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The transition to commensurate state of van der Waals heterostructures of 2D materials overcomes the
inherent drawbacks on pure 2D crystals and evokes peculiar properties with spontaneous alternation of
the periodicity in each 2D layer and 2D van der Waals superstructures [1]. However, the lattice
mismatch between graphene and h-BN is extremely small around 0.05A and the commensurate
transition occurs only around the AB-stacked area where carbon atoms are located above the boron (B)
atoms when graphene and h-BN are aligned along almost identical orientations [2,3]. Therefore, local
and uneven transitions to the commensurate state are difficult to distinguish.

In the present study, we propose the evidence of a local transition to the commensurate state of graphene
/h-BN van der Waals heterostructure (G/h-BN) through moiré superstructure analysis using dark field
transmission electron microscopy [4]. The moiré fringes are locally widened and zigzagged only when
twist angle is close to 0 as presented in Figure 1, which is caused by local twisting and stretching in the
AB-stacked configurations of the graphene lattices, in other words, enlargement of the perfect AB-
stacked area marked with red in Figure 2. Furthermore, we statistically characterized the reduced lattice
mismatch as a function of a decreased twist angle. Therefore, this moiré superstructure analysis with
dark field transmission electron microscopy can reveal the local structural variation of G/h-BN even
under a low magnification and provide experimental evidence of the theoretically predicted relation with
respect to the stacking configurations for discerning the altered electronic properties of G/h-BN only
with a low twist angle.
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Figure 1. Widening and bending of the moiré fringes of G/h-BN only at low twist angle (6c-sn). AR-
TEM images of G/h-BN and the corresponding selected lattice fringe images, formed by masking
diffraction reflections on the FFTs with (a) 6c-en = 0° and (b) 0c-sn = 3.2°. The bright and dark moiré

fringes are caused by constructive and destructive interferences, respectively, between the graphene and
h-BN lattice fringes [4].
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Figure 2. Transition to commensurate state in the AB-stacked area of G/h-BN. (a) Colored moiré
fringes superimposed on an AR-TEM image with widening and zigzagged morphology depending on
the stacking configurations when 6c-gn = 0.4°. (b) Evidence of the enlarged AB-stacked area by
comparing simulated AR-TEM image and experimental one with corresponding FFT (c) Average lattice
mismatch between graphene and h-BN versus twist angle (the trend decreases below 0c-sn = 1°) [4].
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