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Fig. 1. (a) Low-energy band structure of monolayer graphenel®); (b) moiré pattern formed by twisted graphenel?!); (c) schematics of

STM measurement of TBG sample, topography of which shows a uniform moiré pattern; (d) band structure of twisted graphenel®;

(e) tear-and-stack technique; (f) flat band structure in the first Brillouin zonel?.
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Fig. 2. Correlated insulating state of flat band in twisted graphene system: (a) measured conductance of magic-angle graphene as a
function of carrier density at 7 = 0.3 KF; (b) longitudinal resistance against carrier density at different perpendicular magnetic
fields from 0 T (black trace) to 480 mT (red trace) *l; (c) schematic cross-sectional view of the dual-gated ABC-TLG device encap-
sulated by hBN; (d) ABC-TLG resistance as a function of V; and V}, (The colour scale is from 10 Q (dark) to 100 k2 (bright) in
a log scale, V; and V), refer to the top and bottom gate voltage)?); (e) stripe charge ordered phase in magic-angle graphenel™;
(f) resistivity of TMBG plotted against electric displacement field D and carrier density under the condition of 7= 0.3 K and 6 =
1.08°l'7; (g) properties of the correlated states at v= 1, 2, 3 for D < 07,
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Fig. 3. Unconventional superconductivity of magic-angle graphene: (a), (b) Resistance as a function of temperature and carrier dens-
ity, where shows superconductivity domes around (a) half-filling® and (b) integer-filling*’l correlated states of magic-angle graphene
respectively; (c) colour plot of resistivity versus moiré band filling factor v and temperature for three screening-controlled magic-
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Fig. 6. (a) Schematic of the twisted bilayer-WSe, sample and the moiré superlattice flat bands structure ; (b) resistance color

plotted against temperature and carrier density (D = 0.45 V/nm, 6 = 5.1°, top gate V,, = —12.25 V)[%; (c), (d) angle and electric

displacement field dependence of the correlated insulating states®; (e) schematic of the WS,/WSe, device structure [; (f) correl-

ated insulating states at a temperature range from 2.8 K to 140 K and spatial filling patterns gained from Monte Carlo simulation!®7.
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Fig. 7. 4% mismatch WSe,/WS, moiré superlattice: (a) Schematics of optical anisotropy measurement®; (b) electronic stripe do-

main patterns at half filling/®; (c) schematic of correlated states and generalized Wigner crystal states in a WSe,/WS, moiré super-

latticel'; (d) MoSe, bilayer Wigner crystals’ quantum and thermal phase transitions®”; (e) gate-dependent dI/dV spectra meas-

ured at the Se/W moiré sites, showing local discharging of moiré site induced by the STM tip (The blue arrows indicate surface dis-

persion characteristics during charge and discharge)/5..
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Physical properties of novel electronic states related to flat
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Abstract

Two-dimensional (2D) materials can exhibit novel quantum phenomena and be easily tuned by the external
environment, which has made them one of the most attractive topics in condensed matter physics during the
recent decades. The moiré superlattice induced by varied stacking geometry can further renormalize the
material band structure, resulting in the electronic flat bands. With the help of external fields, one can tune the
electron-electron correlated interaction in these flat bands, even control the overall physical properties. In this
paper we review the recent researches of novel properties in twisted 2D materials (graphene and transition
metal dichalcogenide heterostructure), involving strong correlation effect, unconventional superconductivity,
quantum anomalous Hall effect, topological phase, and electronic crystals. We also discuss some open questions

and give further prospects in this field.
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