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Abstract — A novel wideband meta-dielectric resonator
antenna (MDRA) is presented in this paper. Metamate-
rial technology is introduced to broaden the impedance
bandwidth of the DRA. The proposed MDRA com-
prises a 4 x4 array of subwavelength meta-dielectric res-
onator cuboids (0.09640x0.096A40x0.116A40, where A0
denotes the free space wavelength at the center fre-
quency) fed by a microstrip-slot configuration. The pro-
posed MDRA achieves a wideband -10 dB impedance
bandwidth of 36% (1.88-2.71 GHz) with a stable radi-
ation pattern. Due to its advantages of low profile, sim-
ple structure, wide bandwidth and stable radiation pat-
tern, the MDRA may be applied to the wideband wireless
communication systems.

Index Terms — Dielectric resonator antenna, metamate-
rial, stable radiation pattern, wideband.

L. INTRODUCTION

With the development of 5G and B5G wireless com-
munications, data transmission capacity is in increasing
demand [1]. Meanwhile, wideband antennas, as impor-
tant transmitting and receiving devices, have attracted
considerable attention for enhancing communication
capacity. To date, many different types of antennas
have been developed for broadband operation, such as
L-probe fed antenna [2], E-shaped patch antenna [3],
magneto-electric dipoles [4] and others [5]. In addition,
dielectric resonator antennas (DRAs) are also adopted
for wideband applications due to their light weight, cost
efficiency, smaller size and high radiation efficiency.

To achieve wideband operation of DRAs, many
techniques have been proposed and developed. One
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technique is to adopt special DRA structures to excite
multiple modes for bandwidth enhancement, such as H-
or T-shaped DRAs [6-9], but their radiation patterns do
not exhibit stable broadside characteristics. For exam-
ple, a diversity cylindrical DRA can achieve a wider
impedance bandwidth of 30%, covering 3.08-4.16 GHz,
but its broadside radiation pattern is degraded [9].

An alternative approach for bandwidth enhancement
is to excite hybrid resonant modes in the DRA using a
complex feeding network [10-12]; however, this method
is limited by the intricate feed structure and increased
antenna dimensions. In [10], a tri-mode stub-loaded res-
onator was employed as the feeding network to achieve
an impedance bandwidth of 34%. In [11], a cup-like
DRA with a coil feeding structure demonstrated a band-
width of 29%. In [12], a 1-to-4 slot-coupled feeding
mechanism was utilized to excite a cylindrical DRA,
achieving an impedance bandwidth of 25.2% (without
aperture mode) and 34% (with aperture mode). In addi-
tion, fractal geometries and multi-element configura-
tions have been employed to significantly enhance the
bandwidth of DRAs [13-17], but these designs typically
exhibit asymmetric radiation patterns and high cross-
polarization levels. In [18], a wideband DRA with a
lattice structure was proposed, but it requires a high-
permittivity (about 40) lattice body and an additional
SIW cavity.

Recently, metamaterials have received a lot of atten-
tion due to their unique electromagnetic physics perspec-
tives [19-21]. However, to date, few studies have focused
on metamaterial-based DRAs. In [20], a DRA inte-
grated with a top-loaded rotatable anisotropic metasur-
face was proposed, achieving an impedance bandwidth
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of 0.65 GHz (6.52-7.17 GHz). In [21], by adding a
6x6 array of periodic metallic patch cells and shorting
walls, the impedance bandwidth of the DRA is dramat-
ically increased to about 17.2% (1.75-2.08 GHz), and
it achieves a stable gain of 6.6 dBi and a lower cross-
polarization level. However, its bandwidth is still narrow,
and the rectangular structure of the DRA is not com-
pletely changed (extra metasurface patches are added).

In this work, metamaterial technology is adopted to
enhance the impedance bandwidth of the DRA while
maintaining good radiation patterns. A novel wideband
meta-dielectric resonator antenna (MDRA) is proposed
in this paper. The MDRA consists of a 4x4 meta-
dielectric resonator cuboid array fed by a microstrip-slot
configuration. Each cuboid element has a length of 12
mm, which is about 0.0964.0 (where A0 denotes the free-
space wavelength at the center frequency). Its 15 mm
height corresponds to 0.116A0. Therefore, the element
size meets the subwavelength characteristic of metama-
terials. Through the antenna fabrication and testing, the
proposed MDRA achieves a 36% -10 dB impedance
bandwidth (1.88-2.71 GHz) with a stable radiation pat-
tern. Due to these advantages, including low profile,
simple structure, wide bandwidth and stable radiation
characteristics, the MDRA is highly suitable for modern
wireless communication systems with stringent minia-
turization requirements, such as 5G mobile terminals and
IoT devices.

This paper is organized as follows. Section II
presents the operation principle and design of the
MDRA. Section III compares and discusses the simu-
lated and measured results. Section IV draws the final
conclusions.

