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Abstract— The 5G multiple-input multiple-output (MIMO)
microstrip antenna with isolation enhancement that is tiny and
based on a BandPass metamaterial (BPM) is presented in this
study. The expectation of higher data rates drove the
development of fifth-generation (5G) mobile communication
networks. The performance of a two-element microstrip
antenna array with and without bandpass metamaterial is
compared in this work. The antenna consists of two parts, with
its radiators positioned to report the parallel direction. The
array antenna's overall dimensions are small, measuring 40 x
72 x 1.6 mm®. The proposed isolated double patch parallel
antenna produces bandwidth and mutual coupling equal to
11GHz and less than -30dB at a frequency range from 1.5 to
6GHz, respectively, while the rectangular microstrip patch
antenna array produces these values at 14.80 GHz and -
55.94dB. When compared to the double microstrip parallel
antenna, the double microstrip parallel antenna with BPM is
superior in terms of mutual coupling. This increasing demand
for faster data speeds in the rapidly changing field of mobile
communication technologies is met by this creative antenna.
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. INTRODUCTION

Manufacturers are always coming up with new
wireless communication systems because more and more
people need and use wireless devices in areas like medicine,
defense, and aeronautics. From this point of view and over
the last few years, microwave circuit technologies have
changed a lot [1,2]. The antenna has a bigger footprint,
which makes it harder to put in small areas because it takes
up more space in the communication chain. Microstrip patch
antennas are valuable parts of fifth-generation (5G) wireless
communications today. They are small, cheap, and simple to
attach to integrated circuits, satellites, cars, planes, and even
people inside and outside of them. Some problems with their
performance are that they have a narrow bandwidth, low
collection power, and low gain, which means they can't be
used in all cases [3]. It is the antenna's return loss, gain, and
bandwidth that really matter when it comes to the high

frequencies of 5G wireless communication technology. The
best antennas should have high gain, low return loss, and
wide bandwidth [4-6]. This will solve these problems and
meet user needs. The fastest 5G wireless connection can
only send and receive 100 Mbps of data, but the current
needs are estimated to be more than 10 Gbps. And so, the
5G wireless network is what we need to have a wireless
information system that works for these purposes. This
second one has a reaction time of less than a millisecond,
covers 1 million components in a square kilometer, gives 10
Thps network access in a square kilometer, 10 Gbps, and
many other benefits [7-9]. Using the highest frequencies is
the best way to meet all of the requirements and get good
results with 5G. This is because the International
Telecommunication Union (ITU) set aside frequency bands
between 3.4 and 3.6 GHz, 5 to 6 GHz, 24.25 to 27.5 GHz,
37 to 40.5 GHz, and 66 to 76 GHz as special bands for 5G.
The Federal Communications Commission (FCC) set aside
the band between 27.5 and 28.35 GHz [8]. Out of all these
frequency ranges, we picked the 2-6 GHz band for our
study because it has been used in trials in several countries
and is a good fit for 5G.

There needs to be high bandwidth and good
directivity in 5G antennas so that users can get what they
want, like the high data rates of current technology. They
also need to have a lot of gains so microwaves don't damage
them. Living things can stop the flow of electromagnetic
information on millimeter waves and the bad things that
happen when very high frequencies are used [10-13]. For
5G wireless technology to work, antennas need to be cheap,
easy to place on all electronic systems and devices, work
well, and be able to be used on both flat and curved
surfaces. When mounted on rigid surfaces, they also need to
be mechanically sound. In order for scientists to work on
this topic, a microstrip patch antenna is now an important
part of all 5G wireless communication systems. Because of
this, this type of antenna is very important to this study
paper. The needs and standards for the wireless
communication network have grown a lot along with this
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progress. New wireless standards have been made to deal
with these issues, and the next wave of standards is made
almost every ten years [14-17]. The main point of this piece
is to make a patch array antenna that works with 5G mobile
phones by using bandpass metamaterial to stop the antenna
elements from interacting with each other. The suggested
antenna should have a large bandwidth, a basic shape, a
unigue beam pattern, and a high gain. Notably, a wide
bandwidth will improve range and capacity, while a small
size will lower costs and make installation easier. The
separated microstrip array antenna methods that have been
suggested lower mutual coupling and raise antenna gain.

II. ANTENNA DESIGN

The goal is to make an antenna with a higher gain
and a more focused radiation pattern that is just right for
next-generation mobile transmission on cell phones.
Millimeter-wave frequencies are set aside for future 5G
systems, so antennas that work in this range need to be
small. Fig. 1 shows in great detail the antenna's size and
shape. The antenna is put together on a piece of FR4 that
has a width of 1.6 mm, a permittivity of 4.4, and a loss
tangent of 0.025. The antenna's ground plane is 36 x 14.5

mm?.

