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Abstract: We propose in this paper the design of artificial nanostructure chirality obtained by oblique illumination. This structure is 
based on anisotropic metamaterial having an optical activity induced by the special geometry of the pattern and the incident beam. 
Starting from a non-chiral material, the artificial chirality is obtained thanks to the rectangular apertures which form the periodic perfect 
metal nanostructure (one layer) and the oblique incidence of the light beam. An extraordinary light transmission (93%) through the 
metal nanostructure is achieved by exciting the cavity modes. The extrinsic chirality obtained can be granted to the desired value by 
appropriately adjusting the geometric parameters and the angle of incidence. 
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1. Introduction
 

It is well-known that light can propagate through 

apertures whose dimensions are larger than the 

wavelength of the incident wave. When the apertures 

are smaller than the wavelength of the incident wave r 

<< λ, the transmitted intensity is negligible. But we 

can improve the transmission if an array of apertures 

is periodically structured [1]. When the transverse 

spatial dimensions of the apertures are smaller than 

the incident wavelength only the fundamental mode of 

the waveguides has a significant contribution to the 

diffracted amplitudes. Thus if we choose the period 

less than all the incident wavelengths (p < λ), only the 

fundamental cavity mode can be efficiently excited. 

The light transmission through an array of periodic 

sub-wavelength apertures is strongly linked to the 

shapes of the apertures. Great influence of the circular 

or rectangular nano-apertures on the transmission 

properties was observed [2]. The study conducted by 

Koerkamp et al. [3] demonstrated that the rectangular 

geometry allows for a better transmission relative to 

the circular apertures, with a shift of the peak position 

to the red. In 2011, Baida et al. [4] presented an 
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original design of anisotropic metamaterial plates 

exhibiting extraordinary transmission through 

perfectly conductor metallic screens perforated by a 

subwavelength double-pattern rectangular aperture 

array. The emergence of nano-optics in recent decades 

has attracted scientists in the electromagnetic field and 

tried to generate artificial optical activity (chirality) 

using the original properties exhibited by 

metamaterials. Consequently, the main objective in 

the development of artificial chiral periodic structures 

is to produce simultaneously a large optical activity 

and a high transmittance [5]. In 1920, Lindman [6] 

announced the first artificial chiral isotropic medium 

by studying the randomly oriented collections of metal 

helices size of the wavelength. Since then, researchers 

continue to provide more in this area. The tremendous 

interest given to chiral nanostructures has opened the 

way to many applications. Today, the optical activity 

is used as a diagnostic tool in spectroscopy to identify 

the spatial arrangement of atoms. Optical activity is 

even used in space missions as a life detection 

signature. With the ability to change the polarization 

state of diffracted light [8-10] and transmitted [11, 12], 

artificial chiral planar structures have great potential 

to be used in the control of polarization. The optically 
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active media are used as polarization rotators and also 

circular polarizers [7]. In 2012 we designed an 

artificial chiral structure based on two identical 

half-wave plates (λ/2) after rotating one of them by an 

angle α with regard to the other (at normal incidence) 

[5]. A tuneable rotation (Ø) corresponding to two 

times the angle (α) between the two plates is checked 

with enhanced transmission (> 80%) at the working 

wavelength.  

Although the optical activity is often associated 

with chiral-3D structures (intrinsic chirality). Such 

nanomaterial can be complex and difficult to fabricate 

[13]. Other methods are used for the design and 

production of chiral materials like the phenomena 

caused either by orbital hybridization [14-16] or 

near-field, dipole-dipole interactions between chiral 

molecules and particle plasmon [17, 18]. A hybrid 

nanoplasmonic material was suggested by which 

chiroptical behavior can be induced in the resonances 

of achiral plasmonic nanostructures, driven by 

radiative electromagnetic coupling between metallic 

particle plasmons and a surrounding chiral isotropic 

medium [19]. The optical rotation can also occur at 

oblique incidence on flat achiral structures (extrinsic 

chirality) [20]. Planar metamaterials should show 

optical activity of transmission and reflection, if the 

3D extrinsic chirality is associated with the mutual 

orientation of the incident beam and metamaterial 

pattern. Team of Zhedulev stressed that under certain 

conditions, the circular birefringence and circular 

dichroism (3D effect) can be obtained with achiral 

planar metamaterials [21, 22]. It is well known that 

the negative-index mode in planar 

metal/insulator/metal structures can only be excited at 

oblique incidence angles and at a specific polarization. 

In 2010, Stanley et al. [23] demonstrated that a 

two-dimensional array of vertically oriented (MIM) 

coaxial waveguides, arranged in a dense hexagonal 

configuration, functions as a single-layer wide-angle 

negative  index  material  down to  the blue  part of the 

 

visible spectrum. Since then, few studies have been 

undertaken on this topic. 

The effect reported in Ref. [19] is the incident and 

scattered light which drives a chiral polarization of the 

surrounding molecular material which subsequently 

couples electromagnetically to the plasmonic 

resonance of the metallic nanostructure. The aim of 

our study is to get an optical rotation with a single 

layer nanostructure with a maximum of transmission 

of light in the visible range. Starting from a non-chiral 

material, the artificial chirality is obtained thanks to 

the rectangular apertures which form the periodic 

nanostructure (one layer). The rotation is induced by 

the particular geometry of the configuration and the 

manner in which the structure is illuminated (oblique 

incidence). 

2. Presentation of the Structure 

The proposed structure is presented in Fig. 1. It is 

consisting on array of rectangular subwavelength 

apertures perforated in a perfectly conducting metal 

film (PEC) with a thickness (h) and a period p. Each 

cell consists of two rectangles having different 

geometric parameters (ax1 = 0.1p, ay1 = 0.76p, ax2 = 

0.71p, ay2 = 0.1p). 

