
Titre:
Title:

Singly-fed large frequency ratio composite dielectric resonator 
antenna for sub-6 GHz and mm-wave 5G applications

Auteurs:
Authors:

Asadullah, Muhammad U. Khan, Awab Muhammad, Mohammad S. 
Sharawi, & Moath Alathbah 

Date: 2024

Type: Article de revue / Article

Référence:
Citation:

Asadullah, Khan, M. U., Muhammad, A., Sharawi, M. S., & Alathbah, M. (2024). 
Singly-fed large frequency ratio composite dielectric resonator antenna for sub-6 
GHz and mm-wave 5G applications. IEEE Access, 12, 67837-67846. 
https://doi.org/10.1109/access.2024.3399814

Document en libre accès dans PolyPublie
Open Access document in PolyPublie

URL de PolyPublie:
PolyPublie URL:

https://publications.polymtl.ca/58563/

Version: Version officielle de l'éditeur / Published version 
Révisé par les pairs / Refereed 

Conditions d’utilisation:
Terms of Use:

CC BY-NC-ND 

Document publié chez l’éditeur officiel
Document issued by the official publisher

Titre de la revue:
Journal Title:

IEEE Access (vol. 12) 

Maison d’édition:
Publisher:

IEEE

URL officiel:
Official URL:

https://doi.org/10.1109/access.2024.3399814

Mention légale:
Legal notice:

Ce fichier a été téléchargé à partir de PolyPublie, le dépôt institutionnel de Polytechnique Montréal
This file has been downloaded from PolyPublie, the institutional repository of Polytechnique Montréal

https://publications.polymtl.ca

https://publications.polymtl.ca/
https://doi.org/10.1109/access.2024.3399814
https://publications.polymtl.ca/58563/
https://doi.org/10.1109/access.2024.3399814


Received 8 April 2024, accepted 6 May 2024, date of publication 13 May 2024, date of current version 20 May 2024.

Digital Object Identifier 10.1109/ACCESS.2024.3399814

Singly-Fed Large Frequency Ratio Composite
Dielectric Resonator Antenna for sub-6 GHz
and mm-Wave 5G Applications
ASADULLAH1, MUHAMMAD UMAR KHAN 1, (Member, IEEE), AWAB MUHAMMAD 1,
MOHAMMAD S. SHARAWI 2,3, (Fellow, IEEE), AND MOATH ALATHBAH 4
1School of Electrical Engineering and Computer Science, National University of Sciences and Technology (NUST), Islamabad 44000, Pakistan
2Poly-Grames Research Center, Electrical Engineering Department, Polytechnique Montréal, Montreal, QC H3C 3A7, Canada
3Blue Origin LLC, Kent, WA 98032, USA
4Department of Electrical Engineering, College of Engineering, King Saud University, Riyadh 11421, Saudi Arabia

Corresponding author: Muhammad Umar Khan (umar.khan@seecs.edu.pk)

This work was supported by King Saud University, Riyadh, Saudi Arabia, through the Researchers Supporting Project
under Grant RSPD2024R868.

ABSTRACT A dielectric resonator antenna (DRA) is proposed for dual-band resonance for the mid-band
(sub-6 GHz) and the high-band (millimeter-wave) 5G applications. The proposed composite DRA consists
of an annular dielectric radiator concentrically integrated with a high-permittivity cylindrical DRA to realize
resonance at two distinct frequencies with large frequency ratio. The impact of composition of two distinct
dielectric materials on the radiation in both bands is analyzed taking into account the effective permittivity
of the composite structure. The composite DRA is excited with single Co-planar Waveguide (CPW). The
proposed DRA offers resonance at 4.44 GHz in the mid-band and 27.92 GHz in the high-band. The radiation
characteristics demonstrate broadside radiation pattern having 6.8 dBi and 4.3 dBi of gain in both bands
respectively. The efficiency of the DRA is observed to be 87.1% and 84.71% in the sub-6 GHz and mm-wave
bands, respectively. The radiation characteristics make the proposed composite DRA a potential design for
numerous 5G applications.

INDEX TERMS Dual-band DRA, large frequency ratio, singly-fed DRA, 5G antenna, composite DRA.

