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Abstract—Quantum materials host exotic states of matter with unique macroscopic phenomena,
ranging from various correlated electron states to topological orders. The ability to create and ma-
nipulate their emergent properties with nanoscale precision is the key in driving the future progress
of new electronic, photonic and quantum technologies. In particular, 2D van der Waals (vdW)
materials combined with complex transition-metal oxides exhibiting strong electron correlations
open up exciting opportunities for designing new functional properties at their interface. In this
talk, I will discuss a robust strategy to design novel photonic device platforms by integrating ox-
ides into 2D materials using the notion of oxidation-activated charge transfer. Taking graphene
as a model 2D system, I will describe applications of this strategy in controlling the propagation
of polaritons—hybrid light-matter excitations with extreme light confinement—and in implement-
ing low-loss nanostructured optical elements. I will further discuss future prospects of 2D/oxide
heterostructures in next-generation device applications.
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