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Abstract- The Project of 5G communication systems demands 

high-performance antenna designs that cater to increasing 

data rates, enhanced network capacity, and reduced latency. 

In particular, the sub-6 GHz spectrum, covering frequencies 

below 6 GHz, has emerged as a critical band for early 5G 

deployments due to its favorable propagation characteristics, 

support for wide-area coverage, and the availability of 

existing infrastructure. However, designing efficient antennas 

for this spectrum that can offer wideband performance, high 

gain, and support for multiple-input multiple-output (MIMO) 

configurations poses significant challenges. This paper 

presents the design and analysis of a metamaterial-inspired 

wideband MIMO antenna for sub-6 GHz 5G communications, 

offering an innovative solution to these challenges. The 

proposed antenna utilizes a metamaterial-inspired structure to 

achieve a compact size while enhancing its operational 

bandwidth and radiation efficiency. The integration of 

metamaterial elements enables the antenna to achieve a wide 

impedance bandwidth, spanning 3.3 GHz to 5.5 GHz, covering 

the n77/n78/n79 5G frequency bands. The design comprises a 

compact MIMO configuration with four closely spaced 

antenna elements arranged to minimize mutual coupling and 

enhance spatial diversity, which is crucial for improving 

channel capacity in 5G networks. 
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I. INTRODUCTION 

 

 The U.S. Federal Dispatches Commission FCC 

initiated sweats in July 2016 to support 5G across low-

bandsub- 1- bandsub- 6 GHz, and high-band above 24 GHz  

frequency. 5G provides high increment, low quiescence, and  

responsibility for operations like independent vehicles and 

medical systems, with channel capacities from 5 to 100 MHz 

forsub- 6 GHz and 50- 400 MHz for below 24 GHz.  

 

Mid-band 5G is being developed encyclopedically, 

with varying  spectrum allocations in regions like the U.S., 

Europe, China, Japan, and Southeast Asia. MIMO technology 

is vital for 5G networks, enhancing data capacity and  user 

variety but posing design challenges due to field coupling in 

handheld bias. To reduce collaborative coupling, ways like 

defected ground structures and metamaterials are employed. 

The envelope correlation measure measures the coupling 

between antennas. This exploration proposes a low-profile 

widebandSub- 6 GHz 5G flag-shaped MIMO antenna, using 

MTM rudiments to suppress electromagnetic swells and 

ameliorate antenna coupling. 

 

II. LITERATURE SURVEY 

 

Existing systems  

  

With the global rollout of 5G communications, the 

demand for compact, high-performance antennas that support 

wide bandwidth, high data rates, and robust multiple-input 

multiple-output (MIMO) capabilities has significantly 

increased. Particularly in the sub-6GHz frequency range, 

which offers an ideal balance between coverage and capacity, 

researchers have focused on designing antennas that are not 

only compact and efficient but also capable of supporting the 

complex requirements of modern communication systems. 

Among the many advancements, metamaterial-inspired 

antenna designs have emerged as a prominent area of 

exploration due to their unique electromagnetic properties, 

such as negative permittivity and permeability, and their 

ability to enhance antenna performance characteristics beyond 

conventional designs. 

 

Metamaterials, being artificially engineered 

structures, allow for the manipulation of electromagnetic 

waves in ways that are not possible with natural materials. 

Their incorporation into antenna systems has demonstrated 

significant improvements in gain, bandwidth, isolation, and 

overall radiation performance. In recent years, various studies 

have highlighted the potential of metamaterials in designing 

compact MIMO antennas tailored for 5G communications. For 

instance,(2020) proposed a metamaterial-loaded microstrip 

patch antenna that demonstrated enhanced impedance 

bandwidth and radiation efficiency. By integrating split-ring 

resonators (SRRs) into the radiating elements, the design 

achieved substantial miniaturization without sacrificing 

performance, making it suitable for portable 5G devices. 
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Similarly, Singh and Kumar (2021) introduced a 

complementary split-ring resonator (CSRR)-based MIMO 

antenna that achieved wideband operation with low envelope 

correlation coefficient (ECC) and high isolation between 

ports. The CSRRs played a crucial role in suppressing mutual 

coupling, which is essential for maintaining signal integrity 

and maximizing throughput in MIMO systems. Their study 

reinforced the effectiveness of metamaterial inclusions in 

meeting 5G requirements, particularly in the sub-6GHz bands. 

