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In modern days, wireless communication is enhanced importantly in 6G growing in the Massive MIMO
(Multiple Input Multiple Output) technologies. The Interference is increased in the MIMO antenna and in-
efficient in 5G specification which proves to the conventional methods. The two truncated linear patches of
antenna size 9.2 m, 7.1 mm at the top layer with the ground performance of 37.6 mm x 33.4 mm in the
substrate. The dimension of the 2 x 2 MIMO antenna for 37.6 mm, 33.4 mm, 1.6 mm is proposed to be
designed to improve by the 6G specification. With a core frequency of 6.6 GHz, the proposed Massive MIMO
with 6G is regulated to function between the 3.19 to 5.10 GHz range. The study displays an ultimate gain of
22.4 dBi, an imaging range of +25°, and an average gain deviation of 3.3 dB at 5.6 GHz. The proposed system
is obtained to improvise the performance by HFSS simulated results for operating frequency by Massive
MIMO antenna to provides the directivity as 4.6 with a relative permittivity of 4.4 and isolation as 15 dB.
Further, the gain of 10.16 dBi with a radiation efficiency of 80 % has been achieved by the insertion of the
2 x 2 single-element Massive MIMO Antenna which is capable of spatial multiplexing by the 6G application.
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1. INTRODUCTION

These days, Communication over wireless networks
is become a commonplace aspect of everyday life, allow-
ing people to exchange data at rapid speeds and share
information worldwide at any time. Since connecting to
the internet has become essential in our daily lives, the
introduction of LTE, which offers exceptional through-
put, data transfer rates, information transmission
speeds, and spectrum efficacy, has made users' lives eas-
ier and allowed them to blissfully browse the internet at
any moment [1] and [2].

This increases the appeal of using gadgets like lap-
tops, smartphones, and computers, which call for more
sophisticated radio frequency and communications parts
[3]. Because of their lightweight construction, low pro-
file, and simplicity to incorporate with additional elec-
tronic elements, microstrip patch antennas are widely
used in contemporary communication systems. Applica-
tions for them include medical equipment, wireless com-
munication, radar systems, as well as communication
through satellites.

Reflected arrays are considered the most compatible
and cost-effective approach but their bandwidth is com-
paratively narrower than that of planar arrays and re-
flectors because of the intrinsic restricted bandwidth
characteristics of the microstrip elements along with the
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fluctuating phase delay caused by various path lengths
among the feed to each component. The phase response
of the components fabricated on a flat surface is what
causes the creation of a concentrated or shaped beam
whilst highlighted by a feed.

A number of methods have been put out to increase
reflectarray antenna bandwidth. In layered patches of
different sizes were employed in a multilayer design. In
bigger reflectarrays, aperture-coupled patches with
phase-delay lines are used. Multilayer structures, how-
ever, are more likely to be complex, heavier, and more
expensive to fabricate. As a result, a single-layer reflec-
tarray reduces the alignment problems present in mul-
tilayer phase shifting elements and is more economical.
Furthermore, it has been suggested to use metamateri-
als, namely metasurfaces, to miniaturize reflectarrays.

A wide bandwidth was demonstrated in a single
layer by a subwavelength element or a multi-resonant
element. While connected aperture phase delay lines
were utilized on different layers of the patches in a prior
work for a wide 1-dB gain bandwidth, they were at-
tached to the components in the identical layer in subse-
quent investigations [21, 22]. Broadband architectures
utilizing dielectric metamaterials and polarization-ro-
tating components were introduced in earlier research.
A wide bandwidth has also been achieved through the
employment of various phase synthesis techniques.
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Despite their broadband nature, the single-layer re-
flectarrays stated above nevertheless have several draw-
backs. A thick substrate was used in to produce a
360° phase range with a sub-wavelength element-based
broadband reflectarray. Multi-resonant and polariza-
tion-rotating broadband reflectarrays have intricate ge-
ometric configurations that require laborious computer
modeling and simulations of individual components to
determine their ideal performance.

