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Abstract: In this paper, we studied the effect of mutual coupling between MIMO antennas and a method is
proposed to reduce it between 2-element micro-strip MIMO antenna systems for handheld devices. To reduce
mutual coupling between the MIMO antenna element a separate ground plane is designed and the two elements are
positioned on the edges of the 2-element MIMO antenna system. A novel idea defined in order to reduce mutual
coupling between the closely spaced micro-strip patch elements is adding finger shapes at the edge of each patch
antenna to design a new crack finger micro-strip the fingers generate capacitance in between which improved the
matching between the patch and the Micro-strip transmission line as well as the mutual coupling reduced from -25
dB to -40 dB. The simulation results showed that the 2-element MIMO system covered the frequency of 2.4 GHz,
and the gain and directivity are 6.149 dB and 4.399All the simulations were carried out in CST Microwave Studio.
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1. Introduction

Multiple-Input Multiple-Output (MIMO) technology is a wireless technology that uses multiple transmitters and
receivers in the wireless device to transfer more data at the same time. MIMO technology takes advantage of a radio-
wave phenomenon called multipath where transmitted information bounces off walls, ceilings, and other objects,
reaching the receiving antenna multiple times via different angles and at slightly different times. It also leverages
multipath behavior by using multiple smart transmitters and receivers with an added spatial dimension to dramatically
increase performance and range [1]-[7].

Because of the limited size of handheld devices, mutual coupling between antennas is easy to occur. That mutual
coupling is typically undesirable because it reduces data rates and energy that should be radiated away is absorbed by a
nearby antenna. Similarly, the energy that could have been captured by one antenna is instead absorbed by a nearby
antenna. Hence, mutual coupling reduces antennas' antenna efficiency and performance in both the transmit and receive
modes [4], [8]-[10].

*Corresponding author: mohl51gismalla@gmail.com 18
2022 UTHM Publisher. All rights reserved.
publisher.uthm.edu.my/ojs/index.php/jaita


http://publisher.uthm.edu.my/ojs/index.php/jaita

Nassrin et al., Journal of Advanced Industrial Technology and Application Vol. 3 No. 2 (2022) p. 18-23

2. Antenna Design
2.1 Design and simulation of two-element MIMO antennas

The objective of this study is to reduce mutual coupling in micro-strip antenna arrays for MIMO applications.
Mutual coupling and return loss are very significant factors that must be considered in the design of array radiating
elements. As one array element radiates, a portion of its emitted power is eaten by other elements and induces a current
on them and leading to problems such as degradation of the array radiation pattern, change in the array manifold (the
received element voltages), change in the matching characteristic of the radiating elements (change the input
impedances) so input power is wasted. So, the effect of mutual coupling must be reduced in the array radiating
elements design. The induced current derived a voltage at the terminals of other elements. Mutual coupling is the
energy absorbed by one radiating element when another nearby radiating element is operating. It is typically
undesirable because the energy that should be radiated away is absorbed by nearby radiating elements. Similarly, the
energy that could have been captured by one radiating element is instead absorbed by nearby radiating elements.
Hence, mutual coupling reduces the radiating elements efficiency and performance of radiating elements in both the
transmit and receive modes [11]-[14]. In this work, we have only study about mutual coupling and how it affects the S
parameters of the micro-strip antenna using CST Microwave studio as it is based upon Finite Integration in Technique
(FIT) and is also popular among antenna designers due to ease in simulations [15-19].

The design method started by choosing the materials used as well as the feeding technique. Then the operating
frequencies and the patch shape were chosen. Finally, the length of the component was optimized in order to obtain the
resonance at the intended frequencies, and there was also a readjustment of the antenna’s overall size, to make it as
small as possible.

The basic element that was designed in order to build the proposed MIMO system is presented in Fig. 1. To obtain
the corresponding designed dimensions, several parameters such as the slots length and the spacing between the strip
line and the ground plane had to be adjusted. In order to tune the frequencies for the required application and increase
the resonance on these frequencies, the element is composed of a rectangular radiating patch with finger slots on the top
and bottom of each patch which ensures resonance on the desired frequencies.
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Fig. 1 - (a) The geometry of the designed antenna (front side); (b) The geometry of the designed antenna
(bottom side)

For the structure presented there is an analysis of its performance in terms of S-parameter, correlation coefficient,
and diversity gains., a relative analysis of the radiation pattern is also performed.

