GrapheneUS % Graphene & 2D Materials International Conference and Exhibitionx
February 14-15, 2019

Jue Wang'’
Jenny Ardelean2’, Yusong Bai'”’, Alexander Steinhoffé, Matthias Florian3, Frank

Jahnke?3, Xiaodong Xu#4, Mack Kira®t, James Hone21, X.-Y. Zhu't

' Department of Chemistry, Columbia University, New York, NY 10027, USA

2 Department of Mechanical Engineering, Columbia University, New York, NY 10027, USA

3 Institute for Theoretical Physics, University of Bremen, 28334 Bremen, Germany

4 Department of Physics and Department of Materials Science and Engineering, University of Washington,
Seattle, WA 98195, USA

5> Department of Electrical Engineering & Computer Science and Department of Physics, University of
Michigan, Ann Arbor, MI, USA

t xyzhu@columbia.edu (XYZ); jh2228@columbia.edu (JH); mackkira@umich.edu (MK)

Optical Generation of High Carrier Densities in 2D
Semiconductor Hetero-Bilayers

Abstract:

Controlling charge density in two dimensional (2D) materials is a powerful approach for engineering new
electronic phases and properties. Such control is traditionally realized by electrostatic gating. Here, we report an
optical approach for generation of high carrier densities utilizing transition metal dichalcogenide hetero-bilayers,
WSe2/MoSe,, with type Il band alignment. By tuning the optical excitation density above the Mott threshold, we
realize the phase transition from interlayer excitons to charge-separated electron/hole plasmas, where
photoexcited electrons and holes are localized to individual layers. Remarkably, high carrier densities up to
4x10% cm2 can be sustained under both pulsed and continuous wave excitation conditions. These findings
open the door to optical control of electronic phases in 2D hetero-bilayers.
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Figure 1: Excitation density dependent photoluminescence (PL) and Mott transition in the WSez/MoSe; hetero-bilayer.