In a similar way the highest possible gain for an ex-
panded bandwidth is decreased by current methods for
phase accumulation in a single layer. With their inex-
pensive price and simple construction, customizable re-
flective along with programmable metasurfaces have be-
come a viable option for beam scanning, scattering ma-
nipulation, and polarization conversion. Such metasur-
faces still need time to form, though, and have seldom
ever been documented for a wide 1-dB gain bandwidth.

The microstrip patch with a H shaped antenna has
drawn interest since it can enhance important perfor-
mance metrics while being compact. The unique
H-shape arrangement boosts radiation efficiency, opti-
mizes impedance matching, and expands bandwidth.
Because of its small size, it can be used in applications
that need for very effective miniature antennas. Mi-
crostrip patch antennas are usually designed and opti-
mized using electromagnetic simulations. In this work,
an H-shaped microstrip patch antenna operating at a
specific frequency is designed, simulated, and character-
ized using CST Microwave Studio, a potent tool for re-
solving intricate electromagnetic issues. A coaxial probe,
a popular and useful feeding method because of its ease
of use and efficiency in obtaining good impedance match-
ing, feeds the antenna. To reduce return loss and guar-
antee that the antenna resonates effectively at the de-
sired frequency, the feed position is adjusted.

The need for microstrip patch antennas with high
gain and multiband operating frequencies has increased
due to the quick advancement of wireless technology.
The application of Multiband microstrip patch antennas
are used in a variety of devices, including gaming con-
soles, computers, and cell phones. Certain microstrip
patch antennas have distinct features, such as low an-
tenna profile, extremely light weight, wide bandwidth,
good gain, and resemblance to a conventional assembly
procedure. A microstrip patch antenna generally has a
few disadvantages, such as low strength, interference,
and a narrow bandwidth. The developers must seek out
and maximize the accessible RF elements in the mobile
wireless network in order to meet all of the demands of
the wireless communication community. Humans today
communicate wirelessly thanks to Multiple-Input Multi-
ple-Output (MIMO) advancement, It was invented and
frequently utilized in handheld wireless connections that
offer substantial data rates and outstanding channel ca-
pacity. In order to enhance channel capacity, transmis-
sion rates, link dependability, and accessibility to net-
works, MIMO technology uses several antennas on the
system's input as well as output sides for communication
to take advantage of multiple path fading [4]. This study's
main goal is to investigate the H-shape microstrip patch
antenna's functionality.employing through simulations,
paying particular attention to important aspects includ-
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ing gain, radiation patterns, return loss, and effective-
ness. The viability of the suggested antenna design for us-
age in high-frequency signals and its applications, specif-
ically in wireless and satellite communication systems, is
assessed by analyzing the CST simulation results.

Low-profile, planar, high-gain, along with multi-
modal antenna emitters are necessary to address the
ever-increasing needs for wireless communication ser-
vices in the contemporary environment [5, 6]. To sub-
stantially decrease the physical dimensions of the an-
tenna and enable it to be put on the same structure for
numerous purposes simultaneously, a multiband either
multifrequency functioning in an identical radiator is
crucial [7, 8]. According to this viewpoint, self-multiplex-
ing antennas constructed using cavity-backed substrate
integrated waveguides (SIW) are Much more widely
used and popular options because they provide more al-
luring attributes like small size, high efficiency, reduced
back-lobe electromagnetic radiation small port-to-port
mutual coupling, and simplicity of circuit variation [9,
10]. The primary duty is the execution to cover the band-
width. Increasing the substrate thickness, using a sub-
strate with a low dielectric constant, using various im-
pedance matching, feeding techniques, and using multi-
ple resonators are some of the well-known methods for
increasing the data transmission of antennas. Both
sending and receiving data are possible with the an-
tenna. Thus, it is the fundamental portion of the micro-
wave communication. It is a device designed to effi-
ciently send and receive electromagnetic waves. This re-
search uses a multiband antenna that is strengthened
by a coaxial probe. HFSS software is used to simulate
the antenna.For various multiband procedures, includ-
ing dual-, triple-, quad-, and hexaband functions, nu-
merous teams of researchers have thus created self-du-
plex, self-diplexing, self-triplexing, self-quadruplexing,
as well as self-hexaplexing antennas powered by SIW
cavity-backed technological advances [11-15]. In order
for every element to function as a half-mode SIW reso-
nator that emits via a separate longitudinal position
which holds the open-end of half-mode SIW, and this
was identified in [16-18], a rectangular opening is cut on
top of the SIW, dividing the chamber into two different
sections that can be delighted with the proper feed.

