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Microcavity-assisted Multi-resonant High-Q
Metasurfaces for Wavefront Engineering
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This article presents a novel microcavity-assisted multi-resonant high-Q metasurface platform
that integrates Fabry-Perot cavity with a gradient-thickness distributed Bragg reflector (DBR).
By introducing a wavelength-dependent cavity thickness, the proposed meta-optics architecture
enables the simultaneous generation of multiple high-Q resonances spanning the visible to near-
infrared spectral range within a single layered metasurface. Unlike conventional single-resonant
or multiplexed metasurface designs, this approach supports 15 high-Q resonance modes without
sacrificing optical efficiency. By incorporating plasmonic meta-atoms with geometric phase control
into the metasurface, independent and continuous 2z phase modulation can be achieved at each
resonance wavelength, together with flexible amplitude control. This capability allows precise
multi-wavelength wavefront engineering within a single device. Both numerical simulations and
experimental demonstrations confirm the robustness and scalability of this platform. Potential
applications include multi-color vectorial holography, structural color generation, optical
information encryption, and high-density photonic encoding. This work provides a forward-looking
metasurface design strategy that significantly expands the degrees of freedom for multi-wavelength,
high-efficiency optical field manipulation.
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