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Ti impurities N impurities O impurities

• Impurities are effective for 
reducing the surface resistance.

• Reduction of Rs arises from a 
competition of diminishing 
conductivity and lengthening 
penetration depth. 

• Successfully implemented N-doping 
in LCLS-II

Calculated from [6] 

𝑙𝑙 = 𝜉𝜉0/2
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Current Redistribution Due 
to Impurities

Previously used to shift supercurrent away from the 
surface (x=0) to protect from possible hydrides, but 
is essentially a model that can be used instead to 
examine peak spatial supercurrent. More on this 
later…
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SS bilayer Thin Impurity Profile

Impurity distribution

Equivalent depth-dependent scattering rate
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Explicit Assumption:
1. Diffusion lengths through oxides is larger than 

oxide thickness. Availability of O to the 
substrate is not limited by mass transport 
through the oxide. Otherwise boundary 
conditions at each oxide need to be considered.
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Semi-infinite slab

Finite thickness impermeable substrate

Semi-infinite Single Oxide Layer Dissolution (Nb2O5)
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Short heat treatment (ramp time is considerable)
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Breakdown condition
 Hydride breakdown at surface

Modified London Equation

Breakdown condition 
Vortex Nucleation

max(𝐽𝐽(𝑥𝑥)) = 𝐽𝐽𝑑𝑑

Modified London Equation

Both models are 
critical field models
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Breakdown condition
 Hydride breakdown at surface

Modified London Equation

Consideration:
In the present O diffusion model, strongest suppression of the supercurrent density at 

the surface occurs for short treatments. This means very short LTB times should produce 
the best result in the hydride breakdown model, in contradiction to LTB measurements.

Breakdown condition 
Vortex Nucleation

max(𝐽𝐽(𝑥𝑥)) = 𝐽𝐽𝑑𝑑

Modified London Equation

Both models are 
critical field models
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This large change in 
slope implies an 
unphysically high current 
density spike within the 
superconductor.

Reduction of electron mean free 
path with baking temperature

LTB Effect is localized to 
~50 nm depth

No obvious discontinuities in 
Meissner screening profile
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Major O contributor in LTB is the interstitial O at the oxide/metal interface

Reasonably describes the locations of HFQS 
ameliorating heat treatment times and 
temperatures. 

max(𝐽𝐽(𝑥𝑥))
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MV/m
Best fit to Bafia et al. 

MV/m
Estimate from Lechner et al. 



Vortex Nucleation Scenarios

11

[1] Lechner, Eric M., et al. Physical Review Accelerators and Beams 26.10 (2023): 103101.
[2] Lechner, Eric M., et al. Frontiers in Electronic Materials 3 (2023): 1235918.
[3] Barkov, F., et al. Journal of Applied Physics 114.16 (2013).
[4] Sitaraman, N. S., et al. SRF'23 (2023).

[1] [2] [3]Topographically? Weakened Superconductivity? Nano hydrides?

[4]



Conclusions
• Further developed a model to describe O migration in multi-component, multilayer 

decomposition. 
• Time dependent temperature single layer dissolution and multistep process models 

developed and tested against SIMS measurements.
• A model for peak supercurrent suppression based on the modified London equation and 

O diffusion is proposed. It is found to reasonably describe the T-t distribution of HFQS 
ameliorating heat treatments. It is in reasonable agreement with the measurements of 
Bafia et al.
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