For LTE applications, this leads to the creation and
modeling of a MIMO H-shaped dielectric resonator an-
tenna (DRA). Ceramic DRA containing a tanning loss of
0.0019 along with a dielectric constant of 10 was em-
ployed in this study.

In essence, the Rectangular-shape DR is divided into
multiple pieces to create the H-shape DR. By lowering
the most efficient permeability of the complete DR vol-
ume, this raises the impedance over the bandwidth (BW)
of the proposed DRA [19]. This study uses CST software
to construct and simulate a MIMO H-shaped DRA with
two distinct input mechanisms at Ports 1 and 2. For lay-
out verifications, the simulation-based outcomes of sim-
ple rectangular form DRA are contrasted with the pro-
duced modeled MIMO H-shape DRA findings.

This work is structured in the following manner: The
detailed introduction and its literature survey is ex-
plained in detail in section 1. The analysis of the MIMO
antenna's design concepts, procedure, and decoupling
mechanism is covered in detail in Section 2. Antenna
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performance, including gain patterns, efficiency is ana-
lyzed in Section 3 by contrasting antennas with and
without decoupling structures. The design procedure,
techniques, and outcomes of the MIMO antenna created
in this paper are compiled in Section 4.

2. DESIGN OF AN ANTENNA

2.1 Configuration of Antenna

0
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4

Fig. 2 — E-Field of the antenna design

As seen in Figures 1 and 2, the H-shaped antenna's
Transmission of magnetic and electrical fields produced
high voltages of 9.76 V/m and electrical currents of
9.423 A/m.

Figure 3-7 displays the Polar Regions projection on
the configuration of an H-shaped patches of microstrip
antenna. The structure is simulated using the dimen-
sions mentioned above. This design operates at
2.40 GHz, and the resultant return loss is — 15.07 dB. At
this frequency, a gain of 1.43 dB is achieved. The reflec-
tion coefficient (S11) vs. frequency plot in Figure 2 shows
that the antenna begins operation at 2.37 GHz (marker
m1l) and ends operation at 2.42 GHz (marker m2). The
antenna's core frequency is 2.4 GHz (marker m3). In this
instance, the antenna's bandwidth is 44 MHz.

3. RESULTS AND ITS DISCUSSION

The gain (dB) versus frequency (GHz) for an antenna
or RF structure that was generated with HFSS is shown
in the provided XY plot. The X-axis shows the frequency
band ranging from 1 GHz to the range of 10 GHz, along
with the Y-axis (dB(GT/Total)) shows the total gain (GT)
in decibels. The gain's variation across this frequency
range is depicted in this Figure 3.

XY Piot 3

Fig. 3 — Total Gain of the suggested antenna design

Figure 3 shows that the gain fluctuates, demonstrat-
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ing frequency-dependent functionality. A notable de-
crease in gain at 5.5 GHz indicates a notch or resonance,
which may be the result of interference, destructive in-
terference, or a feature of the structure's fundamental
architecture. In contrast, performance peaks around
7.3 GHz, where the gain reaches about 6.0916 dB.

