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* Motivation - Impurity Alloying
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Motivation - Impurity Alloying: Benefits

(3] Mean free path tuning
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 Motivation — Mid-T bake
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 Motivation — Previous Works
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SIMS Results - Secondary lon Mass Spectrometry
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SIMS Results — Shallow Depth Profile

Electropolished sample 300 °C/2.3 hours
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* Clean Nb has background C,N,O e After vacuum annealing at 300 C for 2.3 hr we find a
impurity concentrations at ~0.005 at. % large enhancement in O.

e Cand N have diffusion coefficients 2-3 orders of
magnitude less than O

* O concentrations similar to that of N in N-alloyed
Tuning Nb SRF Cavity Performance via Oxide Dissolution cavities 10 .ggf%-gon Lab
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Ciovati’s Native Oxide Dissolution and O Diffusion Model

T~300C
e

One-dimensional diffusion equation [1]
dc(xt) d0%c(x,t)

- D T t T . C(x, t) - v(xr t) + U(x, t)
S = D=+t T)
Solutions to the diffusion equation Arrhenius equations
v(x,t) = —2—e X /4D 4 ¢ _superficial dissolved oxygen D(T) = Dye Eap/RT — oxygen dif fusion

\/ﬂD(T)t k(T) = Ae Ear/RT _ oxide dissolution

u(x, t) = e~ x* /(4D qs — oxide dissolution

j k(T)e‘k(T)S
w/nD(T

12
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Ciovati’s Model — SIMS O Concentration Depth Profiles
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RF - Results
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High Q, and High E,_,
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Oxygen Content
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Role of Oxygen in Infusion Recipes?
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 Benefits — Furnace
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* O source is the oxide, no gas injection required
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Benefits - Simplicity

[1] O-alloying [2]  N-alloying [3] How simple can O-alloying get?
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e Simple process

[1] H. Ito et al. Progress of Theoretical and Experimental Physics, 2021;, ptab056
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« Benefits — Inherently Conformal
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Figure 4. TEM image of Nb sample baked with nitrogen 01 2 3 45 6 7 3
gas at 800°C for (a) 2 min, (b) 20 min Location

* The oxygen source is conformal to the surface of the cavity
e Uniformity of O interstitials

[1]1Y. Trenikhina Proc. of SRF2015, Whistler, BA, Canada (2015)
[2] Crawford, Anthony C. Nucl. Instrum. Methods. Phys. Res. B 849 (2017): 5-10. 21

[3] De Silva, S. U., and Jean R. Delayen. Physical Review Special Topics-Accelerators and Beams 16.8 (2013): 082001. J@On Lab
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Conclusions/Where next?

Conclusions

« Using SIMS, we measured O,C, N concentration depth and showed major enhancementin O
Impurities

 RF and SIMS measurements confirmed that the alloying effect of vacuum annealing is due
primarily to oxide dissolution and diffusion

« Constrained a model of native oxide dissolution for predictive O-alloying

Where next?
- Heat treat additional cavities to evaluate performance scaling with O content.
- Explore the role of tailored impurity diffusion profiles within the RF penetration depth
- Explore multiple dissolutions or multi-step temperature profile

e 2
J)gf_f.e-rson Lab
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Thanks for your time!

Questions?

RF surface resistance tuning of superconducting
hiobium via thermal diffusion of native oxide @

Cite as: Appl. Phys. Lett. 119, 082601 (2021); doi: 10.1063/5.0059464 @ 1 @
Submitted: 9 June 2021 - Accepted: 9 August 2021 - U
Published Online: 25 August 2021

Export Citation CrossMark

E. M. Lechner,"® ) 3. W. Angle,” F. A. Stevie,® M. J. Kelley,"” (%) C. E. Reece,' (I¥) and A. D. Palczewski'

https://doi.org/10.1063/5.0059464

24

e 2,

Jeffe

o—

rson Lab


https://doi.org/10.1063/5.0059464

	Tuning Nb Cavity Performance via Oxide Dissolution
	Outline
	Outline
	Motivation - Impurity Alloying
	Motivation - Impurity Alloying: Benefits
	Motivation – Mid-T bake
	Motivation – Previous Works
	Outline
	SIMS Results - Secondary Ion Mass Spectrometry
	SIMS Results – Shallow Depth Profile
	Outline
	Ciovati’s Native Oxide Dissolution and O Diffusion Model 
	Ciovati’s Model – SIMS O Concentration Depth Profiles
	RF - Results
	High Q0 and High Eacc
	Oxygen Content
	Role of Oxygen in Infusion Recipes?
	Outline
	Benefits – Furnace
	Benefits - Simplicity
	Benefits – Inherently Conformal
	Conclusions/Where next?
	Acknowledgements 
	Thanks for your time!

