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Abstract: Polarization control plays a significant role in various scientific and engineering applications such as communication, 

optical sensing, and molecular biology. However, traditional methods like the Faraday Effect and Birefringence are limited by 

narrow bandwidths and large sizes. This paper is presenting the design of a broadband, high-efficiency anisotropic metasurface 

reflector for cross-polarization conversion, addressing these limitations. The metasurface, composed of square split-ring 

resonators, demonstrates an exceptional polarization conversion ratio (PCR) exceeding 95% for linearly polarized incident 

waves in the range frequency of 8-20 GHz. The suggested metasurface attains almost 100% conversion of cross-polarization at 

the resonance frequencies (9.30 GHz, 13.69 GHz, and 18.48 GHz), according to experimental results. This metasurface works 

very well for broadband applications that need to control polarization precisely. 
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I. INTRODUCTION 

Polarisation refers to orientation of electric field of an electromagnetic wave with respect to magnetic field while the wave travels 

along the direction. It is one of the essential parameters of EM waves and is majorly involved in various contemporary technologies 

such as communication systems, imaging systems and sensors. Transverse waves on the other hand are defined by the direction of 

vibration of the electric field as regards to polarisation. An example of a wave that shows these characteristics is light; it is described 

as an electric wave moving through space together with a magnetic wave. Controlling the polarisation of these waves is very 

important especially in microwave and optical systems which can be enhanced greatly by increase in the control of these waves [13]. 

There are several types of polarisation namely linear, circular, and elliptical each with its own characteristics and uses. There are 

two configurations of plane polarisation: linear polarisation in which the electric field oscillates in a single plane only in the up and 

down or alongside the Earth’s surface [4]. This occurs when either there is only the electric field component or that at least there are 

two electric fields that have their arrows aligned. The two perpendicular field components when they both have the same amplitude, 

but phase shift of 90-degree relative to each other, the kind of polarisation is circular polarisation in which the electric field actually 

rotates as the wave progresses [5]. This rotation is not fixed and is free to move round the central pole either in a clockwise or 

counter clockwise manner. In elliptical polarisation, the field rotates, but the two components are not equal in strength and the phase 

difference is not exactly 90° more common compared to the others especially in satellite communications [6]. 

Several methods such as birefringence, Faraday effect, and optical activity were commonly used earlier for controlling the 

polarization. Although, it is useful, these methods face problems of nowadays requirement because of factors like mechanical size of 

the parts, the range of the frequency, and how the wave interacts with the material. To address these issues, researchers have 

resorted to employing metamaterial a metasurfaceultra thin, artificially structured planar surface that can modulate EM waves 

according to the desired performance characteristics [79]. These metasurfaces are capable of steering and controlling the strength of 

the reflected or transmitted waves and are thus highly useful where polarization control is required [8]. Metasurfaces are formed of 

miniaturized patterns referred to as unit cells that form a single layer [1012]. These patterns are created with the purpose of altering 

the electric and magnetic fields at scales less than the wavelength, providing more control than regular materials [23]. Regarding the 

conversion operations, metasurfaces have the ability to control the polarisation of transmitted or reflected waves sometimes to an 

extent of completely altering the orientation of the waves. These kinds of abilities are particularly useful in optical systems, radar 

system and Wireless communication Networks [1822]. In this Study, an anisotropic metasurface reflector for cross-polarisation 

conversion with high efficiency is proposed. It is designed to incorporate a slicker of square split-ring resonators (SRRs) deposited 

on the dielectric layer while supported by a metallic ground plane.  
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The given configuration is efficient over the frequency range of 820 GHz; whereby the PCR is more than 95%. The proposed design 

can be considered as the comprehensible solution for the enhancement of the polarisation control in microwave and optoelectronic 

technologies of the future. 

 

II. METHODOLOGY 

The structure of metasurface is designed with square shaped SRRs arranged on dielectric substrate with a metallic plane at the back 

side of the substrate. The dielectric layer which is made of Teflon is useful in ensuring that the SRRs are a certain distance apart 

from the metallic plane. This structure makes the metasurface to operate as a reflective polarization converter that effectively alters 

the orthogonal polarization on the incident waves for the reflected ones. 

In the present work, the metasurface design is carried out for the operational frequency range of 8-20GHz. The key design 

parameters are: 

 

A. Unit Cell Configuration 

Configuration: a = 8 mm (unit cell periodicity), b = 6 mm, c = 3 mm, d = 5 mm, e = 2.5 mm, f = 0.5 mm, g = 1 mm, (Substrate 
thickness) h = 3 mm. 
To elaborate these variables, a is the unit cell’s periodicity, h is the substrate diameter in x and y plane, f is the breadth of the square 

split ring resonator, g is the square split ring resonator’s width, and b and d are the lengths of the square split ring resonators in v 

and u planers. With the electrical conductivity of σ = 5.8 × 107 S/m, metallic layer is constructed as a copper film, and the Teflon is 

formulated and simulated with its dielectric function represented as ε_r = 2.65 × (1 + 0.002i). Floquet ports which are in the 

direction of z-axis are used to extract S-parameters and the solver of frequency domains are applied with a unit cell including its 

boundary condition in x & y axis direction. The front view of the unit cell is illustrated in Fig. 1. 

