric resonator geometry. It explores the adapted feed line
dielectric resonator antenna with partial ground plane in the ISM band, WiMAX, and WLAN for
wireless applications. The exhibited configuration is sustained by a microstrip feed line.

(a) (b)

(c)

Figure 1. Configuration of designed DRA: (a) Feeding structure; (b) 3-D view; (c) side view.

The developed concentric rings are placed onto the substrate to improve the antenna characteristics
and to reduce the size of the antenna. The external ring generates the ISM band; DRA is responsible
for the creation the WiMAX, and WLAN band is delivered because of the common endeavors of DRA
and internal ring structure. The fabricated model of proposed DRA is exhibited in Fig. 2.

The geometry of substrate-FR4 is 50mm∗50mm. The relative permittivity of substrate is εr = 4.4,
and its thickness is h = 1.6 mm. The DRA is tightly stacked with a substrate based concentric circle
patch to generate the WiMAX (3.5 GHz) and WLAN (2.38 GHz & 5.4 GHz) frequency ranges. From
Fig. 1, it is observed that the first band is due to the outer ring, second band due to the CDRA, and
the cross shaped feed element is responsible for the third band. Table 1 demonstrates the geometry of
proposed structure.
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Figure 2. Prototype of CDRA: (a) Isometric view; (b) Bottom view.

Table 1. Dimensions of proposed antenna.

Basic configuration Parameters Value (mm) Materials used

Ground plane
LG 16.4

Copper
WG 50

Substrate
LS 50

FR-4 (εr = 4.4)
WS 50
HS 1.6

Feed: Outer ring

Lf 18.5

Copper

Wf 2.5
Lf2 5.5
Wf2 1.5
R1 9
T1 2.25

Inner ring
R2 5

CopperT2 1.5
S1 29.75

Circular DRA
D 23.5

Alumina (εd = 9.8)
hd 9

According to [12], the resonant frequency of a DRA is assessed as follows, and it is equivalent to
3.5 GHz.

fr =
c

2πR

(
1.6 + 0.513x + 1.392x2 − 0.577x3 + 0.088x4

ε0.42
d

)
(1)

x =
R

2hd
(2)

where c is the speed of light; hd, εd and R are height, relative permittivity, and radius of the DRA,
sequentially.

The theoretical resonant frequencies for outer and inner rings are analyzed as follows [26], and
the following equations are considered for both the resonant frequencies, i.e., outer ring and inner ring
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generate the frequencies of 2.4 GHz and 5.2 GHz, respectively.

fring =
Ac

2πR
√

εre
(3)
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(R + T ) + R
(4)
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2
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(
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10HS

T

)−1
2

(5)

where εre and εr are effective relative permittivity and substrate permittivity sequentially. HS is the
substrate height, R the circular ring radius, and T the thickness.

3. PARAMETRIC ANALYSIS

Simulation studies of the proposed antenna have been carried out by using Ansys HFSS simulator. This
section focuses on exploring and understanding of development of three frequency ranges.

3.1. Impact of Ground Plane Length

The variation of return loss characteristics with various ground plane lengths is exhibited in Fig. 3. It
tends to be seen from Fig. 3 that the resonance of different frequencies becomes destitute when ground
plane length is increased, and it also brings the desired radiator absolutely analogous to non-resonance.
To acquire better resonance, length of ground plane is chosen as 16.4 mm.

Figure 3. Simulated return loss with various ground plane length.

3.2. Different Radiating Structure

Return loss characteristics with different radiating models are illustrated in Fig. 4. From Fig. 4, it can
be observed that outer circular ring generates the 2.38 GHz frequency band. Moreover, the 5.4 GHz
frequency is generated due to the inner circular ring, and DRA is responsible for the generation of
3.5 GHz frequency. These resonances were also observed in Section 2 theoretically.
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Figure 4. Simulated return loss without and with
DRA.

Figure 5. Return loss characteristics for various
heights of DRA.

