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ARTICLE INFO ABSTRACT

Received: 29 Dec 2024 This study focuses on designing and assessing a novel 5G-specific Multiple Input Multiple
Output antenna (MIMO) functioning inside the millimeter wave band at 28 GHz. Two radiating

Revised: 15 Feb 2025 components dominate the antenna. The system has two components: the primary patch and a

parasite element. The primary patch is energized via a micro-strip line that has an inset feed,
while the parasite element is energized by capacitive coupling. Optimal matching of impedance
at 28 GHz is attained by refining the design parameters of the proposed antenna via extensive
parametric analysis. The research investigates an operational frequency of surface current
distributions. A 4-port effective MIMO system is established using the developed antenna. An
analysis of the MIMO system's performances for ECC, DG, and CCL indicates its efficacy.
Experimental assessments of the single-element antennas and the MIMO show outstanding
matching of impedance throughout the frequency ranges, supported by the modeling results. The
antenna has a gain of 7.8 dBi at 28 dBi.
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1. INTRODUCTION

In the modern world, wireless communication is having an impact on a wide variety of domains, (example such as
dependable and efficient remote communication; remotely automated and robot-controlled machines; machine-to-
machine communication; the Internet of Things (IoT); unmanned transportation systems; smart grid concepts in
power transmission and distribution; digital banking systems; and smart home HDTV through effective satellite
communication systems). These technologies are providing a significant contribution to the enhancement of human
lives (Costanzo, et al., 2016; Kiani, et al., 2022; Kiani, et al., 2022). With the fast development of wireless
communication technologies over the last several decades, antenna engineers have been striving to develop
innovative and efficient solutions for continuous and uninterrupted connection with flawless and consistent
reception of the signals. This is in response to the fact that the growth of wireless communication technologies has
occurred very rapidly (Ibrahim, 2019). Due to the fast increase in mobile data and the widespread use of smartphones,
wireless service providers often confront issues that have never been seen before when they seek to solve a worldwide
bandwidth obstruction (Munir, et al., 2023).

MIMO systems represent a notable technological innovation capable of enhancing channel capacity and
communication dependability while functioning within limited bandwidth and power requirements. Alongside the
4G standards and Wi-Fi, they were also included into several additional communication technologies. MIMO systems
will remain pertinent within the context of the 5G specification (Hong, 2017). The MIMO system will provide the
ideal combination of bandwidth and channel capacity in the 5G sub-28GHz frequencies. In the millimeter-wave the
spectrum, where the exact location of the device that communicates is uncertain, MIMO will enhance channel
bandwidth in a multi-path scenario, with both transmitters and receivers in close proximity to each other (Hussain,
et al., 2022). [Figure 1] delineates the classification of various MIMO antenna designs.
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Figure 1: Classification of MIMO antenna

A MIMO system consists of numerous essential parts, including the antenna. The antenna's design significantly
impacts the whole system's overall performance. The optimal scenario would include an antenna exhibiting
exceptional port isolation among its components, while simultaneously ensuring that the distributions of radiation
of these elements are configured to maintain the independence of the MIMO channels. The Envelope correlated
coefficient (ECC) is an evaluation metric for MIMO antennas that quantifies the degree of correlation created across
channels due to the antenna design. This MIMO antenna is designed to exhibit reduced ECC values and effective port
isolation among its antenna elements (Sharawi, 2013). [Table 1] indicates that investigators have created multiple
antennas functioning at wavelengths of 28 GHz and 38 GHz.

Table 1: Comparison of previous work on several antenna operate at frequencies of 28 and 38 GHz.

