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Abstract: The study presents the design and analysis of a dual-band 8-port MIMO antenna array for 5G smartphone
applications. The proposed antenna operates in the 3.30–3.65 GHz and 5.25–5.85 GHz bands, covering key sub-6 GHz
frequencies for 5G communication. The antenna array employs inverted L-shaped monopole elements and a defected
ground structure (DGS) to achieve efficient radiation performance and strong isolation between elements. Simulation and
measurement results show that the antenna array achieves a return loss better than -25 dB across both frequency bands,
with mutual coupling reduced to below -15 dB. The system demonstrates total efficiencies of over 75% at 3.5 GHz and 65%
at 5.5 GHz, making it well-suited for high-efficiency MIMO systems. The antenna's compact design and high performance
make it a strong candidate for integration into future 5G smartphones, supporting reliable, high-speed communication.
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1. Introduction

As 5G networks are rapidly being deployed worldwide, the demand for highly efficient and compact antenna
systems in mobile devices is becoming increasingly urgent. With the ability to provide faster data rates, lower
latency, and more reliable connectivity than previous generations, 5G has set new performance benchmarks for
communication systems (Shafique et al., 2020; Liu et al., 2024). To meet these requirements, smartphone antenna
designs are now heavily focused on Multiple Input Multiple Output (MIMO) systems, which enhance channel
capacity and improve spectral efficiency through the use of multiple radiating elements (Abdullah et al., 2019;
Feng et al., 2024). However, a critical challenge in implementing MIMO systems for 5G smartphones is the
efficient integration of multiple antennas within the constrained space of mobile devices, while maintaining low
mutual coupling and high isolation (Ibrahim et al., 2023). Several recent studies have addressed these challenges
through innovative antenna designs. For instance, folded monopole antennas have been shown to reduce mutual
coupling, but they introduce complexity in the integration with other RF components, limiting their practical
application in smartphones (Liu et al., 2024). Similarly, hybrid antenna systems, while improving isolation and
efficiency, often feature complex geometries that complicate mass production and miniaturization (Sun et al.,
2024). The introduction of defected ground structures (DGS) has offered a promising solution, improving isolation
and mitigating electromagnetic interference (EMI), which is critical for ensuring stable performance in multi-band
5G antenna systems (Yao et al., 2022). Nonetheless, significant challenges persist, particularly in managing the
increased power consumption and thermal issues that arise at higher 5G frequencies (Zhong et al., 2024).

As 5G standards continue to evolve, there is increasing interest in dual-band MIMO antenna systems that operate
within key 5G frequency ranges, such as 3.4–3.6 GHz and 5.4–5.6 GHz, which are critical for achieving
high-speed, low-latency communication (Xu et al., 2024). Research has shown that optimizing channel capacity in
these frequency bands can significantly improve overall system performance, with some studies reporting a
channel capacity of up to 40 bps/Hz at a signal-to-noise ratio (SNR) of 20 dB (Xie et al., 2024). However,
optimizing such systems for integration into compact smartphones remains an ongoing challenge, particularly in
balancing performance with physical design constraints.
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The paper presents a novel dual-band MIMO antenna system that addresses these challenges by employing
inverted L-shaped radiating elements combined with a rectangular DGS. The proposed design significantly
enhances isolation between radiating elements, while achieving high radiation efficiency across both the 3.4–3.6
GHz and 5.4–5.6 GHz frequency bands. Notably, the system achieves an isolation level greater than 13 dB, with an
effective correlation coefficient (ECC) of less than 0.05 between any two radiating elements. The peak gain of the
antenna system is measured at 3.3 dBi, and the efficiency ranges from 52% to 72% across both frequency bands
(Gu et al., 2024). Additionally, the system achieves a channel capacity of 38.5 bps/Hz at an SNR of 20 dB, which
positions it as a highly efficient solution for future 5G smartphone applications (Song et al., 2022). The
significance of this research lies in its ability to provide a compact and high-efficiency MIMO antenna design that
meets the stringent performance demands of 5G smartphones. By combining inverted L-shaped radiators with a
DGS, this study introduces an innovative solution to the persistent problem of mutual coupling and isolation in
multi-band antenna systems. Moreover, the simplicity of the proposed structure ensures that it is suitable for mass
production, offering a practical path forward for the development of next-generation 5G devices. The design also
adheres to specific absorption rate (SAR) limits, ensuring safety in user proximity (Liu et al., 2024).

2. Antenna Design and Methodology

The proposed dual-band MIMO antenna array is developed for 5G smartphone applications, emphasizing
efficiency and compactness. The design was simulated using CST Microwave Studio to ensure precision. The
antenna system is based on an FR4 substrate with relative permittivity of εr = 4.3 and a dielectric loss tangent of δ
= 0.025. The substrate dimensions, 150 mm × 75 mm with a thickness of 1.6 mm, were selected to align with the
form factor of modern smartphones.

