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Abstract: This article reports the Modified Microstrip Feed Hybrid Rectangular Dielectric Resonator Antenna (RDRA). The proposed
structure has a ground plane with a plus-shaped slot on an FR4 substrate with a height of 1.6 mm and dimensions of 38 mm x 35 mm. The
proposed Dielectric resonator antenna is made of a material with 10 as its dielectric constant, and the dimensions of the DR are
19 x 20 x 18 mmd. The DR is connected to a modified microstrip feed with an octagonal ring through the plus-shaped slot in the ground.
The proposed structure operates in frequencies from 2.60 GHz - 2.74 GHz, 3.12 GHz - 3.37 GHz, and 4.25 GHz - 4.37 GHz. The resonant
frequency of the final proposed RDRA is 2.68 GHz, 3.26 GHz, and 4.31 GHz, which covers WLAN, WIMAX and Wireless Avionics Intra-
Communications (WAIC) applications, respectively. The entire structure was simulated using the CST microwave studio. The simulated
results agree with the measured results and both are presented. The compact size, stable radiation pattern and reasonable gain make this

antenna suitable for the proposed applications.
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1. INTRODUCTION

Researchers often use the Dielectric Resonator Antenna
(DRA) [1] because of its excellent advantages such as wider
bandwidth with reasonable efficiency, low cost with very low
fabrication complexity, and high gain [2], [3]. DRA has
overcome all the disadvantages of the conventional and other
new printed antenna techniques because it has unique
characteristics such as flexibility, very low conductor losses,
and excellent radiation performance [4], [5]. The DRA may
be of any shape. Circular, square, and rectangular shapes are
widely used due to their fabrication simplicity, with the
rectangular DRA being the most commonly used due to its
two-degree freedom. The Rectangular DRA characteristics
depend on the aspect ratio, and the DRA can also be excited
by different feeding techniques. In the current advancement
of wireless technology, antennas with multiband
characterristics play an important role. A large number of
narrowband applications such as Wireless Local Area
Network (WLAN), Worldwide Interoperability for Micro-
wave Access (WIMAX), Long Term Evolution (LTE) and
other standards are being deployed. In the last decade, the
most needed part of communication devices is the single
antenna that works with multiple wireless communication
standards. By integrating such multi-band antennas, the
communication devices become smaller.

The DRA has been widely used to achieve multi-band
characteristics since the last decade due to its desired band
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coverage and undesired band rejection capability. Parasitic
elements [6], multi-band excitation with unique feeding strips
[71, [8], [24], [25], or hybrid [9]-[11] techniques are
commonly used to achieve the multi-band characteristics
along with DRA. Fractal DRA is proposed for wideband
application [11], [12] and multi-band application [13]. Co-
Planar Waveguide (CPW) feeding is widely used to achieve
multi-band characteristics due to its very low dispersion and
radiation losses. But all the above methods are complex in
terms of fabrication and size. Multi-band can also be achieved
by combining two or more DRASs. In this case, two elements
must operate in the same mode at different frequencies. The
combined effect of the DRAs allows multi-band operation
with good impedance matching, but the major drawback is
the need of a large sized DR, so it cannot be used for modern
wireless communication devices. Ring structures are often
used as patches because of their radiation effects. Closed ring
resonators and open ring resonators are used as patches in
hybrid DRA to achieve good impedance matching and a
multi-band effect. In multimode techniques [14], [15],
independent frequency control is not possible because only
the DRA radiates. In [16] a multiple DRA is proposed for
wide multi-band operation, in [17] a cylindrical DRA with
filters for wireless applications.

The above-mentioned shortcomings can be overcome by
Hybrid DRA (HDRA), in which a radiator or microstrip patch
is used together with DRA. Independent frequency control
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and higher band achievement are two major advantages of
hybrid DRA. In this paper, Hybrid Rectangular DRA
(HRDRA) with triple-band operation is proposed for WLAN,
WIMAX, and Wireless Avionics Intra-Communications (WAIC)
applications. The antenna is coupled by two orthogonal slots
and excited with two microstrip rectangular ring slots.

2. RDRA GEOMETRY

The proposed RDRA is shown in Fig.1. The RDRA
consists of Arlon with 10 as its dialectic constant and the loss
tangent 0.0023. The designed RDRA has a width of x, a
length of b, and a height of h1. The RDRA is placed over the
plus-shaped slot that is imprinted into the ground plane. The
substrates hold the ground plane and the substrate is made of
FR4 with 4.4 as its dielectric constant and 0.002 loss tangent.
The substrate has dimensions of w for width, | for length, and
h for height. On another adjacent of the substrate, the
microstrip octagonal feed structure is printed to excite the
whole structure. The microstrip has a feed width of fw and a
feed length of fl. The octagonal ring has two rings. The outer
and inner rings have outer radii of 10 mm and 8.5 mm,
respectively. The ring thickness of both rings is 1 mm. The
gap between the two rings is 0.5 mm wide. The plus-shaped
slot with a length of I1 and a thickness of 1.1 mm is created
in the ground. The dimension of the RDRA can be calculated
by the following equation [1], [2].

