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Principle of tunneling spectroscopy
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Outline

1. ALD- coated Nb.
2. Nb-HPR-annealed. _ SRF cavities

3. Nb,Sn-Cu.

4. Nb, Ta, Ta/Nb for 2D Qubits.
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= ALD + heat treatment decreases TLS losses and increases the quality factor at low fields.
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See Y. Kalboussi talk...

TEM and XPS reveal a 2 nm Nb oxide that might be responsible for the proximity effect.
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1. ALD- coated Nb
2. Nb-HPR-annealed _ SRF cavities

4. Nb, Ta, Ta/Nb for 2D Qubits.
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Nb-HPR-annealed
(Nb EP + HPR + 650°C-10hrs + HPR)

« SRF cavities show Q factors ~10 times higher than Nb EP + HPR
* 07 s and tan(d; s) decreased by a factor 10.
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Nb-HPR-annealed
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Nb+HPR+annealed vs Nb+HPR
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See. Kalbbussi talk...

Nb +HPR shows higher A and ' than Nb+HPR+annealed.

TEM and XPS show NbOx partially crystalline which explains the proximity effect in PCT.

At low field, the increase in the Q factor can be explained by the thinner and more cristalline oxide (less defects, less TLS).

And at higher field?
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Quality factor, Q

Nb+HPR+annealed vs Nb+HPR
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Outline

1. ALD- coated Nb
2. Nb-HPR-annealed _ SRF cavities

4. Nb, Ta, Ta/Nb for 2D Qubits.

12/21



Nb,;Sn-Cu for SRF cavities:

= There are current efforts aimed at obtaining cavities with high quality factors using NbsSn on Cu.

Barrier to reduce Cu
diffusion.

YO0, | Ja_____

CERN samples
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Nb,Sn-Ta-Cu and Nb;Sn-Y,0,;-Cu

Nb,Sn-Ta-Cu
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* Non-homogeneous spatial distribution of A and I,

« Small A and I (smaller values for Nb;Sn-Y,05-Cu) Proximity effect? Nb? Cu?
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EDS/SEM for Nb;Sn-Cu samples (CERN)

Nb.Sn-Ta-Cu
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Outline

1. ALD- coated Nb.
2. Nb-HPR-annealed. — SRF cavities

3. Nb,Sn-Cu.
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 What can PCT reveal to understand the difference between Ta and Nb Qubits?




Count

Nb-Sapphire bulk

PCT for Nb, Ta and Ta/Nb
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Conclusions

PCT can uncover various phenomena on the surface of superconducting devices correlated to
their performances.

PCT on Al,O3-Nb reveals smaller gaps compared to the bulk. It can be attributed to the
presence of Nb oxides.

PCT on Nb-HPR-annealed samples reveals a proximity effect. TEM and XPS explain this by the
presence of a partially crystalline/metallic Nb oxide. We want to correlate ' values with R, ..

PCT on Nb3;Sn-Cu shows regions with A closer to the bulk, but also with smaller A, which may
indicate the presence of a normal layer (Nb,Cu) estimated to be around ~3-7 nm.,

We are trying to find a correlation between the ' for Ta and Nb that might help in the
understanding of Qubits T1. We need more samples to find a correlations.
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