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Fig.1. Schematic of the fundamental wave and second-harmonic focusing based on guided
mode-driven phase-change materials metasurfaees, (a) Schematic of a single periodic block
structure, in which the parameters of the waveguide and the metasurface element (golden square)
are annotated. (c¢) Focusing principle of_ guided wave-driven metasurfaces, in which the
pseudo-color diagram shows the, distribution of the y component of the electric field on the xz

cross-section of silicon waveguide'\without embedded phase-change materials, which conforms to

the characteristics of TE fundamental'mode.
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Fig. 2. Simulated focusing-ofithe fundamental wave (second column) and second-harmonic (third
column) on xz cross-section, for different metasurface element. The pseudo-color diagram shows
the distributiongof the“normalized electric field intensity modulus values (the same below). (a-c)

gold split-ringresonator, (d-f) cuboid block dielectric. (g-i) embedded cuboid block dielectric. FW:

fundamental wavg, SH: second-harmonics, the same below.
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Fig. 3. Simulated focusing.of'the fundamental wave (first column) and second-harmonic (second
column) on xz cross-section when phase-change material is in phase state A (first row) and state B
(second row). Focusing of the fundamental wave (second-harmonic) in different phase states are on

the same scalé is'used to. The black dotted circles mark the locations of the target focal spot.
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Fig. 4. For the 2D flat waveguide model, simulated focusing of the fundamental wave (first column)
and second-harmonic (second column) on xz cross-section when phase-change material is in phase
state A (first row) and state B (second row). Focusing of'the fundamental wave (second-harmonic)
in different phase states are on the same scale is us€éd»to. The black dottted circles mark the

locations of the target focal spot.
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Fig. 5. (a) Schematic of the bi-layer phase-change material metasurface driven by guide mode. (b)
The normalized amplitude of the electricifield of the fundamental wave and second-harmonic at the
focal point versus the offset’distanice™d under different phase states. The gray horizontal dashed
lines mark the value of theyeleetric field amplitude of the fundamental wave under phase state A,
and the electric field‘amplitude of the second-harmonic under phase state B, respectively, for the
monolayer phase-change material metasurface. The dotted blue line marks the case where the
offset is equal toalf of the period. (c¢) Focusing of the fundamental wave with respect to different
offsets when phage-¢hange material is in phase state A. (d) Focusing of the second-harmonic with
respect to different offsets when phase-change material is in phase state B. Colors of the outer
frame of the pictures in (c¢) and (d) are consistent with the colors of the arrows in (b), which
correspond to different values of d. The black dotted circles mark the location of the high quality

focal spot.
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Fundamental wave and second—harmonic focusing based

on guided wavesdriven phase—change materials

*
metasurfaces
Qin Zhao-Fu/ Chen Hao Hu Tao-Zheng Chen Zhuo' Wang Zhen-Lin
(Department of Physics, Nanjing University, Nanjing 210093, China)

Abstract

It is an important project to use metasurfaces to extend the manipulation

of light field by on-chip photonic integrated circuits to the free-space. In

this paper, an waveguide mode-driven embedded metasurface is designed

by using the propagation phase method. The phase distribution of the
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metasurface satisfies both the focusing of the fundamental wave and
second-harmonic. On this basis, a phase-change material is chosen to be
embedded in waveguide. Combined with its refractive index difference in
different phase states, focusing of the fundamental wave and
second-harmonic is achieved in two phase states, respectively, through the
simulation method. When the fundamental wave (or second-harmonic)
achieves high quality focusing, the components of the second<hatmonic
(or fundamental wave) at the focus are suppressed to a large exterit, which
i1s more conducive to the subsequent complete filtering., Furthermore, the
efficiencies at the fundamental wave and second-hatmonic are increased
by 2.2 and 3.7 times by embedding another metasurface at the bottom of
the waveguide layer which is exactly the/same as that at the top and shift
it laterally by half a period. This” study provides a new alternative
approach for the linear and nonlinear multifunctional control of guided
mode-driven metasurfaces,

Keywords: Waveguide, Eocus, S€eond-harmonics, Metasurfaces
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