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Improving the Performance of Patch Antenna by Applying Bandwidth Enhancement
Techniques for 5G Applications

Seda Ermis*, Murat Demirci

Abstract: In this study, various Rectangular Microstrip Antenna (RMA) designs operating at 28 GHz frequency for 5G-communication system are performed. All designs are
generated and analyzed using a 3D electromagnetic simulation program, ANSYS HFSS (High-Frequency Structure Simulator). Single and array type RMA designs are constructed
by using non-contact inset-fed feeding technique. Subsequently, the bandwidth of RMAs is increased by slotting on the ground surface, and adding a parasitic element to the
antenna structure. Because of these analyses, for single type RMA, the bandwidth increases from 2.09 GHz to 3.45 GHz. Moreover, for 1 x 2 and 1 x 4 array type RMAs, very
wide bandwidths of 7.53 GHz and 4.53 GHz, respectively, are obtained by applying bandwidth enhancement techniques. The success of the study has been demonstrated by
comparing outputs of the designs with the some similar, experimental or simulation studies published in the literature.
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1 INTRODUCTION

Due to widespread use of new technology devices in
recent years, the growing demand for multimedia
applications and wireless data creates a significant burden on
existing cellular networks. After 4G mobile network, which
has been available worldwide since 2009, the 5th Generation
(5G) mobile communication technology is expected to show
a revolutionary development in terms of network coverage,
data rate, latency, network reliability and energy efficiency
[1]. With the wide-scale deployment of 5G, mobile network
will be required 1000 times higher capacity and 10-100 times
faster data transmission rate than the current mobile
technology. This is mainly because 5G is expected to obtain
a reliable communication network and stable connection not
just for phones and computers, but also various types of IoT
devices such as self-driving vehicles, robots, cameras or
smart home gadgets [1]. Since traditional 4G/LTE network
do not provide large bandwidths in giga-bits for 5G
applications, several new frequency bands between 20 and
70 GHz, also known millimeter wave bands, are identified in
World Radio Communication Conference 2019 (WRC-19)
report [2]. However, operational frequencies around Ku band
and more specifically 28/38 GHz are prominent due to their
low atmospheric attenuation [3].

Antenna design for 5G devices is very crucial to perform
communication in specified millimeter wave frequencies
with higher gain, enhanced bandwidth and lesser radiation
losses [4]. In this sense, microstrip patch antennas emerge as
a strong candidate because of their numerous attractive
features such as small size, low profile, ease of production,
high reliability etc. In addition, microstrip antennas can
tolerate path loss in terms of gain and efficiency at higher
frequencies of 5G technology. However, despite of these
bountiful advantages, one major problem is their narrow
bandwidth [4].

To overcome this disadvantage, bandwidth enhancement
techniques such as adding parasitic element, slotting shapes
on the patch surface, defecting ground structure (DGS),

increasing substrate thickness or coupling type of feeding are
commonly used in the designs.

