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ABSTRACT: A compact 4x4 Multiple-Input Multiple-Output (MIMO) antenna system is presented for multiband
wireless communication applications. The proposed antenna operates at 3.6 GHz and 5.2 GHz frequency bands,
making it suitable for 5G and WLAN systems. The antenna is designed on an FR4 substrate with a dielectric constant
of 4.4 and analyzed using ANSYS HFSS simulation software. To improve antenna performance, slot modifications
and an optimized element arrangement are employed, resulting in enhanced impedance matching and reduced mutual
coupling between antenna elements. The antenna achieves a return loss of =16 dB at 3.6 GHz and —41 dB at 5.2
GHz, indicating effective resonance characteristics. In addition, the design exhibits good isolation, stable radiation
patterns, and satisfactory gain performance, ensuring reliable diversity operation. The compact size, simple structure,
and improved electromagnetic characteristics make the proposed antenna a promising candidate for integration into
next-generation wireless communication systems.

KEYWORDS: MIMO antenna, 4x4 MIMO system, dual-band antenna, 5G communication, WLAN, mutual coupling
reduction, ANSYS HFSS.

L. INTRODUCTION

The rapid advancement of wireless communication technologies has significantly increased the demand for higher data
rates, improved reliability, and enhanced spectral efficiency. Modern communication systems such as 5G and WLAN
require efficient antenna solutions capable of supporting high-speed data transmission and seamless connectivity. To
meet these requirements, advanced antenna designs with compact size and high performance are essential for
integration into portable and embedded wireless devices.

Multiple-Input Multiple-Output (MIMO) technology has emerged as a key solution to improve the performance of
wireless communication systems. By employing multiple transmitting and receiving antennas, MIMO systems enhance
channel capacity, reduce signal fading, and improve overall link reliability without increasing bandwidth or
transmission power. Due to these advantages, MIMO antennas are widely used in various applications, including 5G,
LTE, WiMAX, and WLAN systems.

Despite its advantages, designing compact MIMO antennas presents several challenges. One of the major issues is
mutual coupling between closely spaced antenna elements, which can degrade system performance by increasing
interference and reducing diversity gain. Additionally, achieving good impedance matching, high isolation, and stable
radiation characteristics within a limited space is a complex task. Various techniques such as defected ground
structures, parasitic elements, and slot modifications have been proposed to overcome these challenges and improve
antenna performance.

In this work, a compact 4x4 MIMO antenna is proposed for multiband wireless communication applications. The
antenna is designed to operate at 3.6 GHz and 5.2 GHz frequency bands, making it suitable for 5G and WLAN systems.
The design is implemented on an FR4 substrate and analyzed using ANSYS HFSS simulation software. The proposed
antenna demonstrates improved impedance matching, reduced mutual coupling, and stable radiation performance,
making it a suitable candidate for next-generation wireless communication devices.
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II. LITERATURE REVIEW

Recent advancements in wireless communication systems have led to extensive research on Multiple-Input Multiple-
Output (MIMO) antennas to meet the growing demand for high data rates and reliable communication.

Several studies have focused on designing compact MIMO antennas capable of operating over multiple frequency
bands. Researchers have demonstrated that multiband MIMO antennas significantly improve spectral efficiency and
system capacity, making them suitable for applications such as 5G, WLAN, and LTE. Compact microstrip-based
designs are widely preferred due to their low profile, ease of fabrication, and compatibility with integrated circuits.

One of the major challenges in MIMO antenna design is mutual coupling between closely spaced antenna elements.
High mutual coupling leads to performance degradation by increasing interference and reducing diversity gain. To
address this issue, various techniques have been proposed, including defected ground structures (DGS), neutralization
lines, electromagnetic bandgap (EBG) structures, and parasitic elements. These methods help improve isolation
between antenna elements while maintaining compact size and acceptable radiation characteristics.

Several researchers have also focused on improving impedance matching and bandwidth performance in multiband
antennas. Slot-based techniques, such as introducing rectangular, circular, or irregular slots in the patch or ground
plane, have proven effective in achieving multiple resonant frequencies and enhancing return loss characteristics. In
addition, optimization of feed structures and antenna geometry plays a crucial role in achieving better performance
across desired frequency bands. Simulation tools such as ANSYS HFSS are commonly used to analyze and optimize
antenna parameters before fabrication.

Although significant progress has been made, designing a compact multiband MIMO antenna with high isolation,
stable radiation patterns, and good gain remains a challenging task. Many existing designs either compromise on size or
fail to achieve sufficient isolation between antenna elements. Therefore, there is a need for an efficient antenna design
that balances compactness, performance, and simplicity. The present work addresses these challenges by proposing a
compact 4x4 MIMO antenna with improved impedance matching, reduced mutual coupling, and enhanced overall
performance for modern wireless communication applications.

III. RESEARCH METHODOLOGY

The proposed 4x4 MIMO antenna is designed using a systematic approach to achieve multiband operation with
improved performance characteristics. Initially, the antenna structure is modeled on an FR4 substrate with a dielectric
constant of 4.4, thickness of 0.8 mm, and loss tangent of 0.02. A microstrip patch configuration is selected due to its
compact size and ease of fabrication. Four identical radiating elements are arranged in a MIMO configuration to
enhance system capacity and diversity performance while maintaining a compact overall structure.