In another notable work, Ahmed et al. (2019) implemented an 

electromagnetic band gap structure to enhance the 

performance of a wideband antenna. Theunit cells not only 

suppressed surface waves but also improved radiation 

efficiency, resulting in a high-gain, low-profile antenna 

system. 

 

Further developments were observed in the work of 

Zhang et al. (2018), who explored the use of metamaterial 

walls for mutual coupling reduction in compact MIMO 

systems. Their antenna design, which included artificial 

magnetic conductors and high-impedance surfaces, achieved 

over 20 dB isolation between adjacent antenna elements. The 

inclusion of metamaterials also allowed for improved diversity 

performance, which is critical in high-density urban 

environments where multipath fading is prevalent. Their 

findings demonstrated that by intelligently engineering the 

ground plane and inter-element spacing using metamaterial 

structures, it is possible to significantly boost MIMO antenna 

performance. 

 

Li et al. (2022) extended this approach by developing 

a wideband MIMO antenna integrated with both defected 

ground structures (DGS) and metamaterial inclusions, 

targeting the n77, n78, and n79 bands under the sub-6GHz 

umbrella. Their design achieved ultra-wideband characteristics 

and high isolation, crucial for reliable 5G MIMO operation. 

The combination of DGS and metamaterials allowed for better 

control over current distribution and surface wave 

suppression, enhancing both impedance matching and 

radiation characteristics. 

 

Moreover, the adoption of metamaterials has enabled 

novel design strategies such as reconfigurability, beam 

steering, and polarization diversity. Researchers like Sharma 

et al. (2021) investigated reconfigurable metamaterial-based 

antennas that could dynamically adjust operating frequency 

and radiation direction, offering flexibility in dense network 

environments. These features are especially beneficial for 5G 

systems that require adaptive behavior under varying network 

conditions. 

 

In addition, studies have explored the integration of 

metamaterials with dielectric resonator antennas and printed 

monopoles to further broaden bandwidth and reduce antenna 

size. Patel (2020) demonstrated how loading metamaterial 

elements onto a planar monopoly could extend the impedance 

bandwidth while maintaining a compact form factor. The 

impact of metamaterials on mutual coupling in planar MIMO 

arrays has also been rigorously examined, with structures like 

metasurfaces and metamaterial absorbers being used to 

prevent interference and ensure high channel capacity. 

 

Despite the advancements, challenges remain in 

fabrication complexity, narrowband resonance behavior of 

some metamaterials, and increased design sensitivity. 

However, continuous optimization through advanced 

computational techniques, including machine learning and 

evolutionary algorithms, is being explored to overcome these 

limitations. Overall, the integration of metamaterial-inspired 

structures in MIMO antenna systems presents a promising 

pathway for addressing the stringent performance 

requirements of 5G sub-6GHz applications. 

 

In conclusion, the literature underscores the 

effectiveness of metamaterial-inspired designs in enhancing 

key performance metrics such as bandwidth, isolation, gain, 

and size reduction in MIMO antennas. These advancements 

are crucial for the deployment of reliable, high-speed, and 

energy-efficient 5G communication systems, particularly 

within the sub-6GHz spectrum. Future research is likely to 

focus on further miniaturization, multi-band operability, and 

real-time reconfigurability, solidifying the role of 

metamaterials in the evolution of next-generation wireless 

communication technologies. 

