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After the initial excitement about graphene’s high performant and scientifically rich electronic properties, one
of the most obnoxious roadblocks have been to pattern graphene on a small scale. In theory, nanostructuring
of graphene opens for the electronic and photonic properties to be “programmed” to match specific
applications or to bring out entirely new physics. In practice, even low levels of edge disorder and
contamination associated with even the best lithographic processes, ruins the electronic properties. This has
effectively shut down the hope of controlling transport at the quantum level, as well as trivially downscaling
graphene electronic components to scales common for mainstream silicon electronics. | will discuss progress
we have made in engineering the graphene edges[1,2], and focus on a recent example [3]. We show that by
combining encapsulation in hexagonal boron nitride with high-density lithography, and carefully tuning the
etching process, we are able to pattern graphene on the 10 nm scale (Fig. 1), and still preserve the detailed
magnetotransport signatures predicted by tight-binding calculations. The surprising survival of the subtle
moire-superlattice signatures associated with twisting of the crystalline interlayers opens for construction of
circuits and components that exploit this emerging branch of solid-state physics.

[1] J. M. Caridad, G Calogero, P Pedrinazzi, J E Santos, A Impellizzeri, T Gunst, T J Booth, R Sordan, P Bgggild,
M Brandbyge, A graphene-edge ferroelectric molecular switch, Nano Letters, 18, 8, 4675-4683 (2018)

[2] J. M. Caridad, S. R. Power, M. R. Lotz, A. Shylau, J. D. Thomsen, L. Gammelgaard, T. J. Booth, A-P Jauho, P.
Beggild, Conductance quantization suppression in the quantum Hall regime, Nat. Comm. , 9:659 (2018)

[3] B.S.Jessen, L. Gammelgaard, M. R. Thomsen, D. M. A. Mackenzie, J. D. Thomsen, J. M. Caridad, E.
Duegaard, K. Watanabe, T. Taniguchi, T. J. Booth, T. G. Pedersen, A-P. Jauho, P. Bgggild, Nature Nanotech.,
2019, 10.1038/s41565-019-0376-3

Tight binding o, (€%h) 0 _4 16

20
_\_'.__..____ -— e o
. Experiments

o
Q

e~ T
-20

|
-10 -5 0 5 10
Ve (V)

Figure 1. By carefully etching holes in graphene through a protective encapsulation layer of hexagonal boron nitride (left),
with a spacing of just 12 nanometers, the electronic band structure can be engineered in a deterministic way (right).