Literature shows that various microstrip antennas for 5G
have been studied by researches recently and in some of
them, bandwidth enhancement techniques have been applied.
For instance, Seyyedehelnaz Ershadi et al. designed a
rectangular microstrip antenna with a 4-layer substrate. The
use of multiple substrates increased the bandwidth up to 21%
for 28 GHz resonance frequency [5]. In 2017, Saced Ur
Rahman et al. presented a single and a 1x2 array microstrip
patch antenna with the quarter wave transformation method.
The 1x2 array antenna resonated at 26.5 GHz and 28.8 GHz
frequencies provided 28% impedance bandwidth [6]. In the
study published by Nanae Yoon and Chulhun Seo (2017), a
microstrip patch antenna that communicates at 28 GHz was
designed. They investigated the effects of single and double
U-shaped slits on bandwidth and gain. The study showed that
opening slits on the single and 2x2 array rectangular patches
increased bandwidth [7]. In 2018, Kyoseung Keum and
Jachoon Choi simulated a single and a 4x4 rectangular
microstrip array antenna with double U-shaped slot on the
patch. The bandwidths were 3.77 GHz, and 4.71 GHz for the
single and 4x4 array antennas respectively [8]. Wahaj Abbas
Awan et al. designed a microstrip patch antenna operating at
28 GHz frequency for 5G technology in 2019. It was
observed that the bandwidth was increased from 1.33 GHz to
1.38 GHz and the return loss was decreased from -46.97 dB
to -56.95 dB by using defected ground structure (DGS) [9].
In 2020, Sharaf et al. proposed a compact dual-frequency
(38/60 GHz) microstrip patch antenna for dual-band 5G
mobile applications. In the design, two electromagnetically
coupled patches were used and experimental results showed
that achieved impedance bandwidths are about 2 GHz and
3.2 GHz in the 38 GHz and 60 GHz bands, respectively [10].
In the scientific report published by Marasco et al., in 2022,
a novel, miniaturized evolved patch antenna design was
introduced for flexible and bendable 5G IoT devices and its
radiation properties was enhanced by using a Split Ring
Resonator (SRR) in the sub-6GHz frequency band [11]. In
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2022, Ezzulddin et al. fabricated and analyzed rectangular,
circular and triangular microstrip patch antennas operating at
28 GHz for 5G applications. Measurements showed that
achieved bandwidths of rectangular, circular and triangular
microstrip patches were 0.904, 0.848 and 0.744 GHz, with
the gains of 6.44, 6.03 and 5.26 dB, respectively [12].

In the published studies, some of them are summarized
above, bandwidth enhancement techniques have been used,
different feeding methods and substrate materials have been
tested, single-element or array-shaped microstrip antenna
designs have been analyzed. However, the problem is
important parameters such as return loss or antenna gain
decrease significantly while increasing the bandwidth.

In this study, by using ANSYS HFSS simulation
program, various Rectangular Microstrip Antennas (RMA)
operating at 28 GHz frequency for 5G technology are
designed and analyzed. To increase antenna bandwidth,
parasite patch element is added to the antenna structure and
DGS technique is applied on the ground surface. When
outcomes of these designs are compared with the results of
the experimental and simulation studies in the literature, it
has been concluded that the study is quite successful.

2 THEORETICAL BACKGROUND

Microstrip antennas are widely used due to their
advantages such as lightness, small volume and low cost. In
its most basic form, a RMA geometry consists of the ground
plane, dielectric layer and radiating patch as shown in Fig. 1.

Patch
¥

Microstrip Feed

Substrate

Ground Plane
Figure 1 Rectangular Microstrip Antenna [13]

The most common patch geometry in terms of usage area
is rectangular shaped patches. The width of the radiating
patch, W,, its length, L,, the dielectric constant of the
substrate (dielectric layer), ¢, and its thickness, 4 are shown
in Fig. 1. Since thicker materials with low dielectric constant
provide better radiation efficiency and wider bandwidth, a
low-loss dielectric substrate Rogers RT/duroid 5880 with
dielectric constant &, = 2.2 and loss tangent tand = 0.0009 is
chosen.

As a first step, the patch width W, and length L, are
calculated by using operation frequency f- of the antenna and

the dielectric constant of the substrate, as given in Eq. (1)
[13].

1 [2 9 |2
W= ) =0 . = 1
Poop Jue, e+l 2f \e, +1 M

Here, 3, = ¢ = 3x10® m/sn, y, = 4nx10”7 H/m, &, = 8.85x10712
F/m are speed of light, magnetic permeability and dielectric
constant in free space respectively. The microstrip antenna
has an inhomogeneous structure due to patch on the top
surface, ground plane on the bottom surface and the dielectric
layer between them. This structure causes the change of
electrical conductivity and so, effective dielectric constant
e 1S given as,

1 & -1 2 w,
bog =2 ST ) here 251 )
7= W, h

Due to fringing field effect, the electrical dimension of the
patch is greater than its physical dimension. The increment
in length AL and electrical length of the patch L. are
calculated by using Egs. (3) and (4) respectively [13, 14].

w
0.412h- (&, +0.3)- (h" + 0.264}

AL = - 3)
&5 —0.258)| -2 +0.8
( reﬂ ) [ h ]
Ly =t @)
o =
zfr \/gre[/"' : \/:uogo
Therefore, the actual length of the patch, L,, is
L, =L,—-2AL= ! 2AL (5)
p e - .
2fr NEreff N HoCo

Single element or array type RMAs are designed and
analyzed in this study. Since non-contact inset-fed is
preferred as the feeding technique, energy flow is provided
indirectly by the contactless 50 Q feeding line. The
theoretical calculation of antenna and microstrip line
impedances are explained in detail in Ref. 13 and 14. After
the general theoretical calculations, the best gain, bandwidth
and return loss values are obtained by impedance matching
with the help of the software.

