Experiments with two-cell flux qubits
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The standard flux qubit first implemented at Delft [1] consists of a superconducting loop with three Josephson junctions (one of which is smaller than the other two identical junctions) and features a double well potential at half frustration. Its limitation is that the barrier height cannot be changed without breaking the symmetry. An alternative device proposed by Yukon [2,3] is a two-cell flux qubit containing four Josephson junctions. The two-cell flux qubit can be made using identical junctions and features a double-well potential with orthogonal control of barrier height and asymmetry. A useful property of orthogonal control is that it allows for a scalable system with symmetric coupling of qubits to a resonant LC bus [4] concomitant with asymmetric coupling to microwave control pulses. 
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  Figure 1. (a) Two-cell flux qubit containing 4 junctions. (b) 3-junction flux qubit.

We have established a technological process for fabricating two-cell qubits based on sub-micron Al-AlOx-Al Josephson tunnel junctions with a critical current density around 500 A/cm2. We have designed and fabricated two-cell qubits with dc-SQUID readout and flux lines. Experiments are currently on the way to test the readout and determine the level splitting.
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