







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Photonics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature photonics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 20 November 2017



                    Continuous-wave lasing in an organic–inorganic lead halide perovskite semiconductor

                    	Yufei Jia1, 
	Ross A. Kerner2, 
	Alex J. Grede 
            ORCID: orcid.org/0000-0002-9016-60411, 
	Barry P. Rand2 & 
	…
	Noel C. Giebink 
            ORCID: orcid.org/0000-0002-3798-58301 

Show authors

                    

                    
                        
    Nature Photonics

                        volume 11, pages 784–788 (2017)Cite this article
                    

                    
        
            	
                        15k Accesses

                    
	
                        353 Citations

                    
	
                            76 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Diode lasers
	Semiconductor lasers


    


                
    
    

    
    

                
            


        
            Abstract
Hybrid organic–inorganic perovskites have emerged as promising gain media for tunable, solution-processed semiconductor lasers. However, continuous-wave operation has not been achieved so far1,2,3. Here, we demonstrate that optically pumped continuous-wave lasing can be sustained above threshold excitation intensities of ~17 kW cm–2 for over an hour in methylammonium lead iodide (MAPbI3) distributed feedback lasers that are maintained below the MAPbI3 tetragonal-to-orthorhombic phase transition temperature of T ≈ 160 K. In contrast with the lasing death phenomenon that occurs for pure tetragonal-phase MAPbI3 at T > 160 K (ref. 4), we find that continuous-wave gain becomes possible at T ≈ 100 K from tetragonal-phase inclusions that are photogenerated by the pump within the normally existing, larger-bandgap orthorhombic host matrix. In this mixed-phase system, the tetragonal inclusions function as carrier recombination sinks that reduce the transparency threshold, in loose analogy to inorganic semiconductor quantum wells, and may serve as a model for engineering improved perovskite gain media.
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                    Fig. 1: Gain dynamics of MAPbI3 at low temperature.[image: ]


Fig. 2: Continuous-wave lasing characterization.[image: ]


Fig. 3: Continuous-wave lasing dynamics.[image: ]


Fig. 4: Pump-induced MAPbI3 phase evolution.[image: ]
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