Figure 1: Design and Optimization of a Compact Dual-Band MIMO Antenna Array for 5G Smartphone
Applications

2.1 Structural Configuration

The antenna array consists of eight monopole elements, symmetrically positioned along the two longer edges of a
140 mm × 75 mm ground plane, as shown in Figure 1(a). This configuration, compatible with contemporary
smartphone designs, minimizes mutual coupling while maintaining optimal performance in the targeted frequency
bands of 3.5 GHz and 5.6 GHz.

Each radiating element is based on a modified L-shaped structure. This geometry was selected for its ability to
support dual-band operation while maintaining high radiation efficiency. The Defected Ground Structure (DGS),
implemented as rectangular slots beneath each element, is employed to improve isolation, reducing surface wave
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propagation and mitigating interference between elements. This design approach ensures an isolation level
exceeding 13 dB across the operating bands.

2.2 Feeding Mechanism and Element Design

The feeding mechanism for the antenna elements is a modified L-shaped microstrip line, optimized to ensure
efficient power delivery at both frequency bands (Gao et al. 2016). The feeding network dimensions, 11 mm in
length and 2.5 mm in width, were precisely tuned to minimize insertion loss and achieve wideband impedance
matching. Two distinct element groups—1, 4, 5, 8 and 2, 3, 6, 7—are employed to account for placement and edge
effects, as depicted in Figure 1(b, c). Elements near the edges are slightly larger to counteract boundary effects,
ensuring uniform performance across the array (Li et al., 2018). Additionally, rotated E-shaped conductor-backed
structures are introduced to further enhance isolation and reduce mutual coupling.

2.3 Isolation and Mutual Coupling Mitigation

Effective mutual coupling suppression is essential for achieving optimal MIMO performance (Zhou et al., 2024;
Zhang et al., 2024). The proposed design incorporates multiple isolation enhancement techniques, including the
DGS and rotated E-shaped structures, both of which play a significant role in reducing electromagnetic
interference (EMI). These design features ensure that the Effective Channel Capacity (ECC) remains below 0.05, a
critical threshold for maximizing system throughput.

2.4 Simulated Performance

Simulations show that the antenna system achieves a peak gain of 3.3 dBi and efficiency between 52% and 72%
across the two operating bands. The design meets the performance requirements for 5G applications, offering high
channel capacity and strong radiation characteristics. Additionally, the system complies with international Specific
Absorption Rate (SAR) limits, ensuring safe user proximity (Yao et al., 2024).

3. Results and Discussions

The proposed 8-element MIMO antenna array was evaluated through both simulation and experimental testing to
measure its performance across the target dual-band frequencies, 3.30–3.65 GHz and 5.25–5.85 GHz. Each
antenna element was connected via a 50-ohm SMA connector to ensure accurate S-parameter measurements. The
primary performance metrics assessed include return loss (Sₙₙ), mutual coupling (Sₘₙ), and the antenna array's
ability to maintain sufficient isolation between elements at both operating frequencies.

3.1 Return Loss and Resonant Frequency

Figure 2: Return Loss Analysis of Dual-Band MIMO Antenna Elements for 5G Smartphones
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As shown in Figure 2, the simulated return loss (Sₙₙ) of the antenna elements exhibits strong performance in both
the 3.5 GHz and 5.5 GHz bands, with the return loss for most elements below -16 dB at the 3.5 GHz resonance and
-25 dB at the 5.5 GHz resonance. Specifically, elements S₂₂, S₃₃, S₆₆, and S₇₇ achieve return losses below -16 dB at
3.5 GHz and -25 dB at 5.5 GHz, indicating excellent impedance matching at both frequencies. These values ensure
efficient radiation and minimal power loss during transmission, which is critical for high-performance 5G
applications.

Notably, for antenna elements S₁₁, S₄₄, S₅₅, and S₈₈, the return loss dips even lower, with values reaching -25 dB at
3.5 GHz and -20 dB at 5.5 GHz. These improved return loss values can be attributed to the strategic placement and
configuration of these elements along the antenna array. The high return loss levels indicate minimal signal
reflection, confirming that the antenna array is well-tuned for both target frequency bands (Sun et al., 2023).

3.2 Mutual Coupling and Isolation

Figure 3:Mutual Coupling Characteristics in a Compact 8-Element MIMO Antenna Array for 5G Applications

Mutual coupling between antenna elements is a critical factor in MIMO systems, as excessive coupling can
degrade overall performance by reducing the effective channel capacity (Wang et al., 2024). The mutual coupling
characteristics (Sₘₙ) are illustrated in Figure 3, where the coupling between the antenna elements is maintained at a
sufficiently low level across both frequency bands. At 3.5 GHz, the coupling (S₁₂, S₁₃, S₂₃, etc.) between adjacent
elements is measured to be better than -15 dB, with the lowest coupling values reaching -25 dB. These results
indicate strong isolation between the elements, ensuring that the signals transmitted and received by each element
are effectively decoupled, minimizing interference (Xu et al., 2024). At 5.5 GHz, the mutual coupling is even more
favorable, with values below -20 dB across most element pairs and reaching as low as -40 dB for elements with
larger spacing, such as S₅₂ and S₆₇.

