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Abstract

A comparison of Dual Band Rectangular, Cylindrical and Triangular
Dielectric Resonator Antenna coupled to a narrow slot aperture
that is fed by a microstrip line for C and X Band operation is
proposed in this paper. C and X Bands are microwave bands that
span 4-8 GHz and 8-12 GHz, respectively. Antenna constraints,
such as dimensions and frequencies, are determined using a
mathematical formulation. The software package used to design
the three DRA shapes is CST Microwave Studio. The Bandwidth,
Gain and Directivity of three shapes of DRA are evaluated, and it is
finally observed that the Triangular DRA has a wider bandwidth
than Rectangular and Cylindrical, while Rectangular DRA has a
high value of Directivity and Gain at some Resonant Frequencies.
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The results of the present work may provide design guidelines for
the development of efficient DRA at C and X Band frequency
operations, and designers should have to make a tradeoff between
Bandwidth and Directivity and Gain, depending upon their
requirements.
Index Terms: Bandwidth, Cylindrical Dielectric Resonator
Antenna (CDRA), Dielectric Resonator Antenna (DRA), Directivity,
Gain, Rectangular Dielectric Resonator Antenna (RDRA), Triangular
Dielectric Resonator Antenna (TDRA).
I. INTRODUCTION
Dielectric Resonator Antenna (DRA) is a class of antenna which
allows communication in the range from microwave to millimeter
waves with very small dielectric losses. Advantages of using DRA
over other conducting surface antennas are that it prevents the
conductor loss [1] and surface wave losses at higher frequencies
[1-2]. There are various shapes of the DRA, which have been
studied, like Rectangular [3], Cylindrical [4], Conical [5] and many
more by many researchers. The rising journey of the Dielectric
Resonator Antenna started in the early 1980s [6]. It was the best
alternative to MPAs; however, it has not been fully explored [7] up
to now in terms of its applications in most fields, such as its use in
satellite technology and at the industry level [8]. For many years,
the community of antenna has been greatly involved in the
analysis and research of Dielectric Resonator Antenna. Many new
features need to be explored to meet the requirements of the
miniaturization of portable devices [1], handheld and other devices
for communication in all bands used for communication [2-3].
The two antennas, i.e. DRAs and MPAs, have much contribution to
modern wireless communication as compared to conventional
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Antennas [7-9]. The DRA has most attractive features like, small
size, light weight, design flexibility, low loss and ease of excitation
[11]. So, for many years, DRAs have been investigated because they
have the most attractive features [4-5]. As DRA is made of high
permittivity material, having less conductor loss [22]. The radiation
efficiency of DRA is high [15]. DRA provides flexibility in terms of its
geometry. This has made it easy for the designers to select such
type of DRA geometry which is suitable for the desired results. We
can excite various modes inside radiating elements of DRA,
producing various radiation patterns for different applications and
these various modes depend on feeding mechanism as well as the
shape of Resonator [13][14]. This paper is concerned with
Rectangular, Cylindrical and Triangular DRA, resonating for Dual
Bands at frequencies 6 and 7 GHz, 8 and 9 GHz and 10 and 11 GHz
using a similar feeding technique i.e. Slot Aperture.

This Paper focuses on a meaningful comparative study where
the researchers have considered three geometric shapes of
Dielectric resonator antenna. For single band, the Rectangular,
Cylindrical and Triangular DRAs were simulated in CST Studio
through which the analysis of parameters, such as Gain, Directivity
and Bandwidth. Each of the different shapes of DRA has been
individually analyzed for the above parameters, and then the
overall comparison has been made among them.

Section II of this paper is dedicated to the configuration of
Dual band Rectangular, Cylindrical and Triangular DRA respectively.
In Section III, the results of Dual band RDRA, CDRA and TDRAs
have been given. In Section IV the present work has been
concluded.
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II. ANTENNA CONFIGURATION
The proposed DRA of different shapes have different parameters
and dimensions depending on the desired frequency bands at
which they are desired to be operated. To excite the proposed
DRAs at the selected Dual bands, their parameters can be varied to
achieve the expected results. This section describes the design
configuration of Rectangular, Cylindrical and Triangular DRA.
A. Rectangular DRA
Rectangular DRA is one of the most used shapes of DRA. For
analysis, specification the DRA is treated as a slab of dimensions
having length, Width and Height. One attractive feature of
Rectangular DRAs is its two degree of freedom providing best
choice of selection for the designer to change on of the three
dimensions while keeping other two constant provided the
resonant frequency and relative permittivity kept constant. For
each design of Rectangular DRA, the substrate material R04000 of
permittivity 3.38 and thickness has been calculated for resonant
frequency which are shown in the Table. and is same for dual band
designs of Cylindrical and Triangular DRA.

