







    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: 13 July 2015



                    Graphene electro-optic modulator with 30 GHz bandwidth

                    	Christopher T. Phare 
            ORCID: orcid.org/0000-0002-3792-03401, 
	Yoon-Ho Daniel Lee1, 
	Jaime Cardenas1 & 
	…
	Michal Lipson1,2 

Show authors

                    

                    
                        
    Nature Photonics

                        volume 9, pages 511–514 (2015)Cite this article
                    

                    
        
            	
                        21k Accesses

                    
	
                        643 Citations

                    
	
                            19 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Microresonators
	Optical properties and devices
	Photonic devices


    


                
    
    

    
    

                
            


        
            Abstract
Graphene has generated exceptional interest as an optoelectronic material1,2 because its high carrier mobility3,4 and broadband absorption5 promise to make extremely fast and broadband electro-optic devices possible6,7,8,9. Electro-optic graphene modulators previously reported, however, have been limited in bandwidth to a few gigahertz10,11,12,13,14,15 because of the large capacitance required to achieve reasonable voltage swings. Here, we demonstrate a graphene electro-optic modulator based on resonator loss modulation at critical coupling16 that shows drastically increased speed and efficiency. Our device operates with a 30 GHz bandwidth and with a state-of-the-art modulation efficiency of 15 dB per 10 V. We also show the first high-speed large-signal operation in a graphene modulator, paving the way for fast digital communications using this platform. The modulator uniquely uses silicon nitride waveguides, an otherwise completely passive material platform, with promising applications for ultra-low-loss broadband structures and nonlinear optics.
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                    Figure 1: Critical coupling effect.[image: ]


Figure 2: Device design.[image: ]


Figure 3: Electrical response.[image: ]
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