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Abstract 

 

 

The rapid evolution of wireless communication systems, driven by the growing 

demand for high-speed internet and localization services, has intensified the need for compact 

and high-performance transceiver devices. As electronic systems continue to shrink in size 

while requiring higher data capacity and improved coverage, antenna miniaturization has 

become a critical challenge.  

In multiple-input multiple-output (MIMO) systems, closely spaced antenna elements 

are necessary to maintain compactness; however, this configuration increases mutual 

coupling, which degrades system performance. To address this issue, metasurfaces have 

emerged as an effective solution for reducing electromagnetic coupling between antenna 

elements. Metasurfaces are artificially engineered structures capable of exhibiting 

electromagnetic properties not found in natural materials, enabling enhanced control over 

wave propagation. 

This thesis focuses on the design and implementation of metasurface-based techniques 

to enhance the performance of multiple-input multiple-output (MIMO) antenna systems. 

Initially, MIMO antennas operating at 6 GHz and 26 GHz (mmWave) are investigated to 

evaluate their channel characteristics. Subsequently, a two-element adjacent MIMO antenna 

operating at 2.85 GHz is developed, and an omega-shaped resonator metasurface is placed 

above the antenna elements to mitigate mutual coupling and improve isolation.  

The proposed approach is then extended to a four-element MIMO antenna 

configuration, where the same frequency and metasurface unit-cell concept is employed to 

achieve further isolation enhancement. Finally, a dielectric resonator antenna (DRA)-based 

MIMO system is designed to generate circular polarization while simultaneously increasing 

the impedance bandwidth and further suppressing mutual coupling at the frequency 2.85 GHz. 
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