 

III. PROPOSED SYSTEM 

 

Metamaterial-inspired wideband MIMO antennas 

have become a cornerstone in the evolution of sub-6GHz 5G 

communication systems, offering solutions to critical 

challenges such as limited bandwidth, mutual coupling, and 

radiation inefficiencies in compact devices. As the demand for 

higher data rates, low latency, and massive device 

connectivity grows, antenna designers are increasingly turning 

to artificial electromagnetic structures—metamaterials—to 

enhance the performance of MIMO (Multiple Input Multiple 

Output) systems. One of the most widely adopted 

implementations involves loading microstrip patch antennas 

with metamaterial elements such as Split Ring Resonators 

(SRRs) or Complementary SRRs (CSRRs). These elements 

exhibit negative permittivity and permeability at specific 

frequencies, which enables significant miniaturization of the 

antenna without compromising its resonant properties. 
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Moreover, such loading introduces additional resonances that 

extend the operational bandwidth and improve impedance 

matching. In MIMO configurations, where multiple antennas 

are placed inproximity, SRRs and CSRRs also contribute to 

reduced mutual coupling by altering the near-field interactions 

between antenna elements. This directly enhances the 

isolation, which is critical for maintaining high diversity gain 

and low Envelope Correlation Coefficient (ECC), ensuring 

robust MIMO performance. 

 

Another prominent strategy employs Electromagnetic 

Band Gap  structures, which are periodic arrangements of 

dielectric or metallic elements that prevent the propagation of 

surface waves within a certain frequency band. In MIMO 

systems, are strategically placed between antenna elements to 

isolate them electromagnetically, thus suppressing mutual 

coupling and enhancing radiation efficiency. It can also be 

designed to support multiple stopbands, allowing antennas to 

cover a wider range of sub-6GHz frequencies used in 5G 

standards like n77 (3.3–4.2 GHz), n78 (3.3–3.8 GHz), and n79 

(4.4–5.0 GHz). These structures are particularly beneficial in 

compact and planar antenna designs, which are essential for 

integration into smartphones, IoT devices, and small cell base 

stations. Antennas employing fractal geometries—such as 

Hilbert curves, Koch snowflakes, or Sierpinski gaskets—

introduce self-similarity and space-filling characteristics that 

create multiple current paths and resonances within a small 

physical footprint. When these fractal geometries are 

combined with metamaterial substrates or loadings, they not 

only support wideband behavior but also reduce the physical 

size and improve gain characteristics. Fractal-metamaterial 

hybrids have demonstrated excellent performance across the 

entire sub-6GHz band with ECC values below 0.01 and peak 

gains exceeding 6 dBi per element. 

 

 
Fig.1 Fabricated antenna 

 

 
Fig.2.VNA Testing Antenna 

 

In addition to geometrical innovations, metamaterial 

surfaces such as Artificial Magnetic Conductors (AMC’s) and 

High Impedance Surfaces (HIS) are employed as ground plane 

reflectors to improve the antenna’s radiation pattern and 

suppress unwanted back-lobe radiation. AMC’s reflect 

incident electromagnetic waves in-phase, enhancing the 

forward radiation and contributing to unidirectional radiation 

patterns, which are essential for energy-efficient 5G 

communications. These surfaces also act as isolators in MIMO 

arrays, minimizing coupling through surface wave 

suppression. AMC-backed patch antennas have shown 

improved bandwidth (up to 25–30%), gain, and front-to-back 

ratio while maintaining a low-profile structure suitable for 

compact devices. The integration of metamaterials in these 

antennas is not limited to passive structures; active and 

reconfigurable designs are also gaining traction. Using tunable 

elements such as varactor diodes, PIN diodes, or MEMS 

switches, reconfigurable metamaterial antennas can 

dynamically alter their electromagnetic properties in response 

to control signals. This capability allows for real-time 

frequency tuning, beam steering, or polarization 

reconfiguration, making the antenna agile and adaptive to 

changing channel conditions and frequency allocations. Such 

reconfigurable metamaterial antennas are particularly useful in 

cognitive radio and 5G applications where spectrum 

availability is dynamic and diverse. 

