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Motivation

• TESLA shaped 
cavities are 
reaching close to 
the fundamental 
limit of niobium, 
which should be ~ 
50 MV/m. Hence, 
we have interest in 
new materials.

T ~ 1.8 K
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The best results with new materials

Eacc = 5 MV/m

Eacc = 15 MV/m



Cornell Nb3Sn Furnace Insert
• Vapor diffusion coating 

method from Wuppertal

• Crucible of Sn is heated in 

an evacuated chamber

• Evaporated tin coats Nb

sample in the chamber

• Insert is compatible with 

existing UHV furnace

• SnCl2 nucleates growth

• Independently control Nb, 

Sn temperatures
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Outlook and Plans
• Characterize Nb3Sn coatings with surface studies

• Measure RF performance with Cornell TE cavities

• All parts obtained for insert, and machining almost done; 

hope to start coating mid-November

• Once process parameters optimized, coat cavities

• Use thermometry and Cornell OST quench detection to 

locate any weak areas in coating during RF tests

• Dissect cavities so that surface studies can be performed on 

weak areas

• Use this feedback to improve coating technique

Courtesy of Matthias Liepe and Sam Posen, Cornell University 



New material cavity at JLab

• We also would like to coat a cavity with Nb3Sn with good control and 
flexibility over coating parameters, because superconducting properties 
depends crucially on stoichiometry: from 18 to 25 at. % Sn, the 
superconducting transition temperature of Nb3Sn changes from about 6 K 
to 18.3 K, and its upper critical field from 6 T to 30 T

• Therefore, the idea is to stabilize the optimal stoichiometry by creating a 
dielectric diffusion barrier between the niobium substrate and Nb3Sn film

Nb cavity (EP + bake)

Dielectric diffusion barrier 

Thick film of Nb3Sn



New material cavity at JLab

• Atomic Layer Deposition technique seems to 
be the best approach to creating a dielectric 
diffusion barrier
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New material cavity at JLab

• Sputtering seems to be the best approach to 
deposit Nb and Sn on SRF cavity surface

• After sputtering, apply annealing in order to 
achieve the desirable phase



New material cavity at JLab

• Ideally, we would like to built a system 
specifically design for 1.3 ILC cavity ALD and 
sputtering coating. This will allow control and 
flexibility.  

Nb cavity (EP + bake)

Diffusion barrier (ALD)

Thick film of Nb3Sn (co-sputtering + furnace)



Timeline

1st year Identify critical parameters for ALD and sputtering systems, and design ALD
and sputtering systems around those parameters to coat SRF cavity

2st year Build ALD and sputtering systems

3st year Commissioning and studies of coated samples with RF and surface studies 
techniques

4st year Studies of coated samples with RF and surface studies techniques, studies 
of coated cavities with RF and thermometry, cavity dissections studies

5st year Studies of coated cavities with RF and thermometry, cavity dissections 
studies



Closing remarks

• New materials is a high risk, but also high 
reward approach to gradients above 50 MV/m

• Nb3Sn is the best studied new materials, but 
we still need a systematic study of this 
compound in SRF cavities

• It is essential to perform such a study on real 
SRF cavities in order to get values of interest: 
residual resistance, field dependence of RF 
resistance, and limiting fields!!



THANK YOU!



From presentation by Hasan Padamsee at SRF 2009, Berlin



From presentation by 
Hasan Padamsee at SRF 
2009, Berlin