Authors Aim of the Study No. | Gain | ECC CCL DG
(Year) of | (dBi) (bits/s/Hz) | (dB)
[Reference] Ports
Tiwari, et | A 5G millimeter wave 28/38 GHz 4 7.73 <0.03 <0.15 9.87
al. (2024) | wearable antenna with a 4x4
(Tiwari, et | MIMO design that is both flexible
al., 2024) | and durable.
Elabd and | 5G Cellular Devices' Ultra- 4 8.9 <3X <0.03 10
Al-Gburi Compact 28/38 GHz 4-Port 10~°
(2024) MIMO Antenna with a
(Elabd & Al- | Metamaterial-Inspired EBG
Gburi, Structure and SAR Analysis.
2024)
Gupta, et al. | The n261 band is being studied 8 4.64 | <0.005 NR 9.97
(2z024) for body-centric communication
(Gupta, et | using a 27 GHz 8-port MIMO
al., 2024) antenna.
Munir, et | The mm-Wave and 5G futures are 4 6.6 <0.001 <0.16 9.9
al. (2024) | addressed by a 4-port tri-circular
(Munir, et | ring MIMO antenna.
al., 2024)
Nasri, et al. | An innovative 4 port wideband 4 5.76 | <0.004 <0.4 9.995
(2024) (21.8-29.1 GHz) MIMO antenna
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(Nasri, et | designed for 5G NR networks,
al., 2024) | formed like an arc.
Aboualalaa | A 5G millimeter-wave antenna 7.9 <10* NR 10
and array with a split-ring structure
Mansour and dual-band end-fire 4-element
(2023) MIMO.
(Aboualalaa
& Mansour,
2023)
Ahmad, et | A tiny 2-element MIMO antenna 6 <0.001 NR >9.8
al. (2022) | designed for 5G networks.
(Ahmad, et
al., 2022)
Farahat MIMO antenna with dual bands 6.6 Value NR Value
and (28 and 38 GHz) designed for use not not
Hussein in 5G mobile applications. given given
(2022)
(Farahat &
Hussein,
2022)
Tsao, et al. | Dual-polarization, dual-band 8 0.0001 <0.1 10
(2022) CPW Fed MIMO antenna for 5G
(Tsao, et mobile communications at 28 and
al., 2022) | 38 GHz.
Khan, etal. | A Compact mm-Wave MIMO 5.66 0.008 NR >9.95
(2022) Array for Future Wireless
(Khan, et | Networks.
al., 2022)

This paper presents a comprehensive study on the development of a MIMO antenna specifically designed for
operation in the 28 GHz mm-wave band. The 28 GHz frequency is a key component of the millimeter-wave spectrum,
which is recognized for its potential to suggestively improve data rates and capacity in 5G and beyond wireless
systems. The proposed composite microstrip patch antenna for 5G mobile devices is a lightweight, small, and single-
element design that operates in the 28 GHz mm-wave bands. To build a 4-Ant MIMO antenna system, the suggested
single-element antenna is used. The adjoining components of the suggested antenna have very weak coupling
coefficients, making it suitable for use in small antenna arrays for beam shaping and direction of arrival detection.
Fabrication of the planned composite antenna is carried out to experimentally validate the findings of the simulation.

By leveraging advanced design techniques and innovative fabrication methods, the proposed MIMO antenna aims to
provide radiation patterns, high peak gain, increased radiation efficiency, negligible ECC, acceptable Total Active
Reflection Coefficient (TARC), Minimal Channel Capacity Losses (CCL), and low Mean Effective Gain (MEG) at 28
GHz. The study includes a detailed analysis of the antenna's design parameters, simulation results, and experimental
validation. It offers valuable insights into its practical implementation and potential applications in high-frequency
communication systems.

2. ADVANTAGES OF MIMO SYSTEM

Gigabit data speeds are in increasing demand due to the expanding variety of mobile apps, which need to
accommodate users with varying degrees of mobility. Modern mobile devices are including MIMO antennas to meet
this need. Improved spectrum efficiency, higher data rates, more capacity, and continuous signaling are just a few of
the ways that mobile devices can enhance the quality of service using MIMO technology. The following are a few of
the benefits:
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2.1 Increased Data Rates

MIMO technology enables faster data rates than conventional SISO systems by allowing the transmission of several
data streams across a single frequency band. The total system throughput grows in direct proportion to the MIMO
layer number [19].

