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The Cooper Pair Box

2
ng =

CgVg

2e

Vg
EJ

EC

Cg

EJ /ℏ = 16.83 GHz
EC /ℏ = 199.7 MHz

Ĥ = 4EC( ̂n−ng)2 − EJ cos φ̂

[Plotted with scqubits]
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From the Cooper Pair Box to the Transmon
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EJ /EC = 12 EJ /EC = 84EJ /EC = 3

transmon
[J. Koch et al., PRA 2007]

Γcharge noise
2 ∝

df01

dng

f34

f12

f01

f23

Vg
EJ

EC



Frequency Dispersion
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EJ /ℏ = 16.83 GHz
EC /ℏ = 199.7 MHz

EJ /EC = 84
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Parity Switching
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EJ /ℏ = 16.83 GHz
EC /ℏ = 199.7 MHz

EJ /EC = 84

f01

f12

f23

f34 = f34 ± Δf34

2
cos(2πng)

Parity switch
typical rate from 
1 Hz to 10 kHz



Charge Drifts and Jumps
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EJ /ℏ = 16.83 GHz
EC /ℏ = 199.7 MHz

EJ /EC = 84

f01

f12

f23

f34 = f34 ± Δf34

2
cos(2πng)

Charge drift
Charge jump



Charge Jumps Observed By Other Experiments
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EJ /EC

f01 (GHz)

Substrate

Metal

[Serniak et al, PRL (2018)]

23

4.4

Sapphire

Aluminum

Charge jumps 
every few minutes!

f01 = f01 ± δf01

Island(s) 2



Charge Jumps Observed By Other Experiments
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EJ /EC

f01 (GHz)

Substrate

Metal

[Tennant et al, PRX Quantum (2022)]

50

3.5

Sapphire

Tantalum

Charge jumps 
every few hours!

Island(s) 2



Charge Jumps Observed By Other Experiments
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EJ /EC

f01 (GHz)

Substrate

Metal

[Willen et al, Nature (2021)]

24

4.4

Silicon

NiobiumCorrelated errors due to 
high energy particles

Island(s) 1



Charge Jumps Observed By Other Experiments
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EJ /EC

f01 (GHz)

Substrate

Metal

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

∼ 3

Sapphire

Aluminum

various

Charge jumps 
every few hours!

Island(s) 2



Charge Jumps and Switching Time
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[Serniak et al, PRL (2018)]

[Tennant et al, PRX Quantum (2022)]

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

[Christensen et al, PRL (2019)]

[Amin et al, arXiv:2404.01277]



Our Device
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EJ /EC

f01 (GHz)

Island(s)

Substrate

Metal

84

Sapphire

Tantalum

5.0

Grounded

DC connection to ground

1



Measurement Protocol

readout

152 ns 100 ns 84 ns 76 ns

1. Prepare the state 


2. Do Ramsey oscillations between states 
 and 


3. Measure in the  basis

|3⟩ + |4⟩

2

|3⟩ |4⟩

{ |0⟩, |4⟩}
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 Ramsey Spectroscopy|3⟩ − |4⟩
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readout

152 ns 100 ns 84 ns 76 ns

| T
F{

V(
t)}

|  (
a.

u.
)



Absence of Charge Drift
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No charge drift 
over a week!

readout

152 ns 100 ns 84 ns 76 ns

Same splitting 
due to a TLS 

dynamic
Δf34 Δf34

Run 26 
10/05/24

Run 27 
30/05/24

f 34
=

4.
02

3
G

H
z

Same splitting  same charge 
offset over a month, including a 

warmup!

→

|TF{V(t)} |  (a.u.)f34 = f34 ± Δf34

2
cos(2πng)



First Investigations
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10 µm

Observation with an optical microscope 
 everything looks as expected→



Presence of Charge Drifts Since Then
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Run 31 
10/09/24

f 34
=

4.
20

3
G

H
z

|TF{V(t)} |  (a.u.)



f ±
34 = f34 ± Δf34

2
cos(2πng)

f 34
=

4.
20

3
G

H
z

Δf34 = 2 MHz ng =
VDC

12 V
+ n0

g

Previous splitting 
points to ng = 0

Run 30 
30/08/24

Tuning the Charge Offset

Δf34
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Inspection of the Device With SEM
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?!



Surface Analysis

20
AFM Image done by Cendrine Moskalenko 
@LPENSL

Holes of nm depth

Step size: 190 nm



X-Ray Photoelectron Spectroscopy (XPS)

21K-Alpha+ Spectrometer at ITODYS

70 µm
few nm

Contribution to the background
[Lee & Flynn, Handbook of Applied 
Solid State Spectroscopy, Ch.11 (2006)]



Surface Analysis
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Tantalum remains
everywhere



Conclusion
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Charge offset ng=0 observed over a month

XPS reveals that standard Ta etching is incomplete on sapphire

Tantalum film (few nm thick) may provide a resistive/inductive path to ground

Try to reproduce it in a controllable manner
Perspective

Tantalum residues?

|TF{V(t)} |  (a.u.)
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