When is a Current-Biased Josephson Junction in the Quantum Limit?

A current-biased Josephson junction has a potential given by U(y) = — %: (Ige Yy +1.cosy),

where y is the gauge-invariant phase difference and @ is the flux quantum.
This creates the tilted washboard potential as a function of gauge-invariant phase.




When is the Problem Quantum as opposed to Classical?
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The gauge-invariant phase point oscillates in an (approximately) harmonic oscillator potential characterized
by a curvature given by the dc-current-dependent Josephson plasma frequency w,(Ig.):
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To see quantum transitions between the states the thermal energy must be small compared to the energy level spacing
kBT < hwp

To minimize the effects of loss we also require: @ = w,RC > 1, in the language of the RCSJ model, shown above

This approach leads to a phase qubit
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