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Surface chemistry influences the nucleation of SnCl, on Nb samples
during vapor-diffusion-based Nb,Sn growth.

Introduction and Setup
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thermal vapor diffusion, but much improvement is & binding of SnCl, to niobium during nucleation. DFT
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potential. One key obstacle is achieving a consistently groups will generate more SnCl, binding sites, encouraging
vuslatiah smooth and uniformly thick layer of stoichiometric MH - more uniform nucleation.

Nb,Sn. To address this challenge, this research focuses ‘7 In this sample study, we compare how different pre-
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on optimizing the initial stage of this growth process, HCl nucleation chemical treatments influence the nucleation

(pH = 5)

e A o VR which involves the nucleation of tin-rich droplets on the Image of all samples after chemical of Sn on Nb samples, in order to determine the optimal
2% s AN S oxide surface of the niobium substrate. soaks  with treatments {and pH)|  tregtment to promote uniform and dense nucleation.
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SEM Analysis: Nucleation Site Formation EDS Analysis: Atomic Composition of Droplets

To confirm that the imaged ,
droplets indeed represent tin & ' .
nucleation sites, we utilize [ - '
Energy Dispersive Spectroscopy Q ' @ -
(EDS) to analyze the elemental [l B85 -
composition of the surface of } 3 o
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To analyze the uniformity of
grown nucleation sites, Imagel
plugins were used to process
scanning electron microscopy
(SEM) images.

Nucleation Site Uniformity Analysis Point Analysis Scans
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All samples (except H,0,) have tin present even
H,0, has the lowest density and largest distance when no droplets are seen in the SEM image!
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nucleation. between average six nearest neighbors.
Predicted Tin Depleted Regions Area Scans
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Conclusions and Future Work Background

Niobium-3 tin is a promising alternative material for SRF cavities that is close to
reaching practical applications. To date, one of the most effective growth methods for
this material is vapor diffusion, yet further improvement is needed for Nb;Sn to reach
its full potential. The major issues faced by vapor diffusion are tin depleted regions and
surface roughness, both of which lead to impaired performance. Literature has shown
that the niobium surface oxide plays an important role in the binding of tin to
niobium. In this study, we performed various chemical treatments on niobium samples
prenucleation to enhance tin nucleation. We quantify the effect that these various
treatments had through scanning electron microscopy (SEM) and energy dispersive
spectroscopy (EDS). These methods reveal information on tin nucleation density and
uniformity, and a thin tin film present on most samples, even in the absence of
nucleation sites. We present our findings from these surface characterization methods
and introduce a framework for quantitatively comparing the samples. We plan to apply
the most effective treatment to a cavity and conduct an RF test soon.

From this study, we have found:
— The chemical treatments influenced the distribution of nucleation sites
* The type of chemical treatment had a greater impact on the quality of nucleation
compared to the pH of the treatment
— H,0, treatment showed the lowest density of droplets and lowest overall tin
concentration, suggesting a significant suppression in nucleation
— NHO, is a promising treatment to arise from this study with a dense and uniform

distribution of nucleation sites after nucleation

Future work:

— Perform another round of sample studies for reproducibility

— Bring samples to full coat

— Apply our most promising treatment to a cavity and perform an RF test
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