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Research developments on photonic moiré lattices

WANG Peng, FU Qi-dong, LI Yu-rui, YE Fang-wei"
(School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240)
* Corresponding author, E-mail: fangweiye@sjtu.edu.cn

Abstract: Moiré lattices are composite structures composed of two identical or similar periodic structures. In-
spired by the research in the van der Waals heterostructures, the research interest on moiré physics in optical,
acoustic, mechanical, and thermal systems is either renewing or emerging. Here we review the recent re-
search developments on optical/photonic moiré lattices, including monolayered and bilayered moiré struc-
tures, discussing their linear and nonlinear optical properties of different realization of moiré lattices.

Key words: photonic moiré lattices; localization; delocalization; solitons; surface plasmonic polaritons
(SPPs)
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Fig. 1

BRI (0) —NEERJA 1 N B — 4 B R ZE AT AR A5 (dl, o) S AS A9 <8 Jm el i) SPP (it 2 1 4 5
IR SPP (U 26 () P> Ja TOUME R S (BRI d,, dy) A AR R I, ARV B9 4 S AR TR e e RO e A
RS, HE—HESE KRR (K1 A () R R LA AL (h) A SR ks, JCTE Afvks P A P 450
(a) Moiré gratings constituted from two 1D gratings with slightly detuned periods. (b) 2D moiré pattern constituted
from two 1D gratings with a relative rotation angle. (c) Landscape of 1D metallic moiré structure shown within one
moiré period %, (d,e) Experimentally measured dispersion curves of SPP on metallic 1D gratings and on moiré gratings .
(f) With the change of the period (i.e. d;, d,) of the two constituent metallic gratings, the lasing frequency of the corres-
ponding metallic moiré cavity changes . Light propagating dynamics when a 1D moiré lattice is optically excited at
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Fig. 2 (a) 2D photonic moiré lattices obtained by superpositioning two square lattices with a relative rotational angles ; (b) A

moiré lattice in a commensurate phase; (c) A moiré lattice in an incommensurate phase; (d) Quasi-bandstructure for an

incommensurate moiré lattice: upper row for p,<p,“, lower row for p,>p,“; (¢) Form factor of the eigen modes shown

in the plane (6, p,), where the blue-colored domains imply mode delocalization, while the red-colored domains imply

mode localization; (f, g) After propagating 2 cm in the moiré lattice of an initially narrow Gaussian beam, the light-

intensity distribution at the output facet of the lattice with different p,(with fixed p;=1). Upper row shows the results in

incommensurate moiré lattices, and one can see that the light beam starts localizing when p, exceeds 0.18 (p,=0.15);

Bottom row shows the results in commensurate moir¢ lattices, and one sees the delocalization of the light persists for

all values of p,™.
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Fig. 3 (a) Moiré superlattice constituted by twist-stacked a-MoO; bilayer; (b)Optical images of 0-MoO; moiré superlattice as

a function of rotation angle;(c) In-plane propagation of phonon polaritons at different twist angle of an a-MoOQ; bilayer,

indicating a transition among three topologically different dispersion:hyperbolic, flat and elliptic
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