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Confined in low-dimensions, electrons can exhibit their quantum nature in a macroscopic energy and 
length scale that are ready to be observed in transport experiments. This has led to the discoveries of 
many fascinating physical phenomena, such as quantum Hall effect, and shown exciting possibilities 
to build quantum nanoelectronic devices with new functionalities. In this context, graphene and 2D 
materials provide a unique and nearly ideal platform as charge carriers are confined in an atomic 
thickness. Moreover, due to such an ultimate 2D nature, their properties can be further tuned and 
designed on demand by various experimental techniques. In this talk, I will provide a general 
overview of the past and ongoing efforts in the field to investigate and engineer various quantum 
transport phenomena in the system and discuss remaining challenges. First, I will briefly discuss key 
features of graphene and 2D materials that are most relevant for quantum transport studies, and list 
experimental techniques that are involved. After the introduction, I will talk about various efforts to 
reveal and design new quantum phenomena by focusing specifically on two device architectures, 
ultraclean suspended graphene and van der Waals (vdW) heterostructures. Lastly, I will discuss what 
are the remaining challenges in the field and our group’s ongoing efforts to tackle some parts of them.
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