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Fig. 1 Schematic diagrams of the metasurface structure with optical thin film. (a) Section diagram of unit structure; (b) top view diagram

of unit structure
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Fig. 2 Phase change as a function of azimuthal angle of silicon

nanobricks at the wavelength of 1530 nm
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Fig. 5 Light field distributions of metasurface lens at a wavelength of 1460 nm. (a) Without optical thin films; (b) attached with optical

thin films
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Fig. 7 Light field distributions of metasurface lens at a wavelength of 1600 nm. (a) Without optical thin films; (b) attached with optical
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Study of High-Efficiency Metasurfaces Based on Optical Thin Films

Jin Ke ', Liu Yonggiang, Han Jun, Wang Huina, Wang Yinghui
Laboratory of optical film technology, Xi’ an Institute of Applied Optics, Xi’ an 710065, Shaanxi, China

Abstract

Objective The problem of low optical efficiency commonly exists on metasurfaces, which restricts their application and
development. Although the efficiency of metasurfaces designed based on dielectric nanobricks structures is greatly
improved compared to metal metasurfaces, the scattering and reflection losses of the unit structure are still relatively large.
Metasurfaces are generally composed of high refractive index nanobricks to reduce their thickness and preparation process
difficulty. Due to the high refractive index of the equivalent film layer on a high refractive index metasurfaces, it leads to
significant interface reflection loss. In terms of improving the efficiency of metasurface devices, current research mainly
focuses on improving the diffraction efficiency of metasurfaces and reducing scattering losses. However, there is no
research focus on the reflection loss of metasurfaces currently, so it is necessary to study reducing the reflection loss of

metasurfaces.

Methods We propose an efficient design scheme for metasurfaces based on optical thin film theory to solve the problem of
interface reflection loss caused by the mismatch between the equivalent refractive index of the metasurfaces and the
substrate, as well as the mismatch between the equivalent optical thickness of the metasurfaces and the wavelength. First,
we design the metasurface lens. Then, based on the equivalent medium theory, the metasurfaces are equivalent to a layer
of dielectric thin films and serve as the outermost layer of the multi-layer antireflection coating system, with the equivalent
layer thickness being the height of the metasurfaces. Finally, the optical thin film theory is adopted to design the
antireflection coating that matches the substrate and incident medium.

Results and Discussions We simulate the near-infrared broadband silicon nanobrick metasurface lens on the quartz
substrate and compare it with the metasurfaces designed with optical thin films. The transmittance of the antireflection
coating designed by the equivalent medium theory is much higher than that of the equivalent film layer on the metasurfaces,
with an average transmittance of 12.4% higher (Fig. 4). Comparison is made between the light field distribution patterns of
a metasurface lens without optical thin films and with optical thin films (the antireflection coating structure of optical thin
films combined with a metasurface) at different wavelengths (1460, 1530, 1600 nm). It can be seen that the focal spot size
and focal length of the two types of structured metasurfaces at the same wavelength are basically the same. In the case of
optical thin films, the light intensity at the focal point is significantly higher than that without optical thin films, whereas
the focal point position is not affected by the antireflection coating and remains unchanged. This indicates that optical thin
films only increase the transmittance of the metasurfaces and have little effect on their focusing performance (Figs. 5-7).
The transmittance curves in the 1450-1600 nm wavelength range and the focusing efficiency at 1450, 1490, 1530, 1565,
1600 nm wavelengths are simulated and calculated. From the transmittance curves, it can be seen that in the 1450-1600
nm wavelength range, the transmittance of the metasurface lens designed with optical thin films remains around 94.0% ,
with the highest peak reaching 95.5% , which is much higher than that of metasurface without optical thin films, with an
average increase of more than 10.5% (Fig. 8 and Fig. 9). The results of simulation calculations indicate that our proposed
idea of combining optical thin films with metasurfaces is reasonable and has the potential to be applied to the actual

production of metasurfaces.

Conclusions We propose the concept of using optical thin films to improve the efficiency of metasurfaces. The
characteristics of metasurface lens are studied in the near-infrared, and based on the properties of additional functional
optical thin films on metasurfaces, the influence of the antireflection coating on the transmittance and focusing performance
of metasurfaces are studied. Research has shown that combining the structure of optical thin films with the metasurfaces can
significantly improve the optical efficiency of metasurfaces without affecting their optical properties. The idea of combining
metasurfaces with the proposed optical thin films is expected to solve the problem of low efficiency of metasurfaces,

bringing new ideas for the design of metasurface devices.

Key words metasurface; optical thin film; silicon nanobrick; transmittance
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