II. THEORETICAL ANALYSIS OF THE
MDRA
A. Configuration of the MDRA
Figure shows the top and side configurations of the
MDRA on the grounded substrate with a thickness of 7.
The RT/duroid 5880 with a dielectric constant of 2.2 and
loss tangent of 0.0009 is adopted as the substrate. The
proposed MDRA consists of a 4x4 meta-dielectric res-
onator array composed of Al,O3 material cuboids with a
length of d;, width of d,, and height of A. Parameters s
and s, are the gaps between cuboid elements, as shown
in Fig. 1 (a). The slot with a length of /; and width of w;
provides electromagnetic coupling to the meta-dielectric
resonator and a microstrip line is employed for the
feeding.

B. Design of the proposed MDRA

Figure 2 shows the design flow of the proposed
MDRA. Ant.I has one meta-dielectric element. The 2x2
meta-dielectric array is defined as Ant.Il. Ant.IIl com-
prises the 33 meta-dielectric array. Finally, Ant.IV con-
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Fig. 1. Configuration of the wideband meta-dielectric
resonator antenna: (a) top view and (b) side view.

> > >

Antl Ant.IT Ant.III AntIV

Fig. 2. Structural evolution of the wideband MDRA.

sists of the 4x4 meta-dielectric array. Their simulated
|S11| is shown in Fig. 3. It is noted that the resonant fre-
quency decreases from Ant.I to Ant.IV. This is because
the dielectric structure size gradually increases.
According to Ant.IV, structural size optimization is
performed. By fixing the gap width (s;=s,=1 mm), the
side length d,, of the meta-dielectric cuboid is decreased
from 14 to 10 mm, and the impedance bandwidths of the
proposed MDRA change, as shown in Fig. 4 (a). When
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Fig. 4. Simulated |S11| of the proposed MDRA with
sizes d,,, d;, s1 and s5.

the gap width (s; and s;) between the meta-dielectric
cuboids changes, the simulated |S11| is displayed in
Fig. 4 (b). When d,,=d;=12 mm and s;=s,=1 mm, a
wider impedance bandwidth is achieved and two reso-
nant frequency points (2.08 and 2.54 GHz) are obtained
for enhancing the impedance bandwidth. The final geo-
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metrical parameters of the proposed MDRA are summa-
rized in Table 1.

Table 1: Key parameters of MDRA (Unit: mm)

81 82 d; dy I W
10 10 12 12 27 2
S $2 In Win h t
1 1 58 4.85 15 1.57

C. Work principle of the proposed MDRA

To explore the working principle of MDRA, the
electric field distributions at the two resonant frequency
points are simulated and analyzed. First, the four side
view planes (1#, 2#, 3# and 4#) of MDRA in the E-plane
direction are selected to investigate the electric field, as
shown in Fig. 5. In addition, the electric field of the
MDRA from the top view is also a key observation sur-
face and is provided for studying the radiation perfor-
mances.

Four side view planes (1#, 2" , 3# ,4#)
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Fig. 5. Four side view planes (1#, 2#, 3# and 4#) of
MDRA in the E-plane direction.

Figure 6 shows the simulated electric field distri-
butions of MDRA at 2.08 GHz. The antenna operates
in TEY111 mode, with low-loss characteristics and uni-
form field distribution for efficient energy radiation. In
the top view shown in Fig. 6 (a), the electric field in
the middle part is stronger and those on both sides are
weaker, but the electric field directions on the top sur-
face of each meta-dielectric cuboid are almost the same.
In the side view shown in Fig. 6 (b), the electric fields of
each horizontal row cuboid have the same rotation direc-
tion. Therefore, the corresponding far-field radiation is
good, as shown in Fig. 8.

Similarly, Figs. 7 (a) and (b) display MDRA’s elec-
tric field distributions at 2.54 GHz in top and side
views. The antenna’s center operates in TEY131 mode,
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Fig. 6. Simulated electric field distributions of MDRA
at resonant frequency of 2.08 GHz: (a) top view and (b)
side view.
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Fig. 7. Simulated electric field distributions of MDRA
at resonant frequency of 2.54 GHz: (a) top view and (b)
side view.
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Fig. 8. Simulated normalized radiation patterns of pro-
posed MDRA at frequencies of 2.08, 2.54 and 2.7 GHz:
(a) in the E-plane and (b) in the H-plane.

where its multi-lobe field strengthens radiation coupling
and boosts performance. Top view and side view show
weaker electric fields in the middle and side regions but
stronger fields at vertical gaps, while maintaining consis-
tent field directions across all cuboids. The correspond-
ing far-field radiation is good, as shown in Fig. 8. In addi-
tion, it is found that the main beams with different fre-
quencies are similar and the antenna has a lower cross-
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polarization level in the E-plane (<40 dB) and H-plane
(<30 dB).

