







    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: 31 August 2015



                    Enhanced optical trapping via structured scattering

                    	Michael A. Taylor1,2, 
	Muhammad Waleed1, 
	Alexander B. StilgoeÂ 
            ORCID: orcid.org/0000-0002-9299-56951, 
	Halina Rubinsztein-Dunlop1,3 & 
	â€¦
	Warwick P. Bowen1,3Â 

Show authors

                    

                    
                        
    Nature Photonics

                        volumeÂ 9,Â pages 669â€“673 (2015)Cite this article
                    

                    
        
            	
                        8389 Accesses

                    
	
                        69 Citations

                    
	
                            19 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Micro-optics
	Optical manipulation and tweezers


    


                
    
    

    
    

                
            


        
            Abstract
Interferometry can completely redirect light, providing the potential for strong and controllable optical forces. However, small particles do not naturally act like interferometric beamsplitters and the optical scattering from them is not generally thought to allow efficient interference. Instead, optical trapping is typically achieved via deflection of the incident field. Here, we show that a suitably structured incident field can achieve beamsplitter-like interactions with scattering particles. The resulting trap offers order-of-magnitude higher stiffness than the usual Gaussian trap in one axis, even when constrained to phase-only structuring. We demonstrate trapping of 3.5â€“10.0â€…Î¼m silica spheres, achieving a stiffness up to 27.5â€‰Â±â€‰4.1 times higher than was possible using Gaussian traps as well as a two-orders-of-magnitude higher measured signal-to-noise ratio. These results are highly relevant to many applications, including cellular manipulation1,2, fluid dynamics3,4, micro-robotics5 and tests of fundamental physics6,7.
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                    Figure 1: Trapping via Mie interference.[image: ]


Figure 2: Trap stiffness of ENTRAPS.[image: ]


Figure 3: Layout of experiment.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Optical trapping and fluorescence control with vectorial structured light
                                        
                                    

                                    
                                        Article
                                         Open access
                                         21 October 2022
                                    

                                

                                AnÃ© Kritzinger, Andrew Forbes & Patricia B. C. Forbes

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Deciphering single- and multi-particle trapping dynamics under femtosecond pulsed excitation with simultaneous spatial and temporal resolution
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 March 2022
                                    

                                

                                Anita Devi, Sumit Yadav & Arijit K. De

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Intracavity optical trapping of microscopic particles in a ring-cavity fiber laser
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 June 2019
                                    

                                

                                Fatemeh Kalantarifard, Parviz Elahi, â€¦ Giovanni Volpe

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Thalhammer, G., Steiger, R., Bernet, S. & Ritsch-Marte, M. Optical macro-tweezers: trapping of highly motile micro-organisms. J. Opt. 13, 044024 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bowman, R. et al. Position clamping in a holographic counterpropagating optical trap. Opt. Express 19, 9908â€“9914 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Franosch, T. et al. Resonances arising from hydrodynamic memory in Brownian motion. Nature 478, 85â€“88 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Jannasch, A., Mahamdeh, M. & SchÃ¤ffer, E. Inertial effects of a small Brownian particle cause a colored power spectral density of thermal noise. Phys. Rev. Lett. 107, 228301 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Palima, D. & GlÃ¼ckstad, J. Gearing up for optical microrobotics: micromanipulation and actuation of synthetic microstructures by optical forces. Laser Photon. Rev. 7, 478â€“494 (2012).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kheifets, S., Simha, A., Melin, K., Li, T. & Raizen, M. G. Observation of Brownian motion in liquids at short times: instantaneous velocity and memory loss. Science 343, 1493â€“1496 (2014).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Li, T., Kheifets, S., & Raizen, M. G. Millikelvin cooling of an optically trapped microsphere in vacuum. Nature Phys. 7, 527â€“530 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Jannasch, A., DemirÃ¶rs, A. F., van Oostrum, P. D. J., van Blaaderen, A. & SchÃ¤ffer, E. Nanonewton optical force trap employing anti-reflection coated, high-refractive-index titania microspheres. Nature Photon. 6, 469â€“473 (2012).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Katz, O., Small, E., & Silberberg, Y. Looking around corners and through thin turbid layers in real time with scattered incoherent light. Nature Photon. 6, 549â€“553 (2012).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mitchem, L. & Reid, J. P. Optical manipulation and characterisation of aerosol particles using a single-beam gradient force optical trap. Chem. Soc. Rev. 37, 756â€“769 (2008).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Baumgartl, J., Mazilu, M. & Dholakia, K. Optically mediated particle clearing using Airy wavepackets. Nature Photon. 2, 675â€“678 (2008).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Chen, J., Ng, J., Lin, Z. & Chan, C. T. Optical pulling force. Nature Photon. 5, 531â€“534 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	BrzobohatÃ½, O. et al. Experimental demonstration of optical transport, sorting and self-arrangement using a â€˜tractor beamâ€™. Nature Photon. 7, 123â€“127 (2013).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hakobyan, D. & Brasselet, E. Left-handed optical radiation torque. Nature Photon. 8, 610â€“614 (2014).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ashkin, A. Forces of a single-beam gradient laser trap on a dielectric sphere in the ray optics regime. Biophys. J. 61, 569â€“582 (1992).
ArticleÂ 
    