3 28 GHz SINGLE RMA DESIGN

RT Duroid 5880 material with diclectric constant g, = 2.2
and loss tangent tand = 0.0009 is used as a substrate for the
28 GHz rectangular microstrip antenna due to its low loss and
low dielectric constant. The undertone substrate thickness is
chosen as 0.508 mm.
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Figure 2 Top view of RMA

Table 1 Optimized dimensions of RMA (mm)
h t Wel Ly | W, | L, Lso Ws0 Fi g
0.508 | 0.035 | 8 | 7.10 | 44 |3.1 | 2.875 1.56 | 1.14 | 0.1
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Figure 3 Return loss of RMA
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Figure 4 Polar view gain pattern of RMA

Fig. 2 shows the geometry of the RMA with non-contact
inset-fed. As seen from the figure, W), and L, are the patch
width and length; F; is the embedding distance of feeding
line; g is gap between the feed line and the patch; 4 is
substrate thickness; ¢ is patch thickness; wsy and Lso are the
feed line width and length; W, and L, are the ground surface

width and length, respectively. Also, the width and length of
substrate and ground surface are taken as equal. All
dimensions of designed RMA are given in Tab. 1.

The return loss graph of RMA is shown in Fig. 3. RMA,
emitting at a frequency of 28.075 GHz, has an impedance
bandwidth of 1.91 GHz in the 27.05-28.96 GHz frequency
range. As a result, designed RMA has a return loss of —31.93
dB at the frequency of 28.07 GHz, a bandwidth of 1.91 GHz
and a gain of 8.20 dB (Fig. 4). As the next step, bandwidth
enhancement techniques such as defecting ground structure
or stacked patch technique are performed to enhance antenna
bandwidth.

3.1 Application of Defected Ground Structure (DGS) and
Stacked Patch Techniques for Single RMA

In microwave circuits, DGS (Defected Ground
Structure) is applied by etching slots on the ground surface.
Defects on the ground plane may be in the form of a single
cell or periodic/aperiodic configuration of slots which
depends on the application. The well-known advantages of
the DGS are reducing size of component, improving
bandwidth, suppressing mutual coupling or cross
polarization effect and using to adjust antenna impedance for
matching and for maximum power transfer.

In this part of the study, DGS is applied to the ground
surface of the single RMA with non-contact inset fed by
opening a slot which is in the form of a ring line aligned at
the center of the patch. Bottom view of the single RMA is
shown in Fig. 5(a). The radius of the ring slot is R and its
width is wg. All dimensions of the designed RMA are given
in Tab. 2.

Table 2 Dimensions of RMA with Ring Shaped DGS (mm)

h t W, Iy w, L, i
0.508 0.035 8 7.1 4.4 2.92 1.14

R WR g Lso Wso

0.6 0.3 0.1 2.875 1.56

The more complex shape imperfections at the ground
surface provide further change the path of surface currents.
To see the effect of changing current distribution on the
ground surface to the antenna performance parameters such
as bandwidth or gain, both ring and C-shaped slots are used
together as shown in Fig. 5(b). Related dimensions of the
RMA for this design are given in Tab. 3.

