Quantum bits out of small Josephson junctions
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Theoretically many systems can act as a qubit, but the realisation of it is difficult. The systems discussed here contain Josephson junctions. Nakamura et al. have shown in their experiments with single Cooper pair box (SCB) [1], that in this kind of metallic island structures the oscillations between eigenstates of the systen last at least a few nanoseconds. The states are characterised by the number of Cooper pairs in the box and (quantum) manipulation of this number is of basic importance for the production of viable qubits. In an eigenstate of a SCB, essentially two charge states are coherently superposed due to the Josephson coupling and one can create oscillation between these states by applying fast gate pulses into the system. The SCB is a good candidate for a qubit and also a good system in understanding more complicated structures, such as long arrays of Josephson junctions with gates. Qubits based on long arrays have been suggested also [2].

We are presently fabricating and characterising aluminium based SCBs using a superconducting single electron transistor (SET) as an electrometer. We are also fabricating niobium structures to obtain higher critical temperatures. This gain in critical temperature might reduce decoherence and thereby increase the time to make quantum logic operations. The SCB and the electrometer are fabricated on the same silicon chip and the islands of the systems are capacitively coupled to each other. The box is operated by changing the island potential by an external gate voltage. The combined effect of the potential change of the island and the tunnelling of the unit charges in the box can be seen as the sawtooth like current modulation in the superconducting SET.
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Figure 1: Measured current of a superconducting SET as a function of the SCB gate voltage

Figure 1 shows the measured SET current as a function of the SCB gate voltage. The 2e-period of the Cooper pair tunnelling in this case is 16.9 mV (the high peaks). 

We have also analysed theoretically the Cooper pair pump, namely its capability to transfer Cooper pairs compared to the nonsuperconducting case [3]. This might be a very important issue when thinking of the limitations on the preparation and read-out of the states. We found that unlike in the normal metal arrays in which the transfer of electrons can be made very accurate [4], the transfer of Cooper pairs in the superconducting arrays is always inaccurate due to the coherent superposition of charge states.     
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