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ABSTRACT 

We investigate the tunability of metasurface resonances through an electro-optic mechanism based on the Pockels 
effect. By integrating an electro-optic material with a designed multi-resonant nanoantenna array, we demon- 
strate control and wide-range tunability of the metasurface resonances. The applied electric field enables dynamic 
modulation of the optical properties, allowing for the adjustment of the metasurface response. This approach 
offers a versatile platform for developing tunable photonic devices, with potential applications in optical com- 
munication and sensing. 
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1. INTRODUCTION 

Metasurfaces, composed of subwavelength nanostructures, have attracted significant attention for their ability 
to manipulate light in unconventional ways.1, 2 Traditional metasurfaces often exhibit fixed optical properties, 
which limits their applicability in dynamic environments. Recent advances in electro-optic materials provide a 
promising pathway to achieve tunable metasurface resonances, enabling adaptable and reconfigurable photonic 
devices.3–6 In this study, we explore the integration of electro-optic mechanisms into metasurface design, aiming 
to achieve precise and real-time control over their resonant behavior, which is crucial for next-generation optical 
technologies. 

 

 
Figure 1. Schematic of the metasurface with bridged nanocuboids made of an electro-optic crystal with refractive index n. 
Nanocuboids are positioned on a silica substrate and are overlaid with an index-matching superstrate (not depicted here 
as the refractive index of the surrounding medium ns matches that of the substrate, making it uniform). a) Schematic 
of the nanoantenna array with electrodes connected to the nanocuboids at both ends along the y direction. b) Single 
nanocuboid of lateral dimensions ai (i = x, y, z) with the bridge. The width of the latter is fixed to w = 80 nm. c) Top 
view of the unit cell (of periods Dx and Dy ), showing the orientation of the electromagnetic fields of the incident light 
wave with respect to the nanocuboid. 
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a) b) 

c)  d)  

Figure 2. Transmittance of the metasurface for different values of the refractive index (n = 2.7 and ∆n = 0 - 0.04) and its 
variation relative to the initial value. a) Transmittance T for an array with periods Dx = Dy = 720 nm and nanocuboid 
side ax = ay = az = 550 nm. b) Difference in transmittance ∆T (∆n) = T (n + ∆n) − T (n) for the same array as in panel 
a). c) and d) Transmittance T and transmittance difference ∆T (∆n), respectively, for an array with periods Dx = Dy = 
800 nm and nanocuboid side ax = ay = az = 620 nm. The green dotted vertical line in all panels corresponds to the 
Rayleigh anomaly wavelength λRA = nsDx, which is 1058 nm for a) & b) and 1176 nm for c) & d). 

 

a)  b)  

Figure 3. a) Change in refractive index ∆n for different electric field strength E and electro-optic coefficient r. The black 
dotted vertical line corresponds to E = 6.5 kV/mm, which is selected for the simulations shown in panel b). b) Difference 
in metasurface transmittance ∆T (∆n) = T (n + ∆n) − T (n) corresponding to E = 6.5 kV/mm for four values of r. The 
array has periods Dx = Dy = 800 nm, and the nanocuboid sides are ax = ay = az = 620 nm. The green dotted vertical 
line corresponds to the Rayleigh anomaly wavelength λRA = nsDx = 1176 nm. 
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2. RESULTS 

We perform numerical simulations of a metasurface (Figure 1) composed of nanocuboids with a refractive index 
of n = 2.7, which is considered moderate (compared to the high values of silicon or III-V compounds) and close 
in value to typical electro-optic materials. In order to leverage the electro-optic properties of the metasurface 
material and impart tunability to the structure, the structure needs to be biased. As such, the nanocuboids are 
connected by bridges in one direction (y), and electrodes are built on two opposite sides of the array. Figure 2 
illustrates the transmittance of the metasurface of Figure 1a as a function of the refractive index (n = 2.7 + 
∆n) and the resulting shifts in the spectral profile with ∆n. Two different nanocuboids and array periods are 
considered. The simulations reveal multiple resonances in the spectrum, and their position changes slightly 
with increasing ∆n. However, even if these shifts are small, changes in transmittance for wavelengths near the 
resonance can be significant because of the steep spectral features. The largest changes are observed for the 
second transmittance dip (counting from the red side). Additionally, we observe that larger nanocuboids induce 
a more pronounced resonance shift, further enhancing the tunability of the metasurface. 

Next, we calculate the change in the refractive index ∆n = (1/2)n3rE due to the Pockels effect for various 
strengths of the electric field, E, and the electro-optic coefficient, r (Figure 3a), and simulate the corresponding 
transmittance changes for E = 6.5 kV/mm (Figure 3b). Consistent with the previous results, the most significant 
changes occur at the second transmittance dip (counting from the red side of the spectrum). In particular, the 
transmittance change can be positive or negative, depending on the specific parameters. 

Many chalcophosphates are known to have ferroelectric phases and are promising in electro-optic applica- 
tions.7–10 In particular, Sn2P2S6 has an electro-optic coefficient on the order of 100 pm/V at room temperature 
and a Curie temperature of only 64-66°C,7–9 making this material an ideal candidate for tunable photonic ap- 
plications. The results presented in this study could be directly applicable to chalcophosphate metasurfaces, 
enabling enhanced tunability in the metasurface properties as a result of the electro-optic effect. 

 

3. CONCLUSION 

We demonstrated the tunability of metasurface resonances using an electro-optic mechanism in metasurfaces 
made of nanocuboids with moderate refractive index and connected with bridges. The integration of electro- 
optic materials with metasurfaces allows for dynamic control of optical properties, offering significant potential for 
optoelectronics and nanophotonics. Our results highlight the effectiveness of this approach in achieving precise 
modulation of resonant frequencies, paving the way for innovative devices and optical components. Future 
directions can include optimizing the electro-optic response and exploring broader applications in areas such as 
optical communication, sensing, and adaptive optics. 
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