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Figure 1 (Color online) (a) Schematic of the proposed all-dielectric
metasurface. (b) Unit cell parameters: x=y=700 nm, d=130 nm. (c)
Schematic diagram of etched air holes: 7=R=50 nm, =350 nm, P.=P,
=800 nm.
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Figure 2 (Color online) (a) The band structure of the silicon nanocube
array, with BIC positions marked by purple circles. (b) Electric field and
current distributions of the BIC eigenmode normalized in the x-y plane.
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Figure 3 (Color online) (a) Transmission spectrum of metasurface when in-plane symmetry is broken. (b) O-factor as a function of the asymmetry
parameter o (on logl0—logl0 scale). (c) Radiated power for various multipole moments. (d) Comparison of the intensity of the radiated power at
different polarization angles. (¢) Schematic of hybridization of MD and EQ modes. (f) The “figure-of-eight” far-field radiation pattern.
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Figure 4 (Color online) (a) Schematic diagram of graphene-metasurface critical coupling system (Monolayer graphene is placed on top of the whole
structure). (b) The real part of conductivity values of four energy levels of graphene (E£:=0.1, 0.2, 0.3, 0.4 eV). (c) Critical coupling absorption spectra
of graphene-metasurfaces with different energy levels. (d) Absorption spectra of the critically coupled system (R=116 nm, E,=0.4 ¢V) at different
polarization angles 6 (0°-90°). (e) The decreasing curve of the peak absorption intensity in (d) and fitted as a third-order function (Light absorption

modulation efficiency: A4/0.5=93.8%).
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Figure S (Color online) (a) Schematic diagram of the array used for the polarization modulation “optical digital switching and image display”
function (consisting of a critical coupling unit with R=116 nm and E;=0.4 eV). (b) Optical digital switching function: At 2=1384.82 nm, the amplitude
patterns of transmitted light under x-polarized and y-polarized incidence have significant contrasts, respectively. (c) The design process of the image
display function: the critical coupling cells in the “CTD” region are arranged according to the original situation, and the critical coupling cells in the
other regions are rotated by 90°. (d) Performance of graphene-metasurface array displaying different Chinese characters (1=1384.82 nm, x
polarization).
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Perfect absorption in monolayer two-dimensional (2D) materials is critical for the next generation of on-chip devices.
However, absorption mechanisms based on surface plasmon polaritons (SPPs) and Fabry-Perot cavities (FPCs) are
limited by tuning capability, low stability, and complex fabrication processes. Bound states in the continuum (BICs) are
considered ideal platforms for enhancing light-matter interactions. In this context, we propose an all-dielectric
metasurface that supports symmetry-protected bound states in the continuum (SP-BIC) in the near-infrared spectral
region. By breaking the symmetry of the metasurface, it is transformed into the quasi-bound state in the continuum
(gqBIC) with exceptional quality factors (Q-factor), while monolayer graphene is introduced into the system to form a
critically coupled absorption system. Remarkably, we achieved a modulation efficiency of 93.8% for light absorption by
solely controlling the polarization angle of the incident wave without altering the structural parameters. Based on this
graphene-metasurface ideal absorber, optical digital “0-1” switching and metasurface image display functionalities have
been successfully achieved, and they hold promise to provide theoretical guidance for next-generation integrated optical
components on chips.

bound states in the continuum, grapheme, optical absorption modulation, image display
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