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Fig. 1. (a) Schematic of the proposed all-dielectric metasurface, the structural parameters are P, = P, = 900 nm, R = 300 nm, H =

100 nm, and the thickness of the glass substrate is set to 1000 nm; (b) an off-centered hole with variable radius r is introduced at a

fixed distance of 150 nm from the center of the disc to break the C, symmetry of the structure; (c) front view of the silicon nan-

odisc metasurface.
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Fig. 2. (a) Schematic of a metasurface consisting of periodically aligned arrays of silicon nanodiscs; (b) calculated photonic band

structure of the periodically aligned silicon nanodisk array in panel (a), grey shading indicates the region located below the free-

space light cone, the location of the trapped symmetrically protected BIC is marked with a red circle.
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Fig. 3. (a) Transmission spectrum of the silicon nanodisk metasurface on a glass substrate concerning the radius of the off-centered
hole, the corresponding position of the SP-BIC is marked using a basket circle; (b) transmission spectrum at r = 75 nm and com-

parison with the fitted curve of Fano’s formula; (c¢) the multilevel unfolding of the silicon metasurface resonance at r = 75 nm shows

that the MD response is dominant at the resonance wavelength position; (d) the relationship between the @Q-factor and the asym-

metry parameter «, which is plotted in logarithmic coordinates to visualize the relationship; (e) image of the 2-y plane electric field

distribution at resonance in the case of r = 75 nm, with the red arrows indicating the in-plane circulating displacement currents.
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Fig. 4. (a) Transmission spectra at different background refractive indices; (b) variation of resonance wavelength with background

refractive index; (c) variation of half-height width FWHM with background refractive index; (d) linear fit to the variation of reson-

ance wavelength with background refractive index redshift, the sensitivity S and the superior value FOM are calculated from the

fitted gradient, the RIs of multiple biological components are labeled in the fitted straight line.
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Table 1.  Comparison of the sensing performance of different mechanisms of metasurface structures and the present study.

Mechanism Materical Q-factor S/(nm-RIUY) FOM/RIU ! Reference
Surfaceplasmon Au 121 250 28 [68]
Surfaceplasmon Au ~40 450 28.8 [69]
Surfaceplasmon Au ~8 170 1.3 [70]
SP-BIC Si 3326 145 389 [71]
SP-BIC Si 8428 160 575 [72]
SP-BIC Si;N, ~10° 178 445 (73]
Fano resonance TiO2 5126 186.96 721 [74]
Accidental BIC GaP <10* 135 <103 [39]

SP-BIC Si 16506 162.55 1711.05 This work
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Abstract

In recent years, bound states in the continuum (BICs) have become a hot research topic because of their
strong ability to facilitate light-matter interactions, and they are also an ideal platform for realizing optical
resonances with ultra-high quality factors (@Q). Nowadays, BICs have been found to exist in various photonic
microstructures and nanostructures such as waveguides, gratings, and metasurfaces, among which metasurfaces
have attracted much attention due to their ease of adjustment and considerable robustness. Traditional precious
metal-based metasurfaces inevitably have low @-factors due to the inherent defect of high ohmic losses. In
contrast, due to lower ohmic losses, all-dielectric metasurfaces can be an excellent alternative to metallic
metasurface structures. In this work, an all-dielectric metasurface is designed, with a silicon disc as the unit cell,
and symmetric protected BIC (SP-BIC) is observed on the metasurface. When introducing eccentric holes to
break the symmetry in the structural plane (QBIC), the SP-BIC can be transformed into a quasi-BIC, with
radiation dominated by magnetic dipoles and has a high-quality @-factor. For QBICs formed on the
metasurface, the resonance wavelength is usually greatly dependent on the refractive index of the surroundings
due to the strong localization of the electric field within the cell. As the refractive index of the background
changes, the positions of the resonance peaks change accordingly, and identification sensing of some biological
components is achieved by this principle. This metasurface-based bio-refractive index sensor is less invasive in
free space and is expected to overcome the drawbacks of traditional electrochemical-based biosensing
technologies, which have cumbersome detection steps and high time and material costs. In terms of sensing
parameters, due to the quadratic inverse relationship between the quality factor and asymmetric parameters, by
adjusting the asymmetric parameters, the quality factor will also change, thereby enhancing and adjusting the
sensing performance. After adjusting, the refractive index sensing sensitivity and figure of merit of this
metasurface reach 162.55 nm/RIU and 1711.05 RIU !, respectively, which are higher than those achieved in
many other existing studies. This high @-factor all-dielectric metasurface design provides a new avenue for
achieving high-sensitivity and high-precision bio-detection.

Keywords: all-dielectric metasurface, bound states in the continuum, refractive index sensing, optical biosensing
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