Hindawi

International Journal of Antennas and Propagation
Volume 2023, Article ID 1566430, 23 pages
https://doi.org/10.1155/2023/1566430

Research Article

@ Hindawi

Performance Analysis of MIMO Antenna Design with High
Isolation Techniques for 5 G Wireless Systems

Suverna Sengar,l Praveen Kumar Malik @,

Kiran Srivastava(®,> and Anita Gehlot ©*

! Puneet Chandra Srivastava (),

ISchool of Computer Science and Engineering, Lovely Professional University, Phagwara, Punjab, India

Rajkumar Goel Institute of Technology, Ghaziabad, India

’Galgotias College of Engineering and Technology, Greater Noida, UP, India
“Division of Research and Innovation, Uttaranchal University, Dehradun, Uttrakhand, India

Correspondence should be addressed to Praveen Kumar Malik; pkmalikmeerut@gmail.com

Received 22 July 2023; Revised 30 October 2023; Accepted 8 November 2023; Published 29 November 2023

Academic Editor: Sandeep Kumar Palaniswamy

Copyright © 2023 Suverna Sengar et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

This paper investigates different approaches for achieving isolation in a MIMO antenna design. It provides an in-depth
comparison of these techniques, analyzing their advantages and disadvantages. The challenges of obtaining sufficient isolation in
modern MIMO antenna design are discussed, and various isolation methods developed for the MIMO design are examined. The
study introduces a compact 28 GHz 4-port MIMO antenna design, which is placed on a Rogers RT/Duroid 5880 substrate. The
design includes a rectangular patch with semicircles at the ends and dual slots etched from it. A partial ground plane is integrated
into the antenna to achieve an operating frequency range from 22 to 29 GHz, centered at 24 GHz. To reduce mutual coupling
between elements, four elements are arranged orthogonally and four stubs are added at a specific frequency band to enhance
isolation. The ground plane also incorporates a defected ground structure (DGS) to improve gain. To optimize the antenna’s
bandwidth, a ground cut technique is used, resulting in a 0.7 GHz bandwidth enhancement at the cost of some isolation. The
antenna operates in the range of 22.5- 29.1 GHz, with a peak gain of 6.39 dBi. Each technique is compared based on parameters
such as S-parameters (return loss or reflection coeflicient), voltage standing wave ratio (VSWR), isolation level, and peak gain.
Simulated results are shown for each of the techniques to compare their performance by using Ansys HFSS simulations which
confirm that the designed antenna meets the target band requirements and could be used in 5G communications.

1. Introduction

Recent advancements in affordable millimeter-wave (mm-
W) RF-integrated circuits and devices have made it possible
to use MIMO techniques at frequencies up to 24 GHz. This
feature proves extremely advantageous in catering to the
increased data transfer requirements of the upcoming 5G
wireless cellular networks and advancements in the Internet
of Things (IoT) [1-3]. The International Telecommunication
Union (ITU) has set a requirement of around 20 Gbps for
the channel capacity of 5G networks. To meet this growing
demand for data rate, it is crucial to combine the wide
bandwidth available in mm-W bands with the improved

channel throughput achieved through MIMO techniques.
This combination allows for higher data rates and improved
performance in future wireless networks [4, 5].

The performance of MIMO antennas and the propa-
gation channel at the 24 GHz band is significantly affected by
mutual coupling (MC). The degradation of the array radi-
ation pattern, side lobe level, gain, impedance matching, and
channel capacity is affected by this impact [6-8]. In certain
scenarios, it is crucial to maintain a minimum mutual
coupling level of —25dB in certain applications. In MIMO
systems, it is necessary to have high isolation levels between
radiating elements in order to ensure a low envelope cor-
relation coefficient [9]. Therefore, it is vital to consider the
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isolation between antenna elements during the design phase
of MIMO systems to successfully implement antenna di-
versity schemes.

