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ABSTRACT This paper presents a large frequency ratio antenna that covers the widely separated 5G bands.
The proposed antenna consists of a 2-element rectangular DRA (rDRA)-based MIMO antenna for the sub-
6 GHz band, with an embedded 1x4 cylindrical DRA (cDRA) array covering the mmW band. The rDRAs
are fabricated through a cost and time-efficient 3D printing process, whereas small dimensions of cDRAs
are precisely machined through a CNC. The proposed antenna has a measured impedance bandwidth of
31.63% at 4.9 GHz and 21.5% at 28 GHz. The antenna has a peak gain of 6.6 dBi at the sub-6 GHz
and 12 dBi at the mmW bands. Moreover, the proposed antenna has an Envelope Correlation Coefficient
(ECC) of less than 0.01, whereas the simulated beam steering performance of the antenna exhibits good

performance for the sector of +50°.

INDEX TERMS large frequency ratio antenna, dielectric resonator antenna, Multiple Input and Multiple

Output, beamforming, array antenna, 5G.

I. INTRODUCTION

IFTH Generation (5G) of cellular communication sys-

tems is currently being deployed around the world. It is
a substantially improved communication standard compared
to its predecessors, and primarily offers its users improved
bandwidth, ultra-high reliability, low latency, and massive
connectivity. These interesting characteristics of 5G stan-
dards are crucial in realizing revolutionary technologies such
as Vehicle to Everything (V2X), Internet of Things (IoT),
smart homes, smart cities, and more. In addition to the
commonly used sub-6 GHz band, the 5G standard also aims
to benefit from the vacant millimeter-wave band. Therefore,
design guidelines of 5G enabling technologies differ for sub-
6 GHz and the millimeter-wave band. For instance, Multiple
Input and Multiple Output (MIMO) antennas are preferred
at the sub-6 GHz band, whereas at the mmW-band, array

antennas are a preferable solution. MIMO antennas can
offer higher data rates through efficient spectrum resource
utilization, which is increasingly becoming scarce at sub-6
GHz. Likewise, array antennas compensate for the additional
path loss at millimeter waves by increasing the gain of a
single antenna element.

Antenna design is one of the crucial enabling factors for
realizing 5G systems. To benefit from both widely separated
5G frequency bands, research in multiband antennas with
large frequency ratio antennas is becoming popular. This
area is different from conventional approaches of multiband
antennas [1]— [15], which usually consists of exciting higher
order modes in patch antennas and DRAs but have less
freedom in controlling the frequency ratio, and radiation
patterns at widely separated bands. Hence, to meet the
growing demands and requirements of the wireless industry,
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new and innovative large-frequency ratio antenna solutions
are required to fulfill stringent antenna design criteria.

A straightforward method to achieve a multi-band large
frequency ratio antenna is by horizontally placing anten-
nas of different bands side by side to one another [16]-
[18]. However, this methodology results in antennas having
occupied volume equivalent to the sum of independent
radiators. A better approach to designing a large frequency
ratio antenna involves reducing the overall occupied area
or volume by re-using the feed networks or aperture of
the lower-band antenna for the upper-band radiator/ feed
networks. Such antennas can be further classified into two
categories, according to the amount of ports needed for
the excitation of each band. Different radiating elements of
the complete antenna are excited through a single port in
a single-port excitation. In contrast, the separate excitation
of each band is called a multi-port design. Compared to
separate excitation for separate bands, single excitation-
based antennas are uncommon in the literature due to their
complexity [51]- [23]. Moreover, they require wideband
power dividers and additional filters to isolate both bands
in a practical system due to the common port for widely
separated bands.

