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The transmission of electromagnetic waves is increasingly being used as a communication medium with the rapid 

development of technology. Electromagnetic wave energy harvesting technology has a great opportunity to be 

developed and utilized. Variations in frequency, polarization, and angle of incidence of electromagnetic waves in 

the environment are important parameters to be considered in energy harvesting technology. A conventional 

rectenna consisting of a receiving antenna and a rectifying circuit usually operates at a predetermined polarization, 

angle of incidence, and frequency. Therefore, the limitations in harvesting electromagnetic wave energy are owned 

by a conventional rectenna. 

 

Metamaterials have recently been proposed as an alternative to the conventional rectenna as an electromagnetic 

energy harvester. The metasurface is composed periodically of arrays of small electrical resonators called unit 

cells of the metamaterial. Good absorbing properties are achieved by properly designed metasurfaces, so that they 

are very attractive for use as an energy harvester of electromagnetic waves. [1] 

 

In this study, a metasurface harvester is designed using 3 layers consisting of a resonator layer, a dielectric layer 

(substrate), and a ground plane. A simple square patch shape is used as the resonator layer. The metasurface 

harvester is designed and analyzed by using electromagnetic simulation. Boundary conditions used in the 

simulation are unit cells in the x and y-axis and open in the z-axis. The metasurface harvester is located in the x-

y plane, and electromagnetic waves are radiated from the z-axis direction. The unit cell is excited by the Floquet 

port with transverse electric (TE) and transverse magnetic (TM) polarizations at the top boundary.  

 

As a result, polarization-dependent characteristics of the electromagnetic energy harvesting metasurface are 

obtained in three models using a single via. In the first model, a lumped resistor is placed between the resonator 

layer and the ground plane through a harvesting via. In the second model, a lumped resistor is placed between the 

resonator layer and the ground plane through the harvesting via which is made like a coaxial SMA connector. In 

both the first and second models, a lumped resistor is placed under 3 different conditions: (1) the direction of the 

lumped resistor is parallel to the x-axis, (2), the direction of the lumped resistor is parallel to the y-axis, and (3) 

two lumped resistors are placed in the x-and y-directions. In the third model, a lumped resistor is placed in a 

standing position between the via and the ground plane. The results of the three models are analyzed in terms of 

the shape of surface current excited by the incident electric field polarization, and their harvesting efficiency is 

evaluated. This could be used as a guide for designing simple but efficient electromagnetic energy harvesting 

metasurfaces. 
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