Previous research has found that the interaction between
antennas, known as mutual coupling, can negatively impact the
correlation and efficiency of diversity antenna solutions
[10, 11]. Therefore, minimizing the correlation between an-
tenna ports is essential for achieving high diversity gain. The
emergence of 5G has brought about massive MIMO tech-
nology, which has shown great potential in increasing channel
capacity compared to traditional MIMO systems in real-world
settings [12]. However, compact MIMO antennas are preferred
for mobile terminals and base stations. Unfortunately, the close
proximity of these antennas makes electromagnetic mutual
coupling inevitable, leading to changes in input impedance,
reflection coefficients, and radiation patterns of the array el-
ements. As a result, it is incredibly important to create methods
aimed at reducing the impacts of mutual coupling in the
antenna design. Numerous strategies have been developed to
tackle this problem, such as polarization diversity, the use of
defected ground structure (DGS), electromagnetic band-gap
(EBG) techniques, and the integration of parasitic elements
amidst antennas. Additionally, various other methods are
employed to counter the coupling in MIMO antennas for ultra-
wideband (UWB) applications [13]. These methods include
spatial, pattern, polarization, and decoupling structures, as well
as the use of metamaterials. EBG structures are integrated to
eliminate surface wave occurrence, leading to a reduction in the
in-phase reflection coefficient and associated coupling. Com-
plimentary split ring resonators (CSRRs) are utilized for their
ability to filter and enhance isolation, employing a series of
extended metal strips [14]. In further research, different di-
versity techniques such as spatial, polarization, and pattern
models, as well as methods for reducing mutual coupling such
as parasitic approaches, neutralization lines, slot/slit etching,
meta-materials, and coupling/decoupling networks, are in-
vestigated [15, 16].

As shown in Table 1, many other researchers improved
the isolation of MIMO antenna. But they provided the
maximum isolation of 25dB, but here, in the proposed
MIMO antenna design, we achieved improved isolation near
about 29 dB.

This paper explains the design process of a miniaturized
quad-port MIMO antenna with a board size of (40 x 40)mm?
and placed on Rogers RT/Duroid 5880 substrate is utilized,
featuring a 0.8 mm thickness, a dielectric constant (e,= 2.2),
and loss tangent (§=0.0009). Isolation techniques such as
modified ground structure (MGS), decoupling (parasitic el-
ement) structure, and defected ground structure (DGS) were
applied, respectively. Furthermore, parameters such as VSWR,
S-parameters, peak gain, and radiation efficiency were sim-
ulated with the software Ansys HFSS. The results showed that
the decoupling technique achieved the highest isolation in the
entire band of frequency range among the applied techniques.
Thus, the quad-port MIMO antenna design would benefit the
most from the decoupling isolation technique.

The proposed antenna significantly advances the field of
MIMO antenna design for 5G wireless systems by in-
troducing innovative designs, demonstrating improved
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isolation techniques, and providing concrete performance
analysis. It helps to address the growing demand for high-
performance antennas in the rapidly evolving of 5 G wireless
communication.

The paper is organized as follows. Introduction and
comparative studies are discussed in Section 1. Antenna
geometry and design are discussed in Section 2. Different
isolation techniques are covered with the effects of varying
resonant frequencies and antenna characteristics on the
outcomes of the research are described in the Section 3 and it
also presents the comparison of the proposed design with
different isolation techniques. Finally, Section 4 concludes
the study.

2. Antenna Geometry and Design

The antenna design for 5G wireless applications should have
multiple-input multiple-output (MIMO) capabilities. The an-
tenna should be able to support an ultra-wideband frequency
range from 20 GHz to 30 GHz for MIMO and 5G wireless
applications. The antenna should have high directivity and high
gain in order to maximize connectivity between wireless de-
vices. The antenna should also have wide beam width coverage
and low side lobe levels in order to reduce interference and
crosstalk in an area with a high density of users. To further
enhance the signal and data transmission capacity of the an-
tenna, polarization diversity should be considered. The im-
pedance should be matched with 50 ohms with the lowest
possible VSWR to ensure efficient data transmission. The design
should also incorporate high isolation between each antenna
element to avoid any interference and crosstalk [30-32].

An elliptical design antenna has advantages over rect-
angular- and circular-shaped antennas in certain situations.
Here are some reasons why an elliptical design may be
preferred:

(1) Compared to rectangular and circular antennas,
elliptical antennas can achieve wider bandwidths.
This is particularly useful in applications such as
ultra-wideband (UWB) communication systems,
where a broad frequency range is needed for high
data rates and spectral efficiency.

(2) The elliptical shape allows for better impedance
matching across a wide frequency range than rect-
angular and circular antennas. This leads to fewer
signal reflections and improved power transfer
efficiency.

