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                    Abstract
Superconducting integrated circuits based on high-quality Nb–AlOx–Nb and Nb–AlN–NbN tunnel junctions, including a harmonic mixer with a high harmonic number, have been developed, optimized, and investigated. Details of the design, manufacturing methods, and specificities of operation of superconducting elements and circuits for the detection and study of terahertz radiation from cryogenic integrated oscillators are presented. The signal of an integral terahertz oscillator was detected, its power was estimated, and the radiation spectrum was measured with a resolution of about 1 Hz. The synchronization of a superconducting oscillator at any frequency in the range 250–750 GHz with a spectral quality higher than 50% has been realized, and the phase noise of the generator in the PLL mode has been measured.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1. [image: ]


Fig. 2. [image: ]


Fig. 3. [image: ]


Fig. 4. [image: ]


Fig. 5. [image: ]


Fig. 6. [image: ]


Fig. 7. [image: ]


Fig. 8. [image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Generation of Terahertz Radiation Spectra by Radiation Sources Based on Solid-State Micro- and Nanostructures and Detection of Terahertz Spectra
                                        
                                    

                                    
                                        Article
                                        
                                         28 September 2018
                                    

                                

                                E. A. Vilkov, I. N. Dyuzhikov, … S. G. Chigarev

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A microwave cryogenic low-noise amplifier based on sige heterostructures
                                        
                                    

                                    
                                        Article
                                        
                                         01 April 2016
                                    

                                

                                B. I. Ivanov, M. Grajcar, … E. Il’ichev

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Applications using high-Tc superconducting terahertz emitters
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 March 2016
                                    

                                

                                Kurama Nakade, Takanari Kashiwagi, … Kazuo Kadowaki

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    REFERENCES
	T. Nagatsuma, K. Enpuku, F. Irie, and K. Yoshida, J. Appl. Phys. 54, 3302 (1983).
Article 
    
                    Google Scholar 
                

	K. L. Wan, A. K. Jain, and J. E. Lukens, IEEE Trans. Magn. 25, 1076 (1989).
Article 
    
                    Google Scholar 
                

	Y. M. Zhang, D. Winkler, and T. Claeson, Appl. Phys. Lett. 62, 3195 (1993).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, A. V. Shchukin, S. V. Shitov, and L. V. Filippenko, IEEE Trans. Appl. Supercond. 3 (1), 2524 (1993).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, S. V. Shitov, A. V. Shchukin, et al., Appl. Phys. Lett. 69, 699 (1996).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets and S. V. Shitov, Supercond. Sci. Technol. 13 (5), R53 (2000).
Article 
    
                    Google Scholar 
                

	G. de Lange, D. Boersma, J. Dercksen, et al., Supercond. Sci. Technol. 23, 045016 (2010).
Article 
    
                    Google Scholar 
                

	M. Li, J. Yuan, N. Kinev, et al., Phys. Rev. B 86, 060505 (2012).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, S. A. Kovtonyuk, I. L. Serpuchenko, et al., IEEE Trans. Magn. 27, 3141 (1991).
Article 
    
                    Google Scholar 
                

	L. V. Filippenko, S. V. Shitov, P. N. Dmitriev, et al., IEEE Trans. Appl. Supercond. 11, 816 (2001).
Article 
    
                    Google Scholar 
                

	P. N. Dmitriev, I. L. Lapitskaya, L. V. Filippenko, et al., IEEE Trans. Appl. Supercond. 13, 107 (2003).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, A. B. Ermakov, L. V. Filippenko, et al., IEEE Trans. Appl. Supercond. 17, 336 (2007).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, P. N. Dmitriev, M. I. Faley, et al., IEEE Trans. Terahertz Sci. Technol. 5, 687 (2015).
Article 
    
                    Google Scholar 
                

	K. I. Rudakov, P. N. Dmitriev, A. M. Baryshev, et al., Izv. Vyssh. Uchebn. Zaved., Radiofiz. 62, 613 (2019).

                    Google Scholar 
                

	J. R. Tucker and M. J. Feldman, Rev. Mod. Phys. 57, 1055 (1985).
Article 
    
                    Google Scholar 
                

	S. V. Shitov, Integrated Devices on Superconducting Tunnel Junctions for Millimeter and Submillimeter Wave Receivers, Doctoral (Phys. Math.) Dissertation (IRE im. V.A. Kotelnikova RAN, Moscow, 2003).

