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Abstract

The study of two-dimensional electron systems with extraordinarily low levels of disorder was, for a long time, the exclusive
privilege of the epitaxial thin film research community. However, the successful isolation of graphene by mechanical exfoliation
has truly disrupted this field. Furthermore, the assembly of heterostructures consisting of several layers of different 2D materials
in arbitrary order by exploiting van der Waals forces has been a game-changer in the field of low-dimensional physics. This
technique can be generalized to the large class of strictly 2D materials and offers unprecedented parameters to play with in order
to tune electronic and other properties. It has led to a paradigm shift in the field of 2D condensed matter physics with bright
prospects. In this review article, we discuss three device fabrication techniques towards high mobility devices: suspended structures,
dry transfer, and pick-up transfer methods. We also address state-of-the-art device structures, which are fabricated by the van der
Waals pick-up transfer method. Finally, we briefly introduce correlated ground states in the fractional quantum Hall regime.
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Fig. 1.
PMMA/Water soluble Layer coated on top of SiO;
substrate (b) Graphene on top of the substrate (c) Attached
frame at the substrate. (d) Floating substrate on water for
dissolving water soluble layer (e) Transferring the
graphene assisted by transfer stage.

Schematic of dry transfer method. (a)
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Fig. 2. Van der Waals pick-up transfer method. [P.J Zomer
et al., Appl. Phys. Lett. 105, 013101 (2014)]. (a), (b)
Schematic method of van der Waals pick-up transfer. (c)
Device image of final heterostructure. (d) Atomic Force
Microscopy image. (e)Longitudinal resistance as a
function of back gate voltage.
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Fig. 3. State-of-the-art devices. [R. Ribeiro-Palau et al.,
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Nano. Lett. 19, 2583-2587 (2019), S. Chen et al., Phys. Rev.

Lett. 122, 026802 (2019), Y. Zeng et al., Phys. Rev. Lett.
122, 137701 (2019)] (a)-(b) Confine electrostatic edge. (c)
Device image. (d) Re-entrance integer quantum Hall state
at third Landau level at graphene. (e)-(f) Device image of
Corbino disk device and their transport results.
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Fig. 4. Even denominator fractional quantum Hall effect
in Bernal bilayer graphene [ J.ILA. Li et al., Science 358,
648-652 (2017)] (a) Color plot of longitudinal conductivity
as a function of displacement electric fields and filling
factor. (b) Schematic of panel (a). (c) Energy gap of even
denominator fractional quantum Hall states as a function
of displacement electric fields. (d) The same with (c) but
for B-field dependence of v = 3/2.
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Fig. 6. Bose-Einstein condensation at large angle twisted
bilayer graphene. (a) Color map of Ry. (b) Rxx as a function
of nwot. (C) Ryy as a function of total filling factor at B = 15T.
(d) Theoretically calculated quantum phases.
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