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Due to the size constraint, antennas with compact size are required that can support multibands with single radiating element.
Dielectric resonator antenna (DRA) can support multiple modes with good efficiency and gain using single radiating element.
In this paper, a quad-band DRA is proposed for WLAN/WiMAX bands using a single CPW feed. Out of four bands, WLAN
(2.37-2.55) GHz, (5.15-5.35) GHz, and (5.6-5.83) GHz are achieved by the excitation of fundamental and higher-order modes
whereas WiMAX (3.58-3.72) GHz band is achieved by dielectric loading of the DR. Dielectric loading makes it possible to
operate the antenna at desired frequency band. Due to the partial ground plane and single coplanar waveguide (CPW) feed
radiation pattern of the proposed antenna is bidirectional. The design is efficient in terms of radiation efficiency. Simulated and
measured results show that it can be a suitable candidate for WLAN and WiMAX applications.

1. Introduction

The advance wireless communication technologies are expected
to support massive devices with low energy consumption and
high spectral efficiency [1, 2]. These technologies are backscatter
communications, multiple input and multiple output, device-
to-device communication, vehicular communication, non-
orthogonal multiple access (NOMA), Internet of things (IoT),
cognitive radio, artificial intelligence, smart drones, reconfigur-
able intelligent surfaces, and so on. More specifically, the
authors of [3] have introduced NOMA to Internet of vehicles
network to maximize the total achievable energy efficiency of
the system.Moreover, authors in [4] provided a new framework
for spectrum and energy efficiency of NOMA network and
investigated energy efficiency of vehicular network. The authors

of [5] proposed reinforcement learning for blockchain net-
works. The work in [6] has investigated the energy efficiency
of IoT networks. In addition, the work of [7] has studied the
performance of drones while [8] has presented device-to-
device communication in NOMA network. Of late, [9, 10] have
investigated spectral efficiency and energy efficiency using sin-
gle objective and multiobjective approaches. However, there
exist several challenges in these technologies that need to be
investigated. For example, designers are focusing on the minia-
turization of devices as technology advances. Besides that, there
is also an increase in the number of applications, which neces-
sitates the use of various spectrums such asmicrowave, millime-
ter wave, and terahertz bands. Moreover, multiple antennas can
be used to meet high data rate demands and provide reliable
communication. As mutual coupling increases, it becomes
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more difficult for design engineers to incorporate a large num-
ber of antennas in small devices. Although compact single
reconfigurable metallic elements cannot provide enough band-
width, DRA has a wider impedance bandwidth at high fre-
quencies than metallic antennas [11].

Since the last few years, the DRAs have gained more con-
sideration due to various features like high radiation efficiency,
wider impedance bandwidth, high gain, and lowmetallic losses
as compared to metallic antennas such as microstrip patch
antennas (MPAs) and planar inverted F-antenna (PIFAs).
DRA has been recommended and developed for use in micro-
wave and millimeter-wave frequency bands. Compared with

microstrip patch antennas (MPA) that have discovered a wide
range of applications [12].Moreover, DRA can easily be excited
by multiple feeding techniques such as coplanar waveguide,
coaxial probe, hybrid feeding, and aperture coupling [13]. As
compared with MPA, the DRA has a much more extensive
impedance bandwidth (∼10% for dielectric constant εr∼10).
This is because the microstrip antenna radiates just through
two narrow radiation slots; however, the DRA radiates through
its entire surface except the grounded part. Avoidance of the
surface waves is one of the advantages of the DRA over the
microstrip antenna. In any case, numerous attributes of the
DRA and microstrip antenna (MA) are common because they
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Figure 1: Geometry of the proposed DRA showing all elements of the DRA.

Table 1: Dimension of the proposed antenna design.

Variable used Value (mm) Variable used Value (mm) Variable used Value (mm)

W 33 L 34 hs 1.5

hg 0.017 hd 6 a 1

m 20 n 8.5 s 2.5

g 1 b 13 wd 15

ld 15 c 0.5 d 9

k 5.5 εs 4.4
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Figure 2: S-parameters due to variation in CPW strip length. (a) Strip length increased. (b) Strip length decreased.
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behave like resonant cavities. Besides, practically all the excita-
tion methods that are applied to the MA can be utilized for the
DRA. A detailed explanation of DRA with almost all aspects
like its shapes, feeding mechanism, radiation patterns, and
modes can be found in [14].

