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Fig. 1. (a) Schematic diagram of SRR-based meta-molecule; (b) absorption spectrum of the meta-molecule consisting of two SRRs

with a twist angle ¢ = 90°; (c) distributions of magnetic field component H, on the surface of the SRRs at wavelengths correspond-

ing to two absorption peaks wll and wi2.
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Fig. 2. (a) Absorption spectrum and (b) the SHG intensity with the relative angle of the two layers changing. The black dash line

represents the line connecting the left and right peaks of each line.
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Fig. 3. When the relative angle of the two layers changes from 30° to 150°, (a) SHG intensity, (b) amplitude ratio of SHG in the y
and z directions and (c) the phase difference of SHG in the y and z directions as a function of wavelength; when the relative angle
of the two layers is 60°, (d) SHG intensity, (e) amplitude ratio of SHG in the y and z directions and (f) the phase difference of SHG
in the y and z directions as a function of wavelength. The shaded area indicates a wavelength region where the SHG efficiency is re-

latively large.
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Fig. 4. Polarization of the far-field SHG changes when the relative angle of the two layers is 60°, and the the fundamental wave of

different wavelengths is incident.
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Fig. 5. When the incidentwavelengthis 1500 nm, the polarization of the far-field SHG changes with the relative angle of the two layers.
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Abstract

In this paper, we study the second harmonic generation (SHG) from the stero-stacked meta-molecules
consisting of two vertically stacked split ring resonators (SRRs) that resonate at the fundamental wavelength.
When pumped by the linearly polarized incident wave with the electric field direction along one of the
SRRs’ arms, the meta-molecules emit the SHG that can have two non-zero orthogonal electric field components,
provided that the top SRR and the bottom SRR are not arranged in mutually parallel or anti-parallel manner.
Due to the strong coupling between the two SRRs, the plasmonic properties of the stero-stacked meta-molecules
could be tuned by varying the twist angle between the two SRRs. In this process, we demonstrate that the
amplitudes of the two orthogonal SHG field components, and the phase difference between these two
components can be varied with changing the twist angle between two SRRs. Based on the concept of the light
polarization, different polarization states can be achieved by changing the differences in phase and amplitude
between the orthogonal field components. Therefore, the twist angle dependent amplitudes of and phase
difference between two orthogonal SHG field components can be used to manipulate the polarization states of
the emitted SHG. For the stero-stacked meta-molecules with a fixed twist angle of 60°, elliptically, near-
circularly andnear-linearly polarized SHG emission can be obtained at different fundamental wavelengths. In
addition, for the fundamental wave with a fixed wavelength of 1500 nm, the stero-stacked meta-molecules with

different twist angles are demonstrated to be able to emit SHG with elliptical andnear-linear polarization states.
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