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Outline

• Why thick films?

• Our approach

• Results: 
• Morphology

• DC magnetometer

• RF performances and trapped flux

• Reproducibility issues

• What is next?
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Why thick films?
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1,3 GHz ✓ High Q0

✓ Thermal stability 
✓ Cost reduction

• ALPI (LNL-INFN)
• ISOLDE (CERN)
• LHC (CERN)
• LEP2 (CERN)
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Why thick films?
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Why thick films?
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▪ Nb bulk like properties

▪ Decrease thermal boundary resistance
Palmieri and Vaglio model

Copper cavity

Copper cavity

Nb thin film

Nb THICK film

Thick film

Palmieri and R. Vaglio, Supercond. Sci. Technol, Jan. 2016

Locally increasing of T
T>Tc

Heat dissipation

45 µm
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Our approach
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Copper

Niobium

Thick film ~45 µm

Total time of process ~ 5 hours

DC ON

DC OFF

Single Layer thickness
100 - 500 nm
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Reduce stress film!
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Our approach
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Thick film

Cav 21: 75 µm
500nm single layer thickness
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▪ Columnar growth
▪ Larger grains

Thick film by long 

pulse deposition
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High substrate 

temperature 

Thick film by long 

pulse deposition

Our approach

Thick film
550°C
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Cu cavity

IR lamp

Nb cathode Sputtering system for 6GHz cavities 

Cavity inside 
vacuum chamber

Our approach

550°C

High substrate 

temperature 
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Results: thick films morphology
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Results: thick films morphology
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Long pulse deposition One pulse deposition

Cavity 16. 
Single layer thickness 500nm

Cavity 7. 
Courtesy of Reza Valizadeh (STFC)
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Courtesy of Reza Valizadeh (STFC)

Results: thick films morphology
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One pulse deposition

Cavity 16. 
Single layer thickness 500nm

Cavity 7. 

Grain dimension: Increased!
Dispersion: reduced!

Homogeneous morphology 
starts at ~30 µm

Long pulse deposition
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Results: thick films morphology
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Cavity 21. 
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Results: DC magnetometry
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Nb Thick film:
Hfp ~ 145 mT
Hc2 ~ 330 mT
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Tonini et al 2011. Proceedings of the 11th Workshop on RF 

Superconductivity, Lübeck/Travemünder, Germany

Tc dependance respect to the 
relative angle of sputtering
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Results: DC magnetometry
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All films shown almost identical 
superconducting behavior in DC 

magnetometer @ 4.2 K

No correlation with RF behavior

Nb thin film (ARIES):
Hfp ~ 15 mT
Hc2 ~ 290 mT

Nb Bulk:
Hc1= 180 mT
Hc2= 280 mT

Courtesy of Eugen Seiler (IEE Bratislava)

Cavity 7
Low RF performances

Cavity 16
Good RF performances

Hfp =154 mT

Cavity 21
Good RF performances

Hfp =114 mT Hfp =148 mT

Nb Thick film:
Hfp ~ 145 mT
Hc2 ~ 330 mT
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One shot mode:
Cav 9
Cav 3,1

Long pulse mode:
Cav 12
Cav 16
Cav 21

Results: RF performances
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Results: RF performances
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Results: RF performances
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Systematically higher Q 
and higher Eacc

Single pulse thickness 500nm

Single layer thickness dependence

Higher thickness??
1 µm or higher?
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Results: RF performances
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Results: RF performances
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Results: RF performances (Trapped flux)

Effect higher in Bulk Nb.

Thick films effect?…

It is needed more statistic to confirm but 

this data indicates that Nb bulk cavities are 

more sensitive to magnetic field respect to 

thin film cavities, as expected
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Reproducibility Issues

22

Substrate defects
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Reproducibility Issues
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Substrate defects
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treatments and 

are reproduced 

by sputtering
Plasma Electrolytic Polishing?
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Reproducibility Issues
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Defects
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Reproducibility Issues
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Defects VOIDS

RealArtifact

Void below Copper? Possible stress?

C
o

u
rt

e
sy

 o
f 

S
. 
A

lia
sg

h
a
ri

(S
T
FC

)



TFSRF-2021 15-18 March vagarcia@lnl.infn.it

Reproducibility Issues
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Defects VOIDS

RealArtifact

Possible stress?

Explanation for Q-switches?

Void below Copper?
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Hot leaks

Re-design of source

Old New

1 Copper gasket

2 Viton o-rings

1 Viton o-ring

Reproducibility Issues



TFSRF-2021 15-18 March vagarcia@lnl.infn.it

Issues

Reproducibility

28

Substrate defects

Hot leaks

COVID-19

Slowdown in cavity 
manufacturing
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What is next at LNL?

• Study on QuadruPole Resonator (QPR) samples of Nb thick film 
on Cu to be characterized by a different RF technique 
(Collaboration with HZB).

• Test were made already to optimize coating conditions

29
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What is next at LNL?

•Scaling of 6 GHz system and coating 

approaches into 1,3 GHz cavities

• Post magnetron configuration

• Cavity inside vacuum system
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• Post magnetron configuration

• Cavity inside vacuum chamber

• High temperature (550°C)

6
5
 c

m

What is next at LNL?

• Scaling from 6 GHz to 1,3 GHz

6 GHz
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• Post magnetron configuration

• Cavity inside vacuum chamber

• High temperature?

• Scaling from 6 GHz to 1,3 GHz

What is next at LNL?
1,3 GHz
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Phase of design

Phase of testing

Phase of deliver
1
1
5
 c

m

What is next at LNL?
1,3 GHz



Thank you for 
your attention!

Material science and technology for nuclear physics service
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