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Abstract: Modern communication systems demand the use of antennas that are light weight, easy to excite and
performance over wide range of frequencies. In addition to that, there is a need to implement antennas that have high
gain and flexibility. Moreover using two or more antennas to cover various frequency bands will increase the system
cost. This leads to the development of MIMO antenna which consists of the micro-strip patch. The main objective of
this paper is to design a MIMO antenna which has four radiating elements that are separated by placing 2 L-shaped
metallic structures and a Slotted Ground Plane which reduces the correlation coefficient between them. Mutual
coupling is reduced by applying the polarization diversity which is achieved by placing the elements orthogonal to each
other. Since the gain is more than a single element and gives multiple frequency bands, makes it suitable for LTE
applications.
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I.

INTRODUCTION

MIMO has emerged as a recent technology to achieve very high bandwidth efficiencies and large data rates in wireless
communications. The MIMO technology was first studied by Foschini in 1998. The principle is to employ multiple
antennas at both the transmitter and the receiver side [1]. The attractive features of MIMO are high performance in
wireless communication systems, improved channel capacity, low transmission power, reliable operation in poor signal
conditions, high spectral efficiency and high data rates [2]. Researches on MIMO mainly focuses on the communication
systems, information theory, signal processing and coding issues. Only little importance is given for antenna designing
and their impact on channel capacity, system performance etc. Thus, in this paper the main focus is given for the
antenna designing and their significance in the system performance.
In this paper various aspects such as the radiation pattern, gain, directivity, mutual coupling, correlation between the
antenna elements are discussed. The antennas used in MIMO should have compact size, low profile, high gain, lower
correlation and high isolation[3]. Since the microstrip antennas have some features like small size, lower weight, ease
of fabrication, ease of integration with MIC they are more preferable for designing MIMO antenna. Even though the
microstrip antennas have many advantages, they have some disadvantages such as low gain, narrow bandwidth, low
efficiency, low power handling capacity which limits their use in 3G and 4G wireless systems [3]. Bandwidth can be
improved by increasing the substrate height or increasing the patch width up to 1λ. Another method for improving
bandwidth is to etch the slots on the antenna which makes the fabrication easy and produces multiple bands. The major
issue in MIMO antenna is the mutual coupling between the antenna elements. Mutual coupling is the parameter used to
describe the correlation between the elements [4]. High mutual coupling may result in high correlation which in turn
reduces the antenna efficiency. The correlation coefficient describes how the radiation patterns of two antennas are
independent. Hence the correlation coefficient takes the radiation pattern, polarization and the relative phase of fields of
the antenna into account. The correlation coefficient can be reduced by using different polarization and increasing the
distance between the antenna elements [5]. This gives rise to the various diversity techniques such as polarization
diversity, spatial diversity, multimode diversity and pattern diversity.
In this paper the polarization diversity is used which improves the channel capacity without increasing the distance
between the elements. At larger distance, the far field patterns are uncorrelated since the relative phase is not constant.
A good MIMO antenna system should have good isolation and the radiation pattern should not be same. Various
isolation methods are used in MIMO such as Defected Ground Structure, lumped component structures, Neutralization
strips, resonating structures, orientation of antenna and the use of meta materials[6].
The challenges for MIMO antennas are compact and low profile, low mutual coupling, high gain, flexibility, multimode
operations, multiple frequency bands, correlation coefficient etc. In this paper various parameters such as the Gain,
Directivity, Radiation pattern and return loss are analyzed.
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II.

DESIGN OF SINGLE RADIATING PATCH ANTENNA

A single radiating element is a rectangular patch designed by printing the patch on the RT-Duroid substrate having the
dielectric constant of εr =2.2 and a tangent loss of 0.0004. The substrate height is taken as 1.6mm, a length of
48.774mm, a width of 56.47mm. In order to increase the bandwidth slots are etched on the radiating patch. The
rectangular patch is the modified design from [7]. The proposed single radiating patch is shown in figure.1.

Figure 1 Geometry of single radiating patch
As the slots are etched to increase the bandwidth, it reduces the gain of the antenna. Gain is a measure of antennas
efficiency and its directional capabilities. Hence the gain of the single radiating patch reduces from 1.54dB to 1.53dB
which is shown in the figure.2. Directivity of an antenna is defined as the ratio of the radiation intensity in a given
direction from the antenna to the radiation intensity averaged over all directions. The directivity of single radiating
patch is 1.68dB which is shown in the figure.3.

Figure 2 Gain of single radiating patch with slots

Figure 3 Directivity of single radiating patch
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III.