2.2 Improved Signal Quality

MIMO technology is useful for enhancing signal quality by mitigating interference, noise, and fading. Figure 2 shows
the properties of interference and fading at the coverage boundary caused by the large beamwidth of base station
antennas in conventional Single Input Single Output (SISO) systems. In contrast, [Figure 3] shows the results of
improved coverage and reduced interference at the coverage boundary caused by MIMO at g-NodeB (5G base station
antennas) (Raj, et al., 2023).

Smaller Array Size Larger Beamwidth
hence Interference

) ) gNodeB with small
¢gNodeB with small MIMO array

MIMO array

Figure 2: Coverage border interference increases with smaller array size and larger beamwidth (Raj, et al., 2023).

™ (1)

gNodeB with large UE3 gNodeB with large
MIMO array MIMO array

UE1

I | W]

UE-User Equipment

Figure 3: Larger array size sharper beam low interference (Raj, et al., 2023).
2.3 Increased Range and Coverage

MIMO antenna can increase the coverage area and bandwidth of wireless networks by enhancing connection quality
and decreasing the probability of signal dropouts. Compared to a traditional SISO system, a bigger MIMO array or
massive MIMO could improve coverage area by generating a more directed beam [Figure 4] (Raj, et al., 2023).

UEL

Smaller MIMO array
" wide beamwidth low

((( ))) coverage

gNodeB with large Larger MIMO array
MIMO array narrow beamwidth

UE-User Equipment moreicoverage

Figure 4: Directional beams cover more and offer a better signal-to-noise ratio.
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3. SINGLE ELEMENT ANTENNA DESIGN

Figure 5a-d serves as a visual illustration of the stages of antenna design. As shown in Figure 5a, the first stage
consideration was made for an octagonal-shaped radiator, which was supplied by a microstrip line with a resistance
of 50 Q. With its high eccentricity, the radiator was able to accommodate numerous modes, which is a need for the
radiator. The surface that was not grounded and was located under the antenna radiating patch operated as a
resistance that was not balanced. A tiny slit in the shape of a U was cut out of the ground surface to provide the
necessary impedance matching between the patch and the feed line in stage 2, as shown in [Figure 5b]. An HSRR was
implanted in the antenna radiator, as shown in Figure 5¢, to eliminate the 5.5 GHz (WLAN) band that was causing
interference (stage 3). During the next stage, which is seen in Figure 5d, an extra HSRR (which was contrasted with
the HSRR that was used in stage-3) was placed onto the radiator to get rid of the 3.5 GHz (Wi-MAX) band signals
that were causing interference (stage-4) (Patre & Singh, 2016).

6) (i)

(iii) @iv)

Figure 5: The design steps for an octagonal monopole antenna: (i) stage-1; (ii) stage-2; (iii) stage-3; (iv) stage-4.

The given single-element antenna design is shown schematically in [Figure 6]. The single-element antenna contains
of a rectangular ground plane and an octagonal resonating element that is supplied by microstrip lines. An antenna
with an HSRR implanted in its octagonal patch could notch frequencies in the Wi-MAX (5.2 GHz) and WLAN (7.3
GHz) bands. A superior impedance match could be achieved by cutting a U-shaped loop into the monopole antenna's
ground plane. The FR-4 dielectric material has a relative permittivity of 5.5 and is 0.9 mm thick; it is imprinted with
the antenna. With the help of an ANSYS HFSS tool, the developed antenna is simulated, designed, and put into
function. The data on the octagonal monopole element's dimensions can be found in [Table 2].
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Table 2: Size optimization for the suggested antenna.