Table 3 Dimensions of RMA with Ring / Symmetrical C Shaped DGS (mm)

h t W, L w, L, F; R
0.508 0.035 8 7.1 4.4 2.92 1.14 0.6

WRr Lso Wso g Li=L; Ly We

0.3 2.875 1.56 0.1 2 1.8 0.2

Another method to increase bandwidth of microstrip
antennas is to use a stacked patch. In this method, more than
one dielectric material is used and a stacked patch is added
on the antenna structure. By this design, the radiation of
microwave is spread and wider bandwidth can be obtained.
To see the effect of stacked patch technique, two dielectric
layers with same thickness (k#; = h2) and same dielectric
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constant (&,1 = &2 = 2.2) used in the structure. Main patch and
contactless feed line are placed between two dielectric layers,
and stacked patch is at the top of the second dielectric layer,
as seen from Fig. 5(c). In addition, to combine design with
the DGS, a ring shape slut is cut on the ground surface.
Dimensions of the design can be found in Tab. 4 where width
and length of the stacked patch are represented by W, and
L,, respectively.

g -
A -
W,
R
L [
9 L I "
<+
v
a)

« Wy N
A "
W,

A .

R

L L, L
o| S
L,
L
4—:“":
Ly
Y

Feed Line

c)
Figure 5 (a) RMA with ring shaped slot on the ground surface (bottom view); (b)
RMA with ring and symmetrical C-shaped slots on the ground surface (bottom
view); (c) Two-layered RMA structure combined with stacked patch and DGS.

Table 4 Dimensions of RMA with Stacked Patch and Ring Shaped DGS (mm)

hl hz t L50 Ws0 Wp Lp I4
0.508 | 0.508 | 0.035 [ 2.875 1.56 4.4 2.6 0.1

L, W,y L, W, F, R Wa

2.2 3.8 7.1 8 1.14 0.6 0.3

Simulation results of designed RMAs given in Fig. 4,
5(a), 5(b) and 5(c) are compared and presented in Tab. 5.
From the table, it is seen that the deformation on the ground
surface of RMA increases bandwidth but also, it decreases
antenna gain significantly. However, by the use of stacked
patch technique and DGS together, clearly the widest
bandwidth is obtained and significant decrease on gain is
prevented.

Table 5 Comparison of Single RMA designs

wRial/[(i;lt RMA with DGS RMA with
Design RMA with | RMA with ring | DGS and
DGSand | . .
Outputs ring shaped | and symmetrical | stacked
stacked
slot C-shaped slots patch
patch
Resonance | 28075 | »g 03 GHz | 27.99GHz | 27.96 GHz
Frequency GHz
Return Loss | —31.93 dB | —39.677dB —28.92 dB —26.06 dB
Gain 8.20 dB 8.08 dB 6.7 dB 8.0dB
Bandwidth | 1.91 GHz | 2.09 GHz 2.69 GHz 3.45 GHz

As a next step of the study, bandwidth enhancement
techniques are applied to 1 x 2 and 1 X 4 array antenna
designs which are explained in the following sections.

4 28 GHz 1x2 ARRAY RMA DESIGN

The maximum gain of single microstrip patch antenna is
obtained around 8 dB. As well-known from the antenna
design studies, one way is creating an array structure to
increase antenna directivity and gain. So, to provide higher
gain, an array structure consists of two RMAs feeding by
contactless microstrip lines is designed and analyzed. In Fig.
6, the geometry of the array design is shown. Dimensions of
each array elements are same and width and length of the
substrate and ground surface are equal.

« s R

& >
L
—r
o
FEI e
L, w
100
La100
2 Lo _
Lsg

Y

Wsg
Figure 6 1x2 Array RMA dimensions
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The distance (/1) between the center points of the array
elements effects the radiation pattern and changes the
bandwidth and gain due to mutual coupling. Design analyses
show that the widest bandwidth occurs when /; is chosen
around 0.94. In addition, another issue about the design is to
ensure impedance compatibility between the feed lines and
patches. The impedance of the feeding line is 50 ohms and
energy flow to the patches is obtained by the coupling effect
of two equal 100-ohm transmission lines. The embedded
distance of transmission lines into the patch has been decided
by the help of simulation program to achieve impedance
matching. Dimension parameters for the designed 1x2 array
RMA are given in Tab. 6.

