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Abstract 
Since the discovery of graphene, two-dimensional (2D) materials have drawn much recent interest. 
Two outstanding properties unique to 2D materials are Dirac and topological states, which span a 
wide range of novel electronic and quantum transport phenomena. When a freestanding 2D 
atomic layer is transferred to a substrate, however, its intrinsic properties will be altered, let alone 
the difficulty of the transfer process. This poses also a formidable technical challenge for potential 
applications of 2D materials. In this talk, I will present our recent efforts in computational design 
of Dirac and topological states on conventional semiconductor surfaces [1-4]. By constructing 
overlayer structures that are atomically bonded but electronically isolated from the underlying 
substrates, various “virtual” 2D materials can be made on top of semiconductor substrates, where 
the electronic bands of the virtual 2D materials lie completely inside the band gap of substrates. A 
substrate orbital filtering effect is shown to play a key role in the design process. We envision that 
our findings will not only greatly broaden the scientific scope of 2D materials but also significantly 
impact on their applications in real devices. 
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