ka? + ky? + k2 = eko? )

In the above equation, fo is the resonant frequency, C is the
speed of light. The wavenumber in the X, y, and z-directions
is represented by Ky, Ky, and K, respectively. The RDRA
parameters are optimized using CST Microwave Studio
software. The final parameters are shown in Fig. 2, and their
values are listed in Table 1. The radiation patterns are not
symmetrical because the RDRA is not placed in the center of
the ground plane. The lowest resonant frequency of the
designed RDRA is the fundamental mode TE5, which was
designed according to the DWM method [18].
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Fig. 1. RDRA geometry.

Table 1. Parameter values (in mm).
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Fig. 2. RDRA with its parameters.

Feed geometry design process

The shape of the feed is crucial because it facilitates the
coupling of all electromagnetic energy into the dielectric
resonator antenna. The altered feed configuration starts with
a basic microstrip that does not effectively link the energy to
the DRA. Therefore, an octagonal ring is introduced to
provide impedance matching. The combination of the
microstrip line and the octagonal ring, referred to as Feed 1,
operates across three distinct frequency bands. However, it
exhibits inadequate impedance matching for the higher-order
modes. To address this, a small stub is used to connect the
microstrip line and the octagonal ring, creating Feed 2.
However, this feed structure reduces the impedance for the
lower mode. As a solution, another ring with a stub
connection (Feed 3) is implemented in the final design,
resulting in a flawless impedance match.

Antenna X (Feed1)  Antenna Y (Feed 2) Antenna Z (Feed 3)

Fig. 3. Feed evolution.

Fig. 3 illustrates the progression of the feed design. Fig. 4
shows a comparison of S11 values for different feed
structures. The results show that with Feed 1, the proposed
RDRA operates in the frequency ranges of 2.63 GHz to
2.83 GHz, 3.3 GHz to 3.50 GHz, and 4.73 GHz to 4.83 GHz.
However, impedance matching is notably low in the two
upper bands. When using Feed 2, the designed RDRA
operates between 2.66 GHz and 2.76 GHz, 3.30 GHz and
3.54 GHz, and 4.61 GHz and 4.71 GHz. Unfortunately, the
impedance of the lower resonance is not adequately matched.
Feed 3, on the other hand, shows excellent impedance
matching across all frequency bands, operating from
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2.60 GHz t0 2.74 GHz, 3.12 GHz t0 3.37 GHz, and 4.25 GHz
to 4.37 GHz. The resonant frequencies for the final proposed
RDRA are 2.68 GHz, 3.26 GHz, and 4.31 GHz, covering
applications in WLAN, WiMAX, and WAIC.

Fig. 5 shows the S11 values for the feed structure without
the DRA. They clearly show that the rectangular dielectric
used contributes significantly to the achievement of triband
operation. The resonating modes TEXs10, TEXs11, and TEX111
occur at 2.68 GHz, 3.26 GHz, and 4.31 GHz, respectively.
Moreover, the far-field distribution of the short magnetic
dipole matches the TExs:; characteristics, with all radiation
patterns exhibiting omnidirectional traits.
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Fig. 4. Return loss comparison plot.
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Fig. 5. Return loss comparison plot with and without DR.

3. PARAMETRIC ANALYSIS

The parametric study is used to find the optimum
dimension of the designed antenna and to study the
performance features of the designed RDRA.

The feed width is the critical parameter that has a greater
impact on impedance matching and resonant frequency.
Therefore, its optimized values are determined using
parametric analysis. The feed width is increased from 1.8 to
2.6 mm in steps of 0.4 mm. The return loss performance of
RDRA for different feed widths is shown in Fig. 6. Fig. 6

shows that the 2.2 mm has very good impedance matching
and therefore is chosen for the final fabrication. The slot
length 11 also has a great impact on the impedance matching.
The 11 is increased in steps of 0.2 mm from 0.9 mm to
1.3 mm. From Fig. 7, which shows the comparison of s11 for
different slot lengths, it can be seen that when thell is
increased, the impedance matching at I11=1.1mm is
appropriate and therefore chosen for the fabrication.
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Fig. 6. Return loss comparison plot for different feed widths fw.

