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The performance and capacity of wireless systems can be significantly increased by adding many an-
tennas to the transmitter and receiver ends. An overwhelming number of users have spurred the growth of
digital platforms, which in turn compels communication systems to provide information at an exceptional
rate with high reliability and quality of transmission. The achievement of such parameters through wire-
less systems with single Antenna Elements is not feasible. As a result, advanced modern high-speed com-
munication systems are increasingly utilizing multiple two-way antennas (MIMO). These antennas are
now considered the most important component in modern wireless technology. Multiple Input Multiple
Output (MIMO) technologies use several antennas to fulfill the demands of higher data throughput and re-
liability. This study recommends a compact, four-element MIMO antenna explicitly designed for Wi-Fi ap-
plications. The antenna comprises four U-shaped patch components with a maximum gain of 7.8 dB at
5 GHz. The HFSS simulation platform was used to design and simulate the suggested antenna. The MIMO
antenna has a 50 MHz bandwidth with a 10 dB impedance to improve Wi-Fi security. Additionally, there is
more than 15 dB of isolation between neighboring antenna ports. This lowers interference and improves

optimal performance in small configurations.
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1. INTRODUCTION

MIMO (Multiple input-Multiple output) systems
have become essential in addressing the increasing
demands for high data rates in modern communication
systems. These systems can simultaneously transmit
and receive signals through parallel channels, enhanc-
ing channel capacity without additional bandwidth or
transmission power. This capability has made MIMO
systems a highly attractive solution for improving the
performance and reliability of wireless mobile commu-
nications [1]. Write the reference.

MIMO technology is gaining popularity because it
can significantly upgrade the reliability as well as effi-
ciency of wireless communication networks. MIMO
systems use both line-of-sight as well as non-line-of-
sight propagation to expand channel capacity, improve
coverage, and provide more exceptional dependability
across a range of communication circumstances [2-5, 7].
Several factors must be carefully considered while con-
figuring, including mutual coupling, gain, and efficien-
cy [5-10]. The substrate material dramatically influ-
ences the total performance of the antenna. Low-cost
FR-4 is commonly used substrate due to its ability to
optimize impedance matching factors, gain, and isola-
tion. dependability, and cost-effectiveness by utilizing
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cutting-edge simulation methods and material selec-
tions to optimize critical parameters. This study's pri-
mary objective is to design and evaluate a compact
MIMO antenna system that meets the demanding re-
quirements of modern Wi-Fi applications [5, 7]. The
suggested design seeks to attain high performance,

2. DESIGN OF MIMO ANTENNA HAVING U
SHAPE

Figure 1 shows the suggested MIMO antenna oper-
ating at 5 GHz. The antenna utilizes FR4 as the sub-
strate material, characterized by a dielectric constant
(er=4.4) and a loss tangent (6 = 0.02), with a thickness
of 1.6 mm. The design comprises four identical
U-shaped antenna elements, each with dimensions of
19 x 4 mm?.

The substrate and ground plane share the exact di-
mensions, measuring 76 x 58 mm?2 The patch and
ground plane thickness are 0.05 and 0.0349 mm. The
antenna's radiating elements are positioned on the top
surface of the substrate (FR4), while copper is em-
ployed as the conductive material for both the patches
and the ground plane.
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Fig. 1 — Design of proposed MIMO antenna using HFSS software
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Fig. 1.1 — Design of MIMO antenna (having U-shape) with
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Fig. 1.2 — Design of MIMO antenna(having U-shape) one slot
with dimension

3. RESULT AND OBSERVATION

Figure 2 shows the simulation results for S11 at
5 GHz, which validate a 50 MHz — 10 dB impedance
bandwidth. At 5 GHz, the antenna's efficiency is
42.12 %, and its highest gain is 7.8 dBi. There is little
interference because the distance between neighboring
antenna ports i1s greater than 15 dB. The proposed
antenna is designed to enhance security in Wi-Fi appli-
cations with a narrow bandwidth of 50 MHz.
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Fig. 2 — Return loss at 5 GHz
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Fig. 3 - VSWR at 5GHz

E plane as well as H plane radiation pattern, as
seen in Fig. 4, guarantees adequate coverage of the
surrounding area.

