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Preface 

Antenna arrays are configurations of multiple radiating elements arranged and driven in 

such a way that their individual electromagnetic fields combine to produce a desired 

radiation pattern.  One of the primary applications of antenna arrays is in Phased Array 

Antennas (PAAs), where carefully controlling the relative amplitudes and phases of the 

excitation signals at each element electronically, the combined radiation can be directed, 

shaped, or enhanced to achieve higher gain, better directivity, and improved overall 

performance compared to a single-element antenna. Ensuring optimal performance, some 

of the key design requirements must be met in antenna arrays for PAAs. These include wide 

bandwidth, minimized mutual coupling between radiating elements, energy-efficient beam 

steering. Various approaches have been explored to address these requirements; however, 

several challenges remain. The concerns cover reliability, increased design complexity, 

larger form factors, and the ease of integrating the technology with the existing antenna 

systems. The impetus of the thesis is in finding solutions to the critical challenges faced 

while designing antenna array systems.  

The wideband feature in a low-profiled array is achieved by amalgamating two separate 

techniques, which includes substrate integrate waveguide (SIW) and slotted patch 

technique. A 64-element wideband planar patch antenna array is developed. An additional 

feature of incorporating onboard calibration technique using printed calibration lines 

strategically placed in the same plane as the antennas is developed. A bandwidth of over 

7.95% is achieved for the centre element of the array on only 0.03𝜆0 thick substrate. The 

work also addresses a technique to mitigate mutual coupling within a compact array 

configuration to enhance element isolation. A metasurface superstrate-based technique is 

presented to sufficiently decouple closely spaced antenna in an array. The technique can 

reduce mutual coupling in both 1 × 3 and 1 × 7 antenna array.  

Additionally, an efficient, low-power active beam steering method is proposed for patch 

antenna arrays for fast beam steering with minimal energy consumption. A transmission 

phase reconfigurable metasurface placed above the antenna array is tested for beam 

steering.  

Furthermore, the study also includes the design of an integrable, low-power phase 

reconfiguration mechanism to enable dynamic phase reconfiguration. Fluidic channels are 

placed between vertically-coupled microstrip structures to achieve a real-time phase 

tunability by incorporating high dielectric fluid in the channels. The reusability of the 

design is tested and verified. 
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