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            Abstract
The threats to civil society posed by high-power electromagnetic weapons are viewed as a grim but real possibility in the world after 11 September 2001 (refsÂ 1â€“3). These weapons produce a power surge capable of destroying or damaging sensitive circuitry in electronic systems. Unfortunately, the trend towards circuits with smaller sizes and voltages renders modern electronics highly susceptible to such damage. Radiofrequency communication systems are particularly vulnerable, because the antenna provides a direct port of entry for electromagnetic radiation. Here, we report a type of radiofrequency receiver front end featuring a complete absence of electronic circuitry and metal interconnects, the traditional â€˜soft spotsâ€™ of a conventional radiofrequency receiver. The device exploits a dielectric resonator antenna to capture and deliver the radiofrequency signal onto an electroâ€“optic field sensor. The dielectric approach has an added benefit in that it reduces the physical size of the front end, an important benefit in mobile applications.
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                    Figure 1: Concept of the photonic-assisted all-dielectric RF front-end technology.[image: ]


Figure 2: Details of the receiver front-end design and the resonance spectrum of the electroâ€“optic (EO) resonator.[image: ]


Figure 3: Receiver sensitivity.[image: ]


Figure 4: Detection of the free-space RF signal by the prototype receiver.[image: ]


Figure 5: Measured sensitivity of the prototype receiver.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Plasmonic IQ modulators with attojoule per bit electrical energy consumption
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 April 2019
                                    

                                

                                Wolfgang Heni, Yuriy Fedoryshyn, â€¦ Juerg Leuthold

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        THz-photonics transceivers by all-dielectric phonon-polariton nonlinear nanoantennas
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 March 2022
                                    

                                

                                Unai Arregui Leon, Davide Rocco, â€¦ Costantino De Angelis

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Optically and radiofrequency-transparent metadevices based on quasi-one-dimensional surface plasmon polariton structures
                                        
                                    

                                    
                                        Article
                                        
                                         13 July 2023
                                    

                                

                                Hao-Ran Zu, Bian Wu, â€¦ Tie-Jun Cui

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Special Issue on High-Power Electromagnetics (HPEM) and Intentional Electromagnetic Interference (IEMI). IEEE Trans. EMC 46, 314â€“321 (2004).

	Abrams, M. Dawn of the e-bomb. IEEE Spectrum 40, 24â€“30 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	U.S. Congress. Report of the Commission to Assess the Threat to the United States from Electromagnetic Pulse (EMP) Attack, Vol. 1, Executive Report (2004), http://www.globalsecurity.org/wmd/library/congress/2004_r/04-07-22emp.pdf

	Gong, K., Feng, H., Zhan, R. & Wang, A. Z. H. A study of parasitic effects of ESD protection on RF ICs. IEEE Trans. Microwave Theory Technol. 50, 393â€“402 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ilchenko, V. S., Savchenkov, A. A., Matsko, A. B. & Maleki, L. Sub-microwatt photonic microwave receiver. IEEE Photon. Technol. Lett. 14, 1602â€“1604 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ilchenko, V. S., Savchenkov, A. A., Matsko, A. B. & Maleki, L. Whispering-gallery-mode electro-optic modulator and photonic microwave receiver. J. Opt. Soc. Am. B 20, 333â€“341 (2003).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Cohen, D. A., Houssein-Zadeh, M. & Levi, A. F. J. Microphotonic modulator for a microwave receiver. IEE Electron. Lett. 37, 300â€“301 (2001).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Cohen, D. A. & Levi, A. F. J. Microphotonic components for a mm-wave receiver. Solid State Electron. 45, 495â€“505 (2001).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hossein-Zadeh, M. & Levi, A. F. J. 14.6-GHz LiNbO3 microdisk photonic self-homodyne RF receiver. IEEE Trans. Microwave Theory Tech. 54, 821â€“831 (2006).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Tazawa, H. et al. Ring resonator-based electrooptic polymer traveling-wave modulator. IEEE J. Lightwave Technol. 24, 3514â€“3519 (2006).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Dettmer, R. Dielectric antenna make waves. IEE Rev. 49, 28â€“31 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Petosa, A., Ittipiboon, A., Antar, Y. M. M., Roscoe, D. & Cuhaci, M. Recent advances in dielectric resonator antenna technology. IEEE Trans. Antennas Propag. 40, 35â€“48 (1998).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Long, S. A., McAllister, M. & Shen, L. C. The resonant cylindrical dielectric cavity antenna. IEEE Trans. Antennas Propag. 31, 406â€“412 (1983).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mongia, R. K. & Bhartia, P. Dielectric resonator antennas â€“ a review and general design relations for resonant frequency and bandwidth. Int. J. Microwave Millimeter-Wave Computer-Aided Engineering 4, 230â€“247 (1991).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Institute of Electrical and Electronic Engineers, IEEE standard methods for measuring electromagnetic field strength of sinusoidal continuous waves, 30Â Hz to 30Â GHz no. IEEE Std 291-1991, (IEEE, New York, 1991).

