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ABSTRACT

Tin vapor diffusion — a promising technique to grow Nb3Sn inside Nb-cavity.    

Two-step process: nucleation at 540±10 °C for 90 min followed by 75 min of 
growth at 1195±10 °C.

Nb3Sn promises better RF performance than niobium at any given temperature
because of superior superconducting properties. Nb3Sn-coated SRF cavities are
routinely produced via the tin vapor diffusion technique. Sn evaporation and
consumption during the growth process notably affect the quality of the coating.
Aiming at favorable surface characteristics that could enhance the RF
performance, many coatings were produced by varying Sn sources and
temperature profiles, and examined using different material characterization
techniques. Material analysis of witness samples and RF performance of several
Nb3Sn-coated single-cell cavities linked to Sn-source characteristics and
observed Sn consumption during the film growth process. The Sn supply's careful
tuning is essential to manage the microstructure, roughness, and overall surface
characteristics of the coating.

We investigated several factors that could potentially influence Sn supply and consumption during the Nb3Sn growth, affecting the thin film's micro-structure and RF performance.
Besides the temperature profile, the crucible size and the exposed substrate area need careful consideration tuning surface properties of the coating. It is essential to have
generous tin flux at the initial stage to grow uniformly, and it is equally important to make sure not to anneal the coating without Sn to avoid film degradation. More careful
material analysis is in progress to correlate RF performance with different coating conditions presented above. We are updating the coating setup and temperature profile to
eliminate Sn-residue and to further tune surface characteristics.

Area of both substrate and source need careful attention during the process 
design to engineer desired surface properties of the film.
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Sn SOURCE AND THIN FILM CHARACTERISTICS

crucible Diameter
(inch)

Cross section
area (cm2)

Evaporation
(g)

D1 1.0 5.07 0.81

D2 0.75 2.85 0.43

D3 0.50 1.27 0.33

D4 0.25 0.32 0.10

𝑑𝑀

𝑑𝑡
= 𝐴(𝑃𝑆𝑛 − 𝑃𝑎)

𝑚

2𝜋𝐾𝑏𝑇

Open

Evaporation: 1 g – 0.4 g = 0.6 g
Consumption: ~1 mg cm-2

Evaporation: 1 g – 0.15 g = 0.85 g

Consumption: ~0.85 mg cm-2

Evaporation: 1 g – 0 g = 1 g
Consumption: --

MODIFIED COATING PROCESS FOR SINGLE-CELL CAVITYMODIFIED COATING PROCESS FOR SINGLE-CELL CAVITY

ANNEALING WITH/WITHOUT Sn SUPPLY 

Before coating

After coating

Uniform coating resulting in “good” low-field quality factors followed by a Q-
slope with quench field >15 MV/m. 

Q-slope likely due to Sn residues condensed at the end of the growth process.

“Over-supply” of Sn  confining vapor inside a close coating space?

What factors affect Sn evaporation and 
how to manage to control thin film’s 
microstructure and performance?

Size of the crucible and vapour pressure, function of process 
temperature are important parameter controlling Sn-supply.

Restricted Sn-supply: 
packaged in a Nb foil

Before coating

After coating

After coating

15% less Sn evaporation than before.

With Modified growth profile

20µm × 20 µm AFM Scan 

Ra =  123 ± 13 nm Ra =  53 ± 4 nm
After coating

D1 D3 D4

Larger crucible results in higher evaporation resulting in larger 
grain and rougher surface.

Insufficient Sn-supply produce non-uniform coating like 
observed during the coating of a larger or longer cavity coating.

Identical coating set up and temperature profile with fixed amount of Sn to 
coat a sample chamber and single cell cavity with both or one end closed.

Increasing substrate surface area exposed to Sn vapor resulted in higher Sn-
evaporation with microstructure and roughness defined by the ratio of Sn supply 
to the substrate area. 

Application of a Nb-plug to eliminate Sn-vapor from the cavity at the end 
expecting to mitigate persistent Sn-residues.

 Growth temperature lowered in steps aiming less-intense Sn-flux at the end 
and to grow smoother and thinner coating directed by sample studies. 

Slightly reduced size and density of Sn-residues but did not completely eliminated.

The plug was tilted during the installation in the furnace.

Notably improved Q and Eacc

Sn-residues

Attempt to reproduce previous coating by lowering the amount of Sn-supply resulted in 
significantly degraded RF performance. 

No Sn residue but sharp topographic defects (“annealing features”) are present. Sn-
evaporation from the coating layer is expected.  

Annealing with a small amount of 
Sn was found to reduce Sn 
residues significantly without 
surface degradation. In process 
to be applied to a cavity. 

The performance behavior resembles cavity 
annealed without Sn supply in the past. 

After annealing with a small amount 
of Sn.(overcoat).

Microstructure with complete 
Sn-source exhaustion

Complete Sn-source exhaustion
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