Fig. 4 — E and H plane pattern for 5 GHz

The performance of an antenna is evaluated based
on various parameters, including gain, radiation pat-
tern, efficiency, and bandwidth. Among these, gain, and
radiation patterns are crucial in determining the an-
tenna's effectiveness for a given application. In this
discussion, We examine the suggested antenna's radia-
tion pattern and 3D gain, shown in Figures 5 and 6,
respectively.

An antenna's gain shows its ability to concentrate
emitted power in a particular direction, unlike an iso-
tropic radiator, which radiates uniformly in all direc-
tions. Decibels relative to an isotropic source (dBi) are
commonly used to assess gain. The results show that
the highest gain for the suggested antenna is 7.8 dBi, a
substantial number that indicates efficient radiation
and strong directivity.

An antenna with a high gain efficiently concen-
trates its energy in a desired direction for applications
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like satellite communication, radar systems, and wire-
less communication, where focused energy transfer is
essential. Figure 5's 3D gain plot offers a thorough
overview of the radiation properties of the antenna.
The gain pattern's form aids in comprehending how
power is distributed across various angles.

A smooth and consistent gain pattern in the intend-
ed direction indicates minimal distortion and ideal
performance. High side or back lobes in the gain plot
may cause inadvertent interference and decreased
efficiency. The primary lobe of the suggested antenna is
well-defined, guaranteeing that the most energy is
emitted in the desired direction while maintaining
manageable side lobe levels.
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Fig. 5 — 3D gain pattern at 5GHz

An antenna's radiation pattern explains how the
emitted power changes with direction. Two-
dimensional (2D) or three-dimensional (3D) plots are
frequently used to depict it. Figure 6's radiation pat-
tern sheds light on the suggested antenna's spatial
energy distribution.

A distinct main lobe with few side lobes is the ideal
radiation pattern. While the side lobes are undesired
emissions that may interfere with neighboring systems,
the main lobe indicates the direction in which most
power is concentrated. The back lobe — which indicates
radiation in the opposite direction — should be reduced
to increase the antenna's efficiency.
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Fig. 6 — 3D radiation pattern at 5GHz
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indicates poorer directivity but more coverage.
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9. K. Kundu, A. Bhattacharya, F.H. Mohammed, N.N.
Pathak, J. Telecommun. Inform. Technol. 3 No 3, 68
(2023).

10. Krishanu Kundu, Past, Present, and Future of Rate Split-
ting Multiple Access for Wireless Networks: A Review. In
Radar and RF Front End System Designs for Wireless Sys-
tems, 275 (Eds. by Shilpa Mehta, Rupesh Kumar) (Her-
shey, PA: IGI Global: 2024).

11. A. Rai, K. Kundu, J.P. Keshari, B.K. Singh R. Agrawal,
2024 11th International Conference on Reliability, Infocom
Technologies and Optimization (Trends and Future Direc-
tions) (ICRITO) (Noida, India: 2024).

12. K. Kundu, R. Dev, A. Rai, N.N. Pathak, 2022 International
Conference on Computational Intelligence and Sustainable
Engineering Solutions (CISES), 196 (2022).

06021-3


https://doi.org/10.1016/j.heliyon.2024.e28714
https://doi.org/10.1016/j.heliyon.2024.e28714
https://doi.org/10.1109/ACCESS.2022.3150348
https://doi.org/10.3390/s22186937
https://doi.org/10.1109/JPROC.2003.821915
https://doi.org/10.1109/JPROC.2003.821915
https://doi.org/10.1017/S1759078722000514
https://doi.org/10.1017/S1759078722000514
https://doi.org/10.1080/03772063.2020.1819887
https://doi.org/10.37936/ecti-eec.2023212.249806
https://doi.org/10.37936/ecti-eec.2023212.249806
https://doi.org/10.26636/jtit.2023.3.1368
https://doi.org/10.4018/979-8-3693-0916-2.ch011
https://doi.org/10.4018/979-8-3693-0916-2.ch011
https://doi.org/10.4018/979-8-3693-0916-2.ch011
https://doi.org/10.4018/979-8-3693-0916-2.ch011
https://doi.org/10.1109/ICRITO61523.2024.10522160
https://doi.org/10.1109/ICRITO61523.2024.10522160
https://doi.org/10.1109/ICRITO61523.2024.10522160
https://doi.org/10.1109/CISES54857.2022.9844333
https://doi.org/10.1109/CISES54857.2022.9844333
https://doi.org/10.1109/CISES54857.2022.9844333

