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Abstract: Silicon nitride provides a CMOS-compatible integrated photonic platform with rich optical proper-
ties. By adjusting the relevant fabrication parameters, silicon nitride with specific refractive index between
1.9~3.2 can be achieved, and its extinction and nonlinear coefficient can have a large adjustable range. Silic-
on nitride has wide potential applications in many fields such as thin film optics, micro-nano planar optics
and nonlinear integrated photonics. In this paper, we review the optical properties of silicon nitride and its re-
cent advances in optical film, micro-nano metamaterial and silicon photonics, and also review the research
progresses on the applications of solar thin films, visible metasurfaces, grating couplers and nonlinear optical

waveguides.
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Fig. 1 (a) Working wavelengths of different material from UV to far-infrared and their related applications in corresponding

wavebands'l; (b) optical parameters (n, k) of silicon nitride films obtained by different N,/SiH, gas concentration ra-

tios during CVD by our lab; (c) diagram of the relationship between band gaps and (linear and nonlinear) refractive in-

dex of silicon dioxide, silicon nitride and silicon materials'*!
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Fig. 2 The optical application of silicon nitride homogeneous films. (a) Diagram of band-pass filter structure!'; (b) reflection

spectrum and structure diagram of silicon nitride / silicon nitride / silicon oxynitride multilayer antireflection film!'*);

(c) silicon nitride / silicon oxynitride films in the application of colored solar cell!™”
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tion of metalens™
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Fig. 4 Silicon nitride metasurfaces for color control. (a) Pixel-level RGB color separation silicon nitride metsurface®”; (b) sil-

icon nitride coating metasurface for color filter™; (c) the corresponding measurement spectrum of silicon-rich nitride

metasurface on CIE 1931 chromaticity diagram®™; (d) reflection colors of silicon-rich nitride metasurfaces in dark

field*”; (e) pixel-level silicon nitride metasurface for structural color controlling™*; (f) one-dimensional polarization-

sensitive silicon nitride metasurface for structural color controlling'
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Fig. 5

Other silicon nitride metasurfaces. (a) Silicon nitride metasurface absorber working on long-wave infrared™”; (b) silic-

on nitride metasurface based on disordered design for wavefront shaping!*; (c) silicon nitride metasurface at fiber end-

face!®; (d) mechanochromic reconfigurable silicon nitride metasurface™®; (e) multi-channel OAM silicon nitride metas-

urface*”); (f) silicon nitride metasurface integrated with single-layer WSe,
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Fig. 6 Silicon nitride single-layer grating couplers. (a) Schematic diagram of grating coupler manufactured based on deep ul-

traviolet lithography®”; (b) enlarged SEM image of part of grating coupler™; (¢) SEM image of focusing grating

coupler structure; (d) coupling efficiency (solid line) and simulated coupling efficiency (dashed line) of a silicon ni-

tride grating coupler measured without considering the loss of the tapered waveguide!®"
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Fig. 7 Silicon nitride grating couplers combined with bottom mirror. (a) Schematic diagram of a silicon nitride grating coupler

with a silicon reflection grating as the bottom mirror”"; (b) coupling efficiency of apodized silicon nitride grating

couplers with different buried oxide thicknesses"; (¢) SEM image of DBR mirror type partially etched grating coupler

manufactured on PECVD platform™; (d) the influence of different grating periods on the coupling efficiency when the

fiber tilt angle is 8.5°0*
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Fig. 8 Double-layer grating couplers. (a) Schematic diagram of double-layer grating coupler composed of silicon nitride grat-

ing and silicon grating";

; (b) coupling efficiency curves of uniform and apodized grating couplers measured by simula-

tion and experiment””; (c) schematic diagram of the double-layer silicon nitride grating coupler structure™; (d) simu-

lated and measured coupling efficiency curves for grating couplers with different lateral layouts (circular, elliptical and

rectangular). The blue error bar represents 1 standard deviation of the average insertion loss of the elliptical layout™
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