Designs with separate ports for separate bands are pop-
ular in the literature. Some of the common approaches for
designing structure-reuse antennas are stacked [24]- [55],
embedded [27]- [29], dual functional slots [30]- [33], and
mode-composite structures [34]— [38]. The stacked topology
consists of different radiators vertically placed upon one
another so that they do not interfere with one another.
[24] presented a stacked-based antenna that consists of a
rectangular patch antenna that also acts as a ground plane
for the 8 x8 Ku-band array antenna. [56] presented a stacked-
based large frequency ratio solution consisting of a K-band
(24.2-26.1 GHz) cavity-backed slot array and a dual function
frequency selective surface (FSS) that is placed above it
at some distance. The FSS is transparent to the K-band
radiation and acts as a radiator at the S-band (2.5-2.7 GHz).
The embedded approach reduces the overall area occupied
by the antenna by inserting the higher band radiators in the
lower band antenna. Xin-Hao et al. demonstrated embedded
type large frequency ratio antennas by utilizing perforated
patches at 3.5 GHz in which mmW arrays of substrate
integrated DRA (SIDRAs) [28] and patch antennas [29] were
inserted. In the slot-based approaches, the slot is intelligently
designed in such a way that it serves different roles at
different bands. For instance, in [32], the sub-6 GHz slot
antenna behaves as a connected slot antenna array when it is
separately excited through a 1x8 power divider. Similarly,
[30] utilizes tapered slot structures that serve as radiating
element at 28 GHz but serves as a decoupling structure
at 2.45 GHz. Mode composite antennas consist of intelli-
gently designed transmission lines or radiating elements that
support a particular mode at one frequency and a different
mode at another. Usually, they support TEM mode in the
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lower frequency band and TE;p mode in the mmW band.
[50] proposed a dual-band leaky-wave antenna consisting
of dual-mode composite transmission lines (DMC-TL). The
DMC-TL consists of a dual-layered substrate, in which the
upper one acts as a thin SIW structure at the mmW band,
whereas at the sub-6 GHz frequencies, the SIW portion of the
upper substrate and the lower substrate acts as the microstrip
transmission line. Similarly, [38] presented the concept of
utilizing the outside peripheries of two closely placed SIW-
fed mmW slot arrays to excite loop and monopole field
distributions at the sub-6 GHz frequencies.

Dielectric Resonators offer unique characteristics of high
radiation efficiency, excitation ease, dielectric material-
dependent size, and low conductor losses [39]. Furthermore,
it is worth mentioning that only a handful of DRA-based
large frequency ratio antennas can be found in the literature
[40] — [45].

A combination of differentially fed slot and substrate
integrated DRA has been presented in [40] for ISM band
(5.2/ 24 GHz) applications and has a large frequency ratio of
4.6. Similarly, an integrated antenna with a large frequency
ratio of 25 was presented in [41]. It introduced the integration
of a substrate-integrated cylindrical DRA at 60 GHz and a
microstrip patch antenna at 2.4 GHz. The integration of a
high-gain mmW Fabry—Perot resonator antenna (FPRA) with
a dielectric resonator antenna (DRA) has been investigated
in [42] and [43]. In these papers, ISM bands have been
targeted, and different methodologies have been presented
to integrate DRA operating at 2.4 GHz and FPRA operating
at 24 GHz. Recently, a large frequency ratio antenna has also
been demonstrated for 5G cell phones in [44]. It consists of
wideband dual-polarized DRA arrays at mmW band, a sub-
6 GHz antenna made from metal frames, and multi-layered
DRA arrays. Lastly, in [45], an integrated antenna consisting
of 2x2 bridge DRA in MIMO configuration and sectoral H-
plane horn was presented for 3.5 GHz and 28 GHz 5G bands,
respectively.

This paper presents a novel, wideband, large frequency
ratio SRA, consisting of DRA-based radiators. To efficiently
utilize the scarce frequency spectrum of the sub-6 GHz band,
the proposed solution consists of 2-element metal-loaded
rDRA-based MIMO antennas. In addition, it utilizes a 1x4
cDRA array to minimize the mmW path losses. The pro-
posed antenna is among the very few reported works on large
frequency ratio antennas that include MIMO functionality at
sub-6 GHz and array functionality at the mmW band [9]. It
surpasses these works in impedance bandwidth by utilizing
DRA-based radiating elements and has a significantly lower
ECC of less than 0.01.