	V. P. Koshelets, S. V. Shitov, P. N. Dmitriev, et al., Physica C 367, 249 (2002).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, S. V. Shitov, A. V. Shchukin, L. V. Filippenko, P. N. Dmitriev, V. L. Vaks, J. Mygind, A. M. Baryshev, W. Luinge, and H. Golstein, IEEE Transactions on Applied Superconductivity 9, 4133 (1999).
Article 
    
                    Google Scholar 
                

	V. P. Koshelets, S. V. Shitov, L. V. Filippenko, et al., Rev. Sci. Instrum. 71, 289 (2000).
Article 
    
                    Google Scholar 
                

	N. V. Kinev, K. I. Rudakov, L. V. Filippenko, et al., J. Appl. Phys. 125, 151603 (2019).
Article 
    
                    Google Scholar 
                

	N. V. Kinev, K. I. Rudakov, L. V. Filippenko, et al., IEEE Trans. Terahertz Sci. Technol. 9, 557 (2019).
Article 
    
                    Google Scholar 
                

	K. V. Kalashnikov, A. V. Khudchenko, A. B. Baryshev, and V. P. Koshelets, J. Commun. Technol. Electron. 56, 699 (2011).
Article 
    
                    Google Scholar 
                

	K. V. Kalashnikov, A. A. Artanov, L. V. Filippenko, and V. P. Koshelets, Phys. Solid State 58, 2191 (2016).
Article 
    
                    Google Scholar 
                

	K. V. Kalashnikov, A. A. Artanov, G. de Lange, and V. P. Koshelets, IEEE Trans. Appl. Supercond. 28, 2400105 (2018).
Article 
    
                    Google Scholar 
                

	P. N. Dmitriev, L. V. Filippenko, and V. P. Koshelets, Josephson Junctions. History, Devices, and Applications, Ed. by E. Wolf, G. Arnold, M. Gurvitch, and J. Zasadzinski, (CRC Press, Boca Raton, FL, 2017), p. 185.

                    Google Scholar 
                

	V. P. Koshelets, S. V. Shitov, A. V. Shchukin, et al., Phys. Rev. B 56, 5572 (1997).
Article 
    
                    Google Scholar 
                

	M. A. Galin, E. A. Borodianskyi, V. V. Kurin, et al., Phys. Rev. Appl. 9, 054032 (2018).
Article 
    
                    Google Scholar 
                


Download references




Funding
This study was supported by the Russian Science Foundation (project no. 20-42-04415). The tunnel junctions were manufactured at the IRE RAS as part of a state assignment and using Unique Scientific Unit No. 352529.


Author information
Authors and Affiliations
	Kotelnikov Institute of Radio Engineering and Electronics, Russian Academy of Sciences, 125009, Moscow, Russia
P. N. Dmitriev, A. B. Ermakov, N. V. Kinev, O. S. Kiselev, L. V. Filippenko, M. Yu. Fominskii & V. P. Koshelets

	Institute for Physics of Microstructures, Russian Academy of Sciences, 603950, Nizhny Novgorod, Russia
O. S. Kiselev & V. P. Koshelets


Authors	P. N. DmitrievView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	N. V. KinevView author publications
You can also search for this author in
                        PubMed Google Scholar



	O. S. KiselevView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. V. FilippenkoView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	V. P. KosheletsView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                V. P. Koshelets.


Additional information
Translated by E. Chernokozhin


Rights and permissions
Reprints and permissions


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



Cite this article
Dmitriev, P.N., Ermakov, A.B., Kinev, N.V. et al. Superconducting Structures for Study and Phase Synchronization of Integrated Terahertz Oscillators.
                    J. Commun. Technol. Electron. 66, 473–479 (2021). https://doi.org/10.1134/S1064226921040033
Download citation
	Received: 28 April 2020

	Revised: 28 April 2020

	Accepted: 12 November 2020

	Published: 30 April 2021

	Issue Date: April 2021

	DOI: https://doi.org/10.1134/S1064226921040033


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


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        









                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.158.56.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    