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Topological states in rhombohedral graphene with a moiré

Scientific project: The first isolation of graphene, a one-atom-thick layer of carbon atoms arranged in
hexagons, in 2005, garnered significant attention due to its remarkable characteristics, including high carrier
mobility, ambipolar behavior, and exceptional mechanical strength. Soon after this breakthrough, other 2D
layered materials were discovered to possess equally remarkable properties, hosting a wide array of
condensed matter physics phenomena. A notable achievement in contemporary technology is the stacking
of these 2D layers to form van der Waals (vdW) heterostructures [Nat. Nanotech 5, 722], enabling the
combination of each material's unique properties to design entirely new materials with novel characteristics
[Nature 499, 419].

Unlike conventional 2D materials grown through molecular beam epitaxy, layered vdW structures can be
composed of any combination of 2D materials, free from lattice parameter restrictions. Another degree of
freedom inherent to these heterostructures is the relative angular alignment between their layers, which
has the potential to dramatically alter their fundamental properties. A striking example of this phenomenon,
predicted for specific vdW heterostructures, is the emergence of phases of matter where charge carriers
flow without dissipation. Such a phase has been anticipated in heterostructures consisting of rhombohedral
graphene aligned crystallographically with boron nitride (an insulator isomorphic to graphene). However,
due to the limited availability of experimental tools for controlling layer alignment, the existing observations
remain inconclusive.

In this experimental internship (with the possibility of extension to a PhD thesis), we propose the utilization
of a novel technique to precisely control the angular alignment between layers in a vdW heterostructure
[Science 361, 690]. Our objective is to investigate the generation and control of electrical signals associated
with these phases of matter in graphene. Successful candidates will actively participate in sample fabrication,
involving the assembly of vdW heterostructures, precise angular control of layers using an AFM (Atomic
Force Microscope), and e-beam lithography. Prior experience in micro and nano fabrication processes is not
required, as students will receive the necessary training in the lab.

Methods and techniques: AFM, IR microscopy, Raman, Micro and Nanofabrication, electronic
transport

Possibility to go on with a PhD ? Yes
Envisaged fellowship ? Yes
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