







    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: 23 September 2019



                    Broadband continuous single-mode tuning of a short-cavity quantum-cascade VECSEL

                    	Christopher A. Curwen1, 
	John L. Reno2 & 
	Benjamin S. WilliamsÂ 
            ORCID: orcid.org/0000-0002-6241-83361Â 



                    

                    
                        
    Nature Photonics

                        volumeÂ 13,Â pages 855â€“859 (2019)Cite this article
                    

                    
        
            	
                        5963 Accesses

                    
	
                        63 Citations

                    
	
                            2 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Metamaterials
	Quantum cascade lasers
	Semiconductor lasers


    


                
    
    

    
    

                
            


        
            Abstract
Changing the length of a laser cavity is a simple technique for continuously tuning the wavelength of a laser but is rarely used for broad fractional tuning, with a notable exception of the vertical-cavity surface-emitting laser (VCSEL)1,2. This is because, to avoid mode hopping, the cavity must be kept optically short to ensure a large free spectral range compared to the gain bandwidth of the amplifying material. Terahertz quantum-cascade lasers are ideal candidates for such a short cavity scheme as they demonstrate exceptional gain bandwidths (up to octave spanning)3 and can be integrated with broadband amplifying metasurfaces4. We present such a quantum-cascade metasurface-based vertical-external-cavity surface-emitting laser (VECSEL) that exhibits over 20% continuous fractional tuning of a single laser mode. Such tuning is possible because the metasurface has subwavelength thickness, which allows lasing on low-order Fabryâ€“PÃ©rot cavity modes. Good beam quality and high output power are simultaneously obtained.
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                    Fig. 1: Metasurface cavity design and electromagnetic simulations.[image: ]


Fig. 2: Measurement results on longitudinal mode mâ€‰=â€‰4 with 19% fractional tuning at 77â€‰K.[image: ]


Fig. 3: Measurement results on longitudinal mode mâ€‰=â€‰2 with 25% fractional tuning at 77â€‰K.[image: ]
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