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Abstract

Artificially constructed specific micro-nano structures such as met-
asurfaces and photonic crystals can directly interact with light to
generate structural colors. This study establishes a three-dimensional
FCC photonic crystal model using COMSOL Multiphysics simulations.
Through systematic adjustment of key parameters
nanosphere radius (r = 75-150 nm), refractive index (n

including
1.5-3.0),

Decoding nanosphere-driven
structural color in photonic crystals

This research not only establishes particle size-refractive
index matching relationship, but develops a quantitative
model for predicting photonic crystal structural colors.
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Mathematics and Physics, Southwest University of Science and Technology,
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Based on the obtained reflection spectra, mathematical models are
developed to describe the relationships between reflectance peak
(RM), full width at half maximum (FWHM), peak wavelength (AM),
and nanosphere parameters. Furthermore, combining CIE 1931 xyY
colorimetric analysis with HSV color space, we propose optimization
criteria for achieving high-saturation structural colors.

and crystal thickness, we investigate the color variation patterns.
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Geometric analysis indicates a corresponding film thickness of 1890V§+

100 = 1543.18 nm at 12 layers, suggesting that reflectivity saturation does
not occur below this threshold (note: this pattern specifically applies to r =
100 nm). After fitting, the FWHM, reflectivity peak, and number of layers
obey the following relationship(assuming the film has a perfect FCC

: o structure):
Y——> PML > PML
0 FWHM = 31.58 +236.97¢~0-2826/

FIGURE 1. Schematic of the modeling framework: (a) Top view of
a close-packed layer; (b) FCC structural diagram; (c) Side view; (d) R, = 127.78 —140.5e70:0765]
Single-layer model; (e) Double-layer model; (f) Triple-layer model.
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As shown in Figure 2, the hue of the film is related to both n and r. When » _ i | _m g
the value of n is fixed, the hue is related to r, generally exhibiting a red R AR R R e e e e e e e
shift with increasing r. There is a particular phenomenon: when the . Y .- S . - Y
material has a low refractive index (n = 1.5) and small particle size (r = 75 g;lf \ y :::f \
nm), a brief blue shift occurs. As n increases, the overall gamut range h:)‘ e ,;*w R s ,}j
shows a shrinking trend, which is detrimental for practical production and i ﬂj‘;‘:jk'\ 32
application. Therefore, the use of materials with smaller refractive indices o 450 o 450

is recommended.
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FIGURE 2. Each sub - figure is an xy - plot, corresponding
respectively to combinations of different refractive indices (1.5—3)
and different particle sizes (75 nm—125 nm).
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