	Panteny, S., Stevens, R. & Bowen, C. R. Characterisation and modelling of barium titanateâ€“silver composites. Integr. Ferroelectr. 63, 131â€“135 (2004).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Tamir, T. Guided-Wave Optoelectronics (Spring-Verlag, Berlin, Heidelberg, 1988).
BookÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This work was supported by DARPA and the U.S. Army. We are grateful to L. Maleki of the Jet Propulsion Laboratory for providing the LiNbO3 microdisk resonator, and to W. Steier of USC, Tatsuo Itoh and D. Solli of UCLA for helpful discussions.


Author information
Authors and Affiliations
	Department of Electrical Engineering, University of California, Los Angeles, 90095-1594, California, USA
Rick C. J. Hsu,Â Ali Ayazi,Â Bijan HoushmandÂ &Â Bahram Jalali


Authors	Rick C. J. HsuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ali AyaziView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bijan HoushmandView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bahram JalaliView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Bahram Jalali.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Hsu, R., Ayazi, A., Houshmand, B. et al. All-dielectric photonic-assisted radio front-end technology.
                    Nature Photon 1, 535â€“538 (2007). https://doi.org/10.1038/nphoton.2007.145
Download citation
	Received: 16 January 2007

	Accepted: 25 June 2007

	Published: 19 August 2007

	Issue Date: September 2007

	DOI: https://doi.org/10.1038/nphoton.2007.145


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

                
                    	
                            
                                
                                    
                                        Integrated microcavity electric field sensors using Pound-Drever-Hall detection
                                    
                                

                            
                                
                                    	Xinyu Ma
	Zhaoyu Cai
	Rong Zeng


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Dual-band dielectric light-harvesting
nanoantennae made by nature
                                    
                                

                            
                                
                                    	Julian Juhi-Lian Ting


                                
                                Applied Physics A (2019)

                            
	
                            
                                
                                    
                                        Microwave Photonic Detector for Measuring Pulsed Electric Field Strengths in the Sub-Nanosecond Region
                                    
                                

                            
                                
                                    	A. V. Sukhov
	K. Yu. Sakharov
	R. A. Rodin


                                
                                Measurement Techniques (2018)

                            
	
                            
                                
                                    
                                        Magnetic and electric coherence in forward- and back-scattered electromagnetic waves by a single dielectric subwavelength sphere
                                    
                                

                            
                                
                                    	J.M. Geffrin
	B. GarcÃa-CÃ¡mara
	F. Moreno


                                
                                Nature Communications (2012)

                            
	
                            
                                
                                    
                                        Optical cleaning of congruent lithium niobate crystals
                                    
                                

                            
                                
                                    	M. KÃ¶sters
	B. Sturman
	K. Buse


                                
                                Nature Photonics (2009)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Focus

                                
                                    Biophotonics
                                

                            
                        

                    
                    
                        
                            
    
        
            
                
                    In the service of national security
                

                
	Lute Maleki



                
    
        
            Nature Photonics
        
        News & Views
        
        
            01 Sept 2007
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
