







    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: 26 February 2018



                    Universal impedance matching and the perfect transmission of white light

                    	Ku ImÂ 
            ORCID: orcid.org/0000-0002-4454-38891Â na1, 
	Ji-Hun KangÂ 
            ORCID: orcid.org/0000-0002-2201-16891Â na1 & 
	Q-Han Park1Â 



                    

                    
                        
    Nature Photonics

                        volumeÂ 12,Â pages 143â€“149 (2018)Cite this article
                    

                    
        
            	
                        8731 Accesses

                    
	
                        53 Citations

                    
	
                            7 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Nanophotonics and plasmonics
	Transformation optics


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Publisher Correction to this article was published on 05 June 2018

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Light is reflected at the interface between heterogeneous media due to the mismatch of impedance1,2,3. Removing this mismatch using additional materials, a technique known as anti-reflection, has so far been restricted to specific frequencies and incidence angles3,4,5,6,7. The anti-reflection of white light, which requires the simultaneous matching of impedance over extremely wide angular and spectral ranges, has until now been considered impossible. Here, we develop a theory of universal impedance matching and introduce a matching layer that enables the perfect transmission of white light. The ability of a matching layer to assist in omnidirectional and frequency-independent anti-reflection has been confirmed analytically and numerically. We explain the feasibility of a universal matching layer using metamaterials, and demonstrate a transmission rate of over 99% for white light in the visible range with a double-layered dielectric metamaterial. This is confirmed experimentally by demonstrating the omnidirectional anti-reflection of microwaves in heterogeneous media.
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                    Fig. 1: Perfect transmission of white light with a universal impedance matching layer.[image: ]


Fig. 2: Omnidirectional and frequency-independent anti-reflection and transmission.[image: ]


Fig. 3: Metamaterial realization of the UIML.[image: ]


Fig. 4: Microwave measurement of reflectance using a metamaterial UIML.[image: ]
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