I. INTRODUCTION
The microwave spectrum faces congestion due to the
ever-increasing capacity demand pushed by rapid advance-
ments in computing systems and communication technology
[1], [2]. In order to accommodate the increasing demand of
the capacity and avoid the congestion in microwave spec-
trum, millimeter-wave (mm-wave) frequency band is utilized
for 5G communication. The mm-wave offers significantly
higher data-rate by exploiting wider channel bandwidth. The
mm-wave based 5G communication allows utilization of up
to 500MHz of channel bandwidth as compared to the 20MHz
bandwidth in the 4G communication system. Moreover, the
recent advancements in the semiconductor technology have

The associate editor coordinating the review of this manuscript and

approving it for publication was Ravi Kumar Gangwar .

also enabled CMOS to operate on the mm-wave spectrum
thus allowing the base station and mobile equipment man-
ufacturers to produce cost effective mm-wave based 5G
systems [3], [4].

However, the mm-wave propagation is affected by obstruc-
tions, atmospheric absorption, and attenuation specially in
urban areas. Thus, the mm-wave offers effective com-
munication only within a few hundred meters of the
range [5]. For long-range communication, wireless systems
still inevitably rely on microwave-based communication.
Achieving multi-band operations with a large frequency ratio
using single radiator and single feed is a formidable task.
The critical challenges in the design and characterization
of dual-band large frequency ratio antenna include realiza-
tion of sufficient radiation efficiency in both bands and an
efficient feeding mechanism that ensures ease of integration
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with the underlying systems. Several antenna designs have
been proposed to meet the dual-band requirement in both
the microwave and mm-wave frequency bands. Commonly,
a conducting radiator such as monopole, patch or slot radi-
ator is employed to resonate at distinct frequency bands [6],
[7], [8], [9], [10]. However, metallic radiators offer narrow
bandwidth, less efficiency and higher conducting losses spe-
cially at the mm-wave band. Whereas, dielectric resonator
antennas (DRAs) are recognized for their ability to provide
more efficient resonance, wideband radiation characteristics,
more design flexibility and support for a wide variety of exci-
tation techniques which allows them to be easily integrated
into variety of systems [11], [12]. The DRAs have gained
significant attention as potential choices for dual-band appli-
cations [13], [14], [15], [16], [17], [18], [19]. A 3D-printed
cylindrical DRA was combined with dielectric lens and
a dielectric rod for dual wide-band resonance [20]. The
cylindrical DRA and lens resonate at sub-6 GHz band with
fractional bandwidth of 21%, while the dielectric rod acts
as an mm-wave resonator with 26.2% bandwidth. The peak
gain attained by the antenna was 6.4 dBi in the lower band
and 12.7 dBi in the higher band. A rectangular DRA (rDRA)
for dual-band resonance was proposed by [21]. The rDRA
was designed for microwave band resonance (2.4 GHz) and
a conducting groove was embedded to form a Fabry–Perot
resonator antenna (FPRA) for mm-wave band (24 GHz). The
antenna was excited with two distinct ports for microwave
and mm-wave bands. A hollow DRA annexed with FPRA
was proposed for dual-frequency resonance [22]. Dual-port
feed was used to excite the antenna to realize dual-band res-
onance at 2.4 GHz and 24 GHz by positioning the FPRA and
air gap of the hollow region of the DRA. Microstrip feed was
used to excite the DRA, and WR-34 waveguide was used to
feed FPRA. Reference [23] introduced encapsulated DRAs,
where smaller DRAs with high permittivity were embedded
within larger DRAs with lower permittivity, which enabled
efficient radiation at two broadly separated frequency bands.
The antenna covered sub-6 GHz resonating at 3.2 GHz and
the mm-wave band for 5G and beyond applications with
resonance at 31.5 GHz. 3D printing through filament deposi-
tion method was used to create the dual wide-band E-DRAs,
which utilize a 5-element array of small cylindrical DRAs for
mm-wave bands and larger cDRA with a dielectric lens for
high-gain radiation. A 5-element array of high-permittivity
radiators was added to achieve beam-switching capability.
The antenna had separate microstrip feeds for low-frequency
and high-frequency resonances. Another DRA for large fre-
quency ratio dual-band applications was presented in [24].
The antenna was dual-fed and consisted of a slot radiator and
substrate integrated DRA to offer resonance in the sub-6 GHz
frequency band and the mm-wave band. A hollow conducting
patch was embedded with the slot antenna to achieve high fre-
quency resonance. Both low-frequency and high-frequency
antennas were excited using slot coupled feeding mechanism
embedded under a secondary substrate beneath the main