III. EXPERIMENTAL RESULTS AND
DISCUSSION

The results comparison between simulations and
measurements of the proposed MDRA are performed
in this section. Fabrication and measurement photos of
the MDRA are given in Fig. 9. Simulated and measured
|S11] and gains of the MDRA are compared in Fig. 10.
Simulated and measured -10 dB impedance bandwidths
of the proposed MDRA are about 30% (2-2.7 GHz)
and 36% (1.88-2.71 GHz), respectively. Measured [S11|
and gains have a frequency deviation with the simulated
ones due to changes in dielectric constant and fabrica-
tion assembly errors. The simulated and measured radi-

Fig. 9. Fabrication and measurement photos of MDRA.
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Fig. 10. Simulated and measured |S11| and gains of
MDRA.
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Fig. 11. Simulated and measured normalized radiation
patterns of the antenna: (a) 1.9 GHz in the E-plane, (b)
1.9 GHz in the H-plane, (c) 2.3 GHz in the E-plane, (d)
2.3 GHz in the H-plane, (e) 2.7 GHz in the E-plane, and
(f) 2.7 GHz in the H-plane.

JIANG, XU, LUO, HUANG, WANG, JIN, PENG: WIDEBAND META-DIELECTRIC RESONATOR ANTENNA

ation patterns of MDRA at frequencies of 1.9, 2.3 and
2.7 GHz are compared in Fig. 11. Simulated and mea-
sured main lobes are similar and they have stable radia-
tion pattern characteristics. Cross-polarization levels are
less than —30 dB in the main lobe, but measured ones are
less than —20 dB. The difference in cross-polarization
level may be caused by errors in fabrication, assembly
and radiation measurement. These differences indicate
acceptable agreement.

Table 2 summarizes the comparison results of the
proposed MDRA and other existing wideband DRAs.
It is noted that the proposed MDRA features the
advantages of low profile, simple structure, wide band-
width and stable radiation pattern. Due to the sym-
metrical structure, the proposed MDRA has a lower
cross-polarization level at the operating band. The
design achieves broadband performance through cou-
pling effects between subwavelength DRA arrays, offer-
ing a novel approach to address bandwidth limitations.
Furthermore, while [20, 21] implemented metasurface
properties by adding metal patches on the resonator sur-
face, the proposed method directly realizes wideband
functionality through the inherent material properties
and periodic arrangement of dielectric resonators.

IV. CONCLUSION

In this paper, a novel wideband MDRA is pre-
sented based on metamaterial technology. By construct-
ing a subwavelength resonant unit array, the bandwidth
limitations of conventional DRAs have been success-
fully overcome. The MDRA employs a 4 x4 periodically
arranged dielectric resonator array, which is fed by a
microstrip-slot configuration. Experimental verification
demonstrates that the proposed MDRA achieves a wide-
band -10 dB impedance bandwidth of 36% (1.88-2.71
GHz) with a peak gain of 7.69 dBi and a stable radiation

Table 2: Comparison of proposed MDRA and previous wideband DRAs

Ref. Type of Structure BW | f, (GHz) &, Size (10) Peak Gain Complexity Radiation
(%) (dBi) Pattern
[7] Asymmetrical T-shaped with 75.08 6.1 9.8 0.14x0.48x0.26 7.35 Medium Unstable
trapezoidal probe feeding broadside
[8] Triangular DRA 474 5.68 10 0.096x0.35x0.35 6.5 Simple Unstable
broadside
[10] Rectangular DRA 34 2.6 10.2 2.27x2.27x1.45 9.1 Complex Unstable
broadside
[11] Cup-shaped DRA 29 3.5 4.3 0.25%x0.25x0.23 Medium Stable
[16] 2x2 Cylindrical DRA array 13.7 8 12 1.89x1.89x0.24 17.8 Simple Unstable
broadside
[20] | DRA with a top-loaded rotatable | 9.5 6.8 20.5 | 0.88x0.63x0.072 5.57 Complex Stable
anisotropic metasurface
[21] DRA with metasurface patches 17.2 1.9 15 0.32x0.32x0.044 6.6 Complex Stable
and shorting walls
This | 4x4 meta-dielectric resonator 36 2.33 9.8 0.4x0.4x0.116 7.69 Simple Stable
Work

A0 denotes free space wavelength at center frequency
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pattern. Compared with existing dielectric resonator
antennas, the proposed MDRA utilizes a subwavelength
resonator unit array, exhibiting advantages of low profile,
simple structure, wide bandwidth and stable radiation
performance. These characteristics make it particularly
suitable for application scenarios with stringent require-
ments on antenna integration and radiation performance,
including 5G mobile terminals and IoT devices.
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