1= 0.9 mm
= =|1=1.1 mm
== «l1=1.3 mm

s11 (dB)

-30 T T T T T T T
2.0 2.5 3.0 35 4.0 4.5 5.0

Frequecny (GHz)

Fig. 7. Return loss comparison plot for different slot lengths 11.
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Fig. 8. Return loss comparison plot for different DRA heights h1.
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The DRA [19]-[21] dimension will have a more
noteworthy influence on the routine of the proposed RDRA,
so its height and width will be considered for the analysis.
The height of the DR is increased from 17 mm to 19 mm in
steps of 1 mm, the height hl=18 mm has excellent
impedance and resonance tuning, and therefore is chosen for
final fabrication. The width of the DR is also increased in
steps of 2 mm from 17 mm to 21 mm. From Fig. 9 it can be
seen that a width of 19 mm covers the required resonance
with good impedance bandwidth and matching. Therefore, a
dielectric resonator with a height of 18 mm and a width of
19 mm is chosen for the final fabrication.

x =17 mm
==Xx=19 mm
x=21mm

s11 (dB)

T T T T T T T T T T T T T
20 25 3.0 35 4.0 45 5.0
Frequency (GHz)

Fig. 9. Return loss comparison plot for different DRA widths.

4. RESULTS AND DISCUSSION

Fig. 10 shows the surface current of the desighed RDRA.
It can be observed that the surface current rotates from the left
to the right side at all resonant frequencies. The maximum
surface current is concentrated on the feed geometry and
around the ring structure coupling with the DRA.

Fig. 11 shows that the surface current in the ground plane
at 3.26 GHz is plotted from phase 0 degrees and 90 degrees.
It can be observed that the E-field also shifts from left to right
when the phase is shifted from zero degrees to ninety degrees.
From rotation of the electric field, we can conclude that the
proposed structure operates in TE;;5s mode.

The proposed RDRA is fabricated by stacking the
dielectric on top of each other, since the required height is not
available. The s11 is measured using Agilent E5071C VNA.

@ onomood bbbl Ao ow e om

(a) 2.68 GHz

(b) 3.26 GHz

The radiation pattern at different resonating frequencies is
shown in Fig. 12. The E-plane has a dipole antenna radiation
pattern and the H-plane has an omnidirectional pattern. Both
the E- and H-planes have a stable radiation pattern. The
measured results are closer to the simulated results. The
simulated s11 is compared and presented with the measured
s11 in Fig. 13. The slight deviation between the results is due
to manufacturing and SMA connection errors.

(c) 4.31 GHz

Fig. 10. Surface distribution at different resonant

frequencies.

current

Fig. 11. Surface current distribution at 3.26 GHz, phase 0 & 90
degrees.

(c) 4.31GHz

Fig. 12. E-plane and H-plane radiation pattern.
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Fig. 13. Simulated vs measured s11 characteristics. Fig. 14. Simulated vs measured gain.

Fig. 14 shows the simulated vs measured gain. The
maximum measured gain is 5.125 dBi. Table 2 compares the
simulated and measured results. In Table 3, the previous
reported RDRA is compared with the proposed RDRA, which
clearly shows that the proposed RDRA outperforms the
results published in the literature. Fig.15 shows the
fabricated antenna. The antenna was fabricated using the
photolithography method.

Fig. 15. Fabricated antenna.

Table 2. Measured vs. simulated results.

Band Resonant frequency (GHz) Operating frequency range (GHz)
Simulated Measured Simulated Measured
Band 1 2.68 2.64 2.61 -273 257-271
Band 2 3.26 3.12 3.142 - 3.36 2.98-3.20
Band 3 4.31 4.27 426 -4.35 4.23-4.33

Table 3. Proposed antenna vs reported in literature.

Refe-  DRA Geometry Feeding er Frequency  Total Size Gain  Fabri-
rence Mechanism  (DRA) Range cation
19 Stacked rectangular DRA  Aperture 15,22 3.94-6.06 46 x46x6.413 10.5 Complex
20 E-shaped DRA Microstrip 10.2 6.0 -10.2 50 x 50 x 15.762 8.1 Complex
21 Half cylindrical DRA Probe 9.8 51-83 50 x 50 x 18 5.94 Complex
22 Hybrid Monopole DRA Probe 10 4.6-9.7 r=42mmé&h=10m 4 Complex
23 CDRA Microstrip  9.8,4.4  2.50-2.76, 40x40x14.6 5.8 Complex

3.38 - 3.54,

4.90 - 5.30,

5.50 - 5.61,

5.78-5.98
This Hybrid Rectangular DRA  Microstrip 10,44 2.60-2.74, 32x35x19.6 55 Easy
work 3.12 - 3.37,

4.25-4.37
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5. CONCLUSION

In this paper, a hybrid Rectangular DRA for tri-band
operation is presented. The presented structure consists of a
modified microstrip octagonal feed structure RDRA coupled
with a plus-shaped slotted ground plane. The proposed
structure operates from 2.60 GHz - 2.74 GHz, 3.12 GHz-
3.37 GHz, and 4.25 GHz-4.37 GHz. The resonant frequency
of the final proposed RDRA is 2.68 GHz, 3.26 GHz, and
4.31 GHz, which covers WLAN, WIMAX, and WAIC appli-
cations. A parametric analysis is presented to identify the
optimal value for all critical parameters. The proposed
compact structure RDRA exhibits a stable omnidirectional
pattern, good gain, adequate impedance bandwidth and good
matching, making it suitable for the proposed next-generation
wireless communication.
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