. ANTENNA GEOMETRY

The complete antenna system is shown in Fig. 1. The inte-
grated antenna consists of two different radiating elements
covering two largely separated 5G bands (5G n79 and 5G
n261). At the sub-6 GHz band, the antenna acts as a 2-
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FIGURE 1: Geometry of the proposed large frequency
ratio antenna: (a) exploded view, (b) assembled perspective
view, and (b) bottom view. (¢ =8, R,, =25, Ry =12.25,
Ry, =9.25, Cy, =2, C, =1.2, P, =113, W =60, L, =60,
l1 =737, 15 =10.2, I3 =10.6, Iy, =2.1, I5 =1.78, lg =32.2,
l7 =164, lg =27.7, lg =35.68. Units are in mm.)
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element MIMO antenna, whereas at the mmW band, a 1x4
array of mmW cDRAs is implemented. The antenna consists
of two rDRAs with the relative permittivity of €,; =5, that
are glued upon 10 mils Rogers RT/Duroid 5880 substrate
and are ¢ =8 mm distance apart from one another. The
length, width, and height of the rDRAs are R,, =25 mm,
R4 =12.25 mm, and Rj, =9.25 mm, respectively. The gap
between the rDRAS, is reused to implement a 1x4 mmW
cDRA array having relative permittivities of €. =10. The
height, and radius of the cDRAs, are C};, =2 mm, and
C, =12 mm, respectively. Thin metal sheets having a
length of P, =11.3 mm are glued with the inside faces of
rDRAs to achieve two purposes. Firstly, the plates isolate the
rDRAs from getting excited at mmW frequencies, thereby
minimizing the radiation pattern distortion at the mmW
band. Secondly, the plates also tilt the sub-6 GHz radiation
patterns of each rDRA element and reduce their size. The
radiating elements are fed through GCPW transmission lines,
which are implemented upon a single 60x60x0.254 mm
ROGERS® RT/Duroid 5880 substrate. Moreover, the sub-
6 GHz feed lines are implemented on the top ground
plane of the substrate, whereas the mmW feed network is
implemented at the bottom ground plane of the substrate.
The sub-6 GHz radiating elements are fed by edge-coupled
microstrip probes to excite TE§;; mode in TDRAs, whereas
the mmW cDRAs are fed by a 1x4 T-network through
aperture coupling to excite HEM ;5 mode in cDRAs.

lll. SUB-6 GHZ ANTENNA DESIGN

The design evolution of the sub-6 GHz antenna is shown
in Fig. 2 and is inspired by metal-loaded rDRA presented
in [39], [46]. The design starts by designing a simple rDRA
for the desired frequency band by utilizing eq. 1 and eq. 2,
that are available in [39].

Fo fGHZ.wlc;n.w.\/a )
F=ay+a (%) +0.16 (%)2 )

where,

d d\? d\?
—9257-08( - 202 —o005(2
ap = 2.57 08(b>+0 <b> 005<b>
d —0.282
alzz.n(E)

Ineq. 1 and eq. 2, fau. is the center frequency in GHz, w
is the width of rDRA, d is the length of rDRA, b is twice the
height of rDRA above the ground plane. By following eq. 1
and eq. 2, a GCPW-fed strip coupled rDRA was designed at
the center frequency of 4.7 GHz and is shown in Fig. 2(a),
and its E-field is shown in Fig. 2(d). The E-field plot of the
antenna shows that it has been excited in the TE* ;s mode.
The TE®;;5 mode has symmetrical fields without any nulls
and thus results in a broadside pattern.