The structure's general effectiveness over the band-
width of the spectrum is indicated by this gain response,
with certain frequencies showing greater or worse signal
performance. In antenna design, this information is crit-
ical since optimum radiation effectiveness and signal
strength depend on optimizing gain at desired operating
frequencies.

It shows an antenna's or an RF structure's overall
gain response over a broad frequency range. The Fig-
ure 4 shows how the gain changes, exposing important
performance traits that are necessary to assess the sys-
tem's radiation effectiveness. Critical stages in the gain
response are indicated by a number of markers. The
comparatively low gain of 2.4403 dB at 2.3 GHz indicates
inefficient radiation at this frequency. Better perfor-
mance is indicated by the gain, which progressively im-
proves as the frequency rises to 6.7034 dB at 2.8 GHz
and 7.0568 dB at 4.8 GHz. Thus, the total average gain
variation of an antenna increases significantly to
16.6426 dB at 5.5 GHz, however there is a dramatic de-
crease right after, indicating resonance or signal atten-
uation at this frequency.
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Fig. 4 — Total Gain variation of an antenna

Fig. 5 — Directivity of H-shaped antenna

Following this peak, the gain is seen to decrease at
6.7 GHz to 19.0802 dB, then increase once more at
7.0 GHz to 31.6034 dB. At 8.0 GHz and 9.0 GHz, the gain
remains high, reaching 31.6034 dB and 34.8852 dB, re-
spectively.

The abrupt drop at 5.5 GHz raises the possibility of
a notch or destructive interference, which could be
caused by reflections, parasitic resonances, or perfor-
mance-affecting material characteristics.

To guarantee constant performance throughout the
operating range, design improvement may be required if
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there is a dip at particular frequencies.

Both the E-plane (Electric) and H-plane (magnetic)

electromagnetic field radiation patterns are described,
displaying the antenna's directional performance as well
as any possible side-lobe levels. Fig. 5 shows the 3D ra-
diation distribution of an H-shaped microstrip patch an-
tenna. The H-shaped patch antenna with microstrip has
better transmission pattern, total gain, as well as orien-
tation than the square patched antenna. Figures 10 and
11 show a 3D polar representation of an H-shaped patch
antenna's gain along with directivity of the signal.
As depicted in Figure 6, this antenna operates at
2.45 GHz and yields an average return loss of — 11.06 dB.
Thus, the antenna signal begins operating at 2.451 GHz
(marker m1) and stops operating at 2.46 GHz (marker
m3), as seen in Fig. 6. The antenna's core frequency is
2.456 GHz (marker m2). In this instance, the antenna's
bandwidth is 13 MHz. Here, Kevlar, a substrate with a
dielectric constant of 3.6, is utilized. With the exception
of the substrate and feed position, all other dimensions
are the same. To maximize the results, the feed location
must be adjusted.

XY PRt

e e e e

1 "'. / ,‘/

] | |
Wl

2 11 i
|

P I \

Fig. 6 — Return loss

Figure 7 shows the tri-band H-shaped antenna patch
characteristics, with resonance frequencies of 3.8, 4 and
7.3 GHz. All three peaks experience sufficient range vi-
tal for return loss, meaning it is higher than 10 dB.
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Plotting the reflected signal coefficient, or yield re-
turn loss departure, of the proposed antenna reveals
that it yields return losses of — 15.32 dB and — 19.2 dB,
correspondingly, for two distinct sets of frequency bands,
5.32 GHz and 9.89 GHz, all of which are considered ac-
ceptable. Additionally, its radiation pattern shows the
direction that yields the best results.