Fig.1: The geometry of the proposed RMPA single-element antenna.

When you change the antenna's key parameters,
which are shown in Table 1, you can get different frequency
bands. The patch and transmission line are on top, the base
is in the middle, and the ground plane is at the bottom. This
is how a patch antenna is developed and made. It gets power
from a microstrip line. Five hundred ohms is what the
second one is set to. Fig. 1 shows the shape of a single patch
antenna that has been suggested. The structure of a two-
element MIMO antenna with a linear orientation and
dimensions of 40 x 72 x 1.6 mm?® is shown in Fig. 2 (a).
Table 2 shows the antenna's most important parameters, and
Fig. 2(b) displays the layout of a two-element MIMO
antenna patches with bandpass metamaterial BPM added
between them.

31

Table 1: Dimension of the single antenna element (all in mm)

Parameter | dimension | Parameter | dimension
W, 2.8 L, 75
W, 18.4 L, 6
W 3 Ly 16

Wa

Leup

(b)
Fig.2: Layouts for the 1 x 2 MIMO RMP antenna array (a) without
bandpass metamaterial structures and (b) with bandpass metamaterial
structures.

This problem with coupling can be fixed by
making the antenna's mutual impedance (both real and
imaginary parts) equal to zero at antenna resonance. This
solves the coupling problem at all frequencies when the
distance between the elements is very small, which leads to
a strong coupling. This state can be reached by making the
antenna more isolated. The band stop filtering system
structure has been put in place between the surface
microstrip patches to make the antenna separation better. By
adding the BPM to the planned MIMO antenna, we hope to
get good band rejection properties. We put bandpass
metamaterial BPM filtering structures between the spots on
the surface to look into how well they stop mutual coupling.

Fig.3: The layout of the designed BandPass Metamaterial structures.
Table 2. Dimensions of the Designed Antenna.



parameter | Value(mm) | Parameter | Value(mm)
Wb 72 Lr2 3
Lsub 40 Wgr 2
h 1.6 s 1
d 12 Lrs 4

I11. RESUITS AND DISCUSSION

Impedance matching between an antenna and its
source is crucial for maximizing power transfer and
minimizing reflection. The Voltage Standing Wave Ratio
(VSWR) indicates the quality of the match; a low VSWR
(close to 1) means better matching. ldeal power transfer
occurs when the antenna and source have the same
impedance.

We made the antenna based on the transmission line
model results. Now we'll look at the HFSS antenna
modeling results. The reflection coefficient for one-element
S11 is shown in Fig. 4. Its values are -17.13, -24.46, -

24.80, -15.84, -12.43, and -26.87 dB for resonance
frequencies of 2.98, 4.80, 7.57, 8.74, 10.14, and 12.38 GHz.
As the frequency goes up, the range of the transmission line
model gets bigger. This is especially true for millimeter-
wave frequencies. The frequency range is 10.55 GHz (2.50-
13.05 GHz). As you can see in Fig. 5 and Fig. 6 the values

of the 2D gain plot are 2.64 and 4.29 dB at phi 0° and 90°
, and the VSWR is 1.00. Printed antennas that are all in one
piece don't work well enough most of the time. With some
properties, like high gain or a shaped main lobe, you can
only get them by putting together a system of several
transmitting sources. This is called an antenna array. It is
possible to get highly directed radiation by combining
several main antennas. However, this relies on the number
and type of elements, how they are powered, and how they
are properly set up in the array.
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Fig .4: Simulation results of the reflection coefficients for the proposed
single-element antenna.
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Fig. 5. Simulated far-field radiation pattern of one-element patch antenna.

There are many things that affect the choice of the best
configuration (feed), such as the antenna gain, insertion loss,
beam angle, array, side lobe level, ability to control the feed,
and polarization. The serial transmission line feed type was
chosen because it has a larger capacity, lower insertion loss,
and lower polarization. Microstrip patch antennas work
better when there are more of them in a group. We
recommended a 1x2 grid of two antenna elements to get the
study results we needed. This would make the antenna work
very well. Fig. 2. The reflection coefficient S11 shows that

there is a break in the plane between the broadcast source
and the antenna. This coefficient, which is generally given
in decibels, is the ratio of the wave that hits the antenna to
the wave that is reflected. The amount of matching (or, more
accurately, mismatching) is measured by the standing wave
ratio (VSWR). When the chains are exactly matched, this
ratio goes to 1; when the chains are not matched, it goes to
infinity. Some ways to match that can be used to improve
energy flow are single-stub matching, double-stub matching,
and quarter-wave matching. It has two elements and doesn't
have BPM Sq1. Fig. 7 and 8 show the shapes for the

reflection coefficient and VSWR. The values are -55.94, -
55.94, -41.93, and -29.61 dB for resonance frequencies of
3.65 GHz, 579 GHz, 9.02 GHz, and 9.61 GHz. The
frequency range is 14.80 GHz (1.20-16.00 GHz), and the
VSWR is 1.00.

