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Complex quantum materials are characterized by their exotic phase diagrams, 

emergent physical phenomena, extreme electromagnetic properties, and enormous 

application potentials. In order to study the novel electronic phases inherently 

present in these systems, we have developed a scanning probe microscope to 

resolve the local dielectric constant and conductivity at 1GHz down to the sub-

100nm length scale. In the first experiment, the metal-insulator transition in a 

strained colossal magnetoresistive manganite thin film was microscopically 

investigated. The magnetic-field induced orientation-ordered percolation network 

indicates that the substrate strain effect plays the dominant role in the phase 

separation [1]. In the second experiment, alternating metallic and insulating edge 

strips of a two-dimensional electron gas in the quantum Hall regime were spatially 

mapped out. The sizes, positions, and field dependence of the edge states agree 

quantitatively with the self-consistent electrostatic picture [2]. Continuous research 

effort is expected to impact many areas of condensed matter physics, including 

multiferroics, topological insulators, and metamaterials. 
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