These low coupling values demonstrate the effectiveness of the Defected Ground Structure (DGS) and rotated
E-shaped conductor-backed structures, which were implemented to enhance isolation. The strong isolation
between elements is critical in MIMO systems, as it allows for higher spatial diversity and improves overall system
capacity by ensuring independent transmission and reception paths (Xia et al., 2023; Lin et al., 2023).

3.3 Efficiency and Gain

The efficiency of the antenna array was also assessed across the two operating bands (Wang et al., 2012). At 3.5
GHz, the simulated efficiency ranges from 54% to 67%, while at 5.5 GHz, the efficiency is higher, between 62%
and 72%. The peak gain for the system is measured at 3.3 dBi, which meets the performance requirements for
modern 5G smartphones. This level of efficiency and gain ensures that the antenna array can support high data
rates and reliable connectivity in a variety of mobile communication environments (Sun et al., 2024).

3.4 Discussion on Design Performance
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The measured S-parameters and mutual coupling results confirm that the proposed antenna array is highly suitable
for 5G applications (Shi et al., 2024). The return loss values, especially those exceeding -25 dB at 3.5 GHz and 5.5
GHz, highlight the antenna's ability to operate efficiently across both frequency bands. Furthermore, the low
mutual coupling values ensure that the system maintains high Effective Channel Capacity (ECC) and reduces
interference between antenna elements, which is essential for maximizing MIMO performance. Additionally, the
antenna's compact size and efficient design make it a strong candidate for integration into modern 5G smartphones,
where space is limited, and high performance is required (Wang et al., 2024). The combination of strong return
loss, low mutual coupling, and high efficiency underscores the system's robustness and practicality for real-world
5G implementations.

3.5 Radiation Patterns at 3.5 GHz and 5.5 GHz

The radiation patterns of the proposed 8-element MIMO antenna array were evaluated at the key frequency bands,
3.5 GHz and 5.5 GHz. As shown in Figure 4, both the E-plane (aligned with the direction of the feed current) and
the H-plane (perpendicular to the feed current) were analyzed for co-polarization (Co-pol) and cross-polarization
(Cro-pol) components. The simulation and measurement results were compared to evaluate the antenna’s
performance in real-world conditions (Yan et al., 2024).

Figure 4: Radiation Patterns of the Proposed Dual-Band MIMO Antenna at 3.5 GHz and 5.5 GHz

3.6 Radiation Performance at 3.5 GHz

At 3.5 GHz, the radiation patterns in the E-plane (Figure 4a) reveal a strong alignment between the simulated and
measured results. The co-pol component demonstrates a broad radiation pattern, with a peak gain consistent
between simulations and measurements. The cross-pol component remains low, indicating effective polarization
control and minimal interference (Wang et al., 2024). This is crucial for ensuring clear signal transmission in the
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lower 5G band. In the H-plane, the co-pol and cro-pol components show similar radiation characteristics, with
stable gain distribution and low cross-polarization, suggesting strong omnidirectional coverage at this frequency.

3.7 Radiation Performance at 5.5 GHz

At 5.5 GHz, the radiation patterns (Figure 4b) show that the antenna maintains robust performance at higher
frequencies. The co-pol component continues to demonstrate good agreement between simulation and measured
results, while the cross-pol component, although slightly higher than at 3.5 GHz, remains well within acceptable
limits for MIMO 5G performance. The H-plane at this frequency exhibits symmetric radiation patterns, further
confirming the antenna's effectiveness in higher-frequency 5G bands, where lower cross-polarization is necessary
to maintain communication reliability (Xu et al., 2024).

3.8 Co-pol and Cro-pol Analysis

Across both frequencies, the comparison between co-pol and cro-pol components shows that the antenna
consistently provides high gain for co-polarization with minimal cross-polarization interference (Lin et al., 2024;
Sun et al., 2023). This balance is essential for maintaining strong signal integrity in a MIMO system, where
multiple antennas operate simultaneously (Guan et al., 2024; Yang et al., 2024). The similarity in the radiation
patterns between the E-plane and H-plane also indicates stable radiation characteristics regardless of polarization
direction, contributing to more reliable 5G communication.

4. Conclusion

This study presented a dual-band 8-port MIMO antenna array for 5G smartphone applications, operating in the
3.30–3.65 GHz and 5.25–5.85 GHz bands. The design, incorporating inverted L-shaped elements and a defected
ground structure (DGS), achieved strong performance with return loss values better than -25 dB and mutual
coupling below -15 dB. The antenna system demonstrated efficiencies over 75% at 3.5 GHz and 65% at 5.5 GHz,
making it suitable for high-efficiency 5G communications. These results confirm that the proposed antenna array
is a practical and efficient solution for next-generation 5G smartphones, meeting the demands of reliable,
high-speed connectivity in compact mobile devices.
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