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            Abstract
Studies of two-dimensional electron systems in a strong magnetic field revealed the quantum Hall effect1, a topological state of matter featuring a finite Chern number C and chiral edge states2,3. Haldane4 later theorized that Chern insulators with integer quantum Hall effects could appear in lattice models with complex hopping parameters even at zero magnetic field. The ABC-trilayer graphene/hexagonal boron nitride (ABC-TLG/hBN) moiré superlattice provides an attractive platform with which to explore Chern insulators because it features nearly flat moiré minibands with a valley-dependent, electrically tunable Chern number5,6. Here we report the experimental observation of a correlated Chern insulator in an ABC-TLG/hBN moiré superlattice. We show that reversing the direction of the applied vertical electric field switches the moiré minibands of ABC-TLG/hBN between zero and finite Chern numbers, as revealed by large changes in magneto-transport behaviour. For topological hole minibands tuned to have a finite Chern number, we focus on quarter filling, corresponding to one hole per moiré unit cell. The Hall resistance is well quantized at h/2e2 (where h is Planck’s constant and e is the charge on the electron), which implies C = 2, for a magnetic field exceeding 0.4 tesla. The correlated Chern insulator is ferromagnetic, exhibiting substantial magnetic hysteresis and a large anomalous Hall signal at zero magnetic field. Our discovery of a C = 2 Chern insulator at zero magnetic field should open up opportunities for discovering correlated topological states, possibly with topological excitations7, in nearly flat and topologically nontrivial moiré minibands.
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                    Fig. 1: ABC-TLG/hBN moiré superlattice and tunable Chern bands.


Fig. 2: Quantum Hall effect from the correlated C = 2 Chern insulator.


Fig. 3: Anomalous Hall effect and ferromagnetism.


Fig. 4: Calculated Chern number including the electron–electron interaction effects.
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Extended data figures and tables

Extended Data Fig. 1 Identification of ABC-TLG.
a, Atomic force microscope topography image of an exfoliated TLG on SiO2/Si. b, Near-field infrared image corresponding to a, showing that ABC-TLG has different contrast to ABA-TLG.


Extended Data Fig. 2 Optical images of device I during fabrication.
a, ABC-TLG is identified by near-field infrared spectroscopy and isolated by atomic force microscope tip. b, ABC-TLG is encapsulated by hBN and etched into Hall bar geometry. c, Final device with metal contacts and top and bottom gates.


Extended Data Fig. 3 Magneto-transport of the Chern insulator state at T = 1.5 K.
a, b, Colour plots of ρxx and ρyx as a function of carrier density and magnetic field at D = −0.5 V nm−1 and T = 1.5 K. The ν = 2 Chern insulator state is well resolved at 1.5 K, which features a minimum for ρxx, and a quantized ρyx emerges from 1/4 filling. c, d, Horizontal line cuts of a and b, respectively. ρyx shows quantized Hall resistance at finite magnetic field.


Extended Data Fig. 4 Landau fan at D = 0.
Longitudinal resistivity ρxx (colour scale) as a function of carrier density and magnetic field at displacement field D = 0. Clear Landau levels develop from the charge neutrality point and fully filled points at D = 0, which is direct evidence of the high quality of the encapsulated ABC-TLG device described in the main text. The first resolved quantum Hall state of the charge neutrality point is ν = 6. This Landau fan diagram establishes conclusively that we have ABC trilayer graphene in the hBN encapsulated device; it is completely different from the Landau fan diagram of ABA trilayer graphene (see ref. 14).


Extended Data Fig. 5 Temperature dependence of the ν = 2 state.
a–c, Arrhenius plot of longitudinal resistivity (a), conductivity (b) and the estimated gap at different magnetic field (c). A manual offset of −0.15 on the y axis is applied to each curve in a and b. The gap size in c is extracted from the linear fit of \({\sigma }_{xx}\propto {{\rm{e}}}^{-\varDelta /2{k}_{{\rm{B}}}T}\) (red line) in b. We note that the Arrhenius plot is only valid for a limited temperature range, suggesting deviation from the thermal activated behaviour at low temperatures. Therefore, the estimated gaps have relatively large uncertainty. However, the qualitative behaviour is robust: insulating behaviour is observed at all magnetic fields, and the quantized Hall insulator at finite magnetic field connects smoothly with the anomalous Hall insulator at zero magnetic field, supporting the identification of the state as a Chern insulator.


Extended Data Fig. 6 Illustration of the ABC-TLG/hBN system.
The bottom hBN layer is nearly aligned with the graphene layers whereas the one on top is not aligned. A and B refer to the two sublattices in each of the graphene layers.


Extended Data Fig. 7 Basic characterizations of the second device (device II).
a, Optical image of device II. The device is in a standard Hall bar geometry with top and bottom gates. The scale bar is 3 μm. b, Schematic of the moiré pattern existing between top hBN and ABC-TLG for device II. c, Two-dimensional colour plot of Rxx as a function of Vt and Vb at T = 5 K. The moiré exists between the top hBN and ABC-TLG for device II, opposite to that of device I in the main text. This leads to a non-trivial band at positive displacement fields and a trivial band at negative displacement fields.


Extended Data Fig. 8 Reproducible Chern insulator data for device II.
a, Ferromagnetic anomalous Hall effect at 1/4 filling at 0.3 K and 1.4 K. b, The evolution of \({\rho }_{yx}^{{\rm{AH}}}\) and Bc as a function of doping (at D = 0.55 V nm−1) and displacement field (at n = n0) at 1.1 K. c, d, Colour plot of ρxx and ρyx as a function of carrier density and magnetic field. Dashed lines represent the ν = 2 state.
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