Table 6 Dimensions of 1x2 array RMA (mm)

h t W, L, W, L, Fi g
0.508 0.035 18 9 4.4 2.92 0.7 0.1
Lyioo Lo Wioo Lso Wso L

1.9 9.63 1.56 2 1.56 0.9A

Analysis result shows that the return loss for the 28.08
GHz resonance frequency is around —44.62 dB and the
bandwidth is 3.50 GHz. The gain pattern indicates that the
1x2 array RMA has 11.6 dB maximum realized gain, which
is higher than the single element RMA, as expected.
However, in this study, as it is aimed to increase antenna
bandwidth as well as the gain, DGS and stacked patch
techniques are applied to 1x2 array RMA designs which is
explained in the next section.

4.1 Application of Defected Ground Structure (DGS) and
Stacked Patch Techniques for 1x2 Array RMA

It has been observed that the widest bandwidth is
obtained when the distance between centers of patch
elements is selected as 0.9/ for the designed 1x2 Array RMA
with non-contact inset-fed. In addition, ring and rod-shaped
slots are cut on the ground surface and parasite patch
elements are added antenna structure since it is aimed to
increase the bandwidth of the 1x2 array RMA. As it can be
seen from the Fig. 7(a) which is the bottom view of 1x2 array
RMA, the ground surface is defected by ring and rod-shaped
slots and they are located symmetrically and around the
center of the two patch elements. In addition, from the Fig.
7(b), simulated 1x2 array RMA with stacked patch elements
can be seen. In this design, two dielectric layers with same
thickness (%) = h2) and same dielectric constant (&1 = &1 =
2.2) are used.

Opening ring/rod-shaped slots on the ground surface
causes a shift in the resonance frequency, and to keep
resonance frequency at 28 GHz, the patch length has been
reduced. While the patch length for each element is 2.92 mm
in the array design without DGS, it is 2.67 mm in this design
with DGS. Dimensions of the 1 x 2 array RMA represented
by Fig. 7(a) and 7(b) are given in Tab. 7 where the width and
length of stacked patches are represented by W,, and L,,
respectively.

Analyses results show that by the application of stacked
patches and DGS, a very wideband antenna design is made.
As seen from the Fig. 8, the return loss of the design is —38.06
dB at 28 GHz and the impedance bandwidth is 7.53 GHz

between 24.14 GHz and 31.66 GHz. The gain of the 1 x 2
array RMA was measured as 10.03 dB (Fig. 9). This indicates
that a design that provides the desired antenna efficiency has
been made, although there is a slight decrease in gain
compared to previous designs.

Table 7 Dimensions of 1x2 array RMA with DGS and stacked patches (mm)

hy=hy t Wg Lg VV,, L,, 4
0.508 0.035 18 9 4.4 2.7 0.9)
Lyioo Lo Wioo Lso Wso F; g

1.9 9.63 1.56 2 1.56 0.7 0.1
d L wr R Wpr WEE LEE
0.6 2.7 0.2 0.5 0.1 3.8 2
- Wo R
A

d

o R

Ly IE”J’
Wy,

A

Stacked Patches

Figure 7 Bottom (a) and top (b) view of 1x2 array RMA with DGS and stacked
patches

Return Loss (S11) dB HFEElesgn A&

000 | aams
= dEl[S[1,1lJ
Setupi : Sweep

-10.00

dB(5(1,1))

-25.00 4

Hae L v
m1 |28.0100]-38.0638
m2 [24.1400|-10.0247
m3 [31.6600|-10.0470

400 . . . :
b0 2400 2%.00 2800 30,00 3200 3400 36.00
Freq [GHz]

Figure 8 Return Loss of two Layer 1x2 array RMA with DGS
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Figure 9 Gain pattern of two Layer 1 x 2 array RMA with DGS

5 28 GHz 1x4 ARRAY RMA DESIGN

In the design of 1x2 RMA array, antenna gain is varied
between 10 and 11.5 dB. As a last step, 1 x4 RMA array with
contactless inset-fed is simulated and analyzed to increase
antenna gain. Moreover, by the application of bandwidth
enhancement techniques, wide band antenna is aimed at 28
GHz for 5G applications. Fig.10 shows the geometry of 1x4
array RMA design.

h
A A

r_.
o
=
o
d
=]
<—f—>
=
&
o
{=]

L”I' W70 Ligo

¥
LSOI Wigo

Y “>
Wsg

Figure 10 Geometry and dimensions of 1x4 RMA array

The distances between the centers of patch elements,
given by /1, > and /3, are defined by the help of software. The
50 ohm feed line is divided into two equivalent 100 ohm
microstrip lines. Quarter wave transformation is performed
by using 70 ohm microstrip line for impedance matching
between two 100 ohm lines. The width and length of 70 ohm
line is represented by wy and L, respectively. All
dimensions of the 1x4 array RMA illustrated in Fig. 10 are
given in Tab. 8.