O. PRAKASH, A. RATI ET AL. JJ. NANO- ELECTRON. PHYS. 17, 06021 (2025)

IIpoexryBauus Ta monenoBaHHsa KoMImakTHOI U-moaiouoi 4-estemenTHoi MIMO-aurenn s
o0esneunux Wi-Fi-nomarkis

Om Prakash?!, Amrita Rai2, Amit Ranjan3, Krishanu Kundu4, Rahul Dev+4

L Department of ECE, Sri Venkateswara College of Engineering and Technology, Chittoor, India
2 Department of ECE, Lloyd Institute of Engineering and Technology, Greater Noida, India
3 Department of CSE, BRCM College of Engineering and Technology, India
4 Department of ECE, G.L. Bajaj Institute of Technology & Management, Greater Noida, India

ITpoaykTUBHICTE Ta MPOIYCKHY 3IATHICTH 0€3POTOBUX CHCTEM MOJKHA SHAYHO 301IBIINTH, TOTABIIN Oa-
rato aHTeH JI0 IlepejaBada Ta mpuiiMada. [lepeBaskHa KIJIBKICTH KOPHUCTYBAYIB CTUMYJIIOBAJIA 3POCTAHHS
mudpoBux mWIaTdOpM, 110, ¥ CBOI0 YEpPry, 3MYIIyEe CUCTEMHU 3B'S3Ky HaJaBATH 1H(OPMAI0 3 BHHSITKOBOIO
IIBUIKICTIO, BUCOKOI0 HAJIMHICTIO Ta AKICTIO mepemadi. JlocirHeHHsT TaKUX ITapaMeTpiB 3a JOIMOMOTo0 6e3s-
POTOBHX CHCTEM 3 OJHUM AHTEHHHUM €JIEMEHTOM € HEeMOKJIUBUM. K pe3ysbraT, cydacHi BHCOKOIIBUIKICHL
CHCTeMH 3B'sI3Ky BCe YacTillle BUKOPUCTOBYIOTH KiybKa JgBocTtopoHHix aHnteH (MIMO). Ii anrenu 3apas BBa-
JKAIOTHCSA HAWBAYKJIMBINIAM KOMIIOHEHTOM CyYacHUX 0e3IpOTOBUX TeXHOJIOTIH. TexHoJsorll 3 KiJbKoMa BXO-
navu ta MuHOkMHHUMEU Buxomamu (MIMO) BUKOPHCTOBYIOTH KiJTbKA AHTEH JIJIs 3aJ0BOJIEHHS BUMOT IIIOJIO
BUIIOI IMPOIYCKHOI 3aTHOCTI Ta HAMIXHOCTI mepenadl manux. Ile qocmimreHHsT peKOMEHIye KOMIAKTHY YO0-
tupuesemenTHy auteny MIMO, crerianbHo po3pobiieny s 3acrocyBanb Wi-Fi. AHTeHa ckiamaeTbes 3 Uo-
THpHoX U-MOmiOHMX MATY-KOMIIOHEHTIB 3 MaKCHUMAJbHUM KoedilieuToM mocuiieHHs 7,8 n1b Ha uacrori 5
I'Tu. st mpoekTyBaHHS Ta MOJEJIOBAHHS 3aIpPOIIOHOBAHOI aHTEHHU OyJia BUKOPHUCTaHA miatdopMa Moje-
mosarus HFSS. Aurena MIMO wmae cmyry npomyckanus 50 MI'y 3 immemancom 10 b nyis moxpamnieHHs
oesmexu Wi-Fi. Kpim Toro, Misk cyciguiMu mopraMui aHTeHH icHye i3osisiisa mouana 15 nb. Ile amenrye me-
PeIIKOIM Ta IIOKPAIY€e ONTHMAJIBHY IPOyKTUBHICTD y HEBEJIMKUX KOH(IrypaIiisix.

Knrouosi ciosa: Brparu na Bigourrs, MIMO-anrena, [3omsamia, HFSS, Bacrocysaunsa Wi-Fi.
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