Parameter | Dimension | Parameter | Dimension
(mm) (mm)

L 27 Wi 2.6
w 20 S4 1.2

a 6.2 W2 3.1

b 9 W3 0.7

f 12.04 W4 1.6
S1 6 W5 1.6
S2 5.4 L1 63
S3 5 W6 0.8

w

(a)

Figure 6: A schematic of the suggested octagonal-shaped monopole antenna: (a) schematic design; (b) inflamed
view of the HSRR

4. PROPOSED MIMO ANTENNA DESIGN

For efficient MIMO operation, a compact four-ant MIMO antenna system design with dimensions of
51mm x 51mm x 0.9mm3 has been developed; this arrangement is compact. [Figure 7] represents the
configuration of the system, which is included of 4 dual-band antennas. The horizontal direction is received by two
of the antennas, while the vertical direction is also received by the other two antennas. To reduce the amount of
current that flows back and forth between the antennas, a square gap is placed in the middle of the MIMO antenna
configuration. This makes it possible to strengthen the MIMO performance at high data rates while simultaneously
lowering the coupling between the antenna parts. To ensure that the suggested antenna design, dimension
optimization, and simulations were carried out successfully, Ansoft HFSS were used. Among the MIMO parameters
that are investigated are the coupling coefficients, the ECC, the DG, and the radiation patterns. Their performance is
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characterized by these characteristics. Two vertical and two horizontal antennas allow this MIMO system design to
receive and transmit orthogonal polarizations, making it ideal for polarization diversity schemes. Additionally, it is
suitable for spatial diversity schemes since the four antennas have four distinct spatial positions. As seen in [Figure
8], the prototype is the product of fabrication on the polyester substrate.

51mm

X 5I'mm

Figure 7: Suggested 4-Ant dual-band MIMO antenna system shape

>

v

(@) (b)
Figure 8: Fabricated MIMO antenna: (a) front side and (b) backside
5. MIMO ANTENNA DESIGN APPROACHES

Modern wireless communication systems have greatly emphasized MIMO antennas because they boost range and
performance by using several pathways to send and receive data (Niu, et al., 2019). It should be mentioned that for
the MIMO antenna elements to operate independently and send or receive signals at the same time without degrading
the antenna characteristics, there must be substantially isolated components within the same MIMO system.

Some diversity parameters are used to guarantee the quality of a MIMO antenna, alongside S-parameters and
radiation characteristics. Before using MIMO antennas in a real-world application, make sure they meet the diversity
parameters' specified values. This section therefore briefly discusses some fundamental diversity parameters for
MIMO antennas.
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5.1 Envelope Correlation Coefficient (ECC)

The ECC is a diversity metric that shows how well neighboring components of a MIMO antenna are correlated with
one another. Radiation patterns or S-parameters can be used to determine it (Raj, et al., 2021). The ECC explains
how diverse radiating components in MIMO systems have distinct radiation patterns, hence it's preferable to utilize
that value when evaluating the far-field radiation pattern. Equation (1) provides the formula for ECC through the use
of radiation pattern data from MIMO architecture (Tiwari, et al., 2022):

2T (T, % % « 2
o Jo (BgpEgqPeXPR+EppEppPp)dQ|

ECC,, = o~y (™
2 * * *

a= fo”f;’(EqueqPGXPR + EpgEpqPp) dQ (2)
2 * * *

B =/, " fon(EepEgpPgXPR + EppEppPp) dQ (3)

where XPR is the cross-polarization level, which is the ratio of average power along the phi and theta directions. In a
practical environment, the acceptable limit of ECC must be <0.5.

5.2 Diversity Gain (DG)

DG is a measure of a MIMO antenna's performance and reliability in a wireless system. Hence, the MIMO antenna's
DG has to be sufficiently high, about 10 dB, to remain inside the applicable frequency range. Equation (4) can be used
to calculate the DG by using the ECC value (Garg & Jain, 2020):

DG =10 x \/T— |ECCqpl? (4)
5.3 Channel Capacity Loss (CCL)

A communication channel's capacity to carry data with almost no loss is known as its channel capacity limit, or CCL.
The default CCL value is lower than 0.4 bits/s/Hz for any particular MIMO.