In the initial design stage, each antenna element is developed to resonate at the desired frequency bands of 3.6 GHz and
5.2 GHz. The antenna is excited using a microstrip line feeding technique to ensure proper impedance matching and
efficient power transfer. Basic design parameters such as patch dimensions, feed position, and ground plane size are
calculated and optimized through iterative simulations. The initial design results are analyzed in terms of return loss
and resonance characteristics.

To further improve antenna performance, modifications are introduced in the form of slot structures on the radiating
elements. Four slots of different dimensions are incorporated to enhance impedance matching and achieve better
multiband characteristics. In addition, the arrangement of antenna elements and ground structure is optimized to reduce
mutual coupling between adjacent elements. These improvements aim to achieve higher isolation, better return loss,
and stable radiation characteristics across the operating frequency bands.

The final antenna design is simulated using ANSYS HFSS, a full-wave electromagnetic simulation tool. Key
performance parameters such as return loss (S11), isolation (S21), radiation pattern, and gain are evaluated. The results
are compared between the initial and modified designs to verify performance enhancement. The optimized antenna
demonstrates improved impedance matching, reduced mutual coupling, and satisfactory radiation performance,
confirming its suitability for 5G and WLAN communication applications.
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IV. RESULTS AND DISCUSSION

The performance of the proposed 4x4 MIMO antenna is evaluated using ANSYS HFSS simulation software. The key
parameters analyzed include return loss (S11), isolation (S21), radiation pattern, and gain. The simulated results
demonstrate that the antenna operates effectively at the desired frequency bands of 3.6 GHz and 5.2 GHz, which are
suitable for 5G and WLAN applications. The overall performance indicates that the antenna meets the required criteria
for modern wireless communication systems.

The return loss analysis shows that the proposed antenna achieves a value of —16 dB at 3.6 GHz and —41 dB at 5.2
GHz. These values are well below the acceptable threshold of —10 dB, confirming good impedance matching between
the antenna and the transmission line. Compared to the initial design, the modified antenna with slot configurations
exhibits improved resonance characteristics and enhanced bandwidth performance. The introduction of unequal slot
dimensions plays a significant role in achieving better impedance matching.

Return Loss Ansys
HFSSDesign1 2025 R2

STUDENT

o

L
o

Y1
PRI N TSI RS S TAVIN S S SRR RN ST

-20 ——  dBi{Stifeedig_T1,feedig_T1))
Setup1 : Sweep

dB(Stifeed2_T1,teed2_T1))
Setup1 : Sweep

-30 ——  dBiStifeed3_T1 eed3_T1))
Mame | X[GHz] Y Setup1 : Sweep

m1 3.6100  |-16.3421 dBi{Stifeed4_T1 feedd_T1))
0 m2 52600 |-41.7917 Setup? : Sweep

L e T T T T T T T T T T T[T T T I
3.0 35 4.0 4.5 50 55 6.0 6.5 7.0

Freq [GHz]

FIG 1.Return Loss

Isolation between antenna elements is another critical parameter in MIMO systems. The simulated results indicate that
the isolation values remain below —10 dB across the operating frequency bands, ensuring minimal mutual coupling
between adjacent elements. This improved isolation enhances the overall system performance by reducing signal
interference and increasing diversity gain. The optimized arrangement of antenna elements and ground structure
effectively contributes to achieving this performance.
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FIG 2: Isolation
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V. CONCLUSION

In this work, a compact 4x4 Multiple-Input Multiple-Output (MIMO) antenna has been successfully designed and
analyzed for multiband wireless communication applications.

The proposed antenna operates at 3.6 GHz and 5.2 GHz frequency bands, making it suitable for 5G and WLAN
systems. The antenna is implemented on an FR4 substrate and designed using ANSYS HFSS simulation software,
ensuring a simple structure and cost-effective realization.

The simulation results demonstrate that the antenna achieves good impedance matching with a return loss of —16 dB at
3.6 GHz and —41 dB at 5.2 GHz. The incorporation of slot modifications and optimized element arrangement
significantly reduces mutual coupling and improves isolation between antenna elements. In addition, the antenna
exhibits stable radiation patterns and satisfactory gain, which are essential for reliable communication performance.

Overall, the proposed antenna offers a compact size, simple design, and enhanced electromagnetic performance,
making it a suitable candidate for integration into next-generation wireless communication devices. The results confirm
that the antenna can effectively support multiband operation while maintaining good diversity performance.

VI. FUTURE WORK

The proposed antenna design can be further improved and extended in several ways to enhance its performance and
applicability in advanced wireless communication systems. The following future enhancements can be considered:
1. Fabrication and experimental validation of the proposed antenna to verify real-time performance.
Comparison of measured results with simulated results to analyze practical losses and errors.
Enhancement of bandwidth and gain using advanced techniques such as metamaterials or EBG structures.
Optimization of antenna geometry and feeding techniques for improved efficiency.
Extension of the design to support additional frequency bands (e.g., 6G, IoT applications).
Integration of the antenna into compact and portable wireless devices.
Further reduction in antenna size while maintaining high isolation and performance.
Implementation of advanced mutual coupling reduction techniques for better isolation.
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