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ABSTRACT

Directional emission source is one of the key components for multiple-view three-dimensional
display. It is hard to achieve high efficiency and large deflection angle direction sources via geometric
optics due to the weak confinement of light. The metasurface especially metagrating provides a
promising method to control light effectively. However, the conventional forward design methods for
metasurface are inherently limited by insufficient control of Bloch modes, which causes a significant
efficiency drop at a large deflection angle. Here, we will present a high efficiency large deflection
angle metagratings by realizing the constructive interferences among the propagation Bloch modes
and enhancing the outcoupling effect at the desired diffraction order. The grating structures that
support the coupling of Bloch modes were designed by an inverse design method for different
incident wavelengths, and the total phase response of a supercell can be tailored. For a red (620
nm) incident light, the theoretical deflection efficiency of a silicon metagrating can be higher than
80% from 30° to 80°. The experimental deflection efficiency can achieve 86.43% for a 75° deflection
metagrating. The matched simulation and experimental results strongly support the reliability of
developed algorithm. Our inverse design approach could be extended to the green (530 nm) and
blue (460 nm) incident light with titanium dioxide metagratings, with theoretical deflection efficiency
of over 80% in a large deflection angle range of 30° to 80°. Considering the multiple visible
wavelength deflection capability, the presented algorithm can be potentially applied for full color
three-dimensional display, and other functional metagrating devices based on different dielectric
materials.
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Mr. Ye Taikang is currently working towards his Ph.D. degree in Electrical and Computer Engineering
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