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Nonlinear metasurfaces: harmonic generation and ultrafast control

Zhao Yun, Yang Yuanmu"

(State Key Laboratory of Precision Measurement Technology and Instruments, Department of Precision Instrument,

Tsinghua University, Beijing 100084, China)

Abstract: Metasurfaces refer to the optical nanoantenna arrays composed of subwavelength structures. Nan-
oantennas can have resonances under appropriate excitation conditions, to achieve near-field enhancement, and
thus enhancing nonlinear optical effects. Compared with conventional nonlinear optical crystals, metasurfaces are
more compact, with the possibility for on-chip integration. Due to the subwavelength light-matter interaction
length, for applications such as nonlinear harmonic generation, metasurfaces does not suffer from the limitation of
phase-matching. In addition, metasurfaces own the subwavelength spatial resolution. By designing and arranging
the meta-atoms, metasurfaces can realize flexible control of the phase, polarization, and amplitude of the
harmonic wave. Recent works on nonlinear metasurfaces for applications in optical frequency conversion,
nonlinear wavefront control and ultrafast all-optical modulation were reviewed, the challenges and perspectives
for the practical application of metasurfaces were presented.
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Fig.l Nonlinear metasurfaces for second-harmonic generation. (a) Several metallic metasurfaces based on different structures; (b) TiN plasmonic

metasurface with high damage threshold; (c) GaAs metasurface supporting Mie resonance; (d) GaAs metasurface supporting Fano resonance;
(e) AlGaAs metasurface supporting BIC mode; (f) Multi-quantum-well metasurface with plasmon coupled to intersubband transitions; (g) Silicon

metasurface with electric-field-induced-second-harmonic-generation
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Fig.2 Nonlinear metasurfaces for third-harmonic generation. (a) Several

metallic metasurfaces based on different structures; (b) Silicon metasurface

supporting Mie resonance; (c) Silicon metasurface supporting Fano resonance; (d) Silicon metasurface supporting anapole mode; (e) Silicon

metasurface supporting BIC mode
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(a) Gaseous source with plasmonic metasurface (b) Metal-sapphire metasurface
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Fig.4 Broadband terahertz wave generation based on a nonlinear metallic metasurface
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