Three-junction Josephson elements for optimal operation of flux qubits 
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Superconducting solid state qubits are excellent candidates for the implementation of quantum computers, and are a privileged framework for the study of quantum mechanics. Different type of superconducting qubits have been realized and tested, individually and in coupled configurations, and in parallel new ideas and solutions have been developed. In this direction one of the main breakthrough for the improving of the coherence is the idea of the “optimal” working point: in some kind of qubits one can find particular working points where the first derivative of the qubit parameters with respect to the control parameters is zero, so that the noise acts only weakly on the system (second or higher order effect). By operating at these points it is possible to considerably increase the coherence time [1,2].

Another important concept concerns the tunability of the qubit: a qubit whose parameters can be modified as desired can be completely and effectively controlled just by using fast variation on the controls [3-7]. In superconducting flux qubits the tunable element is generally realized by a dc SQUID with small inductance, used as a flux controlled tunable Josephson junction.

We propose a remarkable Josephson element based on three junctions with critical currents J1, J2 and J1 respectively, connected in parallel and controlled by two magnetic fluxes x1 and x2 , applied to the corresponding loops as shown in fig. 1a.  This system can be considered as a flux controlled Josephson junction, provided that the loop inductances are small with respect to the Josephson dynamical inductances. The critical current is then modulated as function of x1 and x2 between two extremal values J2+2J1 and J2-2J1. By changing x1 (control parameter) while keeping x2 (fine tuning parameter) fixed, the system can be switched between optimal points, where the derivative of the critical current with respect to the control flux is zero (fig. 1c, points A and B for example). 
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Figure 1. (a) Electrical circuit and (b) equivalent representation of the tunable element. 

(c) The current-flux characteristic of this element. 

This tunable element can be also inserted in a superconducting transformer in order to realize a switchable flux coupling between qubits and between a qubit and its readout SQUID [8].
We present the first experimental result performed at 4.2K on devices based on Nb/AlOx/Nb trilayer technology, and the relative theory.
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