(3) Circular antennas often have more cross-polarization,
which can cause increased interference and signal
deterioration. In contrast, elliptical antennas tend to
have better cross-polarization characteristics, resulting
in improved signal quality and reduced interference in
polarization-sensitive applications.

The antenna’s impedance characteristics are determined
using the following equation:

Zy=— (D
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where the microstrip line’s impedance in free space is given
by the following equation:

2
Zoy =Zy|(er=1)=60In ih+ 1+(%) ,

F, = 6 + (27 - 6)exp{~(30.66h/w)"***}.

The effective width and height of the antenna can be
computed using the following expressions (3), (4), and (7):

n(¥)
W=w+—|Inl —|+1{,
T t 3)

Here, H = h - 2t.

For W/H <1,
er+1 er-1 1 w
5eff = + +004(1 - —>2 5
2 2 V1+ 12(H/W) H
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c
A=y
Eeff
(5)
2
0=—.
A
For W/H=>1,
Seff — £r+1 6r—l

2 it 12(H/W) (6)

The equation that describes the relation between char-
acteristic impedance Z)'™ and the width of a microstrip line
is quite straightforward [33-35].

ZMPA _ 1207 .
O e, [(w/h) + 1.393 + 0.667 In (w/h) + 1.444)] (7)

The width of the microstrip line is represented by var-
iable w, which is around 0.55 mm, and £ is the height, which
is 0.8 mm, and ZS/IPAfeed = 50Q.

Elliptical geometry is as follows:

(8)

, _ 60 (8H W
0" Ve n(W + E) In an elliptical patch, the major axis is represented by
1) “a,” the minor axis is represented by “b,” and the eccentricity
is represented by “e.”
The equation of resonance frequency calculation for dual
Also, band elliptical slots is as follows:
e,0
o= 5[, 9)
TI€A ¢ &,
2h a h
= 1+ | (—) +(1.41e, +1.77) + — (0.268¢, + 1.65) ¢t |, 9a
J[ 2 Jn(5) s 0atee17) 4 028, 109 | (50)
QS, = —0.0049¢ + 3.788¢” — 0.7228¢” +2.2314¢", (9b)
Q), = —0.0063¢ + 3.832¢” — 1.1351¢” + 5.2229¢", (9¢)
The wavelength is determined using the following equation: _— L (12)
27
c
Y=7m (10) o o
fVE Considering a substrate with a dielectric permittivity of

To obtain the diameter of the elliptical patch for both low
cut-off frequency and high cut-off frequency, the following
expression is used:

7
T L+r+ W

fL (11)
where L represents the diameter of the radiator, h is the
substrate thickness, and r can be calculated using the fol-
lowing equation:

2.2 and a thickness of 0.8 mm and equations (1)-(12)
[32-35].

3. Isolation Techniques

There are lots of isolation techniques but here we are going
to show only few of them and we are going to compare their
simulated results, and based on the results, we will explain
which isolation technique provided the best results for this
proposed MIMO antenna.
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3.1. Self-Isolation Techniques. It is often used to control the
antenna’s radiation pattern and impedance matching. The
design parameters for self-isolation, such as the width and
placement of the ground slots, depend on the desired
electrical performance. Simulations that use tools, such as
electromagnetic simulation software HESS, can help opti-
mize these parameters. In this technique, the spacing be-
tween the radiating elements has been enlarged from one
quarter (A/4) of the wavelength to half of the wavelength
(A/2). This increase in distance results in improved isolation
between the radiating elements.

The MIMO antenna structure displayed in Figure 1 has
been simulated and modeled using HESS. RT/Duroid-5880
substrate with low dielectric losses was selected to construct
the antenna. This particular substrate has a dielectric constant
of 2.2, aloss tangent of 0.0009, and a thickness of 0.8 mm. The
dimensions of the substrate are L,x W,mm? The four an-
tenna elements, namely, Ant-1-Ant-4, are printed on the four
sides of the substrate. The microstrip feeding lines are placed
on the top layer of the substrate, while a portion of the ground
plane on the bottom layer is etched away.

In Figure 2, the dimensions of the self-isolated MIMO
antenna are shown. All dimensions are defined in mm with
respect to parameters in Table 2.

