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Abstract: With the rapid growth of wireless communication technologies, there is an increasing need for
efficient and high-performance antenna systems that can support high data rates and reliable
communication. Traditional SISO (Single Input Single Output) systems, which use a single antenna, often
face limitations such as lower capacity and signal fading, especially in complex communication
environments. To overcome these challenges, MIMO (Multiple Input Multiple Output) technology has
been introduced, which uses multiple antennas at both the transmitter and receiver to improve
communication performance. In this project, microstrip patch antennas for both SISO and MIMO systems
are designed and simulated for wireless frequency bands such as Sub-6 GHz used in modern applications
like 4G and 5G. The antenna models are developed and analyzed using Ansys HFSS, and their
performance is evaluated based on parameters such as return loss, gain, bandwidth, and radiation
pattern. The results show that the MIMO system provides better performance in terms of higher gain,
improved bandwidth, and enhanced signal reliability compared to the SISO system. This study highlights
the importance of MIMO technology in modern wireless communication systems and its role in achieving
efficient and high-speed data transmission.
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1. INTRODUCTION

As the development in communication engineering and electronic communicating system,the
smaller size and wider bandwidth are key requirement for recent developments in communication system
for designing a radiating element (antenna). In communication engineering, 7.0 to 11.2 GHz frequency
band is set for X band application. The S-band is part of the microwave band of the electromagnetic
spectrum. It is defined by an IEEE for radio waves with frequencies that range from 2 to 4 GHz, crossing
the conventional boundary between UHF and SHF at 3.0 GHz. The S band is used by weather radar, and
surface ship radar.

The C-band is a name given to certain portions of the electromagnetic spectrum, including
wavelengths of microwave that are used for long distance telecommunications. C-band (4 to 7 GHz) and
its slight variations contain frequency ranges that are used for, some Wi-Fi devices, some cordless
telephones, and some weather radar systems.

MIMO stands for Multiple Input Multiple Output. It's a technology used in wireless communication
systems to achieve higher data rates and improved reliability by transmitting and receiving multiple data
streams simultaneously through multiple antennas.

MIMO systems utilize multiple antennas at both the transmitter and receiver ends. There are several
configurations of MIMO systems, including:
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SIMO (Single Input Multiple Output): One transmit antenna and multiple receive antennas. This
configuration is useful for enhancing the signal reception, particularly in environments with multipath
fading.

MISO (Multiple Input Single Output): Multiple transmit antennas and one receive antenna. This
configuration is useful for improving the signal-to-noise ratio at the receiver end.

MIMO (Multiple Input Multiple Output): Multiple transmit antennas and multiple receive antennas. This
is the most common configuration and provides the highest potential for capacity improvement and
diversity gain.

MIMO systems exploit the spatial dimension to increase the data throughput and reliability of wireless
communication systems. By using multiple antennas, MIMO systems can transmit multiple data streams
in parallel over the same frequency band, effectively multiplying the capacity of the wireless channel.

Antenna systems remain a key parameter of any communication technology (1G, 2G, 3G, 4G, and future
5G and 6G). Future 5G and 6G communication systems require compact, simplified, high-gain, low-
profile, wideband, and low-cost antenna systems. These changes are required to obtain efficient, low-cost,
and compact communication devices. 5G mobile communication system is established on wide range and
it has made numerous advantages of high data rate, low latency, and higher transmission rate over 4G and
3G.

In terms of antennas used in MIMO systems, various types can be employed, including omnidirectional
antennas, directional antennas (such as patch antennas or Yagi-Uda antennas), or adaptive antennas that
can dynamically adjust their radiation patterns. The selection of antennas depends on factors like the
desired coverage area, frequency band, and system requirements.

Overall, MIMO technology has become integral in modern wireless communication systems such as Wi-
Fi, LTE, and 5G, enabling higher data rates, increased reliability, and better spectral efficiency

Fig 1: MIMO system

At one time, in wireless the term "MIMO" referred to the use of multiple antennas at the transmitter and
the receiver.

In modern usage, "MIMOQO" specifically refers to a class of techniques for sending and receiving more than
one data signal simultaneously over the same radio channel by exploiting the difference in signal
propagation between different antennas.
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2. LITERATURE SURVEY
The development of wireless communication systems has led to continuous research in antenna design,
particularly for compact size, wide bandwidth, and high data rate applications. Earlier antenna designs
were mainly large and limited to specific applications such as military and radar systems. With the
evolution of communication technologies, especially after the allocation of frequency bands like UWB for
commercial use, antenna research has significantly advanced to support modern wireless systems.

In recent years, the demand for high-speed communication has increased due to the rapid growth of
mobile devices and applications such as smartphones, online services, and multimedia communication.
This has led to the development of advanced antenna systems for 4G and 5G technologies, where high
data rate, low latency, and better reliability are essential. Researchers have focused on designing
multiband and compact antennas suitable for modern devices, including MIMO antenna systems that can
operate efficiently within limited space.

MIMO (Multiple Input Multiple Output) technology has emerged as a key solution to improve wireless
communication performance. By using multiple antennas at both the transmitter and receiver, MIMO
systems can increase channel capacity and enhance spectral efficiency without requiring additional
bandwidth. Various configurations such as SIMO, MISO, and MIMO have been studied, with MIMO
providing the highest improvement in performance. Research works have demonstrated that MIMO
systems can significantly reduce the effects of multipath fading and improve signal reliability using
techniques such as spatial diversity and spatial multiplexing.

