Nonlinear optics in atomically thin materials
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Two-dimensional materials, such as graphene and transition metal dichalcogenides (TMDs), have attracted enormous interest in recent years as a viable platform for nonlinear optics [1]. On one hand, their atomically thin nature allows for frequency conversion without phase matching constraints, leading to ultra broadband parametric amplification and down-conversion of photons. On the other hand, 2D materials are easy to integrate on photonic platforms, and thus they are ideal candidates for in-fiber and on-chip nonlinear operations with platforms that would otherwise display negligible nonlinear effects. In this talk I will discuss some of our recent results and activities in this growing field of research, with a focus on the following aspects: (1) electrical and all-optical modulation of nonlinearities in graphene [2] and TMDs [3]; (2) nonlinear photonic integrated devices based on graphene for gas sensing [4] and logic operations [5] and (3) ultrafast nonlinear valleytronics in TMDs [6].
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Figure 1. (a) Overview of applications and fundamental studies enabled by nonlinear optics in 2D materials, from Ref. [1]; (b) schematic of all-optical modulation of SHG in TMDs, from Ref. [3]; (c) graphene on a D-shaped fiber for logic operations enabled by difference frequency generation, from Ref. [5]; (d) operating principle of valley SHG for all-optical generation and detection of a valley imbalance in TMDs, from Ref. [6]. 
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