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Many emerging technologies call for the controllable fabrication of various van der Waals (vdW)
materials. Applications in the semiconducting industry require the synthesis of high-quality vdW materials
with a very large, wafer-scale area. To achieve this, a bottom-up synthesis is essential. In this tutorial
lecture, I will briefly introduce some parts of more than ten years of our research on mechanisms of the
bottom-up synthesis of vdW materials, namely:
i.
The intrinsic, weak vdW interaction between a vdW material and the substrate resulting in a new
paradigm of materials epitaxy, which is beyond the existing theories of crystal growth. [1-2] The
development of a theory of vdW materials growth is essential for the controllable synthesis of vdW
materials such as large vdW single crystals with desired thickness and twisting angles between
neighboring layers as well as for their heteroepitaxial superlattices.
ii. The first example is the mechanism of CVD growth of graphene that includes vdW interaction
between graphene and various substrates [3], the mode of graphene CVD growth [4], the alignment
of graphene on various substrates [4], and two possible routes towards the synthesis of wafer-scale
single crystalline graphene films [5-7].
iii. The second example is the growth mechanism for hexagonal boron nitride (hBN). With the help of
our theory [8], we are now able to grow wafer-scale hBN with proper thicknesses [9].
iv. A general theory of vdW materials’ epitaxy proposed later [10]. Based on a simple analysis, we found
that substrates with low symmetry are preferred for the epitaxial growth of various vdW single
crystals. The theory is now broadly used to guide the controllable growth of various 2D materials,
such as TMDs. [11-12]
v.
Besides that, I will introduce our experimental efforts on the preparation of high index substrates and
on the growth of high-quality graphene which are both assisted by our theoretical studies. [13]
I will summarize these achievements, the challenges of the exciting research topics, and the future of vdW
materials growth.
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