Equation (5) gives the CCL expression using S-parameters (Chae, et al., 2007; Khalid, et al., 2020):

CCL = —log, det (9#) (5)
Where
_ 611 612
or= ] ©)
and

§11 = 1= [IS111% + 1S1217]
$12 = —[511512521512] (7)
$21 = —[522521512521]
22 = 1= [IS521* +15211%]
5.4 Mean Effective Gain (MEG)

MEG of the MIMO antenna is another important characteristic for diversity applications. MEG is defined as the
average amount of power that is established by a system when it is operating in a fading environment (Zahra, et al.,
2021). It is possible to determine the value of MEG by using the following equation (8) (Hussain, et al., 2020):

MEG = 0.5 X piey = 0.5 X [1 = X5, (1S;; D] (8)
6. HFSS SOFTWARE SPECIFICATION

HFSS is an industrial finite-element solver for magnetic structures created by Ansys. It is among the several

commercial tools used for antenna design and the development of advanced RF electrical circuit components,

including filters, lines for transmission, and packaging. Researcher Zoltan was Cendes and his students at Carnegie
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Mellon University in New York originated the concept. Ansoft was founded by Professor Cendes and his elder brother
Nicholas Cendes, who also provided HFSS packaging. It is a high-performance full-wave electromagnetic field

simulator that models passive devices in 3D and makes use of a graphical user interface that is familiar to users of
Microsoft Windows (Sridevi & Mahendran, 2017).

Construct Geometry 2D Excitation Solution
(User Input) (Automatic)
Define Volume \gewlel -
9 arameters
Conditions
(User Input) 3D Mesh Generation (User Input)
(Automatic, User Input
Define Surface Optional)
Conditions View/Plot Fields
(User Input) (User Input)
Solve 3D Matrix
Define Solution (Automati)
Requirements s
(User Input)
PRE-PROCESSING SOLUTION POST-PROCESSING

Figure 9: HFSS analysis design flow chart (Sridevi & Mahendran, 2017).
7. RESULTS AND DISCUSSIONS

Here, they study the evaluation of the single-element antenna and the suggested MIMO antenna system using
microwave electromagnetic calculations and experimental measurements.

=.1 Gain (dBi)

The [figure 10] illustrates the relationship between Gain (in dBi) and Frequency (in GHz). The x-axis represents the
gain in dBi, and the y-axis shows the frequency range from 25 GHz to 31 GHz.

e At 25 GHz, the gain starts around 1 dBi. As the frequency increases, the gain rises sharply.

e The gain reaches its peak value of approximately 8 dBi around 28 GHz, indicating maximum performance at this
frequency.

e Beyond 28 GHz, the gain begins to decline, gradually dropping to around 4 dBi by the time the frequency reaches
31 GHz.

The plot indicates that the system achieves the highest gain near 28 GHz, where performance is optimal, while at
lower and higher frequencies (25 GHz and 31 GHz), the gain decreases significantly, implying reduced performance.

Gain
8
7
6
~N
o
Q54
>
g
-
EPy
g
S
34
2_
1
25 26 27 28 29 30 31
Gain(dBi)

Figure 10: Simulation and measurement of suggested antenna gain

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 172
which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(53s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

7.2 Efficiency

The [figure 11] is a plot showing the efficiency of a system as a function of frequency. The x-axis represents the
frequency (in an arbitrary unit), ranging from 25 to 31, while the y-axis denotes efficiency values, ranging from 1 to
8. The efficiency increases rapidly from a value of around 1 at 25 units of frequency, peaking at approximately 8 near
28 units of frequency. After this peak, the efficiency gradually decreases, dropping to about 3.5 at 31 units of
frequency. This suggests that the system performs optimally around 28 units of frequency, with diminishing
efficiency outside this range.

Effeciency
8
71
61
g 5
c
o
o
@
= 4
w
3
21
14
25 26 27 28 29 30 31
Frequency

Figure 11: Simulation and measurement of suggested antenna efficiency
7.3 Radiation pattern

The [figure 12] demonstrates the radiation patterns of two materials: FR4-based (red) and PP-based (green). The
radial axis represents the gain in decibels (dB), with values like 0, -5, -17.5, and -30 dB indicating the radiation
efficiency at various angles (0° to 360°). The FR4-based material generally shows higher radiation efficiency, with
peaks reaching closer to 0 dB around angles like 60° and 300°, while the PP-based material's peaks are slightly lower,
near -5 dB. Both materials show similar behavior, with dips in radiation efficiency between -17.5 dB and -30 dB in
several directions (e.g., near 180° and 240°). The FR4-based material has a broader, more pronounced radiation
pattern compared to the PP-based material, indicating slightly better overall efficiency across multiple angles.