DESIGN OF TWO RADIATING PATCH MIMO ANTENNA

The two radiating patch MIMO antenna is designed by placing the elements orthogonal to each other which is the
polarization diversity, [8] to reduce the mutual coupling between the two radiating patches. The isolation between the
elements are provided by placing the metallic structure between the elements. To provide more isolation the Slotted
Ground Plane is used in which the slots are etched on the ground plane. The proposed two radiating patch MIMO
antenna is shown in the figure.4. The Slotted Ground Plane is shown in the figure.5.

Figure 4 Geometry of two radiating patch MIMO antenna

Figure 5 SGP of two radiating patch MIMO antenna
Gain is a measure that takes into account the efficiency of the antenna as well as the antennas directional capabilities.
The gain of the two radiating patch MIMO antenna is 2.28dB which is shown in the figure.6. The directivity of two
radiating patch MIMO antenna is 2.34dB which is shown in the figure.7. Return loss indicates the amount of reflection
occurring at the same port and is the way of expressing the mismatch. It is a logarithmic ratio measured in dB that
compares the power reflected by the antenna to the power that is fed into the antenna from the transmission line.

Figure 6 Gain of two radiating patch MIMO antenna
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Figure 7 Directivity of two radiating patch MIMO antenna
Since more than one elements are used in MIMO there should be high isolation between the elements. The two
radiating patch MIMO has two ports and their return loss are S11 and S22 with -3.9dB and -4.3dB at 2.6GHz and 12.8dB at 4.2GHz which is shown in the figure.8 and 9.

Figure 8 Return loss of two radiating patch MIMO antenna

Figure 9 Return loss of two radiating patch MIMO antenna
Radiation pattern is a graphical representation in 2D and 3D of the radiation of antenna as the function of direction. It is
a plot of power radiated from an antenna per unit solid angle, which gives the intensity of radiation from the antenna
[9]. The 2D radiation pattern is shown in figure.10.
It is observed that the 2D radiation pattern of two radiating patch MIMO antenna has one small back lobe and no side
lobes. The 3D radiation pattern is shown in figure.11.
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Figure 10 2D Radiation pattern of two radiating patch MIMO antenna

Figure 11 3D Radiation pattern of two radiating patch MIMO antenna
IV.

DESIGN OF FOUR RADIATING PATCH MIMO ANTENNA

The four radiating patch MIMO antenna is designed by placing the four elements orthogonal to each other which is the
polarization diversity [10] to reduce the mutual coupling between the four radiating patches. The isolation between the
elements are provided by placing the L shaped metallic structure between the elements. To provide more[11] isolation
the Slotted Ground Plane is used in which the slots are etched on the ground plane. The proposed four radiating patch
MIMO antenna is shown in the figure.12. The Slotted Ground Plane is shown in the figure.13.

Figure 12 Geometry of four radiating patch MIMO antenna
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Figure 13 SGP of four radiating patch MIMO antenna
The gain of the four radiating patch MIMO antenna is 2.3dB which is shown in the figure.14. The directivity of four
radiating patch MIMO antenna is 3.5dB which is shown in the figure.15.

Figure 14 Gain of four element MIMO antenna

Figure 15 Directivity of four element MIMO antenna
The four radiating patch MIMO antenna has four ports and its return losses are S11 , S22 , S33 , S44 with -4.5dB, -4.8dB, 4.9dB, -5.4dB at 2.6GHz and -15.2dB, -15.5dB, -16.7dB, -17dB at 4.2GHz which are shown in the figure.16, 17, 18
and 19. When the power[12] is not delivered to the load there will be the return of power called return loss. The
scattering matrix element corresponds to the losses associated with the design structure.
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Figure 16 S11 of four radiating patch MIMO antenna

Figure 17 S22 of four radiating patch MIMO antenna

Figure 18 S33 of four radiating patch MIMO antenna

Figure 19 S44 of four radiating patch MIMO antenna
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Figure 20 2D Radiation pattern of four radiating patch MIMO antenna
From the figure.20 it is observed that the four radiating patch MIMO antenna has some side lobes compared to the two
radiating patch MIMO antenna. As the microstrip patch is used in this proposed MIMO antenna the fringing E – fields
on the edge of the microstrip antenna add up in plane and produce the radiation of the microstrip patch antenna as
shown in the figure.21.

Figure 21 3D Radiation pattern of four radiating patch MIMO antenna
V.

CONCLUSION

This paper presents the planar MIMO antenna which is composed of four radiating microstrip patches. The four
radiating patches are separated by metallic structure and the isolation is achieved by the Slotted Ground Plane. Mutual
coupling between the patches are reduced by having the polarization diversity which is achieved by placing the patches
orthogonal to each other on the substrate. It is designed and simulated in HFSS. This antenna has multiple frequencies
such as 2.6GHz and 4.2GHz. The proposed antenna posses the gain and directivity of about 2.34dB and 3.5dB with the
return loss of about -5.4dB. In future this can be extended by using arrays and the performance can be analyzed with
various substrates and isolation techniques.
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