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Abstract 
 

The chiro-optical effects are commonly linked with the 
chiral structures, which simultaneously break rotational 
and mirror symmetries. In recent years, the chiral 
metasurfaces (2D equivalent of metamaterials) emerged 
due to their exceptional ability to manipulate 
electromagnetic (EM) waves. Although many efforts have 
been made for highly efficient chiral meta-devices yet the 
realization of compact all-dielectric meta-devices at optical 
wavelengths is still challenging. In this work, we have 
demonstrated a non-chiral all-dielectric meta-device 
permitting enormous chirality based optical responses. The 
basic building block of the proposed meta-device 
comprises a pair of distinct subwavelength meta-atoms 
with a relative rotation angle of 45 degrees. The novel 
design strategy leads to a compact all-dielectric meta-
device that offers a giant chiro-optical effect in terms of 
asymmetric transmission and optical activity at a wide-
angle of the incident light. In our opinion, the proposed 
meta-device can find application in integrated chiral optical 
systems, polarization rotators, optical displays, and chiral 
sensing.  
 

1 Introduction 
 

Metasurfaces are composed of subwavelength artificially 
engineered nanostructures, which lead to strong light-
matter interactions. This ability made them a suitable 
candidate for full dimensional manipulation of 
electromagnetic (EM) waves in terms of polarization, 
amplitude, and phase as well [1]. To that extent, numerous 
applications have been realized, such as meta-reflectarrays 
[2, 3], holography [4-6], lensing [7], and light structuring 
[8-10] with high efficiency and compactness, which can be 
hardly realized by natural materials.  
 
Chirality is ubiquitous in biological and chemical species 
such as proteins, sugar, macroscopic crystals, and DNA 
[11-13]. Moreover, the chiral molecules are used in the 
pesticide and pharmaceutical industry for enantiomer’s 
selection [14-16]. In optics, the chiral molecules can 
discriminate between two spins of photons for circularly 
polarized (CP) illumination, which leads to a chiro-optical 
effect. In this regard, chiral metasurfaces show promising 
abilities for spin-selective absorption which ultimately 
have many applications in CD spectroscopy and chiral 
sensing [17-19].   

Previously, most chiral metasurfaces presented were based 
on plasmonic meta-atoms, which have limited applicability 
in advanced optics due to their strong ohmic losses [2, 20]. 
So far, very few works have been based on single-layered 
all-dielectric metasurfaces [19, 21-23]. To the best of the 
author’s knowledge, no one has designed a compact single-
layered all-dielectric meta-device based on non-chiral 
meta-atoms generating enormous chiro-optical effect in the 
visible regime.  
 
Here, we demonstrate a non-chiral all-dielectric meta-
device to manifest chirality based optical responses. In 
forward propagation, the proposed meta-device transmits 
cross-polarized light for right circularly polarized (RCP) 
light illumination whereas fully absorbs the cross-polarized 
parameter for left circularly polarized (LCP) light and 
reflects the co-polarized parameter with small efficiency. 
In contrast, the reverse phenomenon occurs for backward 
propagation with negligible reflectance.  
 
2 Design Methodology and Results 
 

 
 

Figure 1. (a) Design principle of the non-chiral dielectric 
metasurface. (b) 3-D view of the basic building block of 
the metasurface (c) The top view of the basic building 
block. 

The design principle of the proposed non-chiral dielectric 
meta-device is depicted in Fig. 1. The proposed 
metasurface designed using the optimized basic building 



block (Fig. 1b) comprises distinct non-chiral meta-atoms. 
The mutual contribution of the non-chiral meta-atoms 
simultaneously breaking rotational and mirror symmetries 
induce enormous chirality based optical responses for CP 
illumination. The top view of the basic building block is 
shown in Fig. 1c. The chiro-optical response of the 
metasurface depends on the parameters like length and 
width of the meta-atoms, periodicity �� , rotation angles and 
the inter-spacing D. The metasurface contains 
hydrogenated amorphous silicon (a-Si:H) [9] meta-atoms 
placed on silicon dioxide (SiO2) substrate. The meta-atoms 
in the basic building block of meta-device are optimized in 
such a way that they can provide giant chiro-optical effects. 
 
