Ballistic fransport in electrostatic  graphene
superlattices
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Figures

Electrostatic superlattices can be readlized in
two-dimensional materials  through  the
application of spatially periodic electrostatic
potentials via patterned gate electrodes or
structured dielectrics, resulting in electronic
band structure reconstruction with tunable
characteristics  [1,2]. This methodology
provides precise control over superlattice
geometry and periodicity. Although high
carrier mobility has been demonstrated in
such systems, unambiguous signatures of

ballistic transport—including negative
differential  resistance in  cross-junction
geometries and fransverse  magnetic

focusing—have not yet been reported.

We present a nanofabrication approach
that combines helium ion beam milling for
mask definition with reactive ion etching of
graphite gate structures [3], achieving
superlattice periods below 20 nm (see Figure
1). Implementation of these gate arrays in
van der Waals heterostructures based on
graphene yields electrostatic superlattices
while maintaining the infrinsic high mobility
of the host material. We observe
characteristic  superlattice  phenomena,
including secondary Dirac points and the
Hofstadter butterfly spectrum (see Figure 2).
The exceptional electronic quality s
evidenced by successful  fransverse
magnetic focusing measurements and
mean free paths limited by device
dimensions rather than disorder.

Figure 1: (a) STEM image of He ion milled Si
etching mask with 16nm pitch. (b) Schematic of
Heterostructure.
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Figure 2: Transport measurements of a device
with 47nm pitch square lattice geometry. (a)
Longitudinal resistivity versus superlattice filling
for the case of no superlattice potential applied
(grey) and a high superlattice potential applied
(red). Satellite peaks appear. (b) Longitudinal
magneto-resistance measurements, showing
Hofstadter butterfly.
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