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Courtesy   H. Padamsee 
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Scatter in Performance Due to FE 
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 Courtey  H. Padamsee 

C, O, Na, In Al, Si 

10 microns Stainless steel 

Melted 

Melted 

Melted 



7 H. Padamsee 

Field Emitters 
• Contaminants from surface processing 

– Niobium oxide granules (electropolished surface)  

– Sulfur 

• And other elements 

 

Courtesy  R.L. Geng, 7/23/2011 SRF2011 Tutorial @ ANL 7 

N, O, S, Fe 

Courtesy X. Zhao 





Thermal Breakdown 
(Very strong heating observed over extended areas. 

 

 

 

 

 

 



Courtesy H. Padamsee 

Theory of thermal breakdown  of NC Defect 

A normal conducting spot triggers quench,  when it heats the Nb above 

Tc. 

Breakdown field given by 

(very approximately): 

Htb 
4 T (Tc  Tb )

rdRd

T: Thermal conductivity of Nb 

Rd: Defect surface resistance 

Tc: Critical temperature of Nb 

Tb: Bath temperature 

4KT 



Tolerate unavoidable defects, 

 but “neutralize” them 

 by thermally stabilizing them 

 

 

Improve Bulk Thermal Conductivity  

 by raising Nb purity 



Thermal Breakdown 
(Very strong heating observed over extended areas. 

 

 

 

 

 

 

Field cannot be increased! 







…. Finally by combining the previous equations,  
the normal conducting surface is deduced: 
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II International workshop on Thin films and  new ideas for SRF, Legnaro 2006 



 



on my personal opinion 

 
 

It is not written on the Bible that  
«films are worse than the bulk!» 



6 GHz 



 

 

 

In a small, but active, Research Group 

 

 

 

6 GHz Cavities  

 

The Ideal Tool For Self-motivation ! 

 



Common sentences you can 

daily hear in our lab: 

 

• «Bye, I go to spin some other 60 cavities!» 

 

• «This week we have tested 12 cavities» 

 

• «We just did the EP, I go now to anneal the 

cavity, tonight we do the rf test!» 

 

• «This year we tested 148 cavities!» 

 

 



2nd Nb Sputtering - Cu1 6GHz 



 



 

 

As far as Nb sputtering is concerned,  

 

The best films for SRF 

 

 

….. are the worst as diffusion barriers  

against corrosion protection  



Nb films are porous 

 



Nb sputtered film resistance to 
Liquid metal Embrittlement 



 



Nb  Nb-Ti  Nb2O5  

Low Ar pressure  Crystalline  Crystalline  Amorphous  

High Ar Pressure  Crystalline  
Amorphous-

like 
Amorphous  

Negative bias  Crystalline  Crystalline  Amorphous  

- 50 – 0 °C  Amorphous-like  
Depends on  

Ar pressure  
Amorphous  



RF test Cu1 
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Comparison between 1st, 2nd and 3rd Nb/Cu Sputtering

 

 

1st Sputtering:

 @ 4.2K

 @ 1.8K

2nd Sputtering:

 after HPR @ 4.2K

 after HPR @ 1.8K

3rd Sputtering:

 @ 4.2K

 @ 1.8K

Q
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Lighter layer is Nb2O5 

Darker layer is Nb 
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Take the most simple half wave cavity 

 





The BCS cavity 
(Breaking the Cylindrical Simmetry) 



3D printing 



Crazy Idea n.° 2 





Take the most simple half wave cavity 

 



A totally Seamless Nb Clad Cu Crab cavity is possible 



 





Sputtering Nb onto plates or into 
tubes and then spinning 
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Kapitza conductance 

This quantity has a strong T
n
 temperature 

dependence with n varying betwen 2 and 4 
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 f(T) @ 2MV/m

 FitRs1 (User) Fit of Sheet1 Rs

R
S
 [


]

1/T [K
-1
]

Model FitRs1 (User)

Equation C+(x*A*exp(-B*x))/((1+exp(-B*x))^2)

Reduced 
Chi-Sqr

3.55369E-13

Adj. R-Square 0.99425

Value Standard Error

Rs A 0.00367 4.32631E-4

Rs B 14.47994 0.51509

Rs C 1.22522E-6 3.56914E-7
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 100 mW

 R
s
 fit

R
s
 [
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]
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]

Model Rs (User)

Equation C+(x*A*exp(-B*x))/((1+exp(-B*x))^2)

Reduced 
Chi-Sqr

7.85399E-15

Adj. R-Square 0.99727

Value Standard Error

Rs

A 0.00265 2.52241E-4

B 17.57752 0.36563

C 7.37002E-8 3.96425E-8



R
RES

 depends on the status of Liq- He 

instead than on Nb material? 
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Rs vs 1/T (termometro Ge) 
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 @ 4.2K

 @ 1.8K
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the Q-factor decreases linearly with W, 

but at a certain point it becomes 

almost constant! 



 

 

 

The critical power where the losses 

change slope do correspond to the 

He boiling nucleation? 





 

Is it possible that 

 He-II will have memory of the 

boiling nucleation of He-I ? 







1.8 K is very close to Tl ,  

so at 1.8K r
n
 is ~34% ! 
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1st RF Test:

 @4.2K

 @1.8K

 P=200mW

2nd RF Test:

 @4.2K

 @1.8K

 P=200mW
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Measured twice
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T=1.8K

 Before Anodization

 After Anodization

 After De-Anodization 

Q
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Why the anodization is responsible of 

the Q increase? 

• because of the lower q
D
 ? 

 

• because of the boiling nucleation on 

the external surface ? 

 

• because the oxide does not reflect 

thermal phonons ? 

 

• because of both ? 



No EXTERNAL EP 
 

WITH EXTERNAL EP 
 



If we mirror finish the cavity 

exterior surface, will this 

will behave as a Mirror for 

thermal phonons 



 

Can  water micro-cristallites 

on the external surface of Nb 

promote film boiling and then 

positively affect cavity 

performances?  
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 @ 4.2K

 @ 1.8K

 @ 4.2K After Grinding

 @ 1.8K After Grinding

 @ 4.2K After Anodization (Yellow)

 @ 1.8K After Anodization (Yellow)

 @ 4.2K After Ice Film

 @ 1.8K After Ice Film
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For years we have considered a 

cavity as an adiabatic system made 

by the  RF fields + Nb, because the 

He bath has been considered as a 

stable and infinite reservoir at fixed 

temperature. 

 



 

Is it not the time now to 

consider instead the 

adiabatic  system  composed 

by RF fields + Nb + Liquid 

Helium ? 