Figure 3 displays the complete simulated outcomes of
a self-isolated MIMO antenna. Figure 3(a) illustrates the
return loss (S11), with the highest value being recorded at
—12.88, occurring at a frequency of 23.7 GHz. This is ac-
companied by an ultra-wideband of 7.8 GHz. Figure 3(b)
showcases the VSWR, which remains consistently below 2.
Additionally, the antenna demonstrates an overall gain
surpassing 3.7dB or 5.85dBi across the entire frequency
range, while achieving an isolation level greater than —23 dB.
A sudden decay in gain at the middle band could be at-
tributed to a combination of multiple factors such as fre-
quency resonance and bandwidth and antenna design and its
geometry that might necessitate adjustments to the antenna
design to ensure consistent performance across the entire
frequency range. Antennas are designed to operate effi-
ciently within a specific frequency range, and their gain
decreases rapidly as they move away from the resonant
frequency region. This is a fundamental characteristic of
antennas and is crucial to consider when designing and
using them for specific applications.

3.2. Modification of the Partially Ground Structure. In this
method, we made alterations to the ground and the two
rectangular slots in different locations and orientations, while
keeping the same dimensions. By doing so, we incorporated
open-source ground cuts that enhance the antenna band-
width and gain. The antenna design uses the same substrate
with the top layer for microstrip feeding lines, while a portion
of the modified ground plane is etched on the bottom layer.
The modified ground structure antenna design is depicted in
Figure 4, which shows both the top and bottom views. The
dimensions of the MIMO antenna with the modified ground
structure (MGS) are illustrated in Figure 5. All measurements
are specified in millimeters, as detailed in Table 3.

The data presented in Figure 6 illustrate the outcomes of the
MIMO antenna with a modified ground structure. Figure 6(a)
displays the return loss (S11), showcasing a maximum return
loss of —14 at a frequency of 21.5 GHz with an extensive ultra-
wideband of 8.8 GHz. Figure 6(b) demonstrates the VSWR,
which remains below 2. Furthermore, the antenna exhibits an
overall gain exceeding 3.71 dB or 5.86 dBi throughout the entire
frequency band, accompanied by an isolation level exceeding
—23dB. This technique significantly enhances the bandwidth,
implying that modifying the ground structure leads to an en-
hanced bandwidth.

3.3. Decoupling Structure. The decoupling structure is
designed to reduce mutual coupling between antenna ele-
ments in the MIMO array. Techniques such as electro-
magnetic band gap (EBG) structures or slotted ground
planes can be employed. The design of decoupling structures
involves tuning the dimensions and positions of the ele-
ments to minimize mutual coupling. An antenna configu-
ration employing a quad-port MIMO structure has been
created and simulated using the Ansys HFSS software. The
design is implemented on an RT/Duroid-5880 substrate,
which was selected for its minimal dielectric losses. This
substrate possesses a dielectric constant of 2.2, a loss tangent
of 0.0009, and a thickness of 0.8 mm, with dimensions of
(Lx W)mm?. Each of the four antenna elements (Ant-
1-Ant-4) are printed on one of the four sides of the sub-
strate. The top layer of the substrate is used to place the
microstrip feeding lines with introducing the X-shaped
decoupling structure on the radiating patch, while part of
the ground plane at the bottom layer is etched. Here, Fig-
ure 7 shows the top and bottom views with decoupling
structure antenna design. Figure 8 shows the dimensions of
the MIMO antenna by introducing the X-shaped decoupling
structure. All dimensions are defined in mm with respect to
parameters in Table 4.

Figure 9 shows all simulated results of MIMO antenna
with decoupling structure (introducing the X-shaped wall
between the radiating elements). Figure 9(a) shows return
loss (S11); the maximum return loss is —14.38 at 24 GHz
frequency with a wideband of 6.6 GHz. Figure 9(b) shows the
VSWR which is less than 2, and the overall gain of the
antenna within the entire band is greater than 2 dB or greater
than 4.15dBi and isolation is increased from -23dB to
—-27.63dB. In this technique, the bandwidth is little bit
decreased but isolation is improved; so, this technique is
good for improving the isolation.