8 10
frequency(GHz)
Fig.6. VSWR of proposed antenna of a one-element patch antenna.
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Fig.7: Simulated S11 and S12 of the two-element microstrip Patch array
antenna without BPM structures.
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Fig.8. VSWR of proposed antenna array of the double microstrip
parallel antenna without BPM structures .

The 2D gain figure in Fig. 9 shows that the value is 4.49
and 6.28 dB at phi 0 and 90, respectively, at 3.65 GHz. A
radiation pattern is any graph that shows how the radiation
behaves at each antenna based on how they change (B, @), or,
in other words, based on the polar plane. To see the curves of
the reflection coefficient and VSWR for a two-element
system with BPM between patches, look at Fig. 10 and 11.
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Fig.9. The radiation pattern of the double microstrip parallel antenna
without BPM structures.
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Fig.10: Simulated S;; and Sy, of the double microstrip parallel antenna with
BPM structures.
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Fig.11. VSWR of proposed antenna array of the two-element microstrip
patch array antenna with BPM structures.

These were made with Sqq = -18.24, -17.08, -15.29, -20.20,

-18.35, -40.35 and -13.71dB, and the resonance frequency
was 3.18 GHz, 9.34 GHz, and 14.94 GHz. The frequency
range is 3.18 GHz, with a VSWR of 1.26 and bandwidths of
2.81 GHz, 6.65 GHz, and 2.9 GHz. As you can see in Fig.12,
the 2D gain plot has a value of 7.56 dB at phi 0 and 9.87 dB
at phi 90, both at 3.18 GHz. At the ideal frequency, the
mutual coupling between the antennas is seen to drop from -
26.95 dB.

255 579 285

Fig.12. The radiation pattern of the two-element microstrip patch Array
antenna with BPM structures.



IV. MUTUAL COUPLING COMPARISON

This picture (Fig. 13) shows the difference in the
mutual coupling between two MIMO antenna patches with
and without BPM added between them. The isolated
microstrip antenna array that was mentioned has resonance
frequencies of 3.18 GHz, 9.34 GHz, and 14.94 GHz, in that
order. The range of frequencies that are responsive is 2.82
GHz, 6.65 GHz, and 2.90 GHz, in that order. An RMPA
array without BPM has a bandwidth of 14.80 GHz, but the
isolated microstrip antenna array that is being proposed has a
lower bandwidth. So, the first proposed microstrip antenna
array (the RMPA array without BPM) has a wider bandwidth
than the second suggested isolated microstrip antenna array.
The isolated microstrip antenna array that was recommended
has a lower mutual coupling of -26.24 dB at the resonant
frequency of 3.18 GHz compared to RMPA. In addition, the
suggested separation microstrip antenna array is no longer
crossing over at 3.18 GHz, which is the resonant frequency.

-12 | — S12 without BPM
— S12 with BPM

-28
-32
-36

10 11 12

S-parameters

1 2 3 4 5§ 6 7 8 9
Freq |GHz]

13 14 15 16

Fig.13: Comparison of the mutual coupling S;, of two MIMO antenna
patches with and without inserting BPM between patches.

The comparison between the proposed antenna and other
antennas is listed in Table 2. It can be seen that the proposed
antenna has advantages over the existing antennas in terms of
the small size of separation structure, low edge-to-edge
distance, and low mutual coupling value. The antenna is
suitable for beam scanning and other applications requiring
high directivity.

Table 2: Comparative Analysis with Existing Design.

Ref. | Substrate | Antenna Frequency | Sy (in
No | Material Size(in mm®) Range dB)
18 FR-4 36x44x1.6 5.8 GHz —24.5
dB
19 FR-4 50x50x1.6 2.45,5.8 | -25,-29
GHz dB
20 FR-4 44x37x1.6 5.4 GH -23dB

IV. CONCLUSION

This paper shows a planar array of 1x2 antenna
elements that can be used for 5G. This is done to make the
standard rectangular patch microstrip antenna work better
by increasing its band width and gain. When the
reconfigurable patch and ground plane are used to widen the
band, the band width gets wider than with the standard
RPMS. To improve the 1x2 array's directivity and gain and
to get rid of the effect of mutual coupling between closely
spaced elements, BPM is shown. The results clearly show
that the Sy, is different when comparing cases with and
without BPM between the two elements, which leads to a

smaller overall design. It can be used for many different
types of wireless tasks, including ISM band, 5G, Wi-Fi,
WiMax, and UWB.
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