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                    Abstract
A set of multilayer X-ray mirrors for an upgraded version of the double-mirror monochromator installed on the VEPP-5 synchrotron of the Budker Institute of Nuclear Physics is fabricated, its constituent parts are optimized, and its X-ray optical characteristics are studied. Due to the use of seven subbands, for each of which an optimal pair of materials is chosen, the mirror set ensures high reflection coefficients—ranging from 10 to 75%— for a wide range of photon energies from 80 to 3000 eV and wavelengths from 0.413 to 15.48 nm. The principles of optimization of material pairs are reported. For the first time, multilayer mirrors based on the W/Be pair of materials are fabricated and studied.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Optical metalenses: fundamentals, dispersion manipulation, and applications
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 May 2022
                                    

                                

                                Yongli He, Boxiang Song & Jiang Tang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        X-Ray Detectors
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Advances in Optics and Exposure Devices Employed in Excimer Laser/EUV Lithography
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    REFERENCES
	N. G. Gavrilov, A. A. Legkodymov, A. D. Nikolenko, et al., Poverkhnost, No. 1, 129 (2000).

                    Google Scholar 
                

	N. I. Chkhalo, M. V. Fedorchenko, N. V. Kovalenko, et al., Nucl. Instrum. Methods Phys. Res. 359, 121 (1995).
Article 
    
                    Google Scholar 
                

	E. P. Kruglyakov, A. D. Nikolenko, E. P. Semenov, et al., Poverkhnost, No. 1, 151 (1999).

                    Google Scholar 
                

	A. D. Nikolenko, S. A. Avakyan, I. M. Afanas’ev, et al., J. Surf. Invest.: X-ray, Synchrotron Neutron Tech. 6 (3), 388 (2012).
Article 
    
                    Google Scholar 
                

	A. D. Akhsakhalyan, E. B. Klyuenkov, A. Ya. Lopatin, et al., J. Surf. Invest.: X-ray, Synchrotron Neutron Tech. 11 (1), 1–19 (2017).  https://doi.org/10.1134/S1027451017010049
                        
Article 
    
                    Google Scholar 
                

	N. I. Chkhalo, N. N. Salashchenko, and M. V. Zorina, Rev. Sci. Instrum. 86, 016 102 (2015). https://doi.org/10.1063/1.4905336
                        
