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Abstract: 5G technology is the latest technology in market for
high data rate communication based applications. There are
some problems like signal blocking and attenuation occur at very
high data rate and become a problem for 5G communication.
This problem can be solved by using MIMO based antennas.
Microstrip patch antenna is used for high frequency antenna
applications. Multiple array MIMO based microstrip patch
antenna is very suitable for high data rate 5G applications. CST
software is used for designing and simulation of the proposed
MIMO antenna. The proposed work is 2x2 array of MIMO
microstrip patch antenna with a tree shape patch and full
ground, which is providing better bandwidth of 69 MHz at 3.5
GHz 5G frequency. It is also providing return loss of -24.1 dB
which is better than previous work which has achieved return
loss of -19dB only. Proposed antenna is very suitable for 5G
applications including mobile communication, WLAN etc.

Keywords: Multiband Antenna, MIMO (Multiple Input
Multiple Output), 5G, Wideband, MPA (Microstrip Patch
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I INTRODUCTION

In this new era of advancement, speed of data

communication becomes very important. New 5G
technology is planning to launch to fulfill this high data rate
requirement. 5G technology is capable of serving speed in
Gbps. For data communication at high frequencies
Microstrip Patch Antenna (MPA) is used due to its light
weight, low costing, and it is also very easy to fabricate. In
5G architecture, network consists of large number of small
cells and these cells are capable of providing high data rate
with lesser requirement of power. The only disadvantage of
5G is due to this high data rate, signa blocking and
attenuation increases [1]. It is found that MIMO based MPA
can be used to resolve these problems.

The main factor of these 5G antennas is the
implementation of MIMO to increase the speed by 10-100
times as compared to 4G. Interference alignment and multi-
cell processing can be used with MIMO to reduce
interference [6].
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Using these techniques (multi-cell processing and
interference alignment) the cell size is reduced by fixing
femto cells or smal cells but this will increase the cost of
additional equipment in addition to increasing interference,
therefore, the most appropriate option is to use MIMO
technology. Frequency reuse technique can be used to utilize
losses due to propagation and this can be done by making
small cell base stations which are also called as pico-cells &
femto-cells [2]. The environmental conditions like rains also
creates problem in propagation of higher frequencies.
Snowfall, fog, rain etc leads to bad transmission. This aso
leads to bad strength and bad signa quality due to
attenuation by atmosphere. This issue can be solved by
introducing directional antenna with high gain. CST
MICROWAVE STUDIO is a fully featured software
package for electromagnetic analysis and design in the high
frequency range [7]. The software contains four different
simulation techniques (transient solver, frequency domain
solver, Eigen mode solver, modal analysis solver) which
best fit their particular applications.

2x2 MIMO based MPA is designed in this paper for the
applications of 5G technology. Four array of tree shape
design is placed with aground plane. The results are proving
a bandwidth of 69 MHz (3.503GHz - 3.572GHz) at a return
loss of -24.1 dB with a resonant frequency of 3.53 GHz.

. MIMO SYSTEM

Any trans-receiver system has one oscillator, one band
pass filter (BPF), one low noise amplifier (LNA) and an
antenna. Slotted microstrip antenna is designed out of
microstrip patch antenna. In MIMO technology, several
antenna elements in the single unit is used at both source
and destination units. These multiple antennas are used
together to reduce errors as well as increase data rates [8].
MIMO is a smart antenna model which is used for 5G, other
such smart models are MISO (Multiple input, Single output)
and SIMO (Single input, Multiple output). While
conventional systems make use of single antenna at both
source and destination. Multipath effects create a problem in
MIMO system. Scattering of EM signal occur due to high
density obstacles like valley, trees, buildings, cables etc, this
leads to problems like delay in signal, signal fading, cut off
of signa etc [5][10]. Such issues lead to problems in
communication system like decrease in data rate and errors
insignal.
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Fig.1: MIMO System

The use of multiple antennas in MIMO system reduces
the effect of delay of signal because of multipath or missing
signal since multiple signals can be sent at once. Television,
Wireless local area network, mobile communication systems
uses MIMO systems for better transmission [4].

C =Blog,(1+3) @

As per the above equation, it can be seen that the main
parameter to achieve maximum speed of communication is
bandwidth because it is directly proportional to capacity
while SNR defines the signa transmission quality. One of
the advantages of MIMO systems is that it can increase
channel capacity without changing the bandwidth [3].
Another advantage of MIMO isitslinear increase in channel
capacity with respect to increase in antenna counts while for
al others like SISO, SIMO & MISO channel capacity
increases logarithmically. There is only one path in between
each of the source & destination pairs, it indicates the
transmission of same information in multiple directions and
thus multiple copy of same information will be received at
destination end which indicates reliability [9][11].