The structure is supposed to be illuminated by a 

linearly polarized plan wave at oblique incidence, 

freely suspended in vacuum and the cavities are 

fulfilled by air. 

3. Structure Optimization  

We well know that the optical activity of a medium 

is characterized by the rotation of the polarization plane 

of linearly polarized waves during its propagation. The 

optical rotation will be obtained after calculating the 

transmission spectra for two incidents orthogonal    

(p and s) polarization states [5]. The transmitted field 

components are connected to the incident field ones by 

the transmission Jones matrix T (in the straight-line 

basis). 
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Fig. 1  Schematic of the proposed structure: each cell has two rectangular apertures orthogonal with the following dimensions: 
ax1 = 0.1p, ay1 = 0.76p, ax2 = 0.71p, ay2 = 0.1p, h = 0.1p. The top view made over one period shows the geometrical parameters 
of the slits. 
 

              (1) 

The optical activity is then deduced by determining 

the rotation angle of the transmitted field with regard 

to the incident one. The rotation is calculated through 

the expression of the transmission Jones matrix Tc 

(expressed in the circular basis). This latter is 

obtained by: 

Λ Λ         (2) 

√

1 1  is the basis change matrix. 

Now, the transmission matrix directly relates the 

incident and transmitted electric fields in terms of 

right-handed (RCP), and left-handed (LCP), 

circularly polarized components. 

The angle of rotation is then directly deduced from 

the diagonal elements of Tc through [24]: 

Ø            (3) 

Ø is the phase difference between the transmitted 

RCP and LCP waves. 

For the optimization of the structure, we used the 

BMM (bimodal modal method). First, we studied the 

influence of the thickness (h) on the rotation. We set 

the angle of incidence (θ = 20°) and we varied the 

thickness (from 0.1p to 0.6p) with an increment of 

0.1p. The result is shown in Fig. 2. 

It is clear that the rotation slightly increases     

with the thickness function of the wavelength. This 

result is consistent with the theory which stipulates that 

the phase shift is related to the distance traveled by the 

wave along the optically active medium. 

Then we studied the influence of the illumination 

angle θ on the rotation while fixing the value of the 

thickness (h = 0.1p). Fig. 3 shows the spectra of the 

rotation function of the wavelength for each value θ 

varying from 5° to 30° with a pitch of 5°.  

We can see that the rotation increases with the 

incidence angle θ, and the peaks are shifted slightly to 

higher wave lengths. 

The various calculations have shown that the 

optimal values of the thickness and the angle of 

incidence for a better transmission of light through the 

structure are: h = 0.1p and θ = 20°. 

For the structure with the same geometrical 

parameters apertures we plotted the transmission 

spectrum and the rotation for the p and s polarizations 

for normal and oblique incidence (θ = 0° and θ = 20°) 

(see Fig. 4). 
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Fig. 2  Spectrum representing the rotation function of the wavelength for different values of the thickness h and for an angle of 
incidence θ = 20°. 

 

 
Fig. 3  Spectrum representing the rotation function of the wavelength for different values of the angle θ and for fixed value h = 
0.1p.  
 

Figs. 4a and 4b show the transmission and the 

rotation in the case of normal incidence, while Figs. 4c 

and 4d show the same spectra in the case of oblique 

incidence. For the oblique illumination we found a 75% 

transmission (greater than the transmission at normal 

incidence) of the incident wave and a rotation of 0.2733 

radians (15.66°) from the plane of polarization at the 

working wavelength λc = 1.522p, whereas in normal 

incidence the rotation is of the order of 10-4 

(negligible). 
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Fig. 4  Transmission spectrum as a function of lambda for the p and s polarizations.  
 

 
Fig. 5  Transmission spectra function of lambda for p and s polarizations.  
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4. Simulation with the FDTD Method 

In the plane (xy), the calculation window is equal to a 

square unit cell (px × py). The direction of propagation 

is along the z axis. The periodic boundary condition is 

used along x- and y-directions in order to create the 

array behaviour and perfectly matched layer boundary 

condition is used along z-direction. For the spatial 

discretization, a step of 2 nm was used in the three 

directions (δx = δy = δz = 2 nm). The period p is taken 

equal to 300 nm and the oblique incidence is θ = 20° for 

a thickness h = 0.1p. The structure is supposed 

suspended in the void. Fig. 5 shows the transmission of 

the incident wave through the two apertures for two 

incidents orthogonal (p and s) polarization states. One 

can see that at the wavelength λ = 1.607p, 93% of the 

incident light is transmitted. 

The calculation of rotation at the working 

wavelength with Eq. (3) gives the following 

result: Ø  0.4085 radians (23.4°). 

5. Conclusions 

We have presented a design of an extrinsic chiral 

nanostructure consisting of an array of rectangular 

apertures engraved in a perfectly conducting metallic 

film of thickness h = 0.1p. This subwavelength 

structure is constituted by a non-chiral material and 

which nevertheless has an artificial chirality induced 

through the structuring of the material and the nature 

of the incidence (oblique). The FDTD calculations 

showed optical activity of 23.4° under oblique 

incidence (θ = 20°). An extraordinary transmission 

(93%) through the metal nanostructure is obtained by 

exciting the cavity modes. With this work, we feel that 

we have contributed to the design of artificial chiral 

nanostructures and we showed the possibility of an 

extrinsic chirality from a non-chiral metallic structure. 

This opens the way to design a new type of chiral 

structures. Such a study can be extended to design 

artificial chiral structures operating in terahertz or 

microwave domains. 
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