3.4. Defected Ground Structure. DGS can be employed to
control the radiation properties of the antenna and reduce
unwanted radiation in certain directions. The quad-port
antenna system with MIMO configuration and isolation
method was created and tested using the Ansys HFSS
software. The design was implemented on RT/Duroid-5880
substrate, which was chosen for its minimal dielectric losses.
The substrate has specific characteristics, including a di-
electric constant of 2.2, a loss tangent of 0.0009, a thickness
of 0.8 mm, and dimensions of L x W mm?®. Each of the four
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FiGure 1: Self-isolated MIMO antenna design: (a) top view and (b) bottom view.
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Ficure 2: Dimensions of the

antenna elements (Ant-1-Ant-4) are positioned on different
sides of the substrate. The top layer of the substrate is used to
place the microstrip feeding lines, while a part of the
defected ground (introducing square mesh type-defected
ground structure) plane at the bottom layer is etched.
Here, Figure 10 shows the top and bottom views of the
defected ground structure antenna design. Figure 11 shows
the dimensions of the MIMO antenna with defected ground
structure (DGS). All dimensions are defined in mm values
with respect to parameters in Table 5.

self-isolated MIMO antenna.

Figure 12 displays the simulated outcomes of a MIMO
antenna integrated with a defected ground structure. The
initial graph in Figure 12 presents the return loss (511), with
the highest return loss of —14.73 observed at a frequency of
25.8GHz. This frequency holds an ultra-wideband of
7.6 GHz. The following graph exhibits the voltage standing
wave ratio (VSWR), which remains below 2. Throughout the
entire bandwidth, the antenna showcases an overall gain
higher than 4.14dB or 6.29 dBi, accompanied by isolation
exceeding —24 dB.



International Journal of Antennas and Propagation

TaBLE 2: Optimal values of the self-isolated MIMO antenna dimensions (all in mm).

Parameters Values (mm)
Wi 40
L 40
Hg 0.8
Wp 417
Lp 3.44
Wp 0.525
Ly 418
w, 12
L, 3.9
W, 2
L, 1
W, 1.6
L, 0.8
W, 0.25
L, 0.25
w, 14
W, 19.72
W, 24.82
Ly 0.82
L, 0.52
Ly 0.31
Lo 0.2
95 2.00
-10.0 ‘ ‘ ‘ BW:‘7‘8 GH? ‘ ‘ / 1.95 4
22.1 GHz 29.9 GHz /) 1.90 4
-10.5 I Sl
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Q
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FiGure 3:

Continued.
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FIGURE 3: Simulation results of the self-isolated MIMO antenna design: (a) return loss, (b) VSWR, (c) gain, and (d) isolation.
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FIGURE 4: MIMO antenna with modified ground structure (MGS): (a) top view and (b) bottom view.
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FiGUure 5: Dimensions of quad-port MIMO antenna with modified ground structure.
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TaBLE 3: The most suitable measurements for the suggested MGS antenna (in millimeters) are the optimal values.

Parameters

Values (mm)
w, 40
L, 40
Hy 0.8
w, 0.5
L 2.25
W, 0.5
L, 2.25
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FiGure 6: Simulation results of quad-port MIMO antenna design with modified ground structure (MGS): (a) return loss, (b) VSWR,

(c) gain, and (d) isolation.

3.5. Hybrid Isolation Technique. In this technique, we
combine the decoupling with defected ground structure
(DGS), and as a result, the bandwidth is increased from the

decoupling techniques from 6.6 GHz to 7.5 GHz and iso-
lation is improved from —27 GHz to —28 GHz as well as the
return loss is improved from -14dB to —-16dB but
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()

F1Gure 7: MIMO antenna with decoupling structure: (a) top view and (b) bottom view.

Ls =40 mm

Ws =40 mm

FIGURrE 8: Dimensions of quad-port MIMO antenna with decou-
pling (X-shaped wall) structure.

TaBLE 4: Optimal values of the proposed antenna dimensions for
decoupling structure (all in mm).

Parameters Values (mm)
W 40

Lg 40

H; 0.8
Line, 39.15
Line, 39.45
Weap 0.33
w,, 0.33
Wi, 0.33

compromising with gain. Figure 13 shows the front and
bottom views of the antenna, while Figure 14 shows the
dimensions of the MIMO antenna with the hybrid tech-
nique. All dimensions are defined in mm values with respect
to parameters in Table 6.