Recently, it has been investigated that various applications
are working at different frequency bands; so, it is not viable to
design an antenna for each application separately because of
the increase in cost and size of the device [15]. Therefore, it is
advantageous to design a multiband antenna with a single
structure to reduce the cost, size, and complexity of the system

[16–19]. It is the property of DRA that it can excite multiple
modes using a single DR structure when excited by a suitable
feeding structure [20]. Therefore, the feeding mechanism plays
an important role to excite required mods in the DRA. In dif-
ferent papers, different feeding techniques such as microstrip
line, coaxial probe, and CPW feed are used to excite multiple
modes in DRA [21–24]. In some cases, pentagon and hexagon
shapes of feeding structures have been used to achieve multiple
bands [25]. In [26], Hamsakutty et al. achieved a triple band by
using two segments of rectangular DRA, which make the over-
all structure bulky. In [27], the authors used segmented DRA to
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Figure 3: Effect of variation in ground plane width on S-parameters.
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Figure 4: Effect of loading with different permittivity material on S-parameters.
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achieve triple bands; however, they used complex feeding
which ultimately complicates the fabrication process. In [28],
Sharma and Gangwar proposed a triple-band hybrid DRA for
4G LTE application. In this work, two bands are achieved
through feed line and higher-order modes. A unidirectional
radiation pattern at all three bands is achieved in this design.
For particular services where users move in a straight path like
highways, tunnels and railways bidirectional antennas aremore
useful to maximize the link efficiency [29, 30]. In [31], two uni-
directional antennas in the opposite direction have been used
for bidirectional radiation pattern; however, the design was
complicated and directivity was also low. A bidirectional radi-
ation pattern has also been achieved with antennas having
more than one feeding mechanism [32].

Multiple techniques have been used to design multiple-
band DRAs, which are the subject of this section’s investiga-
tion. The author of paper [33] achieved a triple-band by simul-
taneously exciting the four DR arrays. The proposed design
operates at frequencies ranging from 0.86 to 1.04GHz, 2.37
to 2.79GHz, and 4.17 to 5.21GHz. The array of four DR
increases the overall size of the antenna while also making it
bulky, making installation of such antennas in modern wire-
less gadgets difficult. In paper [33], the authors designed a
triple-band dielectric resonate antenna by exciting two DR

segments. The first two bands are achieved by exciting the
two DR via feed line, and the third band is achieved through
reconfigurability. Because switches are used for reconfigurabil-
ity, the design of this DRA is extremely complicated. Because
two DR segments are used, the overall design of this DRA is
bulky. A star-shaped DR was excited by a simple microstrip
feed line in paper [22], and the proposed design covered three
frequency bands of 5.04 –6.13GHz, 6.87 –7.97GHz, and
8.58 –9.63GHz. The construction of such an antenna is
extremely difficult. This design’s radiation pattern is unidirec-
tional. Furthermore, the authors of the paper [34] designed a
multiband DRA. The multiband is achieved in this design by
exciting two cylindrical DR and two C shape patches. Because
of the lack of a bottom ground structure, the radiation pattern
of this design is bidirectional, which increases the size of the
antenna of the whole communication system. A triple-band
dielectric resonates antenna with operating frequencies of
1.8GHz, 2.2GHz, and 2.6GHz was also designed and investi-
gated [35]. There is no fabrication involved in this design, and
the results are calculated. Only simulated results were shown
by the author. The design has a substantial overall size.

Most of the DRAs listed above have multiple resonating
elements, which are either very complicated to design ormostly
support dual-band or triple-band operation. As a result, in this
paper, a single square-shaped DR was excited via a CPW feed
line. The proposed design has no bottom ground plane due
to which the radiation pattern of the antenna becomes bidirec-
tional, the operating band of the proposed design is WLAN
(2.37-2.55) GHz, (5.15-5.35) GHz, (5.6-5.83) GHz, and
WiMAX (3.58-3.72). Both WiMAX and WLAN bands can
serve hundreds of users with a speed of 10Mbps at 10km with
a line of sight. The use of these bands has been increased with

Figure 5: The prototype of the proposed quad-band DRA.
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Figure 7: Three dimensional radiation patterns of the DRA.
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the advent of applications with multiband support. From the
comparison table, the size of the proposed design is much
smaller than other DRAs, which compact and miniaturize the
size of modern wireless communication devices.

In this paper, bidirectional radiation patterns have been
achieved for four bands using single radiating elements with
a single feeding structure. The rectangular DRA has no ground
plane at the bottom which makes its radiation pattern bidirec-
tional. It covers three bands including WiMAX and WLAN.
Moreover, a quad-band DRA is proposed and achieved for
WLAN/WiMAX bands using a single CPW feed. Bidirectional
radiation pattern is achieved at all radiating element.

