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Prospects and limitations of atomically  
thin semiconductors as laser gain material 
About ten years after the discovery of strong optical activity in a layer of atomic thickness, truly two-
dimensional transition-metal dichalcogenide (TMD) semiconductors remain the center of research 
attention of a still growing community [*]. Twistronics is the newest addition to a large zoo of promising 
methods to tailor macroscopic material properties on the atomic scale: Heterostructures with a well-
defined twist angle form a superimposed potential landscape, the control over which gives new ways to 
enter specific domains of physics, like that of Hubbard systems.  

In his talk Christopher Gies will touch on these new research directions and discuss how heterostruc-
tures of van der Waals materials sow hope for applications in optoelectronics. A particular focus will be 
on the gain properties when using TMD monolayers and heterostuctures inside optical microresonators 
to design a new class of nanolasers. 

[*] C. Gies and A. Steinhoff: "Atomically Thin van der Waals Semiconductors—A Theoretical Perspec-
tive", Laser Photonics Rev. 2021, 2000482.  

Christopher Gies is leading the research group Quantum Optics of Semiconductor Nanostructures at the 
University of Bremen, Germany. His research aims at understanding physical processes on a microscop-
ic level to envision and enable applications in optoelectronics and quantum information technologies 
using solid-state systems. He has studied and worked at universities in Berlin, Otago (New Zealand), and 
Bremen, obtaining his M.Sc. degree on ultracold Bose gases, his Ph.D. on quantum dots in microcavi-
ties, and his habilitation on semiconductor sources for coherent and quantum light.  
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