Article 
    
                    Google Scholar 
                

	C. Montcalm, P. A. Kearney, J. M. Slaughter, et al., Appl. Opt. 35 (25), 5134 (1996).
Article 
    
                    Google Scholar 
                

	M. M. Barysheva, A. E. Pestov, N. N. Salashchenko, et al., Usp. Fiz. Nauk 182 (7), 727 (2012).
Article 
    
                    Google Scholar 
                

	S. Bajt, J. Alameda, T. Barbee, et al., Opt. Eng. 41 (8), 1797 (2002).
Article 
    
                    Google Scholar 
                

	A. E. Yakshin, R. W. E. van de Kruijs, I. Nedelcu, et al., Proc. SPIE 6517, 65 170 (2007).
Article 
    
                    Google Scholar 
                

	C. Montcalm, S. Bajt, P. B. Mirkarimi, et al., Proc. SPIE 3331, 42 (1998).
Article 
    
                    Google Scholar 
                

	B. Sae-Lao, S. Bajt, C. Montcalm, and J. F. Seely, Appl. Opt. 41 (13), 2394 (2002).
Article 
    
                    Google Scholar 
                

	D. L. Windt, S. Donguy, J. Seely, et al., Proc. SPIE 5168, 1 (2004).
Article 
    
                    Google Scholar 
                

	D. L. Windt and E. M. Gullikson, Appl. Opt. 54 (18), 5850 (2015).
Article 
    
                    Google Scholar 
                

	D. Xu, Q. Huang, Y. Wang, et al., Opt. Express 23 (26), 33 018 (2015).
Article 
    
                    Google Scholar 
                

	A. F. Jankowski and P. L. Perry, Thin Solid Films 206, 365 (1991).
Article 
    
                    Google Scholar 
                

	N. I. Chkhalo, S. Künstner, V. N. Polkovnikov, et al., Appl. Phys. Lett. 102, 011 602 (2013).
Article 
    
                    Google Scholar 
                

	D. S. Kuznetsov, A. E. Yakshin, J. M. Sturm, et al., Opt. Lett. 40 (16), 3778 (2015).
Article 
    
                    Google Scholar 
                

	A. V. Andreev, Yu. V. Ponomarev, I. R. Prudnikov, and N. N. Salashchenko, Poverkhnost, No. 1, 50 (1999).

                    Google Scholar 
                

	M. Wen, Q. Huang, S. Ma, et al., Opt. Express 24 (24), 27 166 (2016).
Article 
    
                    Google Scholar 
                

	V. A. Chernov, N. I. Chkhalo, M. V. Fedorchenko, et al., J. X-Ray Sci. Technol. 5, 389 (1995).
Article 
    
                    Google Scholar 
                

	N. N. Salashchenko and E. A. Shamov, Opt. Commun. 134, 7 (1997).
Article 
    
                    Google Scholar 
                

	N. Ghafoor, P. O. Persson, J. Birch, et al., Appl. Opt. 45 (1), 137 (2006).
Article 
    
                    Google Scholar 
                

	Q. Huang, J. Fei, Y. Liu, et al., Opt. Lett. 41 (4), 701 (2016).
Article 
    
                    Google Scholar 
                

	D. L. Windt, F. E. Christensen, W. W. Craig, et al., J. Appl. Phys. 88 (1), 460 (2000).
Article 
    
                    Google Scholar 
                

	M. S. Bibishkin, N. I. Chkhalo, A. A. Fraerman, et al., Nucl. Instrum. Methods Phys. Res., Sect. A 543, 333 (2005).

                    Google Scholar 
                

	S. S. Andreev, M. S. Bibishkin, N. I. Chkhalo, et al., J. Synchrotron Radiat. 10, 358 (2003).
Article 
    
                    Google Scholar 
                

	S. A. Bogachev, N. I. Chkhalo, S. V. Kuzin, et al., Appl. Opt. 55 (9), 2126 (2016).
Article 
    
                    Google Scholar 
                

	N. Chkhalo, S. Gusev, A. Nechay, et al., Opt. Lett. 42 (24), 5070 (2017).
Article 
    
                    Google Scholar 
                

	N. I. Chkhalo, D. E. Pariev, V. N. Polkovnikov, et al., Thin Solid Films 631, 106 (2017).
Article 
    
                    Google Scholar 
                

	M. S. Bibishkin, D. P. Chekhonadskih, N. I. Chkhalo, et al., Proc. SPIE 5401, 8 (2004).
Article 
    
                    Google Scholar 
                

	M. Svechnikov, D. Pariev, A. Nechay, et al., J. Appl. Crystallogr. 50, 1428 (2017).
Article 
    
                    Google Scholar 
                

	L. Névot and P. Croce, Rev. Phys. Appl. 15, 761 (1980).
Article 
    
                    Google Scholar 
                

	S. S. Andreev, M. M. Barysheva, N. I. Chkhalo, et al., Tech. Phys. 55 (8), 1168 (2010).
Article 
    
                    Google Scholar 
                

	I. A. Makhotkin, E. Zoethout, R. van de Kruijs, et al., Opt. Express 21, 29 894 (2013).
Article 
    
                    Google Scholar 
                


Download references




ACKNOWLEDGMENTS
Works on upgrading the monochromator of the Kosmos station and on fabricating the majority of mirrors were performed using equipment of the Center for Collective Use “Siberian Center of Synchrotron and Terahertz Radiation” based on the VEPP-4 synchrotron of the Institute of Nuclear Physics, Siberian Branch, Russian Academy of Sciences, under financial support of the Ministry of Education and Science of the Russian Federation, project unique identification no. RFMEFI62117X0012. In the part of the sputtering of W/Be coatings, the works were performed using equipment of the Center for Collective Use “Physics and Technology of Micro- and Nanostructures” of the Institute of Physics of Microstructures, Russian Academy of Sciences, under financial support of the Russian Science Foundation and the German Research Foundation (RNF–DFG, grant no. 16-42-01034), the Russian Foundation for Basic Research (grant nos. 17-52-150006, 18-02-00588, 18-07-00633, and 18-02-00173), and also within State Assignment no. 0035-2014-0204 for the Institute of Physics of Microstructures, Russian Academy of Sciences, under Programs I.1. Physics of Condensed Matter and New-Generation Materials and I.2. Nanostructures: Physics, Chemistry, Biology, and Basics of Technologies of the Russian Academy of Sciences.


Author information
Authors and Affiliations
	Institute of Physics of Microstructures, Russian Academy of Sciences, 607680, Nizhny Novgorod, Russia
A. A. Akhsakhalyan, Yu. A. Vainer, S. A. Garakhin, S. Yu. Zuev, A. N. Nechay, D. E. Pariev, R. S. Pleshkov, V. N. Polkovnikov, N. N. Salashchenko, M. V. Svechnikov & N. I. Chkhalo

	Budker Institute of Nuclear Physics, Siberian Branch, Russian Academy of Sciences, 630090, Novosibirsk, Russia
K. A. Elina, P. S. Zavertkin, D. V. Ivlyushkin & A. D. Nikolenko


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



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



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



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



	P. S. ZavertkinView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. Yu. ZuevView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. V. IvlyushkinView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



	D. E. ParievView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



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



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



	N. I. ChkhaloView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                N. I. Chkhalo.


Additional information

                Translated by O. Kadkin
              


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



Cite this article
Akhsakhalyan, A.A., Vainer, Y.A., Garakhin, S.A. et al. Set of Multilayer X-Ray Mirrors for a Double-Mirror Monochromator Operating in the Wavelength Range of 0.41–15.5 nm.
                    J. Surf. Investig. 13, 1–7 (2019). https://doi.org/10.1134/S1027451019010026
Download citation
	Received: 03 March 2018

	Revised: 12 March 2018

	Accepted: 12 March 2018

	Published: 08 May 2019

	Issue Date: January 2019

	DOI: https://doi.org/10.1134/S1027451019010026


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
                        


Keywords: 
	multilayer X-ray mirror
	synchrotron radiation
	X-ray spectrometry








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.223.80.149
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    