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Mechanical exfoliation also known as Scotch R⃝ tape exfoliation or micromechanical
cleavage is not a new technique of extracting thin films of layered materials from their
bulk crystals. It dates back to at least 1966 when first reports mentioning such a method
of preparing graphite samples suited for electron microscopy study started to appear
in the solid-state-physics literature [1]. The history of what is nowadays referred to as
technology of mechanical exfoliation is, however, much shorter and essentially spreads
over the last decade which yielded a multitude of fascinating results obtained with the aid
of, often sophisticated, van der Waals (vdW) heterostructures fabricated by hand with
unprecedented precision [2,3].

In my talk I will give a concise yet comprehensive overview on how to create state-
of-the-art quasi two-dimensional devices starting from a set of three-dimensional crystals
of layered structure like graphite, hexagonal boron nitride, black phosphorus, transition
metal dichalcogenides, or cuprate superconductors. The first part of the lecture will cover
the physicochemical foundations of exfoliation as well as various mechanical exfoliation
techniques that have been developed to date to obtain thin films of layered materials that
satisfy specific requirements like sparse distribution over a target substrate or an extraor-
dinarily large size. In the second part, a gamut of bottom-up and top-down strategies
to assemble exfoliated flakes into vdW heterostructures will be discussed with particular
emphasis put on their advantages and drawbacks that make them more or less suitable for
selected types of devices. The processing of stacks consisting of different two-dimensional
materials will also be addressed, especially with regard to electrical gating and fabrication
of high-quality low-resistance electrical contacts, which depending on the heterostructure
composition can be defined by a number of techniques including, among others, the edge
contacting and phase engineering [4]. The last part of my presentation will be dedicated
to optical, electrical and microscopic characterization of ready-to-use devices as well as
to the most important issues that have to be taken into account when designing vdW
heterostructures. One prominent example of such issues is the interference of light inside
the stack of thin films constituting the heterostructure, which profoundly influences not
only the intensity but also the shape of the heterostructure optical response [5].

There is little doubt that mechanical exfoliation together with various manual thin
film assembly techniques will remain only a convenient means of fabricating high-quality
prototype devices and will not become a mass production protocol of industrial impor-
tance. Its usefulness in defining ultimate goals for scalable, MBE- or CVD-growth-based,
approaches to creating vdW heterostructures cannot be, however, overestimated. As such,
the technology of mechanical exfoliation is still a vivid, constantly developing field of sci-
ence. In the last few words of my lecture I will outline possible directions it can evolve in
the next couple of years.
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