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Recently, engineering van der Waals (vdW) heterostructures has emerged as a versatile tool for creating
unconventional electronic and magnetic structures in a wide range of 2D materials, including insulators,
semiconductors, metals, superconductors, and magnets. The ability to precisely engineer these artificial vdw
materials at the atomic level, comprehend their quantum properties, and eventually exert control over them holds
tremendous potential for the development of next-generation technologies. In this talk, I will delve into our latest
advancements in the atomic-scale investigation of these emergent 2D quantum materials and their atomic-scale
defects with novel quantum states, leveraging on the combined low-temperature scanning tunneling microscopy
(STM) and atomic force microscopy (AFM). Furthermore, | will elucidate how the application of vdW technologies
to gate-tunable STM can significantly enhance its capabilities, enabling us to probe electronic and magnetic
properties and ultimately manipulate electronic correlations within these strongly-correlated 2D systems.
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reviewed papers in top-tier journals including Nature (1), Nature Nanotechnology (4), Nature Materials (2), Nature
Electronics (1), Nature Communications, Science Advances, JACS, PRL etc. Two recent publications were selected
as JACS Early Career Investigator 2021 virtual collection and JACS Reader's Pick 2022. Dr. Lu is a recipient of
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