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Fig. S1. Transmission spectra with variation of other structural parameters for y-polarized normal incidences. (a) The unit cell of the superlattice metasurface with silicon nanobeams embedded in the vacuum. Parameters of the structure: px = 700 nm, py = 750 nm, wx = 150 nm, wy = 700 nm, h = 110 nm, d1 = 60 nm, and d2 = 130 nm. (b-f) The transmission spectra with respect to the px, py, h, wx and wy for the superlattice metasurface, respectively. It shows that the other structural parameters (py, wx, wy and h) can only regulate and control the peak position of double asymmetric Fano resonances, but cannot adjust the linewidth to infinitesimal. Only by adjusting the relationship between local displacement and global displacement (△d = 0 or px) can the linewidth be controlled or even disappeared.
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[bookmark: _Hlk66288451][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: _Hlk66609398][bookmark: _Hlk66216933]Fig. S2. Complex band structure of the band-folding BIC modes. (a) real part of the band structure along MΓ and ΓX directions as a function of k(px/2π), calculated by supercell arrangement of three identical nanobeams with the parameter px = 700 nm, py = 750 nm, wx = 150 nm, wy = 700 nm, h = 110 nm, and △d = 0. (b and c) Q-factor values along MΓ and ΓX directions for different types of modes. Q-factor speedily raises towards the Γ point for two different resonances. Insets represent the normalized electric field intensity diagram on the surface of a unit cell. The forward guided mode and the backward guided mode are doubly degenerate modes. When △d = 0 and at the Γ point, the forward mode and the backward mode completely decouple from the radiation continuum and thus become a BIC. 
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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Fig. S3. The superlattice metasurface supporting a BIC for y-polarized incidences when considering the nanobeams with measured optical parameters on the transparent low-index glass (n = 1.5) substrate. (a) The unit cell of the superlattice metasurface with the same parameters as Fig. 2a on glass substrate. (b and c) The refractive index (n) and extinction coefficient (k) are illustrated as red line and blue line, respectively. The loss in the materials has been considered. (d) Transmission spectra with respect to the angle and wavelength of incidence along x-direction. It can be seen that the Q-factor decrease with the existence of substrate (Compare with Fig. 1c), which is due to the fact that the substrate will convert the BIC into a resonant state, thus leaking through the radiation channel in the substrate. However, it still remains of high Q-factors and can be easily adjust the desired values by the introduced the parameter △d. And the whole spectra shift towards the long wave direction. (e) The transmission spectra with respect to the △d for superlattice metasurfaces. (f) Transmission spectra with respect to the angle and wavelength of incidence.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. S4. Extinction cross-section spectra by multipolar expansion of the superlattice metasurface with different modes in air for y-polarized incidence with respect to angle 2°. ED (red line) denotes electric dipole; MD (blue line) denotes magnetic dipole; TD (yellow line) denotes toroidal dipole; EQ (green line) denotes electric quadrupole; MQ (violet line) denotes magnetic quadrupole and gray line denotes total scattering intensity. Figs. S4 (b) and (c) are local enlarged views of Fig. S4 (a). It reveals that the absorbing phenomenon can be largely attributed to the coexistence of dominant multipoles. The quasi-BIC caused by the parameter △d is dominated by TD mode, coupled with concomitance of other multipoles inclusive of MD mode and MQ mode with distinct strengths, while the quasi-BIC caused by the incident angle is produced by the concomitance of predominant multipoles including MD mode and EQ mode with unequal strengths.
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[bookmark: _Hlk66116205]Fig. S5. Transmission spectra of other structural parameters for x-polarized incidence of the superlattice metasurface with the same parameters as Fig. S1. (a-e) The transmission spectra with respect to the wx, wy, h, px and py for superlattice metasurface, respectively. (f) Schematic diagram of x-polarized oblique incidence at an angle of θ along x direction. As can be seen, when px = 630 nm, d1 = 60 nm, d2 = 60 nm, that is △d = 0, the quasi-BIC bandwidth of the short-wave band disappears. As can be seen, when py = wy, the two-dimensional metasurface becomes a one-dimensional metasurface, and the Fano linewidth disappears in the longer wavelength band. Because the Fano dominated by TD mode will change to the BIC with wy and py equal for the x-polarization. The electromagnetic field mode of x-polarization is antiphase (TD) mode along the x direction, which requires the distance in the y direction and the three nanobeams are coupled with each other in the y direction, resulting in resonance.
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[bookmark: _Hlk66285253]Fig. S6. The one-dimensional system supporting BICs for y- and x-polarized incidences. (a) The unit cell of the one-dimensional metasurface with the same parameters as Fig. S1. (b and c) The transmission spectra with respect to △d for y- and x-polarized incidences.(d) Calculated band structure around 1300 nm along MΓ and ΓX directions as a function of k(px/2π). (e and f) Q-factor values along MΓ and ΓX directions for different types of high-Q modes around 1300 nm. It can be seen that the result of one-dimensional system is similar to that of two-dimensional system, and it is relatively simple.
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[bookmark: OLE_LINK23][bookmark: OLE_LINK34]Fig. S7. Transmission spectra of the superlattice metasurface with the identical cylinders. (a) The unit cell of the superlattice metasurface with silicon cylinders embedded in the vacuum. Parameters of the structure: px = 700 nm, py = 400 nm, r = 150 nm, h = 110 nm, and △d = d1-d2. (b and c) The transmission spectra with varying displacement △d for y- and x-polarized normal incidences. When △d = 0, the quasi-BIC disappears for different polarizations. 
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