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Mechanical Exfoliation as a Route to"
Nanomanufacturing of 2D van der Waals Bonded Heterostructures

By now, the remarkable properties of 2D materials are well known. Graphene is expected to be very strong,and
also to have “massless” electrons. Transition metal dichalcogenides (TMDCs) display high excitonic binding en-
ergies, and can be made to emit light with near unity quantum efficiency. Even more remarkable are the proper-
ties that emerge when one stacks these layers to form van der Waals heterostructures. For example, two layers
of graphene rotated relative to one another by about 1° display nontraditional superconductivity. Heterostruc-
tures involving TMDCs offer the means to explore the so-called “valleytronics.” Given these discoveries and their
potential for expanding our understanding of 2D materials and the development of new devices, one would like
an efficient means to assemble a broad range of van der Waals heterostructures.

The initial studies of 2D materials relied on samples obtained through repeated, tape-mediated, mechanical ex-
foliation from a bulk source. While samples prepared this way can be of high quality, the prospects for using this
processing route to reliably produce devices is remote at best. The process yields very small samples at ran-
dom positions. Moreover, the number of exfoliation steps needed to yield a monolayer is not known a priori,
and varies from sample to sample. Nevertheless, the such a process would be extremely useful, enabling the
fabrication and characterization of a broad spectrum of van der Waals heterostructures.

In this talk | present a mechanical exfoliation method able to reliably produce large patterned monolayer sam-
ples and place them with upon a substrate in desired locations. The method relies on the epitaxial strain im-
posed upon the layer to be exfoliated by the deposition of a thin metallic film. The theoretical origins of the pro-
cess are presented (aphenomenon known as compliant substrate epitaxy), and the mechanics underlying the
process are presented. Examples of samples prepared using the process are also presented.
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