Figure 15 shows all simulated results of MIMO antenna
with hybrid technique (combination of two isolation tech-
niques such as decoupling structure with defected ground
structure). Figure 15(a) shows return loss (S11), where the
maximum return loss is —16.12 at 24.1 GHz frequency with
ultra-wideband of 7.5 GHz. Figure 15(b) shows the VSWR
which is less than 2, and the overall gain of the antenna
within the entire band is maintained to 2 dB or greater than
4.15dBi, and the isolation is improved from -23dB to
—28.84dB. In this technique, the bandwidth and gain both
are maintained but isolation is increased. So, for improving
the isolation, the hybrid technique can be used.

The performance analysis of the MIMO antenna design
with high isolation techniques for 5 G wireless systems yielded
promising results. The proposed antenna design achieved high
isolation between the antenna elements, ensuring minimal
interference and improved overall system performance.
Through extensive simulations and measurements, it was
observed that the proposed antenna design achieved a high
level of isolation, surpassing the requirements set by 5G
communication standards. This high isolation between the
antenna elements led to enhanced system capacity and in-
creased network efficiency. Furthermore, the MIMO antenna
design exhibited excellent radiation pattern characteristics,
maintaining a stable radiation pattern across different fre-
quency bands. This ensured reliable and consistent signal
transmission, minimizing signal degradation and maximizing
coverage area. The results also demonstrated that the proposed
antenna design contributed to significant improvements in
bandwidth, gain, and isolation. The improved isolation and
frequency bandwidth are crucial for 5G wireless systems.

4. Measured Results for a Hybrid Model

The prototype antenna presented in this study was manu-
factured using the MITS-Eleven Lab printed circuit board
machine, with a Roger RT/Duriod 5880 substrate. It consists
of four antenna elements positioned on a compact substrate
measuring 40 mm x 40 mm, as depicted in Figure 16. The
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FIGURE 9: Simulation results of quad-port MIMO antenna design with introducing X-shaped decoupling structure: (a) return loss,

(b) VSWR, (c) gain, and (d) isolation.

substrate was 0.8 mm thick, and its dielectric loss tangent
value is 0.0009. To verify the accuracy of the simulated
results, measurements were conducted on an Agilent
N5230A vector network analyzer (VNA). Furthermore,
radiation characteristics were evaluated within an anechoic
chamber, as illustrated in Figure 17.

The measured results are compared with the simulation
results to validate the antenna’s performance. Figure 18
displays the S-parameter results, presenting a comparison
between measured and simulated data. The measured return
loss showed an impedance bandwidth ranging from 22 GHz
to 29 GHz. This bandwidth meets the UWB requirement set
by FCC. The measured and simulated outcomes from HFSS
exhibited strong conformity.

In Figure 19, the measurement and simulation results of
the isolation parameters are depicted. The analysis reveals
that the values for S12 were consistently below —27 dB across
the entire UWB range. This finding suggests that the pro-
posed prototype exhibits minimal interference or coupling
between its ports.

5. Diversity Parameters

Examining the MIMO antenna’s effectiveness extends beyond
merely scrutinizing return loss and isolation factors. To
thoroughly gauge its performance, one must consider sup-
plementary parameters such as ECC, diversity gain, TARC,
and mean effective gain.
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(a) (b)

FIGURE 10: MIMO antenna that incorporates defected ground structure (DGS) technology: (a) top view and (b) bottom view.

A
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\ 4

<€ >

W =40 mm

FiGure 11: Dimensions of quad-port MIMO antenna with defected ground structure (DGS).

TaBLE 5: The ideal values of the suggested antenna’s dimensions for DGS (all in millimeters).

Parameters Values (mm)
w 40
L 40
Hg 0.8
w, 7.5
L, 7.5
Wy 0.625
L, 0.625
w, 0.5
Wy 0.5
W, 0.5
0.5
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FIGURE 13: MIMO antenna with the hybrid technique: (a) top view and (b) bottom view.
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FIGURE 14: Dimensions of quad-port MIMO antenna with combination of decoupling and defected ground structure (DGS).

TaBLE 6: Optimal values of the proposed antenna dimensions for DGS (all in mm).

Parameters Values (mm)
w, 7.5
L, 7.5
W, 0.625
L, 0.625
w, 0.5
Wy, 0.5
W, 0.5
Wy 0.5
Line, 39.15
Line, 39.45
Woap 0.33
U 0.33
Wi, 0.33
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Ficure 15: Continued.



