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Microelectromechanical systems, which

can be moved or rotated with nanometre
precision, already find applications in such
fields  like RF  electronics’, micro-
aftenuators?, sensors3 and many others*’.
Especially interesting are those which allow
fine control over the motfion on atomic
scale due fto self-alignment mechanisms
and forces actfing on the atomic levelé.
Such machines can produce well-
controlled movements as a reaction to
small changes of the external parameters.
Here we demonstrate that, for the system
of graphene on hexagonal boron nitride
(hBN), the interplay between the van der
Waals and elastic energies results in
graphene mechanically self-aligning along
the hBN crystallographic directions. Such
rotation is macroscopic (for graphene
flakes of tens of micrometres the tangential
movement can be on hundreds of
nanometres) and can be used for
reproducible manufacturing of aligned van
der Waals heterostructures® 1.
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Figure 1: (A) Optical microscopy image of the
flake, demonstrating a very clean interface
(bubble free) between graphene and hBN.
Different colours correspond to different
thicknesses of hBN. Graphene is practically
invisible and is marked by red dashed line. The
hatched area is bilayer graphen.e. (B) and (C)
Young modulus distributions obtained in
PeakForce Tapping mode of the moiré
superlattice before (B) and after (C) self-
alignment. (D) and (E) line profiles across the
respected Young modulus distribution images,
which indicates the smaller width of the Young's
modulus peaks in the annealed (self-rotated)
sample. Symbols — experimental data, solid
curves - fitted peaks.
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Figure 2: (A) and (C) Maps of the FWHM of
Raman 2D peak before and after annealing
respectively. (B) and (D) histograms alignment
angles, as recalculated from (A) and (C)
respectively.
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