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Abstract 

Two-dimensional honeycomb lattices are characterized by a unique electronic degree of freedom, 

namely, valley, in the momentum space, which greatly enriches the physics of Dirac fermions. In 

analogy to electron spin, the manipulation of the valley index may open new pathways for 

electronic applications. In this talk, I will first give a brief overview of valley-derived 

phenomena in 2D honeycomb lattices. Then I will discuss our experimental effort in realizing the 

valley  analogue of the quantum spin Hall effect in bilayer graphene. Theory predicts the 

existence of one-dimensional valley-momentum locked edge  states (a.k.a. kink states) at the line 

junction of two oppositely gapped bilayer graphene sheets. I will describe the experimental  

realization and transport properties of such topological conducting channels. The kink states have 

a mean free path of a few hundred nanometers in the absence of a magnetic field but can exhibit 

conductance close to the expected ballistic limit of 4e^2/h in a magnetic field. Potential 

mechanisms of backscattering will be discussed. I will finish by briefly mentioning the prospect 

of a gate-controlled kink state electron beam filter and beam splitter.  
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