In the next step, by utilizing image theory, the rDRA was
halved, and a metal plate was attached to its other side. The
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FIGURE 2: Evolution of sub-6 GHz antenna: (a) step 1:
rDRA, (b) step 2: metal-loaded rDRA, and (c) step 3: 2-
element MIMO metal loaded rDRA. E-field distribution of
different cases at x = 0 plane: (d) step 1: rDRA, (e) step 2:
metal-loaded rDRA, and (f) step 3: 2-element MIMO metal
loaded rDRA.

resultant metal-loaded rDRA and its E-field plot are shown in
Fig. 2(b) and Fig. 2(e). The field plot shows that the inclusion
of a metal plate resulted in a half TE”|;5; mode and has a
tilted broadside pattern due to the unsymmetrical fields.

Lastly, the metal-loaded rDRA was observed in a 2-
element MIMO configuration, and its simulated model and
E-field distribution when one of the elements is excited
is shown in Fig. 2(c) and Fig. 2(f), respectively. Fig. 2(f)
shows that metal-loaded rDRA suits MIMO configuration.
The fields in unexcited rDRA are weak and do not contribute
to the overall pattern. The space between the plates acts
as a cavity and contains strong fields; however, the overall
distribution of the field remains unsymmetrical, signifying a
tilted pattern.

IV. MILLIMETRE-WAVE ANTENNA DESIGN

This section explores the second half of the antenna design,
i.e., the mmW antenna design. It starts from the design
equations of a cDRA and extends it to its 1x4 array. Later
on, different integration approaches are explored to further
characterize the radiation performance at mmW. In addition,
this section also explores the beam-steering capability of the
antenna and discusses a suitable mmW power divider for the
proposed antenna.

A. 1x4 cDRA Array Antenna Design at Millimeter Waves
Firstly, a simple aperture coupled 1x4 cDRA array was
made, as shown in Fig. 3. Each cDRA element was excited
in HEM ;s to have a broadside radiation pattern. The cDRA
was designed by utilizing eq. 3 and eq. 4.

koa(z) = % (0.27 +0.36 (g) —0.02 (;)2) 3)
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Q(z) = 0.01007€-32(1 + 100 exp~205(0-52-0-01252%)) (4

In eq. 3, = a/h ranges from 0.125 to 5, whereas in eq. 4,
x = a/h ranges from 0.5 to 5.

FIGURE 3: Geometry of 1x4 cDRA array.

B. Integration Approaches and their effect on mmW
Pattern

The sub-6 GHz and mmW antennas can be integrated
together in a number of different ways. Three possible cases
and their field plots are shown in Fig. 4. The first case is
shown in Fig. 4(a) and consists of an array of mmW cDRAs
that are completely embedded in the sub-6 GHz rDRA. This
approach has the advantage of tighter integration and only
occupies the rDRA area. However, this approach leads to the
excitation of higher-order modes in the rDRAs, as shown
in Fig. 4(d), signifying a distorted pattern. In addition, the
cDRAs are located in a dielectric medium having €, = 5,
due to which their separation decreases from \y/2 to \,/2,
accentuating mutual coupling.

In the second case, the rDRA was cut in half and separated
to make the surrounding of cDRAs essentially air, as shown
in Fig. 4(b). However, as shown in Fig. 4(e), the rDRAs
still get excited as they are in the close vicinity of cDRAs.
Moreover, the overall fields contain in-phase and out-of-
phase regions, signifying distorted radiation patterns at the
mmW band.

Metallic plates were used in the third case to isolate
the two types of DRAs completely and confine the fields
between the rDRAs, as shown in Fig. 4(c). The field plots
in Fig. 4(f) verify this approach, in which strong in-phase
fields can be observed between the metallic plates. It is worth
mentioning that due to fringing from the metallic plates,
rDRAs also get excited; however, the relative strength of
the fields confined inside the metal plates is much stronger
than the field strength of rDRAs. Hence, the utilization of
metallic plates substantially improves the field distribution,
guaranteeing an undistorted fan-shaped radiation pattern at
the mmW band.
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FIGURE 4: Geometries of different approaches to integrate sub-6 GHz and mmW DRAs: (a) Case 1, (b) Case 2, and (c)
Case 3. E-field distribution of different cases at z = hpgra plane:: (d) Case 1, (e) Case 2, and (f) Case 3.