substrate. Recently, [25] proposed a multi-port integrated
large-frequency ratio DRA, comprising a MIMO and an
array. The MIMO antenna was based on 2 dielectric elements
for sub-6 GHz resonance and 4 array elements covering mm-
wave band. However, the DRA array was fed through a
1× 4 grounded co-planar waveguide (GCPW) power divider
and the MIMO elements were excited with separate GCPW
feedlines.

The dual-band large frequency ratio DRAs in the known
literature are limited to using multi-port excitations involving
different types of feeding mechanisms including microstrip,
slot-coupled, and the waveguide. However, the singly-fed
DRAs have been proposed only for small frequency ratio
resonances. A singly-fed rectangular DRA with diagonal
groove and two opposite vertices chamfered was proposed for
small dual-band operation with small frequency ratio [26].
The slot coupled feeding was used to excite the DRA for
resonance at 1.58 GHz and 2.44 GHz. A similar approach for
the excitation of a truncated cylindrical DRA was utilized to
achieve resonance at 5.19 GHz and 9.13 GHz [18].

In this paper, a singly-fed dual-band composite DRA
with large frequency ratio is proposed. The proposed DRA
exploits the combination of two distinct dielectric structures
to form a composite structure that covers both sub-6 GHz
and mm-wave bands for 5G communication. Composite
DRA is excited using a single port CPW feed. The pro-
posed dual-band DRA for 5G exhibits resonance in both
n79 and n261 bands. The large frequency ratio offered by
the proposed DRA ensures compatibility with a diverse
range of applications in 5G. sub-6 GHz applications include
Enhanced Mobile Broadband (eMBB) for reliable communi-
cation and Massive Machine-Type Communication (mMTC)
within the Internet of Things (IoT) framework. Resonance
in the mm-wave band (n261) at 27.92 GHz makes it suit-
able for low-latency applications like Ultra-Reliable Low
Latency Communications (URLLC) and Fixed Wireless
Access (FWA).

The rest of the paper is arranged as follows: the antenna
design evolution is presented in section II, which also
describes the phases of the design to achieve the final pro-
posed design of the composite DRA. Section III presents the
radiation characteristics of the simulated and fabricated pro-
totype. A brief comparison between the proposed composite
DRA and the state-of-the-art is also presented in the same
section. The conclusion is presented in section IV.

II. ANTENNA DESIGN EVOLUTION
The design process is aimed to utilize a combination of
distinct dielectric radiators to achieve resonance in two
widely separated frequencies which cover both the mid-
band (sub-6 GHz) and the high-band (mm-wave). Rogers
RT/Droid 5870 having εr = 2.33, 0.787 mm thickness
and the loss tangent of 5 × 10−4 is used as the substrate.
The chosen substrate is well suited for applications involv-
ing large frequency ratio due to its consistent dielectric
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constant and the loss tangent for frequency spectrum ranging
up to 40 GHz. The design process involves two iterations
which are aimed to achieve dual-band resonance. In the first
iteration, an annular dielectric resonator is designed to realize
the low frequency resonance. In the second iteration, a cylin-
drical DRA composed of a higher dielectric constant material
is embedded concentrically in the annular antenna. The suc-
ceeding subsection presents the methodology for design of
the annular DRA.

A. ANNULAR DRA DESIGN
In the first phase, the annular DRA is constructed using white
marble as its dielectric material. The dielectric properties
of the marble may vary depending on its composition of
elements. White marble typically contains a composition of
calcium oxide, magnesium oxide and iron. It consists of a
high percentage of calcite mineral as compared to other
commonly available marbles such as grey, brown and tiger-
skin marble. The latter ones consist of higher concentration
of carbon, aluminum and manganese oxides which results
in very high permittivity making them unsuitable for the
composite DRA [27]. White marble possesses the relative
permittivity εr = 8.3, loss tangent of 5×10−4, and the relative
permeability µr = 1 [28].

