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Nb3Sn: ALTERNATE SRF CAVITY MATERIAL 

• Nb cavities are approaching the 
intrinsic material limit and expensive 
to run.  

• Higher Tc and Hsh of Nb3Sn promise 
potential cavity operation at 4.2 K 
and  higher Eacc. 

• Researched since 1970s, Nb3Sn is a 
challenging material for cavity 
fabrication. 

 

Nb Nb3Sn 

Tc 9.2 K 18.3 K 

Hsh ~200 mT ~400 mT 

S. Posen and M. Liepe, LINAC 2014, TUIOC03 



Nb3Sn COATING PROCESS 
• Tin vapor diffusion is a promising 

coating technique. 
• Two steps: Nucleation followed by 

Deposition. 
 

 
 
 

 
 

Nb substrate covered 
with oxide layer 

 

SnCl2 evaporates early 
on, depositing tin sites 

 

Oxide layer disappears 
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Nb3Sn coating at Jlab 



EXPERIMENTAL STUDIES 
•  Nucleation Experiments 

– Characteristics of nucleated surface 
– Effect of changing nucleation parameters  

•  Coating Interruption Experiments  
– How does the final composition/topography/crystallography of the coating 

develop?  
 

0.5 g 99.99%  
SnCl2 per pkg.  

1 g 99.9999%  
Sn per pkg.  



Nucleation Time Variation @ 500oC 

Nucleation Temperature Variation   

4 hr @ 500oC 5 min @ 500oC 1 hr @ 500oC  

1 hour @ 450oC 1 hour @ 500oC 

Nb Sn 

1 hour @ 400oC 

SEM/EDS : < 10% Sn 
coverage  

XPS shows more tin ! No Chlorine. 
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Supplementary Analysis 

1 hr @ 500oC  

 
Tin film + tin particles 

More tin! 

SAM tin mapping 

AFM 

Sn 
Particles  



TOPOGRAPHY EVOLUTION 

• Nb3Sn coated surfaces are rough; independent 
of substrate preparation. 
 
 
 
 

• Substantial topography develops during 
deposition step. 

500 ºC x 1hr 1200 ºC x 1 min 1200 ºC x 1hr 1200 ºC x 3 hr 

1 μm x 1 μm 5 μm x 5 μm 5 μm x 5 μm 5 μm x 5 μm 

x  200 nm/div 
z  500 nm/div 

x  1 μm/div 
z  200 nm/div 

x  1 μm/div 
z  500 nm/div x  1 μm/div 

z 1  μm/div 



CRYSTALLOGRAPHY 

Columnar grain Non Columnar grains 

Nb 

Nb Nb 

Nb3Sn 

Nb3Sn 

No evident effect of substrate grain orientation into that of final 
coating. 



SUMMARY 

 SnCl2 deposits tin particles and tin film on the niobium 
surface.  
 No Chlorine. 
 Roughness was found to increase during Nb3Sn growth 
process during deposition. 
No explicit evidence that substrate grain orientation influences 
the grain orientation of final coating. 
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