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• Distinct Sn adsorption 
behavior for Tdep: 800°C

• No clear distinction 
between Sn sticking 
on (3×1)-O vs. 
Nb2O5

• Similar oxygen 
dissolution for all 
elevated temperature 
depositions 

Sn Desorption from Intermetallic Adlayers on (3×1)-O/Nb(100) and Nb2O5/Nb(100)

UHV Sn Deposition Chamber

Fabricating high performing Nb3Sn cavity coatings via vapor diffusion is contingent upon continued efforts to minimize surface roughness and limit the concentration of near-surface defects
including atomic dislocations, contaminants, Sn inhomogeneities, and high grain boundary densities. This experimental study aims to identify the relationship between Sn flux, Sn coverage, Nb
substrate temperature, Nb oxide content, Nb defect density, and post-deposition annealing temperatures on the resultant Nb-Sn-O surface interactions. Using a well-characterized (3×1)-
O/Nb(100) single crystal, Sn deposition was done in an ultra-high vacuum chamber equipped with in situ surface characterization techniques including Auger electron spectroscopy (AES) and X-
ray photoelectron spectroscopy (XPS). Preliminary data suggest that two of the most significant factors in the persistence of Sn on the Nb substrate, as well as Nb-Sn-O oxidation behavior,
are the extent of oxidation of the Nb substrate and the substrate deposition temperature. These results demonstrate the impact of altering numerous vapor deposition conditions on the
growth mechanisms and alloying dynamics that ultimately enable pristine Nb3Sn growth.

• 800°C deposition results in 
suppressed desorption for 
both oxides compared to 
room temperature dose

• Deposition from
Nb2O5/Nb(100) shows 
selective desorption of Sn0

contribution
• Sn+4 component of 

thermally-stable Nb-Sn-
O adlayer

• 800°C Sn 
deposition 
results in greater 
surface 
composition 
distinction 
between (3×1)-O
and Nb2O5

Ongoing Efforts Aim to Characterize 
Nb-Sn Grain Morphology

Nb3Sn Cavity Coupon (Cornell)

• Coupled AFM/SAM measurements for spatially-
resolved surface composition

Nb3Sn Grain Analysis
• Solute segregation at grain boundaries via FIB 

SEM/WDS
• Comparison with Nb3Sn grown on Nb cavity 

coupons through collaborations through Center for 
Bright Beams

• Sn deposition with 
monolayer (ML) precision

• in situ surface-sensitive 
electronic and spatial 
characterization 

• Enables analysis of highly 
reactive Nb surface

(3×1)-O/Nb(100) Nb2O5/Nb(100)
• Amorphous ~5 nm oxide
• Forms under ambient 

conditions
• Clean (3×1)-O vented 

in load lock for 5 min

Oxidized Nb(100) Substrates
• 2 ML NbO formed by 

annealing Nb(100) to 
1525 °C under UHV

• Highly-ordered 
• Stable < 875 °C 

in situ Characterization
• Compare Nb 

crystallographic 
orientations, additional 
Nb oxides

• Valence band mapping of 
Nb3Sn alloy features via 
UPS

STM/STS AES/XPS Electron beam 
evaporator, 

quartz crystal 
microbalance

• Nb 3d, O1 s 
intensity and BE
revert to (3×1)-O
+ Sn behavior

• Sn 3d peak 
produces 
oxidized shoulder 
• 2.2 eV shift 

corresponds 
to Sn+4

Distinct surface 
coordination from 

800°C Sn deposition 
on Nb2O5

Sn Incorporation into (3×1)-O/Nb(100) vs. Nb2O5/Nb(100)

Deposition temperature 
does not uniformly 
suppress Sn/Nb and 
O/Nb surface ratios

Sn adlayer formation on a 
more highly oxidized Nb 

substrate at elevated 
temperatures exhibit distinct 

Nb-Sn-O coordination and 
unique desorption pathways

Nb 3d Sn 3d O 1s

(3×1)-O/Nb(100), Tdep: 800°C(3×1)-O/Nb(100), Tdep: 24°C Nb2O5/Nb(100), Tdep: 800°C

AES ratios indicate 
deposition 

temperature is a 
better predictor of 

Sn retention at 
900°C