Resonant frequency of the annular DRA is approximated
using the cavitymodel [29]. Thewalls of the annular DRA are
approximated bymagnetic boundaries. The wave function for
the fundamental mode TM01δ of the approximated cavity can
be expressed as:

ψ = J1

(
Xρ
a

)
cosϕ cos

zπ
2d

(1)

where J1 is the Bessel function of the first kind, a is the outer
radius, d is the height of the DRA, ϕ and ρ are the cylindrical
coordinates of the feed.

The parameter X is the root of the Bessel’s equation of
the first kind. The mathematical expression for the resonant
frequency of the fundamental resonant mode TM01δ is written
as:

fTM01δ =
co

2πa
√
εr

√
X2 +

(πa
2d

)2
(2)

The resonance frequency of both cylindrical as well as
annular DRAs can be evaluated using (2). The value of X
varies with the ratio of the inner radius to the outer radius
of the annular structure. Therefore, the cylindrical DRA is
considered as a special case of annular DRA where the ratio
of inner to outer radius is zero [29]. Fig. 1 presents the
structure of the annular marble DRA.

Design attributes of the annular DRA are shown in Table. 1.
For the given parameters of the proposed annular DRA, the
ratio of inner radius b to outer radius a, b/a is 0.68 and
the root X holds the value of 9.7. The resonant frequency
is calculated using (2) and is found to be 7.41 GHz. The
resonant frequency is higher than the targeted frequency for
sub-6 GHz 5G band. Nevertheless, the deliberate adjustment

FIGURE 1. Geometric structure of the proposed annular DRA (a) side view
(b) top view.

TABLE 1. Design parameters of DRA.

of the resonant frequency is made higher than the desired
frequency. This deliberate alteration anticipates that, in the
second phase of DRA design, the incorporation of a high
permittivity center DR would effectively alter the resonant
frequency.

B. COMPOSITE DRA DESIGN
In the second phase, the annular DRA is integrated with high
permittivity cylindrical structure. The geometric representa-
tion of the composite DRA is presented in Fig. 2.

The DRAs made from materials possessing high dielectric
constant are generally more efficient, robust and low-profile
structures that are used for wide range of applications [30],
[31], [32], [33]. Commonly used high permittivity dielectric
materials are typically composed of ceramic materials that
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FIGURE 2. Geometry of composite DRA, s=10mm, εr1= 8.3 and
εr2 = 12.94.

include various types of titanates such as barium titanate,
strontium titanate, lead zirconate titanate, calcium titanate
and magnesium titanate [34], [35], [36], [37]. Ceramic mate-
rials are a suitable choice for the applications requiring
high permittivity materials. However, their dielectric prop-
erties are more susceptible to variations in frequency. This
nature makes them inappropriate for applications involving
multi-band resonance with large frequency ratio. Further-
more, the titanate based ceramic materials are temperature
sensitive and possess spontaneous polarization making them
unstable and less efficient [38]. Gallium Arsenide (GaAs)
is used to construct the inner DR of the proposed antenna.
It is a semi-conductor having high bandgap energy. The
higher electron mobility and wide bandgap of GaAs make
it more suitable for both microwave and the mm-wave band
applications.

Addition of the high permittivity structure alters the effec-
tive permittivity εeff of the radiator. The substance and the
dimensions of the high permittivity structure are chosen
such that εeff of the composite DRA becomes approximately
equal to the permittivity of marble cylindrical DRA. This
approximation will be considered for evaluating the resonant
frequency of the proposed composite DRA. The effective
permittivity of the composite material can be defined as the
sum of products of relative permittivity and the fractional
volume of each material [39]. The effective permittivity of
the composite DRA can be evaluated using:

εeff = εafa + εmfm + εgfg (3)

where the subscripts a, m and g represent the air, marble
and GaAs material and the f represents the fractional volume
of each material. The computed effective permittivity of the
composite DRA stands at 7.67. However, (3) does not take
into account the variations in frequency. For large frequency-
ratio applications, it is crucial to consider the frequency
dependency of the effective permittivity of the composite
DRA. In order to understand the impact of varying frequency,
parametric analysis of the effective permittivity for different
volumes of GaAs in the composite DRA is carried out using
the two-port waveguide method [40]. Fig. 3 depicts the per-
mittivity profiles of the composite DRA for various volumes
of GaAs based DR.