C. Effect of Plate Separation on mmW Pattern
The inclusion of plates in combination with the top ground
layer converts the separation region into a cavity-like struc-
ture [64]. According to [65], the plate separation of an
idealized air-filled cavity having infinite conducting plates
that are separated by a distance, g, is given by eq. 5.
ne
2y &)
In eq. 5, n is the mode number of the cavity and c is the
speed of light in vacuum. At 28 GHz, the plate separation
should be 5.4 mm; however, practically, the plates of a
cavity are of finite size, and the ideal separation of plates
can differ from eq. 5. Therefore, a parametric analysis with
various plate separation, g, was studied at 28 GHz, and the
simulation model is shown in Fig. 5, whereas the H-plane
patterns are presented in Fig.6. At g = 4 mm, the cavity

g= for n=1,23,

FIGURE 5: Simulation setup for parametric analysis of plate
separation effect on radiation pattern.
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has a gain of 11.65 dBi, but the peak gain occurs at £30°.
The separation of plates to 8 mm significantly improves the
radiation pattern of the antenna and has HPBW = 77.4° with
a gain of 11.84 dBi. At g =12 mm, the HPBW of the pattern
reduces to 42.2° and has a gain of 12.7 dBi. Further increase
in plate separation, reduces the gain. For instance, at g =
16mm, the cavity has a gain of 10.65 dBi.

FIGURE 6: Radiation patterns at 28 GHz for different
separation of plates.
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D. Beam-steering Capability

The beam-steering capability of the antenna was also an-
alyzed by exciting each cDRA with different progressive
phase shifts tabulated in Table 1. The resultant beams
pointing at beam locations ranging from 6y=0° to +50°
are plotted in Fig. 7, exhibiting a decent coverage of +50°
sector.

TABLE 1: Phases to steer beam at different location.

Excitation
Phases
Phase 1 Phase 2 Phase 3 Phase 4
Beam
Locations
0o = 0° 0° 0° 0° 0°
0o = £10° 0° +31.26° +62.52° 493.78°
0o = £20° 0° +61.56° +123.12° | +187.68°
0o = £30° 0° +90° +180° +270°
0o = £40° 0° +115.7° +231.4° +347.1°
0o = £50° 0° +137.89° | £275.66° +53.66°

- ~/
/\/‘\/\ /

\
—_0= ! X2078r- 2 g-L30% _50°
0, _?%_20‘& oL 03430, 0,=50
o\~ N /o N4 c
—0,=1012g 205" 0,=-50
———-—- 0.=-10°

FIGURE 7: Beam steering capability of integrated antenna.

E. Power Divider Considerations

To avoid intersection with sub-6 GHz feed lines, a 1x4
mmW power divider was implemented opposite to the sub-6
GHz feed lines. Contrary to microstrip/ PCB-based anten-
nas, where the fields are confined in the top and bottom
conductors, the DRAs are only glued upon the top ground
plane. Therefore, the mmW feed network partially re-uses
the area occupied by rDRAs. For better illustration, an

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

overlay view of top and bottom ground planes and top
views of DRAs is shown in Fig. 8. The power divider is
designed to ensure uniform phase excitation of each cDRA
and compensates for two types of phase differences. The
first type of phase differences can arise due to the distinct
position of each cDRA element from the power divider’s
starting point. The second type of phase differences can arise
due to the oppositely flowing fields in the Set A and Set B
branches of the power divider, resulting in a 180° phase
difference between them. The optimized dimensions of the
power divider are shown in Fig. 1(c).

FIGURE 8: mmW power divider considerations.

