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            Abstract
The efficient delivery of photons from light sources to photonic circuits is central to any fibre-optic or integrated optical system. Coupling light emitters to optical fibres or waveguides determines the photon flux available in, and therefore the performance of, photonic devices used in applications such as optical communication and information processing. Many solutions have been proposed to improve impedance matching in light-emitting diode-to-fibre or photonic-crystal cavity-to-waveguide systems; however, the efficient coupling of integrated light sources into nanophotonic circuits remains a challenge. Here, we propose an optically or electrically driven photonic structure that uses active semiconductor nanowires to light up photonic-crystal waveguides. The photonic crystal is used to either guide or filter out different colours of light as desired. In addition, we report an active nanowire-based optical structure that can generate two different colours of light and then send them in opposite directions. The hybrid nanowire/photonic-crystal waveguide represents a significant advance towards all-optical processing in nanoscale integrated photonic circuits and a new addition to the nanophotonic toolbox.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Optical injection from the CdS semiconductor nanowire into the photonic-crystal waveguide.[image: ]


Figure 2: Light injection from an electrically driven nanowire LED structure into a photonic-crystal waveguide.[image: ]


Figure 3: Characterization and modelling of the wavelength-selective nanowire/photonic-crystal structure.[image: ]


Figure 4: PL study of the wavelength-selective nanowire/photonic-crystal structure.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Optomechanical realization of theÂ bosonic Kitaev chain
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Jesse J. Slim, Clara C. Wanjura, â€¦ Ewold Verhagen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Highly efficient vortex generation at the nanoscale
                                        
                                    

                                    
                                        Article
                                        
                                         01 April 2024
                                    

                                

                                Qinmiao Chen, Geyang Qu, â€¦ Shumin Xiao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Integrated optical vortex microcomb
                                        
                                    

                                    
                                        Article
                                        
                                         29 March 2024
                                    

                                

                                Bo Chen, Yueguang Zhou, â€¦ Jin Liu

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Coldren, L. A. & Corzine, S. W. Diode Lasers and Photonic Integrated Circuits (Wiley, New York, 1995).

                    Google ScholarÂ 
                

	Shani, Y., Henry, C. H., Kistler, R. C., Orlowsky, K. J. & Ackerman, D. A. Efficient coupling of a semiconductor-laser to an optical fiber by means of a tapered waveguide on silicon. Appl. Phys. Lett. 55, 2389â€“2391 (1989).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Xu, Y., Lee, R. K. & Yariv, A. Adiabatic coupling between conventional dielectric waveguides and waveguides with discrete translational symmetry. Opt. Lett. 25, 755â€“757 (2000).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Olivier, S. et al. Cascaded photonic crystal guides and cavities: spectral studies and their impact on integrated optics design. IEEE J. Quantum Electron. 38, 816â€“824 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	McNab, S. J., Moll, N. & Vlasov, Y. A. Ultra-low-loss photonic integrated circuit with membrane-type photonic crystal waveguides. Opt. Express 11, 2927â€“2939 (2003).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Notomi, M., Shinya, A., Mitsugi, S., Kuramochi, E. & Ryu, H.-Y. Waveguides, resonators and their coupled elements in photonic crystal slabs. Opt. Express 12, 1551â€“1561 (2004).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Noda, S., Chutinan, A. & Imada, M. Trapping and emission of photons by a single defect in a photonic bandgap structure. Nature 407, 608â€“610 (2000).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Barclay, P. E., Srinivasan, K., Borselli, M. & Painter, O. Efficient input and output fiber coupling to a photonic crystal waveguide. Opt. Lett. 29, 697â€“699 (2004).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Benisty, H., Lourtioz, J. M., Chelnokov, A., Combrie, S. & Checoury, X. Recent advances toward optical devices in semiconductor-based photonic crystals. Proc. IEEE 94, 997â€“1023 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Yu, P. C., Topolancik, J., Chakravarty, S. & Bhattacharya, P. Mode-coupling characteristics and efficiency of quantum-dot electrically injected photonic crystal waveguide-coupled light-emitting diodes. IEEE J. Quantum Electron. 41, 455â€“460 (2005).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Barrelet, C. J., Greytak, A. B. & Lieber, C. M. Nanowire photonic circuit elements. Nano Lett. 4, 1981â€“1985 (2004).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Qian, F., Gradecak, S., Li, Y., Wen, C. Y. & Lieber, C. M. Core/multishell nanowire heterostructures as multicolor, high-efficiency light-emitting diodes. Nano Lett. 5, 2287â€“2291 (2005).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mekis, A. et al. High transmission through sharp bends in photonic crystal waveguides. Phys. Rev. Lett. 77, 3787â€“3790 (1996).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Soljacic, M. & Joannopoulos, J. D. Enhancement of nonlinear effects using photonic crystals. Nature Mater. 3, 211â€“219 (2004).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Barrelet, C. J. et al. Hybrid single-nanowire photonic crystal and microresonator structures. Nano Lett. 6, 11â€“15 (2006).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lide, D. R. (ed.). CRC Handbook of Chemistry and Physics, Internet Version 2007, 87th edn (Taylor & Francis, Boca Raton, FL, 2007).