Several studies have also focused on antenna design using microstrip patch antennas due to their
advantages such as low cost, compact size, and ease of fabrication. Advanced techniques like defected
ground structures, slot designs, and antenna spacing optimization have been used to reduce mutual
coupling and improve performance parameters like gain, return loss, and isolation. Modern research also
highlights the importance of parameters such as Envelope Correlation Coefficient (ECC), diversity gain,
and channel capacity in evaluating MIMO antenna performance.

Furthermore, with the emergence of 5G and future 6G communication systems, the need for efficient
antenna systems has increased. Researchers have explored massive MIMO systems and advanced channel
models to improve spectral efficiency, energy efficiency, and overall network performance. Channel
modeling and signal processing techniques such as space-time coding and beamforming have also been
studied to enhance system reliability and performance.

Overall, the literature shows that MIMO technology plays a crucial role in modern wireless
communication systems. However, there is still a need for practical and simulation-based comparative
analysis of SISO and MIMO antenna systems, especially using tools like HFSS. This project focuses on
addressing this gap by designing and analyzing SISO and MIMO antennas and comparing their
performance based on key parameters such as return loss, gain, bandwidth, and radiation pattern.

3. PROPOSED SYSTEM
The proposed system focuses on the design and analysis of a microstrip patch-based MIMO antenna
system and its comparison with a conventional SISO antenna for wireless communication applications. In
this system, a two-element MIMO antenna is designed using an FR4 substrate to achieve compact size
and low-cost implementation. The antenna elements are arranged in such a way that mutual interference is
minimized, ensuring high isolation and better performance.
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The antenna is designed to operate in multiple frequency bands, including Sub-6 GHz, C-band, X-band,
and Ku-band, making it suitable for modern applications such as 5G, Wi-Fi, and satellite communication.
The entire antenna structure is modelled and simulated using HFSS software, where different parameters
like patch dimensions, ground plane size, and feeding techniques are optimized to obtain better results.

The performance of the proposed system is evaluated using important parameters such as return loss
(S11), gain, bandwidth, radiation pattern, and isolation (Sij). The system ensures that the return loss is
below -10 dB for efficient radiation and maintains high isolation between antenna elements to reduce
signal interference. Compared to the SISO system, the proposed MIMO system provides improved data
transmission, higher gain, wider bandwidth, and better signal reliability.

Overall, the proposed system demonstrates an efficient antenna design approach that enhances wireless
communication performance and meets the requirements of next-generation communication systems like
5G.

4. METHODOLOGY

The methodology of the system is organized into the following steps:
e Study of SISO and MIMO wireless communication systems and antenna theory
e Selection of operating frequency and substrate (FR4)
e Design of microstrip patch antenna for SISO system
e Modeling of SISO antenna in Ansys HFSS
e Design of 2x2 MIMO antenna configuration
e Arrangement of antenna elements to reduce mutual coupling and improve isolation
e Simulation of both SISO and MIMO antennas
e Extraction of parameters: S11, Gain, Bandwidth, Radiation Pattern
e Optimization of antenna design for better performance
e Comparison of SISO vs MIMO results

5. PROPOSED SYSTEM HARDWARE RESULTS

In this work 2 element MIMO antenna is proposed and designed. The antenna used FR4 substrate of
0.8 mm thickness. One side of the substrate having dipole bending and the other side is ground. The
ground is rectangular ring shaped. The design is simulated in HFSS tool. The simulated results are shown
below.
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Fig 2:Without inset feed, the antenna offers multi band radiation with narrow bands. This
poor performance reduced by introducing inset feeding in the antenna.

Heart type antenna with inset feeding:

The antenna with inset feed and the grouund length is made to change the length. With ground lwngth 30
mm ans inset feed the antenna offers good performance which is shown below
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Fig 3:The antenna with inset feed and ground length 30 mm. it is offering 4 band from 5 to 15
GHz which include ¢ band, x band and Ku band.
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Fig 4:The

radiation pattern with ground 30 mm is shown above. The 3D polar plot shown in below figure. The
surface current distribution is also shown in figure

Two element MIMO antenna

Two element patch antenna is shown below. The size is twice of the unit cell. The return loss (Sii) is
shown below. The parametric analysis with ground is made.
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The optimized ground length is 30 mm. the return loss and isolation is shown below
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From bove graph, one can say that the isolation is very good. Because the Sij values are very much

below -25dB
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3D and 2DRadiation plots;

Radiation Pattern od TWO element MIMO
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Fig:5 3D and 2DRadiation plots

Surface current distribution is shown below which shows the one antenna is completely isolated from
other antenna

\4

From above results the Return loss Sii, give the radiation band and it is ranging in
four bands.

Radiating in the 4 bands 5G: ISM &Sub-6, in C band ,X band and Ku band

From S, it is concluded that proposed model offers better return loss

From Sj;, it is concluded that proposed model offers better isolation

V V YV V

The size of the antenna is best suitable to cellular and mobile applications

6. CONCLUSION

In this work a microstrip MIMO antenna is designed, simulated and simulated results recorded.
In this work the, the antenna is successfully radiating in S band which includes the Sub6 band of
the 5G communication, ISM band. The proposed antenna is printed on 0.8mm thickness FR4 4.4
dielectric constant. The final design has dimensions 76X40 mm?. It is a two element MIMO
antenna that radiate in four bands with good isolation between ports. The isolation is achieved by
placing individual antenna in orthogonally to other. The radiating band covers the C- band, X
band, K band and Ku band. The C-band is a commercial band, that consist satellite applications
and military applications
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