
Heterostructures consisting of atomically thin materials in a multi-
layer stack provide a newmeans of realizing a two-dimensional system
with a laterally modulated periodic structure. In particular, coupling
between graphene and hexagonal boron nitride (hBN), whose crystal
lattices are isomorphic, results in a periodic moiré pattern. The moiré
wavelength is directly related to the angular rotation between the two
lattices22–24, and can be tuned through the desired length scaleswithout
the need for lithographic techniques8,9. Moreover, hBN provides an
ideal substrate for achieving high-mobility graphene devices, which is
crucial for high-resolution quantumHall measurements25,26, and field-
effect gating in graphene allows the Fermi energy to be continuously
varied through the entire moiré Bloch band.
In this study, we used Bernal-stacked bilayer graphene (BLG) Hall

bars fabricated on hBN substrates (Fig. 1a, b) using mechanical exfo-
liation followed by co-lamination (Methods Summary). Figure 1b
shows a non-contact atomic force microscopy (AFM) image acquired
from an example device. In the magnified region, a triangular moiré
pattern is visible with wavelength 15.56 0.9 nm. This is comparable to
the maximal moiré wavelength of ,14 nm expected for graphene on
hBN22–24, suggesting that in this device the BLG lattice is oriented
relative to the underlying hBN lattice with near-zero angle mismatch.
Figure 1c shows transport data measured from the same device. In

addition to theusual resistancepeakat the chargeneutralitypoint (CNP),
occurring at gate voltage Vg< 2V, two additional satellite resistance
peaks appear, symmetrically located at Vsatl<630V relative to the
CNP. These satellite features are consistent with a depression in the
density of states at the superlattice Brillouin zone band edge, analogous
to previous spectroscopic measurements of single-layer graphene
coupled to a moiré superlattice24,27. Assuming non-overlapping bands,
jVsatlj gives an estimate of the moiré wavelength of ,14.6 nm
(Supplementary Information), in good agreement with the AFM mea-
surements.Thenature of these satellite peaks canbe furtherprobed in the
semiclassical, low-B transport regime. In Fig. 1d, longitudinal resistance,
Rxx, and transverse Hall resistance, Rxy, are plotted versus gate voltage at

B5 1T. Near the central CNP, the Hall resistance changes sign as the
Fermi energy passes from the electron to the hole band. The same trend
also appears nearVsatl, consistent with the Fermi energy passing through
a second band edge. This provides further confirmation that the moiré
pattern, acting as a periodic potential superlattice, gives rise to a mini-
Brillouin zone band28. We observed the satellite peak to be more
developed in the hole branch than in the electron branch in all samples,
in agreementwith previous experimental and theoretical studies of hBN-
supported monolayer graphene24,27,28. The satellite peaks vanish at tem-
peratures above 100K (Fig. 1c, inset), indicating that the coupling
between the BLG and hBN atomic lattices is of order ,10meV.
Perfect crystallographic alignment between graphene and hBN is
expected to open a,50-meV bandgap29,30, leading to a low-temperature
divergence in the resistance at the CNP. The weak temperature depend-
ence observed in our device suggests the absence of a gap, possibly owing
to the lattice mismatch between the BLG and hBN.
In the remainder of this Letter, we focus onmagnetotransport mea-

sured at high field. Figure 2a shows the evolution of Rxx and Rxy for
magnetic fields up to 31T. In the left panel (a Landau fan diagram),Rxx
is plotted against the experimentally tunable gate voltage andmagnetic
field. In the right panel, the magnitude of the corresponding Rxy is
plotted against the dimensionless parameters appearing in the
Diophantine equation, n/no and w/wo. ThisWannier diagram is simply
the Landau fan diagram with both axes relabelled by dimensionless
units defined by normalizing to the moiré unit-cell area.
In a conventional quantumHall system, the Landau fan diagram exhi-

bits straight lines, tracking minima in Rxx and plateaux in Rxy. Plotted
against n/no and w/wo, the slope of each line is precisely the Landau level
filling fraction, n, and all lines converge to the origin.White lines in Fig. 2a
identify QHE states matching this description, tracking Landau level
filling fractions n54, 8 and 12. This is consistent with the usual QHE
hierarchy associated with a conventional degenerate BLG spectrum.
At large magnetic fields, several additional QHE states, exhibiting

minima in Rxx together with plateaux in Rxy, develop outside the usual
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Figure 1 | Moiré superlattice. a, Sketch of graphene on hBN showing the
emergence of a moiré pattern. The moiré wavelength varies with the mismatch
angle, h. b, Left: an AFM image of a multiterminal Hall bar. Right: a high-
resolution image of a magnified region. The moiré pattern is evident as a
triangular lattice (upper inset shows a further magnified region). A fast Fourier
transform of the scan area (lower inset) confirms a triangular lattice symmetry

with periodicity 15.56 0.9 nm. c, Measured resistance versus gate voltage at
zero magnetic field. Inset: the corresponding conductivity versus temperature,
indicating that the satellite features disappear at temperatures greater than
,100K. d, Longitudinal resistance (left axis) and Hall resistance (right axis)
versus gate voltage at B5 1T. The Hall resistance changes sign and passes
through zero at the same gate voltage as the satellite peaks.
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