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Abstract: e-e Coulomb interaction plays an essential role in condensed matter physics. When interaction energy

between electrons is dominating over kinetic energy, interesting quantum phases such as magnetism and corre-

lated insulator can emerge. Recently, such e-e correlation effects in two-dimensional (2D) electronic systems,

especially their twisted moiré superlattices, have been a cutting-edge topic. This paper introduces briefly the lat-

est theoretical and experimental progresses based on a particular model: synergetic interplay between two layers

of 2D interacting electronic system, and the emerging phenomena.

Key words: Coulomb interaction; strongly correlated system; two-dimensional heterostructures; moiré super-

lattice; synergetic interplay
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Figure 1 Graphene double-layer lattice-mismatched superlattice
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(a) Illustration of 1.1°-twisted graphene; (b) schematic of
the flat-band (blue curve) in the vicinity of Fermi level; (¢)
Illustration of the filling of electrons in the moiré unit cell and
the three typical stacking orders between the top and bottom

layer of graphene™’.
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Figure 2 Ways to create 2D superlattice

(a) Twisted graphene; (b) Self-assembled nanoparticles'” ;

(¢) Plasma-etched grooves with a 47 nm pitch"™®'; (d) Elec-
tronic superlattice emerged due to correlation effect, which
can further tune flat-band in 2D materials atop it. The illustra-
tion depicts a Wigner crystal of tunable lattice parameter a in

presence of a magnetic field with magnetic length /,'"".
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Figure 3 Interfaical charge induced band reconstruction in graphene

(a) Optical micrograph of a typical device; (b) Due to the Coulomb interaction between the interfacial charge order in CrOCI and

graphene, band reconstruction is seen; (¢) schematic of the charge order at interface; (d) Landau quantizations are greatly shifted

in the interaction—driven phase'*’.
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Figure 4 Correlation driven quantum insulator in bilayer graphene
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(a) Schematic picture of Bernal bilayer graphene encapsulated by h-BN and CrOCl; (b) TEM cross-section of a typical device;

() A correlation-driven, gate tunable ‘super’ -insulating phase with above 1 GOhms resistance obtained in interfacial-coupling bi-

layer graphene'®!’; (d) Line profile along the dashed black line in (c).
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Figure 5

Inducing flat-bands using quantum superlattices

(a) Tlustration of an interfacial Wigner crystal induced by an
electrical field, with a graphene layer placed atop; (b) Sche-
matic picture of a flatband induced in graphene due to band re-
construction with specific symmetry breaking, while the un-
derneath interfacial state is a correlation-driven Wigner crystal

superlattice, as shown in (¢).
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