FIGURE 3. Parametric analysis of effective permittivity for different
volumes of GaAs in the composite DRA.

It is observed that the effective permittivity is significantly
influenced by variations in the volume of the GaAs based
DR at the lower frequency resonance. However, as the fre-
quency increases, the permittivity profiles converge to the
high permittivity materials. Thus, the effective permittivity at
high frequency is dominated by the GaAs material. At lower
frequency bands, the composite DRA can be treated as a
cylindrical DRA having εeff =7.67. The resonant frequency
is approximated using (2). The value of the root X for cylin-
drical DRA, having inner to outer radius ratio b/a = 0, is 9.7.
The resonant frequency is calculated to be 3.29 GHz. It is
evident that the resonant frequency has reduced by a factor of
4.12 GHz. The inclusion of the high permittivity cylindrical
DR plays a vital role in reducing the resonant frequency of the
annular DRA to the desired resonant frequency which covers
the n79 band of sub-6 GHz band of the 5G communication.

Electric field distribution for the dominant mode is pre-
sented in Fig. 4. Electric field lines are observed to be
pointing outward from the central axis of DRA. This shows
the excitation of the fundamental TM01δ mode, producing a
distribution similar to that of a half-wavelength monopole.
The simulated results of the reflection coefficient for both
annular and composite DRA are compared in Fig. 5. It can
be observed that the annular DRA resonates at 7.56 GHz.
Whereas, the composite DRA exhibits a resonance frequency
of 4.44 GHz. The shift in the resonance frequency is observed
by the factor of 3.1 GHz.

In the millimeter-wave frequency band, the wavelength
becomes comparable to the antenna dimensions. Conse-
quently, the conventional method of calculating effective
permittivity through (3) loses its effectiveness. The cylin-
drical DRA is excited in the higher order modes to achieve
mm-wave band resonance. Due to the composition of two
distinct materials within the DRA, no closed-form solution
exists for its analysis. Therefore, to anticipate the reso-
nance frequency within the millimeter-wave band, CST’s
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FIGURE 4. Electric field distribution in the composite DRA in
(a) azimuthal and (b) radial axes.

FIGURE 5. Reflection coefficients of the simulated annular DRA
resonating at 7.56 GHz and composite DRA resonating at sub-6 GHz
frequency band.

eigenmode solver was employed. The composite DRA
exhibits resonance with three higher-order modes, namely
TM41δ , TM33δ , and TM14δ .

C. FEED NETWORK DESIGN
In order to excite the annular marble DRA, a feeding mech-
anism is implemented using a co-planar waveguide (CPW)
as shown in Fig. 1. This choice of CPW as the feeding

FIGURE 6. Parametric analysis of reflection coefficient for various lengths
of CPW feed at sub-6 GHz band.

FIGURE 7. Parametric analysis of reflection coefficient for various lengths
of CPW feed at mm-wave band.

mechanism offers several advantages, including a wide range
of frequency bands and lower signal losses when compared
to alternative feedline configurations such as microstrip and
co-axial feedlines. Parametric analysis of the length of CPW
feed is carried out to optimize the feeding position for the
proposedDRA. Fig. 6 and Fig. 7 show the simulated results of
the reflection coefficient for various values of the feed length
F1. It is observed that the length of the CPW feed has a slight
impact on the resonance of the proposed DRA. However,
the length parameter significantly influences the impedance
bandwidth of the DRA. The optimum feeding position
to ensure maximum impedance bandwidth is obtained at
F1 = 17 mm.

III. RESULTS AND DISCUSSION
The proposed DRA is fabricated using abrasive waterjet
cutting. Fig. 8 shows the fabricated structure of the pro-
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FIGURE 8. (a) Fabricated Prototype of the proposed DRA
(b) Measurement of far-field radiation patterns in anechoic chamber.