Table 8 Dimensions of 1x4 array RMA (mm)

h t L, W, L, W, F, g
0.508 0.035 11 29.7 2.9 4.35 0.8 0.1
Ligo Lo Lso quoo Wioo W10 Wso
9.63 2 2 1.9 0.45 0.9 1.56

L b 8
0.74 0.54 0.74

Analyses results show that the return loss of 1 X 4 array
RMA is —43.56 dB at 27.92 GHz and —28.56 dB at 30.17
GHz. This indicates that antenna resonates at two

frequencies. In addition, the bandwidth is found 4.18 GHz
and maximum antenna gain is around 14 dB at 28 GHz.

5.1 Application of Defected Ground Structure (DGS)
Technique for 1x4 Array RMA

In order to increase the bandwidth of the 1x4 RMA array,
the ground is defected by four, concentric, double ring-
shaped slots located each patch. As seen from Fig. 11, for
each ring pair, the inner and outer ring radii are expressed by
R; and R, with widths wg; and wgo, respectively. The widths
and radii of slots are optimized by the HFSS software and the
most suitable dimensions are defined for the best bandwidth.

The bottom view of 1x4 RMA array is given in Fig. 11
and the widths and radii of slots can be found from Tab. 9.
All the other dimensions of the design are the same with the
previous one, given in Tab. 8.

W

Rlel

Figure 11 1x4 array RMA ground surface with DGS

Table 9 Slot dimensions of 1x4 array RMA with ring DGS (mm)

Inner Ring Radius R, 0.5
Inner Ring Width Wg1 0.1
Outer Ring Radius R, 0.8
Outer Ring Width Wr2 0.1

Like the previous one, in this design antenna resonates at
two frequencies, which are 28.12 GHz, and 30.63 GHz.
Return loss and antenna gain are —31.53 dB and 13.34 dB. As
expected, gain slightly decreases due to defected ground
surface. However, the bandwidth of RMA increases to 4.53
GHz.

6 RESULTS AND DISCUSSION

To see the effect of the bandwidth enhancement
techniques, a comparison of all design cases with respect to
antenna output parameters is given in Tab. 10 and important
conclusions of the study are summarized as follows:

1) For all design cases, defected ground surface and
parasitic patch element provide wider bandwidth at the
operating frequency as seen from Tab. 10.

2) According to Tab. 5, if only DGS is applied to single
RMA, antenna gain is reduced significantly due to
complex shape imperfection and radiation loss. To avoid
this situation, the combination of DGS and stacked patch
technique with multiple layer dielectric substrates is
performed in the design and it is observed that wider
bandwidth can be achieved with slight decrease on gain.
Therefore, it can be said that overall performance of
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single RMA is improved by using these bandwidth
enhancement techniques.

3) To provide higher gain, one well-known method is to
increase antenna directivity by arraying. To do that, 1x2
and 1x4 RMA arrays are designed and analyzed. Both
two array designs improve antenna gain with respect to
the single RMA, as expected.

4) By applying DGS and adding parasitic patch element
with multiple layer substrates to 1x2 RMA array
structure, the best bandwidth (=7.5 GHz), which is more
than twice of the bandwidth of the design without using
DGS and parasitic patch elements (=3.5 GHz), is
obtained. The gain for this design is around 10.3 dB
which is slightly less (=1.3dB) than 1 x 2 RMA array
design without using any bandwidth enhancement
methods.

5) The highest gain (=<14dB) is obtained by the 1 x 4 RMA
array configuration, as expected. By applying DGS to the
design, slight increase on bandwidth (9.7%) and
decrease on gain (0.2 dB) is observed. Stacked patch

technique is not implemented to the design to avoid high
degree of design complexity, high loss and very
dispersed radiation pattern which causes multiple
resonance frequency.

