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Abstract A new-type color filter has been designed using an all-dielectric ring-nanorod structure. The interaction of
incident light with the all-dielectric ring-nanorod array structure is used to activate the Mie resonance, which has high
reflection capabilities in the visible light band, allowing for a wide gamut of distinct colors. Using the finite-difference time-
domain (FDTD) method, we compare the reflectance spectra and color display laws of three filters with other structures
(nanorods, nanorings, and silicon ring-nanorods). Simultaneously, the impact of key parameters such as nanorod
diameter, ring diameter, height, and period on the reflection spectrum and color characteristics is examined. According to
the findings, the developed all-dielectric ring-nanorod structure filter considerably improves the reflection properties of the
specific light waveband; the optimum color filter has a visible light reflectivity of more than 70%. The color gamut area of
the nanorods can reach 0.115, and the diameter of the nanorods can be modified to achieve wide gamut color filtering
properties. This study provides a theoretical foundation for the development of next-generation color filters.

Key words optical devices; all-dielectric; color filter; Mie resonance; high reflectivity; wide gamut; finite-difference time-

domain method
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Fig. 1

Schematic diagrams of color filter with all-dielectric ring-nanorod structure. (a) Silicon ring-nanorod array structure; (b) single

ring-nanorod structure unit
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Fig. 2 Comparison of reflectance spectra, structure colors, and electric field distributions of three different structures. (a) Spectral

comparison diagrams of nanorods (1), nanorings (2), and silicon ring-nanorod structures (3); (b) corresponding CIE1931

chromaticity coordinate diagram; (c)-(e) X-Z section electric field intensity distribution diagrams corresponding to reflection

peaks of three structures
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Table 1 Comparison of performance parameters of color filters with different structures

Structure of color filter Maximum reflectivity R /% FWHM w /nm Color gamut area S
Nanodisk-nanohole'” 60 — 0.04
Nanoporous MIM"™" 85 150 0.05
Silicon nanodisk *"’ 82 — 0.03
Cross-shape'™ 70 100 0.11
In this paper 75 40 0.115
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