The remaining paper is organized as below: the antenna
design parameters and analysis are described in Section 2.
Section 3 presents the parametric study, while Section 4 pre-
sents the results and discussion. Finally, Section 5 concludes
this work.

2. Antenna Design and Analysis

Figure 1 shows the geometry of the proposed DRA. Dimen-
sions of the DR is ½ld × ðwd = ldÞ × hd�mm3 placed on FR4
substrate with permittivity εs and height hs. The DRA is
excited through CPW feed line with optimized impedance
matched at 50Ω. In order to improve the impedance match-
ing of DR with CPW feed, a stub of width 1mm is also
added at the end of the coplanar feed. Table 1 summarizes
the optimized values of the proposed DRA.

3. Parametric Study

The parametric study comprised of variation of CPW feeds
on resonant frequencies with and without loading of DR
on the substrate.

3.1. Variation without DR Loading. Resonant frequencies of
the proposed design depend on the length of the CPW strip.
If the length of the strip is increased beyond 9mm, it is clear
from Figure 2(a) that the impedance matching and bandwidth
impedance of the lower WLAN band (2.45GHz) are
decreased. Impedance matching and bandwidth of the
remaining two bands remain the same. If the length of CPW
feed is decreased below 9mm; the resonance of the lower band
remains unaltered but resonances of the upper two bands
from 5.1GHz to 4.7GHz and from 5.8GHz to 5.6GHz. This
phenomenon is shown in Figure 2(b). However, it still does
not fulfill the requirements ofWLAN bands as it has very poor
impedance matching as well.

Resonance frequencies also depend upon the width of the
ground plane. When the width of the ground plane is
decreased below 13mm, it is clear from Figure 3 that the pro-
posed design has no resonance at 2.45GHz, and the imped-
ance bandwidth of the WiMAX band is also decreased.

The resonance frequencies are also reliant on the width
of the ground plane, and if the width of the ground plane
is decreased from 13mm, it is clear from Figure 3 that the
proposed design has no resonance at 2.45GHz, which has
been achieved by DR loading.
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Figure 8: Simulated and measured E-planes.
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3.2. Variation with DR Loading. The dielectric loading effect
is inversely proportional to the resonance frequency. It is
clear from Figure 4(a) that without dielectric loading, DRA
resonates at 6.2GHz. Due to the dielectric loading of DR
with permittivity 10, the resonance point shifts back to
4.8GHz, as shown in Figure 4(b). This is fundamental mode
excitation in the DR, and other modes also shit accordingly.

Figures 4(c) and 4(d) reveal the fundamental mode excita-
tion for DR loading with permittivity 20 and 30, respectively.
For permittivity 20, it shifts to 4.3GHz, and for 30, shifting
takes place on 3.6GHz.

When the permittivity of the material is increased to 20,
the resonance frequency of the antenna is shifted to 4.3GHz
from 4.8GHz which is shown in Figure 4(c). When the
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Figure 9: Simulated and measured H-planes.
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material has a permittivity of 30 is loaded on CPW feed, the
resonance frequency of the antenna is shifted from 4.3GHz
to 3.65GHz, which is the required WiMAX band, the pro-
posed design gives the resonance at 2.45GHz is due to the
excitation of the fundamental mode in DR, while resonance
at 5.15GHz and 5.8GHz is due to the excitation of higher
mode in DR which is clear from Figure 4(d).

4. Result and Discussions

This section includes the antenna and its performance
parameters. First, the antenna performance parameters such
as S-parameters with respect to design are described;
followed by performance matrices like radiation pattern,
gain, and efficiency.

Figure 5 shows the model of the proposed designed
antenna. The DR has a permittivity of 30 and a tangent loss
of 0.002, which is made from Eccostock® Hik500f. The ground
plane is fixed on an FR4 substrate having a permittivity of 4.4
and a thickness/breadth of 1.5mm. The DR is placed on the
substrate through a glove of permittivity close to 2.

Simulated and measured S-parameters are shown in
Figure 6. Shaded region in the figure shows the required
band of interest. Results show that antenna is well matched
at all the bands except the last band. The reason may be
the ground plane size at this band because it is the higher
mode excited in the DRA. Mismatch in simulated and mea-
sured results is due to the fabrication tolerances.