Fig. 01: Geometry of RDRA
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For each design of Rectangular DRA for bands (6-7, 8-9 and 10-11)
an MC-20 Ceramic material of relative permittivity has been taken.
A 50-ohm microstrip line along with the slot Aperture are used for
feeding/excitation of Rectangular DRA and is same for all designs
of Cylindrical and Triangular DRA. Table shows the dimensions of
slot Aperture technique which is same for all designs. The two
modes supported by Rectangular DRA are TE and TM modes in
which TE mode is used most commonly while TM is not observed
experimentally.

�1,2 = �
2� �

∗ ��1.�2
2 + ��1,�2

2 + ��1,�2
2 (1)

Here ƒ1,2 = ƒ1ƒ2 shows the Dual Band frequencies where as,

��1,�2 = �1.2
2 − ��1,�2

2 − ��1,�2
2 (2)

The wavenumber can be calculated by the following formula:

�1,2 = 2� ��1,2

�
(3)

Where c is speed of light and ɛ is dielectric permittivity of dielectric
material. The values of the geometric parameters are listed in Table
I for the specified Dual Band Resonant Frequencies.

B. Cylindrical DRA
The Dual Band Cylindrical DRA is shown in the figure whose
dimensions are represented by Radius (r) and Height (h). The
degree of freedom offered by CDRA is one, which means that one



Spectrum of Engineering Sciences
Online ISSN

3007-3138

Print ISSN
3007-312X

579

Vol. 2 No. 4 (2024)

of the two dimensions can be kept variable while keeping other
dimension, frequency and Permittivity fixed. The frequencies
selected for dual band are in the form of couple like 6-7 GHz for
one dual Band 8-9 for second dual band and 10-11 for third dual
band antenna. All designs are simulated using CST Microwave
Studio. A material named Roger RO4000is selected as substrate
material having permittivity 3.38 and thickness as shown in Table.
because of its attractive features like low cost [16], [17] and surface
loss reduction [18-20]. Each Cylindrical DRA design for each dual
band takes the same dielectric material named MC-20 Ceramic
Material having permittivity of 20. A 50-ohm Microstrip line
coupled with Slot Aperture are used for the excitation of Cylindrical
DRA and the dimensions are shown in Table II.
The h/a ratio formula for Dual band Cylindrical DRA is given as
follows [5]

ℎ
�

= ��
�4 + �=1

4 1
�4−1

��

�
���2
�1 +��

+ ��� (4)

Here f1 shows lower band frequency and f2 shows higher band
frequency respectively.
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Similarly, the radius of Dual Band cylindrical DRA(a) can be found
by the following design formula:

� = �
2� ���1

��
��

4 + �=1
4 1

��
4−1

��

��

��ℎ
� +��

+ ��� (5)

Where a and h represent its radius and height respectively and ϵr
is the relative permittivity of dielectric material. For Dual Band
Resonant Frequencies, the value of height and radius are listed in
Table IV.

Fig. 02: Geometry of CDRA
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C. Triangular DRA
The geometry of Triangular DRA has miniaturization characteristics
over CDRA and RDRA because of its smaller dimensional area
without compromising its feature and feasibility. Two dimensions
of Triangular DRA are length (l) and height (h1). Length of DRA has
been taken same for all of the design of Triangular DRA. The
Triangular DRA has been designed for Dual Band 6-7 GHz, 8-9 GHz
and 10-11 GHz respectively using CST Microwave Studio.

Fig. 3. Geometry of the TDRA
The substrate Material is RO4000 having permittivity of 3.38 and
thickness as shown in Table. The MC-20 Ceramic Material is used
as a Dielectric Material having permittivity of 20. The Triangular
DRA was fed by 50-ohm standard microstrip line coupled with slot
aperture of identical dimension. The dimensions of microstrip line
coupled with slot aperture are listed in Table III. The Resonant
Frequency of TM mode is approximately given by [20].
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where c is speed of light, ϵ is the dielectric constant, ls is the side
length and h is the height of resonator. The indices l, m and n
satisfy the condition l + m + n = 0 but they all cannot be zero. The
parameters of Triangular DRA are listed in Table V.

III. RESULTS AND DISCUSSION
A. Return Loss Vs Frequency Characteristic
The simulation study of Return Loss versus Frequency characteristic
of single band Rectangular, Cylindrical and Triangular DRA at
resonating frequencies 6-7 GHz, 8-9 GHz and 10-11 GHz has been
carried out using CST Microwave Studio. The Simulation result of
Return Loss of Three shapes of DRA is shown from fig 4-9 for
comparison purpose. From Fig 4-11, the resonant Frequency Range
and -10 dB return loss Bandwidth of three shapes of DRA are
extracted and the results are given in Table VI. From Table VI, it can
be seen that the Triangular DRA has much wider Bandwidth than
that of the Rectangular and Cylindrical DRA at same resonating
Frequency using same feeding technique, Dielectric material and
Substrate material.
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Fig. 4. Variation in Bandwidth of RDRA, CDRA and TDRA at 6 GHz
Fig.4. shows that at 6 GHz, the bandwidth of Rectangular,
Cylindrical and Triangular DRA is 0.0705, 0.0528 and 0.134 GHz
which shows that the Triangular DRA has two times wider
bandwidth than Rectangular DRA and Cylindrical DRA at 6 GHz.

