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Jospehson junction

• Temperature dependance

• Nonlinear inductance



Superconducting qubit

• Excellent signal-to-noise ratio required
• Parametric amplifier: phase-sensitive regime

• Beyond the quantum limit

Mallet, F. et al. Quant. St. Tomogr. of an Itinerant. Sqeezed
Microw. Field. Phys. Rev. Lett. (2011)



Parametric amplifier
• Nonlinear telegrapher’s equation 

• Coupled mode theory
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Metamaterial
• Dispersion relation

• Finite difference approach



Experiment

• Coplanar waveguide - middle wire: array of niobium JJs
• 50 Ω RF measurement tract inside sorption He-3 refrigerator
• Tranmsmission measured at temperatures 1 K − 9 K and signal

power -30, -27, . . . , -12 dBm
• Impedance mismatch ⇒ Fabry-Perrot resonances



Transmission analysis



Temperature dependance

Josephson junction properties



Nonlinearity in power

Additional attenuation of the 
measurement tract input line

Power calibration
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