FR4 Based

270

Figure 12: Simulation and measurement of suggested antenna radiation pattern
7.4 Envelope Correlation Coefficient (ECC)
The [figure 13] depicts the relationship between Frequency (in GHz) and ECC.
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e At the lower frequency end (around 25 GHz to 26 GHz), the ECC fluctuates significantly, showing some sharp
peaks and dips. The maximum ECC value here reaches close to 0.003.

e  Asthe frequency increases beyond 26 GHz, the ECC drops sharply and stabilizes at values very close to zero.

o Between 27 GHz and 28 GHz, the ECC remains at a low value, close to 0.0005 or lower, indicating minimal
correlation.

e  After 28 GHz, the ECC begins to rise again, steadily increasing towards higher values as it approaches 30 GHz.

The simulated ECC in this range highlights that there is low correlation (close to zero) between the frequencies bands
around 27-28 GHz, which suggests that these frequencies provide good isolation. However, frequencies outside this
range, particularly near 25-26 GHz and around 30 GHz, exhibit higher ECC values, indicating more correlation and
potentially reduced isolation.

Frequency vs ECC Plot

0.0030
— Simulated
0.0025

0.0020

0.0015

ECC

0.0010

0.0005

0.0000

26 27 28 29 30
Frequency (GHz)

Figure 13: Simulation and measurement of suggested antenna ECC .
7.5 Diversity Gain (DG)
The [figure 14] illustrates the relationship between Frequency (in GHz) and DG (in dB).

e The diversity gain starts at around 9.988 dB at 25 GHz. As the frequency increases, the DG quickly rises and
reaches a maximum value of 10 dB near 26 GHz.

e Between 26 GHz and 28 GHz, the DG remains nearly constant at the maximum value of 10 dB, indicating very
high diversity gain in this frequency range.

o After 28 GHz, the DG slightly decreases, with the value dropping just below 10 dB near 31 GHz.

The flatness of the DG values close to 10 dB over the majority of the frequency range (from approximately 26 GHz to
30 GHz) suggests excellent diversity performance, indicating strong signal reception with minimal correlation
between the signals in this frequency range. The minor dip after 30 GHz shows a slight reduction in performance,
though the diversity gain still remains high.

Frequency vs DG Plot
10.000 — Simulated

9.998
9.996

9.994

DG (dB)

9.992

9.990

9.988

25 26 27 28 29 30 31
Frequency (GHz)

Figure 14: Simulation and measurement of suggested antenna DG
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7.6 Mean Effective Gain (MEG)
The figure 15 represents the relationship between Frequency (in GHz) and Mean Effective Gain (MEG) (in dB).
e The MEG starts at around -7 dB at 25 GHz. As the frequency increases, the MEG rises steadily.

e Between 26 GHz and 30 GHz, the MEG values remain relatively flat and stable, peaking around -6 dB in this
range. This indicates a consistent and favorable mean effective gain performance.

e After 30 GHz, the MEG starts to decline, approaching -7 dB again as the frequency nears 31 GHz.

The MEG values in the range from 26 GHz to 30 GHz suggest that the system is operating with good gain efficiency
in this band. The gain decreases sharply at the edges of the frequency range (near 25 GHz and 31 GHz), indicating
less effective performance outside this central frequency range.

Frequency vs MEG Plot

Figure 15: Simulation and measurement of suggested antenna MEG
7.7 Channel Capacity Loss (CCL)
The [figure 16] shows the relationship between Frequency (in GHz) and CCL (in bits/s/Hz).

e At 25 GHz, the CCL is at its highest value of approximately 0.25 bits/s/Hz. As the frequency increases, the CCL
decreases steadily.

e The CCL reaches its minimum value of around o bits/s/Hz between 27 GHz and 28 GHz, indicating minimal
channel capacity loss in this range.

e Beyond 28 GHz, the CCL starts to rise again, reaching around 0.25 bits/s/Hz at 31 GHz, similar to the values
observed at the lower end of the frequency spectrum.