V. RESULTS AND DISCUSSION

To validate the performance of the proposed antenna, its pro-
totype was fabricated, assembled, and measured at Polytech-
nique Montreal, Canada, and is shown in Fig. 9. The rDRAs
were 3D printed with a low-loss PREPERM ABS800®
filament that has a nominal relative permittivity of 8.0 +
0.25 and loss tangent of 0.0033. To obtain the desired
relative permittivity of 5, 70% nominal infill was used for
3D printing. For cDRAs fabrication, C-Stock AK material
from Cuming Microwave having a relative permittivity of 10
and loss tangent of 0.002 was used for CNC machining. S-
parameters of the antenna were measured through Keysight
THz Vector Network Analyzer (PNA-X to 67 GHz). The
sub-6 GHz pattern measurements were done with a near-
field Satimo Starlab system, whereas radiation patterns at
mmW band were measured in a compact range chamber.

A. S-parameters and Envelope Correlation Coefficient

The S-parameters of the antenna at sub-6 GHz are shown
in Fig.10(a). The antenna has a wide measured -10 dB
impedance bandwidth of 31.63% (4.3 GHz-5.85 GHz),
whereas the simulated bandwidth is 26.34% (4.3 GHz-5.85
GHz). The antenna has the maximum measured return loss
of 19 dB, which is 1 dB less than the simulated one. The
simulated port-to-port coupling is less than -12 dB, whereas
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FIGURE 9: Fabricated prototype of antenna: (a) top side,
and (b) bottom side. Pattern measurements of the proposed
antenna: (¢) sub-6 GHz, and (d) mmW.

the measured port-to-port coupling is less than -15 dB. The
simulated coupling among the MIMO and mmW feed port
is less than -30 dB, whereas the measured coupling is less
than -35 dB. Overall, the results prove the suitability of the
antenna for the 5G n79 band, which ranges from 4.4 GHz
to 5 GHz.

The simulated and measured S-parameters at the mmW
band are shown in Fig. 10(b). At these frequencies, the
antenna has the simulated -10 dB impedance bandwidth of
12.7% that ranges from 25.1 GHz to 28.5 GHz, whereas the
measured impedance bandwidth is 21.5% (24 GHz to 29.8
GHz). The maximum simulated and measured return loss of
the antenna is better than -25 dB at 27.5 GHz. These results
make the antenna a suitable candidate for the 5G n261 band
that ranges from 27.5 GHz to 28.35 GHz. Moreover, isolation
among the mmW and sub-6 GHz ports is also shown in
Fig.10(b), which is also less than -20 dB.

To further characterize the performance of the antenna,
the envelope correlation coefficient (ECC) of the proposed
antenna is also obtained through S-parameters and farfields
and is shown in Fig. 11. ECC obtained through both ap-
proaches is less than 0.01 throughout the sub-6 GHz band
and is significantly lower than the value of 0.3, which is set
by the standard.

B. Radiation Patterns

The measured and simulated 2D radiation patterns of the
MIMO antenna at 4.4 GHz and 5.4 GHz are shown in Fig.
12(a) and Fig. 12(b). At 4.4 GHz, the patterns are tilted to +
25°, and at 5.4 GHz, patterns are tilted towards + 61°. This
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FIGURE 10: Measured and simulated S-parameters: (a) sub-
6 GHz, and (b) mmW band.
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FIGURE 11: Envelope correlation co-efficient (ECC) of the
proposed antenna at various sub-6 GHz frequencies.

tilt in patterns exhibits spatial decorrelation and is attributed
to the metal loading of rDRA elements, as discussed in
Section III. The antenna has a peak simulated gain of 7.2
dBi, whereas the peak measured gain is 6.6 dBi.
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FIGURE 12: Radiation patterns of the proposed antenna at sub-6 GHz band: (a) 4.4 GHz, (b) 5.4 GHz, and (c) 28 GHz,

and (d) 30 GHz.