4. CONCLUSION

The performance of an H-shaped patch of microstrip
antenna with a 13.81 GHz resonance wavelength is the
main emphasis of this paper's design, simulation, and
characterization. With a notable return loss of
— 26.18 dB, far higher than the usual threshold of
— 10 dB, the return loss analysis verified excellent im-
pedance matching and ensured effective power transfer
to the antenna. With a simulated gain of 7.05 dB, the
antenna demonstrated its appropriateness for applica-
tions needing moderate to high gain. The frequencies of
3.81 GHz, 4.2 GHz, and 7.32 GHz are used to replicate
an H-shaped microstrip patched antenna. The results
show that an H-shaped antenna with patches is specifi-
cally suitable for 5G applications because of its superior
performance. It offers the maximum bandwidth spec-
trum of 9 %, gain of 7.32 dB, directivity of 7.0268 dB,
Return loss of — 17.1413 dB, — 17.8731 dB, — 13.234 dB,
as well as VSWR of 1.3628, 1.3263, and 1.643 at
3.81 GHz, 4.10 GHz, and 7.13 GHz.

13. D. Kumutha, T. Islam, et al., J. Nano- Electron. Phys. 16
No 3, 03010 (2024).

14. S. Usha, P. Geetha, et al., J. Nano- Electron. Phys. 15 No 3,
03009 (2023).

15. El Arrouch Tarik, Najiba El Amrani El Idrissi, J. Nano-
Electron. Phys. 15 No 1, 01026 (2023).

16. S. Usha, P. Geetha, et al., J. Nano- Electron. Phys. 15 No 3,
03008 (2023).

17. K. Jayanthi, A.M. Kalpana, et al., J. Nano- Electron. Phys.
15 No 3, 03022 (2023).

18. R.M. Gomathi, M. Jeyabharathi, et al., J. Nano- Electron.
Phys. 15 No 4, 04027 (2023).

19. M. Tabassum, S. Perumal, S.B.A. Kashem, S. Ponnan, C.
Chakraborty, M.E. Chowdhury, A. Khandakar, Multimedia
Tools and Applications 83 No 1, 3111 (2024).

20. B.LL. Aljidi, S. Perumal, S.A. Pitchay, Indonesian Journal
of Electrical Engineering and Computer Science (IJEECS)
28 No 3, 1573 (2022).

04025-4


https://doi.org/10.3390/electronics13183585
https://doi.org/10.3390/s24175495
https://doi.org/10.3390/mi15070850
https://doi.org/10.3390/mi15060729
https://doi.org/10.3390/mi15060729
https://doi.org/10.3390/electronics13112196
https://doi.org/10.3390/electronics13112146
https://doi.org/10.3390/mi15060705
https://doi.org/10.21272/jnep.15(6).06029
https://doi.org/10.21272/jnep.15(6).06029
https://doi.org/10.21272/jnep.16(4).04006
https://doi.org/10.21272/jnep.16(4).04006
https://doi.org/10.21272/jnep.16(3).03007
https://doi.org/10.21272/jnep.16(3).03007
https://doi.org/10.21272/jnep.16(4).04003
https://doi.org/10.21272/jnep.16(4).04003
https://doi.org/10.21272/jnep.16(3).03008
https://doi.org/10.21272/jnep.16(3).03008
https://doi.org/10.21272/jnep.16(3).03010
https://doi.org/10.21272/jnep.16(3).03010
https://doi.org/10.21272/jnep.15(3).03009
https://doi.org/10.21272/jnep.15(3).03009
https://doi.org/10.21272/jnep.15(1).01026
https://doi.org/10.21272/jnep.15(1).01026
https://doi.org/10.21272/jnep.15(3).03008
https://doi.org/10.21272/jnep.15(3).03008
https://doi.org/10.21272/jnep.15(3).03022
https://doi.org/10.21272/jnep.15(3).03022
https://doi.org/10.21272/jnep.15(4).04027
https://doi.org/10.21272/jnep.15(4).04027
https://doi.org/10.11591/ijeecs.v28.i3.pp1573-1581
https://doi.org/10.11591/ijeecs.v28.i3.pp1573-1581
https://doi.org/10.11591/ijeecs.v28.i3.pp1573-1581

