
Abstract—In this paper the optical activity of two types of 
graphene-based chiral metasurfaces with two different variations 
of graphene inclusion positions was studied. The gammadion 
resonators of the unit cell were partly made of graphene. Three 
resonant frequencies of the metasurfaces in the frequency range 
of 0.1-0.5 THZ were found. It is shown that the value of optical 
activity expressed in azimuth polarization rotation angle strongly 
depends on the chemical potential of graphene petals, as well as 
on the position of graphene inclusions.

I. INTRODUCTION

HIRALITY refers to a geometric property of an object 
when it doesn’t have any mirror symmetry planes. This 
feature can be found in the structure of biological 

molecules, crystals, etc. The lack in mirror symmetry plane of 
molecules causes to many optical phenomena, such as optical 
rotation[1], linear or circular dichroism[2], polarization-
sensitive absorption[3]. These effects were applied in 
development of metamaterials – a class of composite 
structured materials with specific properties, which usually 
cannot be found in nature [4]. Nowadays metamaterials are 
widely used in manipulation of terahertz wave properties as 
perfect absorbers[5], polarization sensitive components[6-9], 
band-pass filters and switchers [10-12]. In this research we 
propose graphene-based optical active metasurface with a 
chiral geometry of the unit cell. Unlike the other works 
devoted to this topic, all the substrate is not covered by 
graphene, namely only one half of chiral resonators are made 
of it.

II. THE UNIT CELL DESIGN

Here we have studied two types of metasurface design
shown in Fig. 1. The gammadion cross is made of 4 circular 
half-ring petals by their 90-degree rotation around the normal 
to the unit cell plane at its central point. In both cases, 
gammadion resonators were precisely made of equal halves of 
graphene and gold, but in the first design (Fig. 1-a) the inner 
part of the resonators was made of gold and outer one was
made of graphene, in the second case (Fig. 1-b) – vice versa. 
Geometrical properties of the unit cell are the following: the 
outer radius of the chiral resonator petals (Rmax) is 150 ��������

inner one (Rmin) is 	
����, the thickness (d) of the dielectric 
�
�2.1) substrate is ���������� ��������� ����������� (a) is 600 
���� The graphene conductivity was described by Kubo 

formula[13]. The substrate is made of TPX material with 

�
�	 at terahertz frequencies. The resonators which lie on the 
bottom side of the substrate have the same geometrical 
properties, but fully made of gold.

III. NUMERICAL SIMULATION AND POLARIZING PROPERTIES 

CALCULATION APPROACH

The numerical calculation of the radiation transmission was 
performed using CST Microwave Studio. Finite-elements 
method implemented in the frequency range of 0.1-0.5 THz. 
Periodic boundary conditions was used to simulate the infinite 
array of unit cells. Co- and cross-polarization spectra Txx and 
Txy were found to characterize the polarization state of the 
transmitted waves. After that, the transmission spectra for left 
handed (T--) and right-handed (T++) circularly polarized waves 
were found using the next formula: 

�±± = ��� ± ���� .        (1)
Azimuth polarization rot������ ������ � can be found from 

phase difference of right-handed (T++) and left-handed (T--)
circularly-polarized waves as[14]   

� =
�

�
[arg(�		) 
 arg (���)].      (2)

����� ���������� �� �������������� ���� �������� ���� ��!� �"� ����

metasurface.
The scheme of numerical simulation is shown in Fig. 2.
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Fig. 1. Two types of chiral unit cell design considered in this paper.

Fig. 2. The scheme of numerical simulation and polarization conversion.



IV. RESULTS

The spectra of optical activity for both types of the 
metasurface can be found in Fig. 3.

As it can be seen from the azimuth angle spectra, due to the 
same geometry, there is almost no change in resonant 
frequencies of both types of metasurface. But in case when 
graphene part is at the center of the resonators (Fig. 1-b), we 
can find that the optical activity at 0.475 THz increases very 
fast and the direction of rotation changes in contrast to the 
other case. Besides the metasurface with such design, unlike 
the other one, shows a high tunability at the frequency of 0.36 
THz: azimuth polarization rotation angle decreases with 
increasing of graphene chemical potential. The metasurface 
with metal-based central parts of resonators reaches twice 
bigger maximum value of azimuth angle at the frequency of 
0.25 THz than one with graphene-based central parts of 
resonators.

V. SUMMARY.

Optical activity of chiral metasurface with two different 
variations of graphene inclusion positions was studied in 

frequency range of 0.1-0.5 THz. In general, azimuth 
polarization rotation angle is changed at the frequencies of 
#1=0.25 THz, #2=0.36 THz, #3=0.475 THz when chemical 
potential of graphene is varied, but the behavior of these 
resonances is different. The metasurface which central part of 
resonators made of graphene shows the most perceptible 
tunability. The results of this research may found its 
application in the development of waveplates or polarization-
modulating switchers for terahertz communications.
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Fig. 3. Optical activity spectra for two types of the metasurface design