FIGURE 9. Measured and simulated reflection coefficient at sub-6 GHz
frequency band.

posed composite DRA. The measurement of the reflection
coefficient was performed using Anritsu MS46122B vector
network analyzer. Measurement of the far-field radiation pat-
terns was performed in the anechoic chamber at the RF and
microwave measurement facility at the National University
of Science and Technology (NUST) for the verification of
the results. Results of the simulated and fabricated composite
DRA are described in the following sub-sections.

A. REFLECTION COEFFICIENT
The simulated and measured results of the reflection coef-
ficient at sub-6 GHz band are presented in Fig. 9. The
measured reflection coefficient is observed to align well with
the simulated results. The proposed composite DRA offers
impedance bandwidth of 880 MHz (4 GHz - 4.88 GHz) and
a fractional bandwidth of 19.8%. The lower band of the pro-
posed DRA covers n79 band of the 5G communication. The
mm-wave band results of simulated and measured reflection
coefficients are shown in Fig. 10. It is evident from the reflec-
tion coefficient profile that the composite DRA is excited
at three higher order modes TM41δ , TM33δ and TM14δ .
The resonance at the latter two modes enables wide-band

FIGURE 10. Measured and simulated reflection coefficient at mm-wave
frequency band.

FIGURE 11. Far-field radiation patterns at 4.44 GHz (a) phi=0 plane,
(b) phi=90 plane.

response having an impedance bandwidth of 1.16 GHz
(27.34GHz – 28.5GHz) and fractional bandwidth is observed
to be 4.1%. The mm-wave band of the proposed compos-
ite DRA covers the n261 band of the 5G network. It can
be observed that the measured results closely match the
simulated results.

B. FAR-FIELD RESULTS
The far-field radiation patterns of the simulated and fabri-
cated composite DRA at 4.44 GHz are shown in Fig. 11.
The co-polarization and cross-polarization radiation patterns
are normalized with respect to the maximum value of co-
polarization. The far-field radiations in the azimuthal and
elevation axes are presented by the phi=0 and phi=90 planes
respectively. The Half Power Beamwidth (HPBW) at the
sub-6 GHz band is observed to be 65.23o in the azimuth
plane and 55.15o in the elevation plane. The HPBW at the
mm-wave band is 39o in the azimuth and 20.12o in the
elevation plane. It is observed that the proposed DRA radi-
ates in broad-side directions in both planes imitating the
radiation characteristics of a half-wavelength monopole. The
composite DRA exhibits peak gain of 6.8 dBi in the lower-
band. The cross-polarization level is observed to be lower
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TABLE 2. Comparison with the related work.

FIGURE 12. Far-field radiation patterns at 27.92 GHz (a) phi=0 plane,
(b) phi=90 plane.

than -40 dBi. The far-field radiation patterns at 27.92 GHz,
normalized to the maximum of co-polarization, are pre-
sented in Fig. 12. The peak gain at the mm-wave frequency
band is 4.3 dBi and the cross-polarization level is less than
−22 dBi. The composite DRA exhibits radiation efficiency
of 87.1% and 84.71% in the sub-6 GHz and mm-wave bands
respectively.

C. COMPARISON WITH THE STATE OF THE ART
The comparison between the proposed composite DRA and
state-of-the-art antennas with large frequency ratios is shown
in Table 2. Large-frequency ratio antennas presented in [20],
[21], [22], [23], and [24] use a combination of multiple
distinct radiating elements excited separately. Multi-port
feeding mechanism is used to excite distinct radiators at
both low-frequency and high-frequency bands. A combina-
tion of DRs is used in [20] for dual-band operation with
large frequency ratio. A cylindrical DR and a dielectric lens
(DL) are designed to resonate at sub-6GHz and a secondary