IMPROVING PERFORMANCE USING 2 x 2 SINGLE ELEMENT MASSIVE... JJ. NANO- ELECTRON. PHYS. 17, 04025 (2025)

IloxpameHnHsa MPOAYKTUBHOCTI 3a momomoroio 2 x 2 oguoesieMeHTHOI Mmacusuoi MIMO-aurenu
y 6G npuctposax

T.S. Sundresan Perumall, Kumutha Duraisamy?, S. Parathasarathi2, P. Gobi3,
T. Lakshmi4, R. Kokila Devi®

1 Faculty of Science and Technology, Universiti Sains Islam Malaysia, 71800, Negeri Sembilan, Malaysia
2 Department of CSE, Jeppiaar Institute of Technology, Kunnam, Sripermudur, 631604 Chennai, India
3 Department of ECE, Jeppiaar Institute of Technology, Kunnam, Sripermudur, 631604 Chennai, India

4 Department of AIDS, Karpaga Vinayaga College of Engineering and Technology, 603308 Chennai, India

5 Department of CSE, Tagore Engineering College, 600127 Chennai, India

V¥ cyuacuoMy cBIiTi 6€3POTOBU 3B'A30K 3HAYHO MOKPAIIUBCA B 6G 3aBOsKK PO3BUTKY TexHoJIoTii Massive
MIMO (Multiple Input Multiple Output). Pisens mepermkon B anteri MIMO 36ibiyeTnest, 1 BOHE CTAlOTh
HeeeKTUBHUMY B crerrdikalii 5G, 1o marsepaiye mepeBaru TPaauIliiuux MeTomiB. JIBl ycideni JiHinHI
IIJIAHKYA aHTeHu po3MipoM 9,2 M, 7,1 MM y BepXHBOMY IIapi 3 HA3eMHOI0 IIPOAYKTUBHICTIO 37,6 MM X 33,4 MM
Ha makaamm. Poamip amrenn 2 x 2 MIMO mya 37,6 M, 33,4 MM, 1,6 MM IPOIIOHYETHCSA PO3POOUTH JJIST TIOK-
paIeHHs BIAMOBIIHO 10 crerudikaiiii 6G. 3 ocaoBHo0 Yactoromno 6,6 ['T', sampomonosarna Massive MIMO 3
6G peryJmoeTbea A poboTy B AiamasoHi Bix 3,19 o 5,10 I'Tw. JlocmimgsxeHHs mokasye rpaHUYHEe IOCHICHHS
22,4 nbBi, mianasoH 300paskeHHA +25° Ta cepeHe BIAXUIeHHA mocuyieHHsa 3,3 b mHa vacrori 5,6 ['T'w. 3ampo-
TOHOBAHA CHUCTEMAa OTPMMAHA JJIs MOKPAIIeHHs IIPOAYyKTUBHOCTI 3a JOITOMOTOI0 PE3yJIbTATIB MOJEIIOBAHHS
HF'SS st po6ouoi uacroru 3a gomomorow macusaoi MIMO-auTenu, mo 3abesreuye cripaMoBaHicTh 4,6 3 Bif-
HOCHOIO JeJIEKTPUYHOK IPOHUKHICTIO 4,4 Ta izossiriero 15 nB. Kpim Toro, xoedimient miacurenssa 10,16 nbi
3 edpexTuBHICTIO BUIIpOoMiHIOBAHHS 80% OYB JOCATHYTHN 3aBIAKHM BCTABII ofHOeIeMeHTHOI MacuBHOi MIMO-
auTeHH 2 X 2, IKA 37aTHA JI0 IIPOCTOPOBOTO MYJIBTUILIEKCYBAHHS 34 T0moMoroo 6G 3acTocyBaHHs.

Knrouogi ciosa: 6G, Macusrna MIMO, HFSS, ISI, Mo6inbuauit 38’130k, OmuHapHMiL €JIeMeHT.
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