                    Google ScholarÂ 
                

	Barrelet, C. J., Wu, Y., Bell, D. C. & Lieber C. M. Synthesis of CdS and ZnS nanowires using single-source molecular precursors. J. Am. Chem. Soc. 125, 11498â€“11499 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Park, H.-G. et al. Electrically driven single-cell photonic crystal laser. Science 305, 1444â€“1447 (2004).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Johnson, S. G., Fan, S. H., Villeneuve, P. R., Joannopoulos, J. D. & Kolodziejski, L. A. Guided modes in photonic crystal slabs. Phys. Rev. B 60, 5751â€“5758 (1999).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Loncar, M., Vuckovic, J. & Scherer, A. Methods for controlling positions of guided modes of photonic-crystal waveguides. J. Opt. Soc. Am. B 18, 1362â€“1368 (2001).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ayre, M., Karle, T. J., Wu, L. J., Davies, T. & Krauss, T. F. Experimental verification of numerically optimized photonic crystal injector, Y-splitter, and bend. IEEE J. Sel. Areas Commun. 23, 1390â€“1395 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Khoo, E. H., Liu, A. Q. & Wu, J. H. Nonuniform photonic crystal taper for high-efficiency mode coupling. Opt. Express 13, 7748â€“7759 (2005).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Baba, T., Iwai, T., Fukaya, N., Watanabe, Y. & Sakai, A. Light propagation characteristics of straight single-line-defect waveguides in photonic crystal slabs fabricated into a silicon-on-insulator substrate. IEEE J. Quantum Electron. 38, 743â€“752 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Vahala, K. J. Optical microcavities. Nature 424, 839â€“846 (2003).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Qian, F. et al. Gallium-nitride-based nanowire radial heterostructures for nanophotonics. Nano Lett. 4, 1975â€“1979 (2004).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lauhon, L. J., Gudiksen, M. S., Wang, D. & Lieber, C. M. Epitaxial core-shell and core-multishell nanowire heterostructures. Nature 420, 57â€“61 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Song, B. S., Noda, S. & Asano, T. Photonic devices based on in-plane hetero photonic crystals. Science 300, 1537 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Yu, G., Cao, A. & Lieber, C. M. Large-area blown bubble films of aligned nanowires and carbon nanotubes. Nature Nanotech. 2, 372â€“377 (2007).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank J. K. Yang, M. K. Seo, S. H. Kwon and Y. H. Lee for help with FDTD simulation and W. I. Park for help with fabrication. This work was supported by the Air Force Office of Scientific Research. H.G.P. acknowledged the support of this work by OPERA of the KOSEF and the Seoul R & BD Program.


Author information
Author notes	Hong-Gyu Park and Carl J. Barrelet: These authors contributed equally to this work.


Authors and Affiliations
	Department of Chemistry and Chemical Biology, Harvard University, Cambridge, 02138, Massachusetts, USA
Hong-Gyu Park,Â Carl J. Barrelet,Â Yongning Wu,Â Bozhi Tian,Â Fang QianÂ &Â Charles M. Lieber

	Department of Physics, Korea University, Seoul, 136-701, South Korea
Hong-Gyu Park

	School of Engineering and Applied Sciences, Harvard University, Cambridge, 02138, Massachusetts, USA
Charles M. Lieber


Authors	Hong-Gyu ParkView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Carl J. BarreletView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yongning WuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bozhi TianView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Fang QianView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Charles M. LieberView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Hong-Gyu Park.


Supplementary information

Supplementary Information (PDF 1021 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Park, HG., Barrelet, C., Wu, Y. et al. A wavelength-selective photonic-crystal waveguide coupled to a nanowire light source.
                    Nature Photon 2, 622â€“626 (2008). https://doi.org/10.1038/nphoton.2008.180
Download citation
	Received: 31 January 2008

	Accepted: 30 July 2008

	Published: 07 September 2008

	Issue Date: October 2008

	DOI: https://doi.org/10.1038/nphoton.2008.180


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Huge upconversion luminescence enhancement by a cascade optical field modulation strategy facilitating selective multispectral narrow-band near-infrared photodetection
                                    
                                

                            
                                
                                    	Yanan Ji
	Wen Xu
	Haichun Liu


                                
                                Light: Science & Applications (2020)

                            
	
                            
                                
                                    
                                        Experimental realisation of tunable ferroelectric/superconductor \(({\text {B}} {\text {T}} {\text {O}}/{\text {Y}} {\text {B}}{\text {C}} {\text {O}})_{{\text {N}}}/{\text {S}}{\text {T}}{\text {O}}\) 1D photonic crystals in the whole visible spectrum
                                    
                                

                            
                                
                                    	Luz E. GonzÃ¡lez
	John E. OrdoÃ±ez
	John H. Reina


                                
                                Scientific Reports (2020)

                            
	
                            
                                
                                    
                                        Colour routing with single silver nanorods
                                    
                                

                            
                                
                                    	Xiaolu Zhuo
	Hang Kuen Yip
	Hai-Qing Lin


                                
                                Light: Science & Applications (2019)

                            
	
                            
                                
                                    
                                        Flexible integration of free-standing nanowires into silicon photonics
                                    
                                

                            
                                
                                    	Bigeng Chen
	Hao Wu
	Limin Tong


                                
                                Nature Communications (2017)

                            
	
                            
                                
                                    
                                        Direct observation of exceptional points in coupled photonic-crystal lasers with asymmetric optical gains
                                    
                                

                            
                                
                                    	Kyoung-Ho Kim
	Min-Soo Hwang
	Hong-Gyu Park


                                
                                Nature Communications (2016)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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
	protocols.io
	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 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: ]