International Journal of Antennas and Propagation

Total Gain in dB

20 22 24 26 28 30
Frequency (GHz)

—— Total Gain

(©

-25

: : -29.17 dB at 29.3 GHz
~-28.84dBat22.8 GHz - - : 8 .

Isolation in dB

22 24 26 28 30
Frequency (GHz)
— $(1,2) — S$(2.3)
— S(1,3) — S(24)
— S(14) — S(34)

(d)

15

FiGgure 15: Simulation results of quad-port MIMO antenna design with hybrid technique: (a) return loss, (b) VSWR, (c) gain, and (d)

isolation.

FIGURE 16: Fabricated prototype. (a) Top view. (b) Bottom view.

5.1. Envelope Correlation Coefficient (ECC). The mutual
coupling between antenna elements is significantly influ-
enced by the diversity parameter, making it a crucial factor.
The evaluation of ECC can be carried out in two ways: by
analyzing the far-field radiation pattern and by assessing the

S-parameter, and its calculation is given in the following
equation:

|Zrlz\rzlsz,nsm)j ’
|Hl:k.m(1 - ZiISZnsnvl)|’
(13)

where N =number of antenna elements and i and j are the
port numbers.

ECC(k,m) = p,(k,m,N) =
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Ficure 18: Simulated and measured S11 in dB.

By inserting N=4 in equation (13), the ECC between
antenna elements for a quad-port MIMO antenna may be
calculated. For devices, the acceptable value of ECC should
be less than 0.5.

* * * * 2
|811312 +85180 + 81355 + 314542|

ECC,, = p,(1,2,4) = ,
N ‘ (1 - |311|2 - |521|2 - l831|2 - |S41|2)(1 - |512l2 - |Szz|2 - |532|2 - |S42|2)

(13a)

where ECC,, is the mutual coupling on port-1 due to port-2. Figure 20 illustrates that the ECC value remains con-
Similarly, ECC,;, ECC,,, ECCy;, ECC,,, ...etc., can be  sistently below 0.005 across the entire operational range. The
evaluated from equation (13). measured value is significantly lower than the practical value
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Figure 19: Simulated and measured S12 in dB.
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Ficure 20: Simulated and measured ECC plots.

of 0.005 for all isolation techniques with in the entire fre-
quency band of operation. Here, the hybrid model gives the
better ECC value which is lower than 0.0025.
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5.2. Diversity Gain (DG). A well-known measurement used
to assess the effectiveness of diversity is the antenna diversity
gain (DG). It can be described as the ratio of the system’s
single antenna’s SNR to the increase in SNR of mixed signals
from multiple antennas. For the MIMO antenna to function
properly, the diversity gain, which can be calculated directly
from the ECC value, should be closer to 10 dB. Diversity gain
(DG) [36] evaluation of the proposed antenna can be done
using the following formula:

DG,, = 10\/1 - [ECC,,|". (14)

Similarly, DG,5;, DGy, DG,;, DGy,
evaluated from equation (14).

The MIMO antenna demonstrates remarkable perfor-
mance with a diversity gain of 10 dB with all the models or
(all isolation techniques). In Figure 21, it is evident that even
when port 1 is active and the other port is inactive, the
diversity gain consistently remains at 10 dB. This exceeds the
widely accepted threshold of 9.5dB, signifying excellent
diversity performance. Furthermore, the value of 10dB
represents the optimal level of diversity gain, underscoring
the exceptional capabilities of the prototype antenna in
terms of diversity.

...etc. can be

5.3. Total Active Reflection Coefficient (TARC). Operating
bandwidth and efficiency in the MIMO system will be
impacted when all antenna elements are active at once. As
a result, S-parametric data are insufficient to determine how
effective the antenna is, thus we used TARC, another crucial
parameter, to assess the antenna’s performance. The formula
can be used to measure TARC [37, 38] is given as follows:

’ 4 R 2
TARC=M, (15)
Yiea (1)

where Ry is the reflected signal and Iy is the incident signal.

Assuming that all incoming signals at all ports have the
same amplitude and phase (0° phase difference) in the
suggested MIMO antenna, the equation for TARC is pre-
sented in Figure 22.

