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From subwavelength grating to metagrating: principle,

design and applications

Chen Rui, Liu Xia, Wang Hong, Shi Weiyi, Liu Weinan, Jiang Shaoji, Dong Jianwen’
(School of Physics, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: With the development of nanophotonics, optical structures, such as optical microcavity, waveguide
structure, photonic crystal, subwavelength gratings and metasurfaces, can realize light transmission and
manipulation at nanoscale, which promotes the development of optical integration. Subwavelength grating has
been widely studied by scientists because of its simple structure and low cost. It has gradually formed a mature
theoretical system of grating analysis model when applied to various optical devices. Combined with the coupling
of periodic structure and scattering modulation characteristics of meta-atoms, the metagrating derived from
subwavelength gratings can improve the efficiency by using periodic Bragg scattering, thus avoiding the
efficiency reduction and energy loss caused by the phase discretization. Scientists have studied and designed
metagratings, and more physical phenomena and applications have been explored. In this paper, the basic theory,
design and application of subwavelength gratings and metagratings were summarized. Based on the basic

principle, the characteristics of subwavelength gratings and metagratings were discussed, the theoretical and unit
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design methods were also outlined and their applications in biosensing, spectral control of filter and absorption

film were introduced. Finally, the future development was prospected.

Key words: subwavelength grating; metagrating;

optical filter;  absorption film
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Fig.11 (a) Schematic of microfluidic chip with nanostructured and spot-wise functionalized sensor field*); (b) Schematic and (c) optical image of the

disposable GMR biosensor chip, consisting of a subwavelength grating (a one-dimensional TiO, grating structure) on a cyclic olefin copolymer

substrate and a microfluidic module for handing the injection of fluid sample into the sensing area™”
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Fig.12 Nanohole array subwavelength grating filters. (a) Transmission spectra of the hole array filters with different side length (al)10 um, (a2)5 pm,

(a3)2.4 um, (a4)1.2 um™; (b) Color logo based on the nanohole array filter’®; (c) oNanohle array filter integrated with CMOS imaging sensor™ ;

(d) Si subwavelength grating color filters™™”
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Fig.13 One dimensional nanograting color filters. (a) Schematic diagram and (b) the spectra of the ultrathin Ag nanogratings color filters'*");

(c) Schematic diagram of the nanograting color filters; (d) Relationship between color spectra and period of the color filter nanograting!*”
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Fig.14 (a) SEM images of silicon nanowire array; (b) Reflection spectra of color filter for different nanowire arrays''®; (c) Concept schematic of

photoelectric detectors based on vertical silicon nanowires; (d) Color image of test objects taken by silicon nanowire arrays!
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Fig.15 (a) Schematic configuration and (b) reflection spectral responses of the subtractive CMY color filters incorporating a Si-Al hybrid-ND

metasurface formed on a Si substrate!'®); (¢) Cross-shaped Si nanoantennas color filters and (d) its transmittance spectral
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Fig.16 (a) Diagram and (b) absorption spectra of the subwavelength grating (sawtooth anisotropic metamaterial thin film)"''"*); (c) Diagram of MICM

(metal-insulator composite multilayer); (d) Comparison of absorption spectra for different structures!''”)
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Fig.17 (a)Absorption spectra of subwavelength grating with nanodisk unit!'*); (b) Field intensity and energy loss of subwavelength grating with

nanodisk unit!'?); (c) Absorption spectra of subwavelength grating absorber with multilayered metal-dielectric-metal resonant stacks [*"),
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(d) Subwavelength grating of Ti-SiO,-Al structure for solar energy absorption film!'"*!
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Fig.18 (a) Measured absorption spectra of fabricated Ag-SiO,-Ag cross structure of subwavelength grating with different parameters!*; (b) Extinction
spectra using crossed trapezoid array subwavelength metagraing!"*”’; (c) Absorption spectra of ring array structure!"*"; (d) Absorption spectra of

subwavelength grating of cone unit structure!'*”
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