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                    Abstract
Using the wide-angle and small-angle X-ray diffraction techniques, the Mo density is obtained as a function of the layer thickness in periodic X-ray Mo/Si mirrors synthesized by magnetron sputtering in an argon atmosphere. By the example of a simulated aperiodic multilayer Mo/Si mirror, the necessity to take into account the real density of Mo and the incorrect use of its tabulated densities is demonstrated.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Influence of Thermal Annealing on the Properties of Multilayer Mo/Be Mirrors
                                        
                                    

                                    
                                        Article
                                        
                                         13 November 2019
                                    

                                

                                R. M. Smertin, S. A. Garakhin, … P. A. Yunin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Study of the Reflectivity and Microstructure of Mo/Be Multilayer Mirrors
                                        
                                    

                                    
                                        Article
                                        
                                         08 December 2023
                                    

                                

                                G. D. Antysheva, N. Kumar, … N. I. Chkhalo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mo/Si Multilayer Mirrors with B4C and Be Barrier Layers
                                        
                                    

                                    
                                        Article
                                        
                                         01 March 2019
                                    

                                

                                S. Yu. Zuyev, D. E. Pariev, … F. Schäfers

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    REFERENCES
	V. Shestov, S. Ulyanov, and E. Vishnyakov, Proc. SPIE 9144, 91443G1 (2002).

	S. Yulin, Proc. SPIE 4782, 196 (2002).
Article 
    
                    Google Scholar 
                

	E. A. Vishnyakov, F. F. Kamenets, and V. V. Kondratenko, Kvantovaya Elektron. 42 (2), 143 (2012).
Article 
    
                    Google Scholar 
                

	P. K. Gaikovich, V. N. Polkovnikov, N. N. Salashchenko, et al., Kvantovaya Elektron. 45 (6), 406 (2016).
Article 
    
                    Google Scholar 
                

	S. A. Garakhin, E. N. Mel’chakov, V. N. Polkovnikov, et al., Kvantovaya Elektron. 47 (4), 378 (2017).
Article 
    
                    Google Scholar 
                

	E. Zoethout and E. Louis, J. Appl. Phys. 120, 115303 (2016).
Article 
    
                    Google Scholar 
                

	A. L. Aquila, F. Salmassi, and F. Dollar, Opt. Express 14, 21 (2006).
Article 
    
                    Google Scholar 
                

	T. Kuhlmann, S. Yulin, and T. Feigl, Proc. SPIE 4782, 1075 (2002).

                    Google Scholar 
                

	M. Lohmann, F. Klabunde, and J. Blasing, Thin Solid Films 342, 127 (1999).
Article 
    
                    Google Scholar 
                

	B. Krause, G. Abadias, and A. Michel, ACS Appl. Mater. Interfaces 8, 34 888 (2016).
Article 
    
                    Google Scholar 
                

	S. Bajt, D. Stearns, and P. Kearney, J. Appl. Phys. 90, 2 (2001).
Article 
    
                    Google Scholar 
                

	S. Yulin, T. Feigl, and T. Kuhlmann, J. Appl. Phys. 92, 1216 (2001).
Article 
    
                    Google Scholar 
                

	E. Zoethout, E. Louis, and F. Bijkerk, J. Appl. Phys. 120, 115 303 (2016).
Article 
    
                    Google Scholar 
                

	A. Patelli, V. Rigato, and G. Salmaso, Surf. Coat. Technol. 201, 143 (2006).
Article 
    
                    Google Scholar 
                

	S. S. Andreev, A. D. Akhsakhalyan, M. A. Bibishkin, et al., Cent. Eur. J. Phys. 1, 191 (2003).

                    Google Scholar 
                

	M. M. Barysheva, Yu. A. Vainer, B. A. Gribkov, et al., Bull. Russ. Acad. Sci.: Phys. 75 (1), 76 (2011).
Article 
    
                    Google Scholar 
                

	D. L. Windt, Comput. Phys. 12 (4), 360 (1998).
Article 
    
                    Google Scholar 
                

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

	P. A. Yunin, Yu. N. Drozdov, M. N. Drozdov, et al., Semiconductors 47 (12), 1556 (2013).
Article 
    
                    Google Scholar 
                

	G. Williamson and W. Hall, Acta Metall. 1, 22 (1953).
Article 
    
                    Google Scholar 
                

	S. V. Shestov, A. S. Ulyanov, E. A. Vishnyakov, et al., Proc. SPIE 9144, 91 443G (2014).
Article 
    
                    Google Scholar 
                


Download references




ACKNOWLEDGMENTS
This work was fulfilled in the context of government assignment of the Institute for Physics of Microstructures of the Russian Academy of Sciences (project no. 0035-2014-0204).
This work was also supported by the Presidium of the Russian Academy of Sciences (Programs: I.1 “Extreme Light Fields and Their Interaction with Matter”, I.2 “Nanostructures: Physics, Chemistry, Biology, Bases of Technologies”, and I.1 “Condensed Matter Physics and New-Generation Materials”) and by the Russian Foundation for Basic Research (grant no. 18-32-00671). The research item on reflectometry was supported by the grant of the Russian Science Foundation 17-12-01227.


Author information
Authors and Affiliations
	Institute for Physics of Microstructures, Russian Academy of Sciences, 607680, Nizhny Novgorod, Russia
Yu. A. Vainer, S. A. Garakhin, V. N. Polkovnikov, N. N. Salashchenko, M. V. Svechnikov, N. I. Chkhalo & P. A. Yunin


Authors	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



	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



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





Corresponding author
Correspondence to
                S. A. Garakhin.


Additional information

                Translated by M. Samokhina
              


Rights and permissions
Reprints and permissions


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



Cite this article
Vainer, Y.A., Garakhin, S.A., Polkovnikov, V.N. et al. Microstructure and Density of Mo Films in Multilayer Mo/Si Mirrors.
                    J. Surf. Investig. 13, 8–13 (2019). https://doi.org/10.1134/S1027451019010208
Download citation
	Received: 24 April 2018

	Revised: 24 April 2018

	Accepted: 24 April 2018

	Published: 08 May 2019

	Issue Date: January 2019

	DOI: https://doi.org/10.1134/S1027451019010208


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: 
	X-ray multilayer mirror
	X-ray diffraction
	thin film density
	coherent-scattering region
	Williamson–Hall plot
	aperiodic mirror








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.205.43.164
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    