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Solution-processed nanomaterials offer low-cost alternatives to traditional bulk semiconductors, 

promising luminescence and lasing wavelength tunability from blue to infrared. Achieving continuous-

wave and electrically-driven lasing have been sought after for nearly two decades, hampered by 

efficient Auger recombination, high optical gain thresholds, and poor electrical and thermal 

conductivities.  

In this talk I will present our recent advances in controlling the fine structure in colloidal quantum 

dots with the aid of shell-induced biaxial strain. This allowed reducing the optical gain threshold to 

levels enabling sustained CW lasing without thermal runaway.
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A general model of optical gain in a multilevel system, including thermal population, 

inhomogeneous broadening, Poisson statistics, and tuneable biexciton binding energy will be 

presented, focusing on conditions that could reduce the gain threshold even further.
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I will also discuss our recent findings revealing the effects of core volume vs. soft confinement on 

the efficiency of Auger recombination based on atomistic simulations in core-shell structures,
3
 as well 

as our current efforts in electrically injected and IR lasing in colloidal quantum dot films. 

     

Figure 1. Optical gain in colloidal nanostructures. a) Effect of strain on the fine structure and optical gain 

threshold in CdSe/CdS quantum dots. b) TEM image of a biaxially-strained core/shell CdSe/CdS nanocrystal. 

c) Absorption fine structure splitting upon increasing amount of biaxial strain in asymmetric CdSe/CdS quantum 

dots. d) Poisson statistics depicting the distribution of exciton and multiexciton populations in an ensemble of 

quantum dots under varying pump intensities. 
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