 

 

Figure 2. The proposed non-chiral dielectric metasurface's 
transmittance parameters for CP illumination in  (a) 
forward direction (c) backward direction. The proposed 
non-chiral dielectric metasurface's reflectance parameters 
for CP illumination in  (b) forward direction (d) backward 
direction.  

 
The transmittance and reflectance parameters of the 
proposed non-chiral dielectric metasurface for CP 
illumination in the forward and backward direction is 
depicted in Fig. 2. The metasurface shows maximum 
transmittance of cross-polarized component (���) for RCP 
incident light and minimum transmittance for all other 
components in forward propagation (Fig. 2a). The 
metasurface shows opposite behavior for illumination in a 
backward direction, as depicted in Fig. 2c. The reflectance 
for CP illumination in the forward and backward direction 
is demonstrated in Fig. 2b and Fig. 2d, respectively. In the 
forward direction, the metasurface shows reflectance for 
the co-polarized component of LCP incident light. In 
contrast, it shows negligible efficiency for all the 
reflectance parameters in the backward direction. 
 

 

Figure 3. Normalized electromagnetic field distribution for 
the proposed basic building block in xz-plane at the 
wavelength of 633nm for CP illumination in the forward 
direction. �� field distribution along with the direction of 
electric currents (blue lines with white arrows) for (a) RCP 
and (b) LCP illumination. �	 field distribution for (c) RCP 
and (d) LCP illumination. 

Fig. 3 illustrates the normalized electromagnetic (EM) 
fields distribution in the proposed non-chiral dielectric 
metasurface to confirm the nature of dominant modes for 
CP illumination in the forward direction at the wavelength 
of 633nm. These EM-field distributions are shown in xz-
plane at the center of the basic building block in the y-
plane. The normalized electric field distribution is depicted 
for RCP and LCP illumination in Fig. 3a and 3b, 
respectively. Likewise, the normalized magnetic field 
distribution is plotted in Fig. 3c and 3d. The white arrows 
show the direction of electric currents. The CP illumination 
on the proposed non-chiral dielectric metasurface exhibits 
constructive and destructive interference, hence leading to 
enormous chiro-optical effects as depicted in Fig. 2.  
 
Usually, the chiral metasurfaces deteriorate results except 
for the normal incidences of light, but the proposed meta-
device performs well for a wide-angle of the incident 
illumination. Fig. 4 demonstrates the absorption for a wide 
range of incident angles (0-80 degrees) of light in the 
forward direction in xz and yz-plane. Fig. 4a and 4b 
illustrate the perfect absorption for the cross-polarized 
parameter of LCP incidences at varying incident angles in 
xz-plane and minimum absorption for RCP incidences, 
respectively. Fig. 4c and 4d depict the perfect absorption 
for the cross-polarized parameter of LCP incidences at 
varying incident angle in yz-plane and minimum absorption 
for RCP incidences at working wavelength of 633nm from 
0-40 degrees of incident angle, respectively. 
 



 

Figure 4. The cross-polarized absorption parameters for 
CP illuminated in a forward direction without considering 
the reflectance at a wide range of incident angles (0-80 
degrees). Absorption vs. wavelength for (a) LCP and (b) 
RCP incident light at a wide range of incident angles in the 
xz-plane. Absorption vs. wavelength for (c) LCP and (d) 
RCP incident light at the wide range of incident angles in 
yz-plane.  

 
3 Conclusion 

 
We have demonstrated a single-layered non-chiral all-
dielectric meta-device to generate an enormous chiro-
optical effect. The novel design strategy of basic building 
blocks leading to giant circular dichroism and asymmetric 
transmission provides an extra degree of freedom by 
coupling non-chiral meta-atoms. The meta-device works 
efficiently in both forward and backward directions and 
provides spin-selective transmission and absorption. The 
results of the proposed meta-device prove that it can have 
application in CD spectroscopy, chiral sensing, ultrathin 
polarizers for integrated photonics, and polarized optical 
displays.  
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