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Nb3Sn on planar samples by DCMS

9 cm
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LNL Nb3Sn coating system
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Nb3Sn on planar samples by DCMS
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Nb3Sn on planar samples by DCMS
Coating parameters
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550 V 140 W
1,7 W/cm2



Nb3Sn on planar samples by DCMS
Substrates
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Nb3Sn on planar samples by DCMS
Substrate effect on morphology
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10 μm

Poor adhesion

α-quartz  β-quartz 
phase transition around 573 ℃



Nb3Sn on planar samples by DCMS
Substrate effect on morphology

I.Fast 1st Annual meeting - Contribution from LNL 10

P
ro

ce
ss

 o
p

ti
m

iz
at

io
n Power

Argon pressure

Substrate 
temperature

Substrate 
material

Cu

Sapphire

Nb/CuUHV annealing



Nb3Sn on planar samples by DCMS
Substrate effect on morphology
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Nb3Sn on planar samples by DCMS
Substrate effect on morphology
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Nb3Sn on planar samples by DCMS
Substrate effect on Tc

Cu Sapphire

24 % Sn at% by EDS  (@20kV~1,2μm) 22 % Sn
~11 K Tc (inductive) 11,±0,6 K



Nb3Sn on planar samples by DCMS
Annealing effect
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Nb3Sn on planar samples by DCMS
Annealing effect
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Nb3Sn on planar samples by DCMS
Annealing effect

23 % Sn at% by EDS (@20kV~1,2μm) 22 % Sn
~11,5 K Tc (inductive) 15,8±0,8 K

24 h annealing

Cu Sapphire
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Nb3Sn on planar samples by DCMS
Annealing effect

Sapphire

24 h annealing
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Nb3Sn on planar samples by DCMS
Annealing time effect: 24  48 h

Sapphire

48 h annealing
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50 μm Film stressed 
and cracked

750°C
(higher point: too high for copper cavity)

48 h



Nb3Sn on planar samples by DCMS
Nb Buffer Layer
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Nb3Sn on planar samples by DCMS
Nb Buffer Layer

100 μm

Cu

100 μm

50 μm

Nb(0,5 µm)/Cu

50 μm

Nb(1,0 µm)/Cu
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Nb3Sn on planar samples by DCMS
Nb Buffer Layer

Copper interdiffusion

Film thickness 1,5 μm

Atomic Sn % = ~22 %

48 h annealing
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Nb3Sn Cylindrical target  production
by tin liquid diffusion (dipping)

23

samples

T ∼ 900-1000 °C
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Nb3Sn Cylindrical target  production
by tin liquid diffusion (dipping)
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Nb3Sn Cylindrical target  production
by tin liquid diffusion (dipping)
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Nb2O5 substrate (Nb BCP anodized)

Grain
Nb 74-76 %
Sn 24-26 %

Grains + GB
Nb 58 %
Sn 30 %
Cr 10 %

Superficial 
Chromium 

contamination!

Main candidate:
Inconel Alloy
of vacuum chamber
(presence of Ni 
and Fe as well)



Nb3Sn Cylindrical target  production
by tin liquid diffusion (dipping)
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Replacement of old 
inconel chamber With a new one in bulk Nb produced in Zanon



Nb3Sn Cylindrical target  production
by tin liquid diffusion (dipping)
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After the first test
(30 min @ 1000 °C)
a very thick film of Nb2O5
growth on the external surface

Protective layer
mandatory

Any advice?



Dipping furnace oxidation
possible solutions
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Paint option



Dipping furnace oxidation
possible solutions
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• Paint option
• Cold spray coating (Tungsten?)
• Chromium protective layer (can diffuse…)
• Double wall chamber (filled with Ar)

Other suggestions?
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6 GHz cavities RF characterization
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Leak test not passed because 
flange was deformed

STFC first Nb on Cu 6 GHz cavity



6 GHz cavities RF characterization
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Mechanical machining of the flange 
preserving the coating from poisoning



6 GHz cavities RF characterization
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Leak test passed!
RF test scheduled on Thursday



6 GHz cavities production
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Issue: one side – Mate 
surface EP

Going forward to increase the 6 GHz production in the 
future 3 months with a Stage Student – Federico Valerio

2 cavities 
almost ready
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Collaboration study on PEP - MP

Metallographic polishing path with 
final chemistry polishing 
courtesy of Oleksandr Hryhorenko (IJClab/CNRS)

Plasma Electrolytic Polishing

Studied samples

Nb MP +
single-step PEP

Nb MP +
multi-step PEP

Cu MP +
multi-step PEP

Cu MP +
single-step PEP

04.2022 04.202211.202111.2021

More samples to 
study / check

1. Optical miscroscopy
2. Laser confocal miscroscopy
3. SIMS
4. Linear profilometry
5. ...
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Ra* 137,125 nm ± 16,67 Ra* 114,58 nm ± 19,52

Ra, 188,58 nm ± 40,28

Initial
after MP

MP + Multi step PEP
6 step x 1-2min = 23 um

MP + Single step PEP
1 step x 6min = 23 um

Ra* 116,651 nm ± 14,80
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