smaller DR is embedded under the larger DR for mm-wave
band resonance. The larger DR and DL act as radiating
aperture at mm-wave band to enhance the gain and offer
the pek gain of 12.7 dBi. However, the radiating efficiency
at mm-wave band is 77% which is much less as compared
to the proposed antenna. A similar combination of DL with
smaller DRAs encapsulated inside a larger 3D-printed DRA
was presented [23]. The sub-6 GHz DRA was excited using
slot coupled feed and the encapsulated 5-element MIMOwas
excited using microstrip feed lines. Moreover, the 3D-printed
DRA was excited with 6 ports resulting in a complex feeding
network. On the other hand, the proposed DRA is singly-fed
and is more than 50% smaller in size as compared to the
3D-printed DRA.MIMO configuration of themm-wave band
radiators offered an improved efficiency of 80% as compared
to the earlier work [20]. A metallic groove on the top of rect-
angular DRA is used to offer mm-wave band resonance [21].
Apart from fabrication and integration complexity due to
two distinct feeding approaches for sub-6 GHz andmm-wave
band operations, the metallic radiator also suffers from low
radiation efficiency at mm-wave band. The radiation effi-
ciency at mm-wave band is 75% at its resonance frequency
of 24 GHz. Whereas, the proposed composite DRA offers
84.71% efficiency in the upper band. A combination of DRA
and FPRA was used for dual-band resonance at sub-6 GHz
and mm-wave bands respectively. A feeding strip is used
to excite the cylindrical DRA at sub-6 GHz band whereas a
WR-34 waveguide is used for excitation at mm-wave band.
The radiation characteristics at the mm-wave band depict a
high gain of 17.2 dBi and efficiency of 87.3%. Though the
antenna offers high gain and efficiency, the excitation method
makes it less suitable for its integration with printed circuits
limiting its applicability.
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A combination of dual-fed slot antenna and substrate inte-
grated DRA was used for dual-band operation with large
frequency ratio [24]. The DRA was surrounded with metallic
vias and air holes to achieve impedance matching and desired
directivity. However, the air holes caused significant fab-
rication tolerance causing a reduction in realized radiation
efficiency which was observed to be only 63% at sub-6 GHz
band. On the other hand, the simplistic cylindrical nature of
the proposed composite DRA makes it very unlikely to cause
fabrication tolerance.

The dual-band large frequency-ratio antennas discussed
above use multiple excitations for different frequency bands.
It was observed that the antennas that utilize metallic radi-
ating elements or combinations of DRA with DL suffer
from conducting losses and tend to offer less efficiency.
Moreover, the large-frequency- ratio antennas in the liter-
ature use a combination of different feeding mechanisms
including waveguide, slot-coupled feed, metallic strip and
microstrip feedlines making them less suitable for integration
with other systems. Singly-fed antennas presented in [19]
and [26] are based on single element radiators and offer
dual-band resonance. However, the frequency ratio is much
lesser as compared to the proposed composite DRA. The
proposed DRA covers both the mid-band and the mm-wave
band of the 5G network utilizing a single CPW feed. The
fractional bandwidth at the mm-wave band is narrower as
compared to the bandwidth in the sub-6 GHz due to the higher
order resonance. Moreover, the presence of spurious resonant
modes contributes to narrowing the fractional bandwidth in
the mm-wave band. The antenna exhibits good radiation
characteristics having higher efficiency as compared to the
state-of-the-art.

IV. CONCLUSION
A novel and efficient composite DRA is proposed in this
article. The composite DRA is designed to offer dual-band
resonance for 5G applications. The proposed dual-band
composite DRA consists of a singly-fed annular dielectric
structure and a high permittivity DR embedded concentri-
cally. CPW feeding method is used to excite the fundamental
mode (TM01δ) for resonance in sub-6 GHz, and higher-order
modes (TM41δ , TM33δ , and TM14δ) for mm-wave resonance.
The performance of the proposed composite DRA was opti-
mized by carrying out the parametric analysis considering
the parameters of the CPW feed and the volume of dielec-
tric structures. The prototype of the composite DRA was
fabricated through water-jet cutting method. The prototype
of the DRA was tested and the results were compared
to the simulated ones. The measured results demonstrate
that the proposed antenna achieved dual-band resonance at
4.44 GHz with the fundamental resonant mode TM01δ and
27.92 GHz with higher order mode. Additionally, the antenna
demonstrated high efficiency, broadside radiation patterns,
and substantial fractional bandwidth. The single-port CPW
feed enables the proposed antenna to be conveniently inte-
grated with numerous underlying systems. The dual-band

large frequency ratio resonance makes the proposed DRA a
promising choice for a variety of 5G applications including
eMBB, mMTC, URLLC, and FWA.
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