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            Abstract
Dynamic optical isolation with all-optical switching capability is in great demand in advanced optical communications and all-optical signal processing systems. Most conventional optical isolators rely on Faraday rotation and are realized using micro/nanofabrication techniques, but it is not always straightforward to incorporate magneto-optical crystals into these compact systems. Here, we report the experimental demonstration of a reconfigurable all-optical isolator based on optical excitation of a gigahertz guided acoustic mode in a micrometre-sized photonic crystal fibre core. This device has remarkable advantages over its passive counterparts, including a large dynamic range of isolation, fast switching capability and reversibility, which provide new functionality that is useful in various types of all-optical systems. Devices based on similar physical principles could also be realized in CMOS-compatible silicon on-chip platforms.
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                    Figure 1: Principles of unidirectional opto-acoustic interactions.[image: ]


Figure 2: Schematic diagrams of the optically controlled unidirectional optical devices based on forward SIPS.[image: ]


Figure 3: Experimental set-up.[image: ]


Figure 4: Input and output spectra of forward- and backward-propagating signals.[image: ]


Figure 5: Dependence of signal transmission of the device on input control power.[image: ]


Figure 6: Switching characteristics of the device.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Integrated passive nonlinear optical isolators
                                        
                                    

                                    
                                        Article
                                        
                                         01 December 2022
                                    

                                

                                Alexander D. White, Geun Ho Ahn, â€¦ Jelena VuÄ�koviÄ‡

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Electrically driven optical isolation through phonon-mediated photonic Autlerâ€“Townes splitting
                                        
                                    

                                    
                                        Article
                                        
                                         21 October 2021
                                    

                                

                                Donggyu B. Sohn, OÄŸulcan E. Ã–rsel & Gaurav Bahl

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Plasmonic metafibers electro-optic modulators
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 August 2023
                                    

                                

                                Lei Zhang, Xinyu Sun, â€¦ Min Qiu

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Aplet, L. J. & Carson, J. W. A Faraday effect optical isolator. Appl. Opt. 3, 544âˆ’545 (1964).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Shirasaki, M. & Asama, K. Compact optical isolator for fibers using birefringent wedges. Appl. Opt. 21, 4296âˆ’4299 (1982).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sato, T., Sun, J., Kasahara, R. & Kawakami, S. Lens-free in-line optical isolators. Opt. Lett. 24, 1337âˆ’1339 (1999).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Yu, Z. & Fan, S. Complete optical isolation created by indirect interband photonic transitions. Nature Photon. 3, 91âˆ’94 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Manipatruni, S., Robinson, J. T. & Lipson, M. Optical nonreciprocity in optomechanical structures. Phys. Rev. Lett. 102, 213903 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Soljacic, M., Luo, C., Joannopoulos, J. D. & Fan, S. Nonlinear photonic crystal microdevices for optical integration. Opt. Lett. 28, 637âˆ’639 (2003).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Gallo, K., Assanto, G., Parameswaran, K. R. & Fejer, M. M. All-optical diode in a periodically poled lithium niobate waveguide. Appl. Phys. Lett. 79, 314âˆ’316 (2001).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Wang, Q. et al. A bidirectional tunable optical diode based on periodically poled LiNbO3 . Opt. Express 18, 7340âˆ’7346 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Miroshnichenko, A. E., Brasselet, E. & Kivshar, Y. S. Reversible optical nonreciprocity in periodic structures with liquid crystals. Appl. Phys. Lett. 96, 063302 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Carmon, T., Rokhsari, H., Yang, L., Kippenberg, T. J. & Vahala, K. J. Temporal behavior of radiation-pressure-induced vibrations of an optical microcavity phonon mode. Phys. Rev. Lett. 94, 223902 (2005).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Thompson, J. D. et al. Strong dispersive coupling of a high-finesse cavity to a micromechanical membrane. Nature 452, 72âˆ’76 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Eichenfield, M., Chan, J., Camacho, R. M., Vahala, K. J. & Painter, O. Optomechanical crystals. Nature 462, 78âˆ’82 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kang, M. S., Brenn, A. & Russell, P. St. J. All-optical control of gigahertz acoustic resonances by forward stimulated interpolarization scattering in a photonic crystal fiber. Phys. Rev. Lett. 105, 153901 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kang, M. S., Nazarkin, A., Brenn, A. & Russell, P. St. J. Tightly trapped acoustic phonons in photonic crystal fibres as highly nonlinear artificial Raman oscillators. Nature Phys. 5, 276âˆ’280 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Dainese, P. et al. Stimulated Brillouin scattering from multi-GHz-guided acoustic phonons in nanostructured photonic crystal fibres. Nature Phys. 2, 388âˆ’392 (2006).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Xiao, L., Demokan, M. S., Jin, W., Wang, Y. & Zhao, C.-L. Fusion splicing photonic crystal fibers and conventional single-mode fibers: microhole collapse effect. J. Lightwave Technol. 25, 3563âˆ’3574 (2007).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Peral, E. & Yariv, A. Degradation of modulation and noise characteristics of semiconductor lasers after propagation in optical fiber due to a phase shift induced by stimulated Brillouin scattering. IEEE J. Quantum Electron. 35, 1185âˆ’1195 (1999).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Biryukov, A. S., Sukharev, M. E. & Dianov, E. M. Excitation of sound waves upon propagation of laser pulses in optical fibres. Quantum Electron. 32, 765âˆ’775 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Wiederhecker, G. S., Brenn, A., Fragnito, H. L. & Russell, P. St. J. Coherent control of ultrahigh-frequency acoustic resonances in photonic crystal fibers. Phys. Rev. Lett. 100, 203903 (2008).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Abedin, K. S. Stimulated Brillouin scattering in single-mode tellurite glass fiber. Opt. Express 14, 11766âˆ’11772 (2006).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Pernice, W. H. P., Li, M. & Tang, H. X. A mechanical Kerr effect in deformable photonic media. Appl. Phys. Lett. 95, 123507 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Max Planck Institute for the Science of Light, Guenther-Scharowsky-Str. 1/Bau 24, Erlangen, 91058, Germany
M. S. Kang,Â A. ButschÂ &Â P. St. J. Russell


Authors	M. S. KangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A. ButschView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	P. St. J. RussellView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
P.St.J.R. conceived the idea. M.S.K. designed and performed the experiments. M.S.K. and A.B. carried out the theoretical analysis. All authors discussed the results and wrote the manuscript.
Corresponding author
Correspondence to
                M. S. Kang.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Kang, M., Butsch, A. & Russell, P. Reconfigurable light-driven opto-acoustic isolators in photonic crystal fibre.
                    Nature Photon 5, 549â€“553 (2011). https://doi.org/10.1038/nphoton.2011.180
Download citation
	Received: 06 April 2011

	Accepted: 07 July 2011

	Published: 14 August 2011

	Issue Date: September 2011

	DOI: https://doi.org/10.1038/nphoton.2011.180


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    A non-magnetic approach
                

                
	Zongfu Yu
	Shanhui Fan



                
    
        
            Nature Photonics
        
        News & Views
        
        
            30 Aug 2011
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Photonics (Nat. Photon.)
                
                
    
    
        ISSN 1749-4893 (online)
    
    


                
    
    
        ISSN 1749-4885 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