TARC = ’

Isn +8,+ 85+ Sl4l2 + ISZI +8 + 855+ Sz4l2 + |S31 +85 + 85+ S34l2 + |S41 +8p + S+ S44|2 (16)

5.4. Channel Capacity Loss (CCL). The channel capacity loss
refers to the maximum amount of data that can be reliably
transmitted through a transmission channel. In MIMO systems,

4

the accepted limit for practical purposes is usually below 0.4 bits
per second per hertz across the entire frequency range used. The
evaluation of CCL can be performed by the following steps [39]:
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CLnss = —10g2 det (¢R)’ (17)
all a12 a13 al4
(PR — a21 a22 aZ3 aZ4
a31 a32 a33 a34
a41 a42 a43 a44 (17&)
2 2
% =<1 - |Sii| - |Sij| >,

3y = (858 + Si Sy )fori,  j=1,2,3,and 4.

The correlation matrix for the receiving antenna is
denoted as ¢, In the case of an N port MIMO system, this
matrix can be calculated using the following method.

Figures 22 and 23 show the measured TARC and channel
capacity loss (CCL), demonstrating that the channel capacity
loss remains below 0.4bits/s/Hz except the ground cut
model has 0.6bits/s/Hz and the TARC remains below
—10dB across the entire frequency range.

The MIMO antenna suggested in this research displays
distinctive characteristics, as indicated in Tables 1 and 7. First, it
provides extensive coverage for high-frequency 5G wireless
applications, surpassing the range of reference [10, 17-29].
Second, its isolation surpasses that of the antennas mentioned
in [10, 17-29], maintaining a level above —27 dB across the
entire operating band. Additionally, the proposed antenna has
smaller dimensions compared to [10, 19-22, 26, 29]. Moreover,
it exhibits a wide range of impedance bandwidth, surpassing all
antennas documented in [10, 17-29]. Furthermore, the sug-
gested antenna is not dependent on a three-dimensional
structure, making it simple to fabricate and less complex.

International Journal of Antennas and Propagation
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FIGURE 22: Measured TARC versus frequency plot.
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FIGURE 23: Measured CCL versus frequency plot.

Lastly, the proposed MIMO antenna provides complete cov-
erage of the K-band within a single ultrawide band.

Here, Table 8 compares all designed antenna simulated
results. The size of the antenna is 40 x 40 x 0.8 mm’ and is
placed on the Rogers RT/Duroid 5880 substrate. It seems that
the hybrid model improved the isolation while maintaining the
other parameters. . Its ability to achieve high isolation, maintain
stable radiation patterns, and enhance signal quality metrics
makes it a valuable choice for future 5G technology.
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6. Conclusion

When designing a MIMO antenna with various isolation
techniques, it is crucial to thoroughly analyze the antenna type,
design properties, and the desired level of isolation. This
careful consideration is essential for optimizing the antenna’s
overall performance. Each type of isolation technique offers
unique features that are suited to certain types of wireless
communication systems, ranging from low-cost conventional
methods to more complex signal cancellation techniques. As
a result, the selection of the most suitable isolation technique
for any given MIMO antenna design depends on the indi-
vidual goals and requirements of the system. The suggested
MIMO antenna comprising four elements, with decoupling
structure (introducing the X-shaped wall between the radi-
ating elements), is an effective solution for 5G communica-
tions. Operating at a frequency range between 22.5 GHz and
29.1 GHz, the antenna offers an isolation level of 27.63 dB and
a gain enhancement of 6.39 dBi, while the hybrid technique
improved the isolation till 28.84 dB as well as improved the
bandwidth from 6.6 GHz to 7.5 GHz with maintained gain.
HESS software simulations demonstrate excellent agreement
between the expected results and the parameters observed,
including return loss, voltage standing wave ratio (VSWR),
isolation level, and peak gain, throughout the operating band.
These outcomes affirm the antenna’s dependable suitability for
5G communications. Here, the hybrid technique is the best
suitable isolation technique for the proposed MIMO antenna
design.

7. Future Scope

It is a common belief that every technology will eventually
reach a point of saturation, either due to demand or the
emergence of a more efficient alternative. With this in mind,
we can propose certain measures that can be adopted to meet
future demand and enhance the existing work. The antenna
will be manufactured and all its characteristics will be assessed
within an anechoic chamber. After integration into a device
such as a mobile phone, laptop, or other wireless portable
gadgets, the functionality of the designed antenna can be
analyzed. One possible way to decrease the antenna size is to
incorporate metamaterial, metasurface, or a blend of these
elements, to utilize any other appropriate technique.
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