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            Abstract
Organic microcavities offer tantalizing prospects for studying the interactions of light and matter. For electrical excitation of these processes, electrodes must be integrated. However, the large absorption properties of metals are generally considered fatal for optical coherence. With this in mind, we embedded a thin silver grating into an organic microcavity to generate periodic arrays of localized cavity modes and metal-based Tamm plasmon polaritons. These excited states are capable of phase coupling across the grating. At room temperature and under non-resonant pumping, we selectively stimulated coherent emission from in- and out-of-phase locked arrays. We show that an absorptive metal inside an optical cavity is compatible with coherent emission. Most importantly, the inherently low residual absorption of the organic layer enables coherence to spread over macroscopic distances, even at room temperature. Our strategy of embedding metal patterns into an organic microcavity yields a viable route towards electrically driven organic solid-state lasers.
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                    Figure 1: Organo–metallic microcavity and emission spectra.[image: ]


Figure 2: Analysis of the resonances.[image: ]


Figure 3: Coherent emission from a periodically patterned microcavity.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Van der Waals heterostructure polaritons with moiré-induced nonlinearity
                                        
                                    

                                    
                                        Article
                                        
                                         03 March 2021
                                    

                                

                                Long Zhang, Fengcheng Wu, … Hui Deng

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Microcavity phonoritons – a coherent optical-to-microwave interface
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 September 2023
                                    

                                

                                Alexander Sergeevich Kuznetsov, Klaus Biermann, … Paulo Ventura Santos

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Characterization of higher harmonic modes in Fabry–Pérot microcavity organic light emitting diodes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 April 2021
                                    

                                

                                Ekraj Dahal, David Allemeier, … Matthew S. White

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Weissman, C., Nishioka, M., Ishikawa, A. & Arakawa, Y. Observation of the coupled exciton–photon mode splitting in a semiconductor quantum microcavity. Phys. Rev. Lett. 69, 3314–3317 (1992).
Article 
    ADS 
    
                    Google Scholar 
                

	Malpuech, G., Kavokin, A., Di Carlo, A. & Baumberg, J. J. Polariton lasing by exciton–electron scattering in semiconductor microcavities. Phys. Rev. B 65, 153310 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	Amo, A. et al. Collective fluid dynamics of a polariton condensate in a semiconductor microcavity. Nature 457, 291–295 (2009).
Article 
    ADS 
    
                    Google Scholar 
                

	Utsunomiya, S. et al. Observation of Bogoliubov excitations in exciton–polariton condensates. Nature Phys. 4, 700–705 (2008).
Article 
    
                    Google Scholar 
                

	Deng, H., Weihs, G., Santori, C., Bloch, J. & Yamamoto, Y. Condensation of semiconductor microcavity exciton polaritons. Science 298, 199–202 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	Kasprzak, J. et al. Bose–Einstein condensation of exciton polaritons. Nature 443, 409–414 (2006).
Article 
    ADS 
    
                    Google Scholar 
                

	Reithmaier, J. P. et al. Size dependence of confined optical modes in photonic quantum dots. Phys. Rev. Lett. 78, 378–381 (1997).
Article 
    ADS 
    
                    Google Scholar 
                

	Bayer, M. et al. Optical modes in photonic molecules. Phys. Rev. Lett. 81, 2582–2585 (1998).
Article 
    ADS 
    
                    Google Scholar 
                

	Cerda-Mendez, E. et al. Polariton condensation in dynamic acoustic lattices. Phys. Rev. Lett. 105, 116402 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	Richard, M. et al. Experimental evidence for nonequilibrium Bose condensation of exciton polaritons. Phys. Rev. B 72, 201301(R) (2005).
Article 
    ADS 
    
                    Google Scholar 
                

	Wouters, M. Synchronized and desynchronized phases of coupled nonequilibrium exciton–polariton condensates. Phys. Rev. B 77, 121302(R) (2008).
Article 
    ADS 
    
                    Google Scholar 
                

	Kena-Cohen, S. & Forrest, S. R. Room-temperature polariton lasing in an organic single-crystal microcavity. Nature Photon. 4, 371–375 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	Klaers, J., Schmitt, J., Vewinger, F. & Weitz, M. Bose–Einstein condensation of photons in an optical microcavity. Nature 468, 545–548 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	Kersting, R. et al. Femtosecond energy relaxation in π-conjugated polymers. Phys. Rev. Lett. 70, 3820–3823 (1993).
Article 
    ADS 
    
                    Google Scholar 
                

	Brückner, R. et al. Hybrid optical Tamm states in a planar dielectric microcavity. Phys. Rev. B 83, 033405 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Sasin, M. E. et al. Tamm plasmon polaritons: slow and spatially compact light. Appl. Phys. Lett. 92, 251112 (2008).
Article 
    ADS 
    
