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The Cooper Pair Box
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From the Cooper Pair Box to the Transmon
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Parity Switching
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Charge Drifts and Jumps d 2 h
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Charge Jumps Observed By Other Experiments

[Serniak et al, PRL (2018)]

Charge jumps
every few minutes!
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Charge Jumps Observed By Other Experiments

[Tennant et al, PRX Quantum (2022)]

Charge jumps
every few hours!
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Charge Jumps Observed By Other Experiments

Correlated errors due to
high energy particles

[Willen et al, Nature (2021)]
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ther Experiments
[Pan et al, Nat Comm. (2022)]

Charge Jumps Observed By O

E,/E, <3

0.6 fo1 (GHz) | various
% - Island(s) 2
5 0
> Substrate | Sapphire
2-03 _
© — Q1 e Q2 = Q3 Charge jumps Metal

Aluminum

— Q4 = Q5 = Q6 every few hours!

O
o)

Time (hr)

10



Charge Jumps and Switching Time
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parity switching time (s)

[Serniak et al, PRL (2018)]
[Christensen et al, PRL (2019)]

[Pan et al, Nat Comm. (2022)]
[Tennant et al, PRX Quantum (2022)]

[Amin et al, arXiv:2404.01277]
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Our Device

DC connection to ground
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Measurement Protocol
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|3) — |4) Ramsey Spectroscopy
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Absence of Charge Drift
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First Investigations

| drive line

Observation with an optical microscope
— everything looks as expected
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Presence of Charge Drifts Since Then
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Tuning the Charge Offset :
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Inspection of the With

x1.10k HD.P.C.92.0 STD um
FOV:116x87um 11/19/2024

oeoL )
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Surface Analysis

9.0 nm
Holes of nm depth
-3.0 nm
Height 20.0 um
FOV:55 . TxaL. Tum AFM Image done by Cendrine Moskalenko

@LPENSL



X-Ray Photoelectron Spectroscopy (XPS)

Photoelectron

collection
= 5 | A

Thermo

X-ray
penetration
depth

Contribution to the background

[Lee & Flynn, Handbook of Applied
Solid State Spectroscopy, Ch.11 (20006)]

] Universite

K-Alpha+ Spectrometer at ITODYS Paric Cité 21




Surface Analysis

Zone 1 (ground plane) Zone 2 (no metal)
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Conclusion
| TE{V(H}| (a.u.)
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Tantalum residues?
Charge offset ng=0 observed over a month
Tantalum film (few nm thick) may provide a resistive/inductive path to ground

XPS reveals that standard Ta etching is incomplete on sapphire

Perspective
Try to reproduce it in a controllable manner
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