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The role of topology in condensed matter systems has gained tremendous attention, especially 
after the recent discovery of graphene and topological insulators. The realization of massless 
Dirac fermions in these systems has led to new opportunities for exploring exotic physics 
stemming from relativistic quantum mechanics and quantum field theory. In this talk, we utilize 
Scanning Tunneling Microscopy/Spectroscopy (STM/STS) to both construct and characterize 
topological materials with atomic resolution. Molecular graphene, which is an artificial 
graphene-like structure, is built by arranging molecules to create a honeycomb lattice of 
electrons, which reveals band structure of massless Dirac fermions. Tailoring it exhibits various 
topological properties, such as quantum Hall-like states and topological boundary states. Also, 
topological properties of the materials grown ex situ are probed by STM/STS, such as the 
alloyed topological insulators Bi2-xSbxTe3-ySey, in which the spectroscopy and Landau level 
measurement revealed topological nature of the surface states. These experiments provide an 
unprecedented level of control over electronic states and allow experimental access to a set of 
phenomena that has previously been considered only theoretically. 