Fig. 5. Variation in Bandwidth of RDRA, CDRA and TDRA at 7 GHz
Fig.4. shows that at 7 GHz, the bandwidth of Rectangular,
Cylindrical and Triangular DRA are 0.0495, 0.0467 and 0.326 GHz
and it is concluded that the Triangular DRA has ap- proximately six
times wider bandwidth than Rectangular and Cylindrical DRA at 7
GHz. Fig.5. shows that at 8 GHz, the bandwidth of Rectangular,
Cylindrical and Triangular DRA are 0.101, 0.0750 and 0.163 GHz
and it is concluded that the Triangular DRA has two times wider
bandwidth than Rectangular and Cylindrical DRA at 8 GHz.
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Fig. 6. Variation in Bandwidth of RDRA, CDRA and TDRA at 8 GHz
Fig.7. shows that at 9 GHz, the bandwidth of Rectangular,
Cylindrical and Triangular DRA are 0.038, 0.088 and 0.090 GHz
and it is concluded that the Triangular DRA has wider bandwidth
than Rectangular and Cylindrical DRA at 9 GHz. Fig.8. shows that at
10 GHz, the bandwidth of Rectangular, Cylindrical and Triangular
DRA are 0.129, 0.0893 and 0.177 GHz and it is concluded that the
Triangular DRA has wider bandwidth than Rectangular and
Cylindrical DRA at 10 GHz. Fig.9. shows that at 11 GHz, the
bandwidth of Rectangular, Cylindrical and Triangular DRA are 0.150,
0.0590 and 0.518 GHz and it is concluded that the Triangular DRA
has wider bandwidth than Rectangular and Cylindrical DRA at 11
GHz. Fig.10. and Table VI clearly shows that the Triangular DRA.
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Fig. 7. Bandwidth Comparison of Single Band DRA
B. Gain Vs Frequency Characteristic
The Gain of the Antenna is the ratio of its radiation intensity to that
of an isotropic antenna radiating the same total power as accepted
by real Antenna [17]. Fig. 11 and Table VII show the Gain result of
comparison obtained from the simulation of Rectangular,
Cylindrical and Triangular DRA at resonating frequency 6, 7, 8, 9, 10
and 11 GHz in CST Microwave Studio. The Gain of three shapes of
DRA are extracted and are given in Table VII. From Table VII and
Fig.11, it is clear that the Gain of Triangular DRA is higher than
Rectangular and Cylindrical DRA at C and X-Band.

C. Directivity Vs Frequency Characteristic
Directivity is the ratio of radiation intensity in a given direction to
the average power radiation in all directions. Fig. 11 and Table VIII
show the Directivity result of comparison obtained from the
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simulation of Rectangular, Cylindrical and Triangular DRA at
resonating frequency 6, 7, 8, 9, 10 and 11 GHz in CST Microwave
Studio. The directivity of three shapes of DRA are extracted and are
given in Table VIII. From Table VII and Fig. 11, it is clear that the
directivity of Triangular DRA is higher than Rectangular and
Cylindrical DRA at C and X-Band.

Fig. 8. Gain Comparison of Dual Band DRA
Fig 12-17 shows the simulated Gain result of Rectangular,
Cylindrical and Triangular DRA for comparison purpose at
resonating Frequencies 6, 7, 8, 9, 10 and 11 GHz. From fig.12- 17,
The Gain at different Resonating Frequencies of three shapes of
DRA are extracted and are given in Table 7. From Table 7, The
Directivity of Triangular DRA at C and X Band is higher than that of
the Rectangular and Cylindrical DRA.
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Fig. 9. Directivity Comparison of Dual Band DRA
IV. CONCLUSION
In this paper, Cylindrical Dielectric Resonator Antenna, Rectangular
Dielectric Resonator Antenna and Triangular Dielectric Resonator
Antennas have been analyzed and designed for dual bands whose
frequencies lie in two different bands of spectrum i.e. C-band and
X-band. The simulation of these three types of antennas made it
possible to compare the gain, directivity, return loss and
frequency characteristics of Cylindrical Dielectric, Rectangular and
Triangular Dielectric Resonator Antennas. From the results it is clear
that a dual band Triangular DRA yields a wide band when compared
with the other two designs, but at the same time the Rectangular
Dielectric Resonator Antenna shows better results in terms of
directivity and gain for the dual bands of 6-7GHz, 8-9GHz and 10-
11GHz than the other two designs. Finally, it is deducted from the
whole study of Dual Band CDRA, TDRA and RDRA that keeping in
mind the requirements, desired application and needs to make a
trade-off between these parameters to select the best suitable design
among the proposed designs for dual band applications. These types
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of Dual band Antenna designs can play a vital role in the field of
wireless LANs, subsurface communication, bio medical technology
telemetry aerospace technology and satellite communications [9-22].
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