1. ANTENNA DESIGN

2x2 MIMO RMPA with tree shape design is printed on
the one side of the FR4 lossy substrate and the ground plane
is located on the other side of the substrate. The proposed
design of the antennaiis printed at a length of patch 30.1 mm
and width of patch 40 mm, it is feeding from the sides of the
substrate which is connected to a RMPA. The proposed
structure of the PRMA with tree shape design is created and
simulated on CST [7] is shown in the Figure 2.

The dimensions of lengths and widths of the RMPA with
ground plane layer are shown in tabulated form in Table 1.

Table 1: Dimension of RM PA

Parameter Description Value
Wsub Width of Substrate 128 mm
Lsub Length of Substrate 128 mm
Wp Width of patch 40 mm
Lp Length of patch 30.1 mm
Wc Width of cut 1.5mm
Lc Length of cut 9 mm
Ws Width of stripline 2 mm
Ls Length of stripline 25.95 mm
H Height of substrate 1.6 mm
Er Dielectric Constant 4.3
(FR4 Lossy)
Wg Width of Ground 128 mm
plane
Lg Length of Ground 128 mm
plane
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Fig. 2: Structure of the MIM O RMPA with Tree Shape

patch.
@ Front View (b) Back View (c) 3D view

SIMULATION AND EXPERIMENTAL RESULTS

The 2x2 MIMO RMPA with tree shaped patch and an
etched ground plane was simulated using the CST
Microwave Software. The simulated return loss &
bandwidth of the rectangular microstrip patch MIMO
antennais shown in Figure 3. The simulations are performed
using the CST Microwave Studio Software. It is shown that
the bandwidth of antenna is 69 MHz (3.503GHz -
3.572GHz) at a return loss of -24.1 dB with a resonant
frequency of 3.53 GHz.

V.
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Fig. 3: Return loss of antenna 1-4
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Fig. 4: Port to Port return loss of all antenna elements

The port-to-port isolation is defined as the ratio between
the powers fed into one port of the antenna to the power
received at the other port. It is therefore an important
parameter to consider if the antenna is to be used with a
transmitter that makes use of MIMO. All the isolations

visible in Figure 6(a) that radiation is bi-directional in nature
with a half power beam width of 47.5 degree. Similarly, H-
plane of proposed MIMO antenna at a resonant frequency of
3.538 GHz is shown in Figure 6(b). It is clearly visible in
Figure 6 that radiation is omnidirectional in nature with a

between the ports are shown in Figure 4.

The 3D view of simulated radiation pattern at 3.53 GHz
is shown in Figure 5. In the Figure 5, it is clear seen that
directivity of antennais 6.835 dBi.

half power beam width of 96.2 degree.

Farfield Directivity Abs (Phi=0)
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Fig. 5: 3D view of radiation pattern at 3.538 GHz Theta / Degree vs. dBi

E- Plane of proposed MIMO antenna at a resonant @

frequency of 3.538 GHz is shown in Figure 5. It is clearly
Farfield Directivity Abs (Phi=90)

farfield (f=3.538) [1]
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Fig. 6: Smulated Polar view of radiation pattern (a) E Plane (b) H Plane
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Fig. 8: Comparison of Simulated and Fabricated MIMO
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Table 2: Comparison of previouswork & proposed work

Parameter Previous Work | Proposed Work
Freguency 3.538 GHz 3.52 GHz
Bandwidth 69 MHz 41 MHz
Return Loss -24.1dB -19dB

It can be seen from the Table 2 that the proposed antenna
is better than previous work in terms of both bandwidth and
return loss.

V. CONCLUSION

5G is a high data rate technology. There are chances of
attenuation at such high data rate but it can be rectified by
using MIMO antenna. Therefore a tree shape patch is
designed on the FR-4 Substrate in proposed work. Array of
2x2 is developed on same PCB to develop a MIMO system
which is capable of sending multiple data at a time and thus
increase the data rate. The proposed MIMO design is
providing bandwidth of 69 MHz which is better in
comparison with previous work. The return loss of -24.1 dB
is achieved at the 5G frequency of 3.53 GHz. The proposed
design is suitable for 5G applications.
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