Fig. 1 Polarization converter schematic illustration 

 

The SRRs are designed to achieve a resonant response at the desired frequencies, which enhances the polarization conversion 

efficiency. The metasurface was simulated using CST Microwave Studio, Finite Difference Time Domain (FDTD) approach in a 

full-wave simulator. Floquet ports were applied to extract the S-parameters, and frequency domain solvers were used for 

performance analysis. 

The anisotropic nature of the metasurface design causes the formation of components that are cross-polarized and co-polarized when 

a linearly polarized wave is reflected. Equation (1) illustrates how the Jones Reflection Matrix describes the relationship between 

the incident and reflected fields. 

                                                                                                                                                  

                                                                                                                              (1) 

 

The reflection coefficients that are co-polarized are represented by Ryy = |Eyr| / |Eyi| and Rxx = |Exr| / |Exi|, while for the cross-

polarized reflection coefficients the values of Rxy = |Exr| / |Eyi| and Ryx = |Eyr| / |Exi|. In what follows, the Jones Reflection Matrix 

is represented by Rin. For example with regards to incident electromagnetic waves, it is believed that the electric field is along the 

y-axis as shown in the fig (2) below. Cross polarization conversion is a process, in which an x- polarized electromagnetic wave is 

reflected as y- polarized wave and vice versa. The reflected field will most often also consist of both x-polarized and y-polarized 

components despite the fact that one of these components may be dominant. Even in the equations E is used as the representation of 

electric field, “i” indicating the incident form of wave and ”r” for the reflected wave. 
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Fig. 2 Schematic design of proposed metasurface 

 

III. RESULTS AND DISCUSSION 

The performance of the designed metasurface was evaluated based on several key metrics: reflection coefficients, polarization 

conversion ratio (PCR), azimuth angle, and surface current distribution. 

 

A. Reflection coefficients 

The reflection coefficients of the designed metasurface were also calculated analytically and using the numerical approach in the 

frequency range of 8 GHz to 20 GHz. It can be seen from Fig. 3 that the metasurface has very good cross-polarization conversion 

performances which makes it suitable for practical use. Across the complete frequency range the cross-polarization reflection is 

more than 90%, with cross polarized reflection reaching nearly 100 % at the three resonance frequencies of 9.30 GHz, 13.69 GHz 

and 18.48 GHz. 

Fig. 3: Reflection coefficient results 

 

B. Polarization Conversion Ratio (PCR) 

To determine the ratio of change of the cell’s polarisation after the process, the polarisation conversion ratio (PCR) was calculated. 

The PCR is above 95% for the entire instance at the P and S plane of the frequency spectrum, as shown in Fig. 4; the maximum 

PCR at the resonant frequency of 9.30GHz, 13.69GHz and 18.48GHz occured at 100%. As for the broadband polarisation control 

applications, they are illustrated by the high conversion efficiency of the metasurface. 

 

C. Azimuth Angle 

At the resonance frequencies, the azimuth angle—a measure of the rotation of the reflected wave's polarisation plane—was assessed. 

The azimuth angle approaches 90° for the resonance frequencies of 9.30 GHz, 13.69 GHz, and 18.48 GHz, demonstrating that the 

reflected wave's polarisation state is rotated by roughly 90° as depicted in Fig. 5. 
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Fig. 4 PCR 

 

FIG. 5: AZIMUTH ANGLE 

 

D. Structural Symmetry and Surface Current Distribution 

For the stability on the metasurface in angular direction, in addition to the polarisation conversion ability, structural symmetry was 

analyzed.  

The metasurface exhibits a comparable efficiency for all the angles of incidence as determined by assessment in Fig. 6. The 

explanation of cross-polarization conversion was made easier thanks to the distribution of currents on the surface at the resonance 

frequencies, while highlighting that magnetic resonances occur at the maximum frequencies. 

Fig. 6 Surface Current Distribution 

 

IV. CONCLUSION AND FUTURE WORK 

This Study examines designs and analysis of the anisotropic metasurface reflector promising high cross-polarization conversion 

efficiency. A broadband operation was also indicated by the polarisation conversion ratio of the metasurface of over 95 % over the 

820 GHz frequency.  

The metasurface exhibited nearly 100% of cross-polarization conversion at three resonance frequencies of 9.30 GHz, 13.69 GHz, 
and 18.48 GHz. For this reason, metasurface is preferable for use in communication and sensing systems where there is great need 

for the control of polarisation. 

Future investigations will be focused mainly by studying the performance of the metasurface with respect to the oblique angles of 

incidence. The utilisation of tuneable materials in order to switch the polarisation conversion capability of the metasurface will also 

be explored; this will have reactive and dynamic applications for the topological structure. 

 

9.30 GHz 13.69 GHz 18.48 GHz
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