Figure 7 shows 3D patterns at each frequency band. It is
clear from figure that direction of radiation pattern at each
band is different, covering each direction at each band. This
is one of the advantages of the partial ground plane. How-
ever, partial ground plane lowers the gain of the antenna
due to the backlobe which is one of its drawback. A bidirec-
tional radiation pattern with a simple structure and single feed-
ing mechanism is achieved at all four ports. Simulated gain at
all four bands is up to 6.45dBi. It can be increased by extending
the ground plane; however, this action degrades the bidirec-
tional performance of the patterns as discussed earlier.

Figures 8 and 9 show that the simulated and measured
E- and H- plane of proposed DRA, respectively. Solid line
shows the simulated, and the dotted line represents the mea-
sured results. Both E and H plane of the patterns shows bidi-
rectional radiation patterns but at the cost of backward
radiations. It is clear from all the figures that the measured
and simulated results are in good arrangement.

DRA can support multiple modes, and its fundamental
mode depends on its aspect ratio dielectric permittivity.
Aspect ratio is the ratio of length: width and length: height
[36]. In the proposed work, fundamental mode in the DR
is excited at 2.45GHz as shown in Figure 10(a). This mode
is TE111 mode, represented by a half wave of electric field
pattern, showing the wave-number = π/2 .

Similarly at 5.2GHz, TE121 mode is excited, represented
by two half waves as shown in Figure 10(b). At 5.8GHz,
TE142 mode has been excited. As there is no ground plane
under the DR element; therefore, even mode can be excited
[36]. Four half-waves in the y-axis and two half-waves in
the z-axis can be seen in Figure 10(c). A complete circle rep-
resents two half-waves.

WiMAX (3.58-3.72) GHz band is achieved by dielectric
loading of the DR therefore no specific pattern of the field
is achieved as shown.

Figures 11(a) and 11(b) show the gain vs. frequency and
radiation efficiency vs. frequency pots, respectively. It can be
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Table 2: Value radiation efficiency and gain are listed Table 2.

References
No. of DR
element

No. of
band

Gain
(dBi)

Size (L ×w × h)
mm3

[33] 4 3 7.2 96 × 113 × 15:6
[33] 2 3 5.2 230 × 134 × 5:6
[22] 1 3 8.10 50 × 50 × 7:60
[34] 2 4 6.5 50 × 50 × 11:2
[35] 1 2 5.3 100 × 70 × 11:4
[39] 1 3 6.86 140 × 140 × 11:6
Proposed
work

1 4 6.45 33 × 34 × 7:4

Table 3: A comparison with related multiband DRAs.

Frequency (GHz) 2.45 3.65 5.25 5.81

Gain (dBi) 5.5 4.9 6.1 6.41

Rad. efficiency 0.9 0.85 0.91 0.94
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seen from plots that both gain and radiation efficiency are
small (4.9 and 0.85) as compared to the other values. It is
because the band at 3.65GHz is due to dielectric loading,
and the remaining three bands are due to the excitation of
modes in the DRA. Gain and radiation efficiency against
each frequency band is shown in Table 2.

Table 3 shows the comparison of some recent research
with the proposed work. It can be seen that in terms of num-
ber of DR elements, our design uses only one which results in
reduced size as compared to other antennas. Moreover, the
proposed design covers four bands with single CPW feed.

In this work, single CPW feed and DR element have
been used to achieve bidirectional radiation pattern. This
arrangement reduces the size of the antenna. This work
can be extended for quad-band MIMO design for 5G appli-
cations. For this purpose, another orthogonal CPW feed can
be added symmetrically to achieve quad-band MIMO in the
same frequency. However, there may be the issue of isolation
at each degenerate mode which can be enhanced using dif-
ferent techniques available in literature.

5. Conclusion

In this paper, a CPW feed bidirectional quad-band DRA is
proposed for WLAN and WiMAX bands. The proposed
design covers WLAN (2.37-2.55) GHz, (5.15-5.35) GHz,
(5.6-5.83) GHz, and WiMAX (3.58-3.72) GHz bands. The
proposed design with single feed and single DR element pro-
vides four bands with the capability of bidirectional radiation
pattern. Bidirectional radiation at all four bands has been
achieved using a simple design technique. The radiation effi-
ciency of the proposed design is 94% and gains up to
6.45dBi. This design can be used in wireless gadgets and other
related applications. All the measured and simulated results of
the proposed design show that it will be an appropriate candi-
date for WLAN and WiMAX applications.

As a future task, the proposed work can be extended for
MIMO design that can be used for 5G applications. This can
be done by using another CPW feed, orthogonally oriented
along the same DR element. Moreover, the design can be
used for quad-band array design for 5G applications.
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