







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 20 June 2012



                    Gate-tuning of graphene plasmons revealed by infrared nano-imaging

                    	Z. Fei1, 
	A. S. Rodin1, 
	G. O. Andreev1, 
	W. Bao2,3, 
	A. S. McLeod1, 
	M. Wagner1, 
	L. M. Zhang4, 
	Z. Zhao2, 
	M. Thiemens5, 
	G. Dominguez6, 
	M. M. Fogler1, 
	A. H. Castro Neto7, 
	C. N. Lau2, 
	F. Keilmann8 & 
	â€¦
	D. N. Basov1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 487,Â pages 82â€“85 (2012)Cite this article
                    

                    
        
            	
                        35k Accesses

                    
	
                        1711 Citations

                    
	
                            56 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Nanophotonics and plasmonics


    


                
    
    

    
    

                
            


        
            Abstract
Surface plasmons are collective oscillations of electrons in metals or semiconductors that enable confinement and control of electromagnetic energy at subwavelength scales1,2,3,4,5. Rapid progress in plasmonics has largely relied on advances in device nano-fabrication5,6,7, whereas less attention has been paid to the tunable properties of plasmonic media. One such mediumâ€”grapheneâ€”is amenable to convenient tuning of its electronic and optical properties by varying the applied voltage8,9,10,11. Here, using infrared nano-imaging, we show that common graphene/SiO2/Si back-gated structures support propagating surface plasmons. The wavelength of graphene plasmons is of the order of 200â€‰nanometres at technologically relevant infrared frequencies, and they can propagate several times this distance. We have succeeded in altering both the amplitude and the wavelength of these plasmons by varying the gate voltage. Using plasmon interferometry, we investigated losses in graphene by exploring real-space profiles of plasmon standing waves formed between the tip of our nano-probe and the edges of the samples. Plasmon dissipation quantified through this analysis is linked to the exotic electrodynamics of graphene10. Standard plasmonic figures of merit of our tunable graphene devices surpass those of common metal-based structures.
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                    Figure 1: 
                        Infrared nano-imaging experiment and results.
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Figure 2: 
                        Spatial variation of the electric field and near-field amplitude at the graphene edge.
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Figure 3: 
                        Electrostatically tunable plasmons in back-gated graphene.
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