6) For all designs, regardless of single or array RMA
configurations, by the application of DGS and stacked
patch, loss is increased because of adding some
components such as multiple dielectric substrate or
parasitic patch element to the design and deformation on
the ground plane. However, for all designs, loss level is
less than —10 dB so it is in acceptable range for
application.

As a last step of this study, obtained results of the
analyses of single and 1x2/1x4 array RMAs are compared
with some similar publications in the literature and expressed
in Tab. 11 and 12. As seen from Tab. 11, using the
combination of DGS and stacked patch technique obviously
increases bandwidth and it prevents significant decrease on
gain.

Table 10 Comparison of outputs of Single and Array RMA designs in this work

Single RMA Single RMA with 1 x 2 Array RMA 1 x 2 Array RMA 1 x 4 Array | x 4 Array RMA
Design Outputs without DGS and DGS and stacked without DGS and with DGS and RMA without .
stacked patch patch stacked patch stacked patch DGS LD
Resonance Frequency 28.075 GHz 27.96 GHz 28.08 GHz 28.01 GHz 27.92 GHz 28.12GHz
Return Loss -31.93 dB -26.06 dB —44.62 dB —38.06 dB —43.57 dB -31.53 dB
Gain 8.20 dB 8.0 dB 11.62 dB 10.36 dB 14.02 dB 13.80 dB
Bandwidth 1.91 GHz 3.45 GHz 3.50 GHz 7.53 GHz 4.13 GHz 4.53 GHz
Table 11 Comparison of Single RMA simulation results with similar studies in the literature
Reference Study Resonance Frequency Return Loss Bandwidth Gain
28.04 GHz (Rectangular Patch) -14.81 dB 0.904 GHz 6.44 dB
[12] 28.06 GHz (Circular Patch) —24.12 dB 0.848 GHz 6.03 dB
28.10 GHz (Triangular Patch) —18.80 dB 0.744 GHz 5.26 dB
[15] 28 GHz -39.36 dB 2.48 GHz 6.37 dB
[16] 28.3 GHz ~38 dB 2.4 GHz 5.56 dB
[17] 28 GHz —40 dB 1.3GHz 7.6 dB
[18] 28 GHz ~28 dB 2.66 GHz 5.82 dB
[19] 28 GHz —24 dB 2.24 GHz 7.86 dB
[20] 27.9 GHz -15.35dB ~0.5 GHz 6.92 dB
[21] 28.96 GHz -19.12dB 3.93 GHz 6.05dB
[22] 28 GHz -59.17 dB 1.3 GHz 10.1 dB
Single RMA with DGS and Stacked Patch in this study 27.96 GHz —26.06 dB 3.45 GHz 8.0 dB
Table 12 Comparison of Array RMA simulation results with similar studies in the literature
Reference Study Array Type Resonance Frequency Return Loss Bandwidth Gain
[17] 1x4 28 GHz —25.8 dB 1.2 GHz 13.5dB
[20] 1x2 27.94 GHz -13.77 dB ~0.5 GHz 9.52 dB
1x4 27.53 GHz -21.44 dB ~1 GHz 11.2dB
[21] 1x2 29.06 GHz -19.31dB 2.36 GHz 7.15dB
1 x4 28.85 GHz —24.56 dB 1.17 GHz 10.27 dB
[22] 2x2 28 GHz —-61.19 dB 1.3 GHz 15.31dB
[23] 1 x 2 (MIMO) 28 GHz ~17 dB 2.GHz 9.4dB
Array RMA with DGS and Stacked Patch in this study 1x2 28.01 GHz —38.06 dB 7.53 GHz 10.36 dB
Array RMA with DGS in this study 1x4 28.12 GHz —-31.53 dB 4.53 GHz 13.8 dB

Of course, it is possible to obtain wider bandwidth with
lower gain or vice versa by applying different design
techniques, which depends on the application and major
consideration of the design. However, the overall aim of this
work is to improve antenna performance by using bandwidth
enhancement techniques in the design and results show that
in the desired frequency range, efficient designs with wide

bandwidth and good gain for single or array type RMAs are
achieved for the applications of 5G.
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