The U-shaped curve shows that the system experiences the least CCL (around o bits/s/Hz) in the frequency range of
27 GHz to 28 GHz, which is ideal for communication. Outside of this range, the channel capacity loss increases,
reaching higher values at both lower and higher frequencies (around 25 GHz and 31 GHz).

Frequency vs CCL Plot

0.25
0.20

0.15

CCL (Bits/Hz)

0.10

0.05

25 26 27 28 29 30 31
Frequency (GHz)

Figure 16: Simulation and measurement of suggested antenna CCL
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The suggested MIMO antenna is compared to existing previous work in [Table 3]. It is clear that the recommended
antenna provides a smaller size in comparison to the majority of the published studies. The high ECC and CLL values
are a drawback, even if their dimensions are less than the given work [Table 4]. Hence, the suggested work
outperformed the remainder because to its small size, wide bandwidth, high gain, and low ECC, CLL, and MEG values.

Table 3: Analyzing the current antenna design in relation to the most recent novel study

Work Dimensions Bandwidth (GHz) | Maximum Gain | Radiation
(mm*mm*mm) (dBi) Efficiency (%)
Farahat and 7.5%8.8%0.25 1.2 6.62 80
Hussein (2022)
Farahat and 21.6%20%0.25 3.42 9 98
Hussein (2020)
Alnemr, et al. 20.4%26.4%0.5 0.7 7.03 86
(2021)
Chaudhary and 10*10*0.254 0.5 7.4 77
Kansal (2023)
Hussain, et al. 10*10 3.52 7.1 90
(2022)
Our 51mm X 51mm 1.5 7.8 94
x 0.9mm?3
120
100
80
60
40
20
0
Farahat et al., Farahatetal., Alnemretal., Chaudhary et Hussainetal.,  Our work
(2022) (2020) (2021) al., (2023) (2022)
Bandwidth (GHz) Maximum Gain (dBi) Radiation Rfficiency (%)

Figure17: Comparing the current antenna design to the SOTA research

Table 4: Comparison of planned work with other works

Ref. Dimension | No. of ports | Bandwidth Gain ECC CLL
Khalid, et 30%35 4 4.1 8.3 0.5 0.4
al. (2020)
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Khalid, et 28*30 4 3 6.2 0.05 0.2
al. (2019)
Tu, et al. 11*31 4 5 10 0.04 0.5
(2017)
Arabi, et al. 60*100 2 1.7 9.8 - 0.002
(2020)
Hussain, et 30*30 4 4 7.1 0.0005 0.15
al. (2022)
Our 51mm 4 1.5 7.8 0.00046 0.25
X 51mm
x 0.9mm3

8. CONCLUSION

The primary objective of this study is to develop and evaluate a unique MIMO antenna that is specifically designed
for the mm wave band operating at 28 GHz. This band is an important frequency for 5G applications. MIMO systems
operating at mm Wave frequencies provide potential solutions by delivering greater capacity and spectral efficiency.
This addresses the increasing need for accelerated data speeds and enhanced communication efficacy. The created
antenna aims to optimize performance regarding gain, bandwidth, and radiation efficiency. It aims to address
challenges inherent to millimeter wave frequencies, including significant route loss and limited coverage. The
discrepancy among the ECC and the DG is less than 9.59, whereas the difference with the CCL is less than 0.25.
Throughout the manufacturing manipulate, the conventional single-element antennas and the MIMO are
experimentally evaluated, demonstrating effective matching of impedance across all the bands of frequency. These
findings align with the computer simulation results. The antenna has an effective gain of 7.8 dBi at a frequency of 28.
The proposed antenna has an average transmission effectiveness of 94% across all different frequency bands.
Furthermore, the coupling coefficients of the MIMO antenna systems were experimentally evaluated, revealing
minimal coupling, hence indicating a viable MIMO system for upcoming mm-wave communication.
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