3.3. DRA Height

Return losses with different DRA heights are exhibited in Fig. 5. From Fig. 5, it can be seen that as the
height increases the resonant frequency decreases. From this observation, it is implied that the height
of the DRA significantly affects the mid-frequency.

4. MEASURED RESULTS AND DISCUSSION

To validate the model, a prototype of intended antenna is fabricated and measured as illustrated in Fig. 2.
The vector network analyzer has been utilized to acquire the attributes of the developed structure. The
return loss is another method of communicating mismatch. It is a logarithmic proportion estimated in
dB that analyzes the power reflected by the receiving wire to the power that is bolstered into the radio
wire from the transmission line.

Figure 6. Simulated and measured return loss of proposed antenna.
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Simulated and measured return losses of the suggested antenna are exhibited in Fig. 6. As illustrated
in Fig. 6, the prototype design operates at three different frequency bands, i.e., 1.98–2.59 GHz, 3.24–
3.85 GHz, and 4.85–5.85 GHz, with fractional bandwidths of 26.6%, 20.4%, and 18.67%, respectively.
The measured outcomes are strongly in accordance with the simulated results.

Table 2 illustrates the comparison of the designed DRA with various established DRA models based
on impedance bandwidth, and it depicts that the implemented DRA has a wide impedance bandwidth
compared to the established antenna structures [31–34].

The radiation pattern of antenna gives the data that depict how the reception apparatus coordinates
the vitality it transmits. All antennas, if 100% efficient, radiate the same total energy for equal input
power regardless of pattern shape. Simulated gain of the intended structure is illustrated in Fig. 7.
The developed DRA gains at 2.4 GHz, 3.5 GHz, and 5.4 GHz are about 2.4 dBi, 4.13 dBi, and 3.5 dBi,
respectively. From Fig. 7, it can be seen that the gain at 3.5 GHz is better than that at 5.2 GHz. The
developed model has good radiation characteristics at three frequencies.

The proposed antenna is simulated by using HFSS tool. Fig. 8 demonstrates the simulation model
on HFSS platform, which consists of the designed DRA and simulated results. The simulated model
generates three frequency bands, and it can be observed in Fig. 8.

(a) (b)

(c)

Figure 7. Simulated gain at: (a) 2.38 GHz; (b) 3.5 GHz; (c) 5.4 GHz.
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Table 2. Comparison of proposed structure with various existing DRA structures.

Lower band Middle band Upper band

DRA
shape

Feed type
frequency

(GHz)
bandwidth

(%)
frequency

(GHz)
bandwidth

(%)
frequency

(GHz)
bandwidth

(%)

Modified
RDRA [31]

Microstrip
line

2.4 3.39 3.5 11.1 5.8 1.7

CDRA [32] CPW 2.4 16.5 3.5 4.5 5.2 20.9

RDRA [33]
Co-axial

feed
- - 3.5 9.97 5.25 8.8

RDRA [34]
Microstrip

line
2.45 25 - - 5.2 13

Proposed
Antenna

Microstrip
line

2.4 26.6 3.5 20.4 5.4 18.67

Figure 8. Simulated results on HFSS platform.
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5. CONCLUSION

A miniature tri-band composite dielectric resonator antenna is examined for wireless applications.
Creating tri-band frequencies, i.e., ISM (1.98–2.59 GHz), WiMAX (3.24–3.85 GHz), and WLAN (4.85–
5.85 GHz), is a key feature of the implemented framework. The system was implemented and fabricated
and discovered to have fractional bandwidths of 26.6%, 20.4%, and 18.67% at 2.38 GHz, 3.5 GHzs and
5.4 GHz resonant frequencies, respectively. The implemented antenna demonstrates great radiation
characteristics for the deployed structure’s three functional bands. The obatined configuration is
very compact and easy. The proposed approach can be adapted to wireless applications with these
characteristics. Future research will focus on stacked dielectric resonators antenna. The dielectric
resonators can be combined to improve the impedance bandwidth of the stacked DRA model, and it
can be support the multiband behavior.
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