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A. Blais, R.-S. Huang, A. Wallraff, S. M. Girvin, and R. J. 
Schoelkopf, Physical Review A 69, 062320 (2004).



What are the relevant parameters?

𝛾 =
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𝑇2

𝜅 =
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𝑄

g ∼ 𝑍𝑟 = 𝐿𝑟/𝐶𝑟
g ∼ 𝐴−1/2

𝛾 is determined by the coherence of your 2 
level system 

𝜅 is determined by the confinement of your 
cavity

g is determined by the nature of the 
interaction and the resonator circuit 
parameters

When g ≫ 𝜅, 𝛾 then you are in the strong coupling regime and the JC Hamiltonian describes the model 



How do we measure a resonator?

incoming transmitted

reflected

Efficient and robust analysis of complex scattering data under noise in 
microwave resonators 
S. Probst et al  Rev. Sci. Instrum. 86, 024706 (2015)

Charge-sensing of a Ge/Si core/shell nanowire double quantum dot using a high-
impedance superconducting resonatorJ. H. Ungerer, P. Chevalier Kwon et al 
Mater. Quantum. Technol. 3 031001 (2023)



Circuit QED
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Cavity quantum electrodynamics for superconducting electrical circuits: An 
architecture for quantum computation
A. Blais et al Physical Review A 69, 062320 (2004).

Circuit QED with phonons (QAD?)
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Universal Quantum Transducers Based on Surface Acoustic Waves
M. J. A. Schuetz et al Phys. Rev. X 5, 031031



The 1 port Saw resonator

Fabrication Parameters
Material Parameters

GaAs LiNbO3

V_saw 2864 m/s 3488 m/s

C_s 1.2 pF/cm 4.6 pF/cm

K^2 0.07 4.8

gamma -0.537 -1.08



Modeling the resonator
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Fitting the parameters

Calibrate the VNA

Simulate Cp Cg with a pad only 
device

Use the sim-Cg and fit Rp and 
Cp from a pad only device

fit Ct and update Rp in a IDT 
device, ignoring the resonance

Fit Cc Rc fitting near the 
resonance



Characterization at RT

The colors are wrong?



QRAP resonators

Y. Ebata 10.1109/ULTSYM.1988.49348

Fig 3

Fig S8



Cryogenic characterization
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Surface acoustic wave resonators in the quantum regime  PRB 
93, 041411(R)  R. Manenti et al

Nb CPW, Tc 9.3K



Magnetic field dependence 

Loss of SC of the electrodes

Journal of Applied Physics 122(17):173901
DOI:10.1063/1.4996113



In conclusion

• It’s possible to have high Z at RT

• Loss of SC is not changing Q in a large 
way

• Do they really show high Z at low 
temperature?

• The substrate used does not allow for 
semiconductor dots