                    Google Scholar 
                

	Kaliteevski, M. et al. Tamm plasmon-polaritons: possible electromagnetic states at the interface of a metal and a dielectric Bragg mirror. Phys. Rev. B 76, 165415 (2007).
Article 
    ADS 
    
                    Google Scholar 
                

	Kaliteevski, M. et al. Hybrid states of Tamm plasmons and exciton polaritons. Appl. Phys. Lett. 9, 251108 (2009).
Article 
    ADS 
    
                    Google Scholar 
                

	Brückner, R., Sudzius, M., Fröb, H., Lyssenko, V. G. & Leo, K. Saturation of laser emission in a small mode volume organic microcavity. J. Appl. Phys. 109, 103116 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Langner, M. et al. Strong optical confinement and multimode emission of organic photonic dots. Appl. Phys. Lett. 91, 181119 (2007).
Article 
    ADS 
    
                    Google Scholar 
                

	Maier, S. A. Plasmonics: Fundamentals and Applications (Springer-Verlag, 2007).
Book 
    
                    Google Scholar 
                

	Søndergaard, T. & Bozhevolnyi, S. I. Strip and gap plasmon polariton optical resonators. Phys. Status Solidi (b) 245, 9–19 (2008).
Article 
    ADS 
    
                    Google Scholar 
                

	Lai, C. W. et al. Coherent zero-state and π-state in an exciton–polariton condensate array. Nature 450, 529–532 (2007).
Article 
    ADS 
    
                    Google Scholar 
                

	Bulović, V., Kozlov, V. G., Khalfin, V. B. & Forrest, S. R. Transform-limited, narrow-linewidth lasing action in organic semiconductor microcavities. Science 279, 553–555 (1998).
Article 
    ADS 
    
                    Google Scholar 
                

	Johnson, P. B. & Christy, R. W. Optical constants of the noble metals. Phys. Rev. B 6, 4370–4379 (1972).
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was supported by the Deutsche Forschungsgemeinschaft (DFG projects LE 747/37-1 and LE 747/41-1) and by the Bundesministerium für Bildung und Forschung (BMBF) through the InnoProfile Project (03IP602). A.Z. gratefully acknowledges financial support as a fellow of the Humboldt Foundation.


Author information
Authors and Affiliations
	Institut für Angewandte Photophysik, Technische Universität Dresden, Dresden, 01062, Germany
R. Brückner, A. A. Zakhidov, R. Scholz, M. Sudzius, S. I. Hintschich, H. Fröb, V. G. Lyssenko & K. Leo


Authors	R. BrücknerView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. A. ZakhidovView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. ScholzView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. SudziusView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. I. HintschichView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. FröbView author publications
You can also search for this author in
                        PubMed Google Scholar



	V. G. LyssenkoView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. LeoView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
R.B. and A.A.Z. designed and produced the sample. V.G.L. built the microphotoluminescence set-up. R.B. and V.G.L. performed the angle- and spatially resolved measurements. R.S. and R.B. calculated the dispersions and performed the Fourier analysis. S.I.H., H.F. and K.L. coordinated the DFG projects and motivated the work. All authors discussed the data and wrote the manuscript.
Corresponding author
Correspondence to
                K. Leo.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary information
Supplementary information (PDF 1165 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Brückner, R., Zakhidov, A., Scholz, R. et al. Phase-locked coherent modes in a patterned metal–organic microcavity.
                    Nature Photon 6, 322–326 (2012). https://doi.org/10.1038/nphoton.2012.49
Download citation
	Received: 23 January 2012

	Accepted: 15 February 2012

	Published: 08 April 2012

	Issue Date: May 2012

	DOI: https://doi.org/10.1038/nphoton.2012.49


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

                
                    	
                            
                                
                                    
                                        Ideal nodal rings of one-dimensional photonic crystals in the visible region
                                    
                                

                            
                                
                                    	Wei-Min Deng
	Ze-Ming Chen
	Jian-Wen Dong


                                
                                Light: Science & Applications (2022)

                            
	
                            
                                
                                    
                                        High quality factor confined Tamm modes
                                    
                                

                            
                                
                                    	C. Symonds
	S. Azzini
	J. Bellessa


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Enhancement of spontaneous emission in Tamm plasmon structures
                                    
                                

                            
                                
                                    	A. R. Gubaydullin
	C. Symonds
	M. A. Kaliteevski


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Experimental Demonstration of Reduced Light Absorption by Intracavity Metallic Layers in Tamm Plasmon-based Microcavity
                                    
                                

                            
                                
                                    	M. A. Kaliteevski
	A. A. Lazarenko
	A. Yu. Egorov


                                
                                Plasmonics (2015)

                            
	
                            
                                
                                    
                                        Keep it coherent
                                    
                                

                            
                                
                                    	Michiel Wouters


                                
                                Nature Photonics (2012)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Keep it coherent
                

                
	Michiel Wouters



                
    
        
            Nature Photonics
        
        News & Views
        
        
            02 May 2012
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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 — 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: ]