The E- and H-plane, 2D radiation patterns at 28 GHz and
30 GHz are given in Fig. 12(c) and Fig. 12(d). Due to the
limitations in the measurements, measured radiation patterns
are only given for the range of + 90 °. The antenna has
a fan-shaped pattern, which is attributed to the rectangular
geometry of the cavity. The antenna has the maximum
simulated gain of 13 dBi, whereas the peak measured gain is
12 dBi. The antenna has a low sidelobe level of -10 dB and
cross-polarization levels of -15 dB. The gain of the antenna
at various sub-6 GHz and millimeter-wave frequencies are
shown in Fig. 13, exhibiting reasonable performance in
simulations and measurements.

C. Comparison with State-of-the-Art

A comparison of the proposed antenna’s performance with
existing works is presented in Table 2. When compared
with previous works, the proposed antenna and a recently
published [29] are the only papers to utilize MIMO func-
tionality at sub-6 GHz, and an array functionality at the
mmW band. Compared to [29], the proposed antenna offers
wider impedance bandwidths due to the utilization of DRA-
based radiating elements, comparable gains, better ECC, and
a single substrate solution.

VI. CONCLUSION

A large frequency ratio DRA-based antenna consisting of
integrated two MIMO rDRA elements and 1x4 cDRA array
has been presented in this paper. The antenna covers largely
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quencies.

separated 5G n79 (4.4-5 GHz) and n261 (27.5-28.35 GHz)
bands. To mitigate the unwanted excitation of rDRAs at
the mmW band, metallic plates are used. Moreover, these
plates also help in the antenna miniaturization and spatial
decorrelation of the MIMO elements at the sub-6 GHz band.
The complete antenna is implemented on a single substrate
and occupies an area of 60 mmx60 mm, which includes
all of the feed networks, rDRAs, and cDRAs. The proposed
antenna has reasonable impedance bandwidths of 31.63%
and 21.5% and a measured peak gain of 6.6 dBi and 12

VOLUME ,



This article has been accepted for publication in IEEE Open Journal of Antennas and Propagation. This is the author's version which has not been fully edited and

content may change prior to final publication. Citation information: DOI 10.1109/OJAP.2024.3349

IEEE Open Journal of

TABLE 2: Comparison of the Proposed Antenna with the Previous Works

Sub-6
BW
Ref. Antenna Type Freq. (GHz) Gain (dBi) Sub. Dim. ()\31) GHz ECC MMW Beam Steering
(%)
MIMO
Magneto-electric AL6/
[59] (ME) dipole/ 6.5/ 28 6 (.56 5.8/ 8.46 3 0.62x0.43x0.14 No - No
FPRA ’
11.2/ .
[61] Patch/ SIDRAs 3.5/28 13.8 4.8/ 10.8 3 0.45x0.3x0.03 No - +50° (Sim.)
5.7/
Patch/ ME
[62] . 2.4/ 5/ 60 23.4/ 9.8/ 7.9/ 8.4 3 1.12x1.12x0.1 No - No
Dipole
22.6
7.4/
[29] Patch/ Patch 3.5/ 28 121 6.9/ 14.6 4 0.52%0.94%x0.04 Yes 0.03 +25°
[47] DRA/ DRA 3.6/ 30.5 33/ 27 7.2/ 18 1 0.87%x0.87%x0.35 No - +32°
31.63/ .
Proposed DRA/ DRA 4.9/ 28 915 6.6/ 12 1 0.98%x0.98%x0.18 Yes <0.01 +50° (Sim.)

Ref. = References; Freq. = Center Frequency; Sub. = Substrate Layers; Sim. = Simulated; BW = Bandwidth; ECC = Envelope Correlation Co-efficient

dBi at sub-6 GHz and mmW bands, respectively. Overall,
the desirable features of wide impedance bandwidths, mod-
erately high gain, MIMO, and array functionality make the
proposed antenna desirable for 5G applications.
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