 

Practical implementations of these designs involve a 

combination of full-wave electromagnetic simulation, 

optimization algorithms (e.g., genetic algorithms or particle 

swarm optimization), and experimental confirmation through 

prototyping and anechoic chamber testing. Performance 

metrics commonly evaluated include return loss (S11), 

isolation (S21), gain, radiation efficiency, ECC, diversity gain, 

mean effective gain (MEG), and Total Active Reflection 

Coefficient. Researchers have demonstrated metamaterial-

based MIMO antennas with isolation values greater than 20 

dB, bandwidths exceeding 1 GHz, and stable omnidirectional 

or directional radiation patterns depending on the design goal. 
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For example, a 4-element loaded MIMO array covering 3.3–

4.8 GHz has shown over 90% radiation efficiency and less 

than 0.005 ECC, making it suitable for real-world 5G handsets 

and routers. Further, antennas backed with hybrid  surfaces 

have exhibited dual-band or tri-band operation, allowing 

simultaneous use of different 5G bands for carrier aggregation 

or spectrum flexibility. 

 

In practical deployment, these metamaterial-inspired 

designs are also evaluated for Specific Absorption Rate (SAR) 

compliance, mechanical robustness, and thermal stability, 

ensuring they meet industrial standards and regulatory 

guidelines. Some designs incorporate flexible or textile 

substrates for wearable 5G applications, opening new 

opportunities for Internet of Things (IoT) and body-area 

networks. To support mass production and integration, efforts 

are being made to use low-cost, high-performance substrates 

such as FR-4, Rogers RT/droid, or Taconic materials, 

depending on the target application and frequency range. 

Looking forward, the combination of metamaterials with 

machine learning and artificial intelligence for antenna design 

and tuning is an emerging field. AI algorithms can predict the 

optimal metamaterial configuration and layout for specific 

performance targets, significantly reducing design cycles and 

enabling more intelligent, adaptive wireless systems. In 

conclusion, metamaterial-inspired wideband MIMO antennas 

for sub-6GHz 5G communication offer a multifaceted solution 

to modern wireless demands, combining electromagnetic 

innovation with practical engineering to create compact, 

efficient, and highly functional antenna systems. These 

antennas not only meet but often exceed the rigorous 

requirements of 5G networks, making them a key enabler of 

next-generation wireless technology 

 

 
Fig.1.Proposed Block Diagram 

 

 

 

IV. CONCLUSION 

 

The designed microstrip patch antenna effectively 

meets the key requirements for 5G communication, such as 

compactness, low gain, and narrow bandwidth. By optimizing 

the patch dimensions and using an appropriate substrate, the 

antenna operates efficiently in sub-6 GHz and millimeter-

wave bands. Its simple structure and ease of fabrication make 

it a practical and cost-effective solution for modern 5G 

devices. 

 

The integration of SIW technology further enhances 

isolation and reduces mutual coupling, making the antenna 

suitable for MIMO applications where high data throughput 

and low latency are crucial. Overall, the antenna design shows 

excellent potential for implementation in next-generation 

wireless systems, providing reliable performance while 

remaining scalable for future 5G networks. 

 

Future improvements to the microstrip patch antenna 

design could focus on expanding the operational bandwidth to 

accommodate higher frequencies, particularly for millimeter-

wave applications. Techniques such as metamaterials or 

frequency reconfiguration could be explored to enhance 

flexibility for multi-band operation. Additionally, optimizing 

gain and efficiency, especially in MIMO configurations, 

remains a key challenge. The incorporation of beamforming 

and phased array techniques can further improve directive and 

coverage in complex 5G environments. Moreover, 

investigating flexible substrates for wearable and IoT 

applications presents an exciting opportunity, enabling 5G 

connectivity in diverse use cases. 
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