                    Google ScholarÂ 
                

	O'Neil, A. T. & Padgett, M. J. Axial and lateral trapping efficiency of Laguerreâ€“Gaussian modes in inverted optical tweezers. Opt. Commun. 193, 45â€“50 (2001).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Nieminen, T. A., Heckenberg, N. R. & Rubinsztein-Dunlop, H. Forces in optical tweezers with radially and azimuthally polarized trapping beams. Opt. Lett. 33, 122â€“124 (2008).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kozawa, Y. & Sato, S. Optical trapping of micrometer-sized dielectric particles by cylindrical vector beams. Opt. Express 18, 10828â€“10833 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Stilgoe, A. B., Nieminen, T. A., KnÃ¶ener, G., Heckenberg, N. R. & Rubinsztein-Dunlop, H. The effect of Mie resonances on trapping in optical tweezers. Opt. Express 16, 15039â€“15051 (2008).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Palima, D. et al. Optical forces through guided light deflections. Opt. Express 21, 581â€“593 (2013).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bowman, R. W. & Padgett, M. J. Optical trapping and binding. Rep. Prog. Phys. 76, 026401 (2013).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Moore, D. C., Rider, A. D. & Gratta, G. Search for millicharged particles using optically levitated microspheres. Phys. Rev. Lett. 113, 251801 (2014).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Geraci, A. A., Papp, S. B. & Kitching, J. Short-range force detection using optically cooled levitated microspheres. Phys. Rev. Lett. 105, 101101 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Huang, R. et al. Direct observation of the full transition from ballistic to diffusive Brownian motion in a liquid. Nature Phys. 7, 576â€“580 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ye, Z. & Sitti, M. Dynamic trapping and two-dimensional transport of swimming microorganisms using a rotating magnetic microrobot. Lab Chip 14, 2177â€“2182 (2014).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Nieminen, T. A. et al. Optical tweezers computational toolbox. J. Opt. A 9, S196â€“S203 (2007).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mazilu, M., Baumgartl, J., Kosmeier, S. & Dholakia, K. Optical eigenmodes; exploiting the quadratic nature of the energy flux and of scattering interactions. Opt. Express 19, 933â€“945 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mazilu, M. & Dholakia, K. Resonance enhanced optical manipulation: the push and pull of light. Proc. SPIE 8458, 845809 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	FarrÃ©, A., MarsÃ , F. & Montes-Usategui, M. Optimized back-focal-plane interferometry directly measures forces of optically trapped particles. Opt. Express 20, 12270â€“12291 (2012).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Tay, J. W., Taylor, M. A. & Bowen, W. P. Sagnac-interferometer-based characterization of spatial light modulators. Appl. Opt. 48, 2236â€“2242 (2009).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This work was supported by the Australian Research Council Discovery Project (contract no. DP140100734) and by the Air Force Office of Scientific Research (grant no. FA2386-14-1-4046). W.P.B. acknowledges support through the Australian Research Council Future Fellowship scheme FF140100650.


Author information
Authors and Affiliations
	School of Mathematics and Physics, University of Queensland, St Lucia, 4072, Queensland, Australia
Michael A. Taylor,Â Muhammad Waleed,Â Alexander B. Stilgoe,Â Halina Rubinsztein-DunlopÂ &Â Warwick P. Bowen

	Research Institute of Molecular Pathology (IMP), Max F. Perutz Laboratories & Research Platform for Quantum Phenomena and Nanoscale Biological Systems (QuNaBioS), University of Vienna, Dr. Bohr Gasse 7-9, Vienna, A-1030, Austria
Michael A. Taylor

	Australian Centre for Engineered Quantum Systems, University of Queensland, St Lucia, 4072, Queensland, Australia
Halina Rubinsztein-DunlopÂ &Â Warwick P. Bowen


Authors	Michael A. TaylorView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Muhammad WaleedView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alexander B. StilgoeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Halina Rubinsztein-DunlopView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Warwick P. BowenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
M.A.T. and W.P.B. conceived and led the project. M.A.T. developed the theoretical concepts and performed the calculations and analysis. A.B.S. and H.R.D. developed the experimental apparatus. M.W. and M.A.T. performed the experiments, with assistance from A.B.S. M.A.T. and W.P.B. wrote the paper with input from all co-authors.
Corresponding author
Correspondence to
                Michael A. Taylor.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary information
Supplementary information (PDF 1212 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Taylor, M., Waleed, M., Stilgoe, A. et al. Enhanced optical trapping via structured scattering.
                    Nature Photon 9, 669â€“673 (2015). https://doi.org/10.1038/nphoton.2015.160
Download citation
	Received: 22 February 2015

	Accepted: 29 July 2015

	Published: 31 August 2015

	Issue Date: October 2015

	DOI: https://doi.org/10.1038/nphoton.2015.160


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

                
                    	
                            
                                
                                    
                                        Non-circularly shaped conical diffraction
                                    
                                

                            
                                
                                    	Muhammad Waqar Iqbal
	Nicolas Marsal
	Germano Montemezzani


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        Optimized anti-reflection core-shell microspheres for enhanced optical trapping by structured light beams
                                    
                                

                            
                                
                                    	Vahid Shahabadi
	Ebrahim Madadi
	Daryoush Abdollahpour


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Optimal wave fields for micromanipulation in complex scattering environments
                                    
                                

                            
                                
                                    	Michael Horodynski
	Matthias KÃ¼hmayer
	Stefan Rotter


                                
                                Nature Photonics (2020)

                            
	
                            
                                
                                    
                                        Self-stabilizing photonic levitation and propulsion of nanostructured macroscopic objects
                                    
                                

                            
                                
                                    	Ognjen Ilic
	Harry A. Atwater


                                
                                Nature Photonics (2019)

                            
	
                            
                                
                                    
                                        Gradient and scattering forces of anti-reflection-coated spheres in an aplanatic beam
                                    
                                

                            
                                
                                    	Neng Wang
	Xiao Li
	Jack Ng


                                
                                Scientific Reports (2018)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
	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: ]