As we know, printed antennas have been widely used in wireless communication devices. They are very popular
for volume-limited and wideband applications. The structure of the proposed multiband MIMO antenna is shown in
Fig. 1. This antenna is printed on an FR-4 substrate with relative permittivity of 4.4 and a thickness of 1.6 mm. The two
identical antenna elements have the same structure and dimensions. The antenna has two layers, the top layer, and the
bottom layer. On the bottom layer, there are the grounds with length Ls and width We . On the top layer is the microstrip
patch antenna. The antenna is fed by a micro-strip line with a width of 3 mm to match 50 Q. The antenna is square in
width Wz and length Liand Lz. The loaded micro-strip line has width Wstand length of one path Lst The two antenna
elements are spaced with a gap Gs . The detailed antenna dimensions are listed in Tab. 1.
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Table 1 - Antenna dimensions

Dimension Size (mm)
L, 166.5
W, 83
L, 21.5
Wy 41
Ly 32
L, 32
W, 39
Lgt 5
W 3
G 80

In addition to the traditional antenna parameters, such as gain, radiation pattern, and reflection coefficients, new
parameters and aspects have to be included in the design for MIMO systems. Mutual coupling between antenna
elements is a key factor to achieve high antenna performance in the MIMO antenna configuration. For a low mutual
coupling, antennas must be far away from each other. But the space for the internal antenna is not enough to obtain low
correlation and mutual coupling [20]-[22]. In this research, we present a structure for the MIMO antenna elements, in
which the identical two antenna elements are orthogonally placed. Then the two antenna elements have orthogonal
polarization which can reduce the mutual coupling between the two antennas. Fig. 3 shows the simulated 3D radiation
patterns of the two antenna elements. It can be seen that the two antenna elements have orthogonal polarizations.

3. Simulated Results

The S-parameter characteristics of the proposed 2.4 GHz 2-element MIMO antenna satisfying VSWR (=6 dB) for
LTE (2.305 GHz to 2.400 GHz), and 2.4 GHz WLAN (2.400 GHz to 2.484 GHz)

The two antennas were first separated in the CST software environment. Thus, we get two S parameters results for
the software simulation as shown in Fig. 2.
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Fig. 2 - Plot of Simulated S parameters

Distance far less than A/2 is considered to be the effect of mutual coupling. If distance is equal to or greater than
A2 then there will be no mutual coupling between antennas. Input is provided through a port of impedance 5.0 Q and
then Si2, S21 which is mutual coupling and S11, Szzthat is return loss is calculated using CST microwave studio Tool. It

is noticed that S11 and S22 = -25dB and 512, and S21=-40dB at frequency 2.4 GHz and gain = 6.149 dB and directivity =
4.399 dB.
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Fig. 3 - Plots for simulation of MIMO antenna (a) S11; (b) S21; (c) S12; (d) S22

The radiation patterns measured at 2.4 GHz is shown in Fig. 4; 3D views of the total radiation patterns from 2-
element measured and plotted. The antenna 1 has an omnidirectional vertically polarized pattern in x-z plane and the
antenna 2 generates horizontally polarized radiation in y-z plane.

1
[ary
<}

D D S \D S DS O O 00 CD 00 00 €0 N

Fig. 4 - Far field directivity in 3D form
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The omnidirectional patterns can enhance and increase the channel capacity. Thus, the proposed antenna is more
attractive for 2.4 GHz 2-element MIMO antennas.

Farfield Directivity Abs (Phi=0)

farfield (f=2.4)
Phi=180
60

Frequency = 2.4 GHz

Main lobe magnitude =  3.48 dBi
Main lobe direction = 4.0 deg.
Angular width (3 dB) = 78.8 deg.
Theta / Degree vs. dBi Side lobe level = -1.0 dB

Fig. 5 - Far field directivity in polar form

The isolation between two polarizations is affected by the dimension of spacing Gs. In principle, the larger the
spacing is, the lower the mutual coupling. Tab. 2 summaries the comparison of the proposed 2-element MIMO antenna
with previous works, and the comparison performed based on size, frequency, isolation, and shape. It is clear that the
proposed 2-element MIMO antenna provides better isolation of —25 dB.

Table 1 - Comparison of proposed MIMO antennas with other 2-element designs

Reference Size Frequency Isolation Shape
[10] 2x2 2.4 15
[11] 2x2 2.4 19 dB
[12] 2x2 2.38—-2.47 GHz 20 dB
[13] 2x2 2.31-2.51 GHz 17 dB
Proposed antenna 2x2 2.4 25 dB

4. Conclusion

In this research, we have talked about designing 2-element MIMO antennas for Handheld devices, and the
reduction of mutual coupling between radiating elements for MIMO application as all communication system is based
on antennas and designing optimum antennas with good efficiency is the main work nowadays. We have designed
patch antenna with less spacing between them to see the effect of mutual coupling with help of the CST Microwave
Studio Tool. The basic idea defined in order to reduce mutual coupling is to increase the distance between the closely
spaced patch and we have further used small rectangular shapes at the edge of each patch antenna, so that maximum
power can be transmitted using microstrip antenna arrays and to improve gain and directivity.

This method not only cancels mutual coupling but also increases the return loss with very less spacing between the
antennas. The gain and directivity are also increased with 2x2 arrays which are designed and can be used to implement
spatial diversity.
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