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Due to Coulomb blockade the electric current in systems of small-capacitance Josephson junctions can, in principle, be controlled on a single-Cooper-pair level. In their pioneering experiment, Geerligs et al. [1] had evidenced the transfer of Cooper pairs one-by-one across a voltage-biased three-junction array of superconducting Al junctions driven by rf signals of frequency f ( several MHz. The operation of this Cooper pair pump was, as they had claimed, strongly disturbed by several factors dependent on the parameters of the sample. This had led to an imperfect shape of the current plateau in the I-V curve at the expected values of current  I = ( 2ef.  


Recently, in their theoretical paper Pekola et al. [2] concluded that coherent pumping of Cooper pairs with reasonable accuracy in a three-junction array is not possible at all because of intensive quantum tunneling of pairs out of the propagating potential well and substantial supercurrent flow through the whole array. For instance, they found the inaccuracy of pumping to be as high as 9%63% for the ratio of  Josephson energy to charging energy, which was EJ/Ec = 0.010.1, i.e., within the practical range. 


In this paper we show that effective pumping of pairs in a three-junction device is nevertheless possible if tunneling is accompanied by a substantial dissipation of energy in the external circuit (environment). We realize such a regime in the device which we call the R-pump (depicted in the Figure). Our innovation consists in an on‑chip resistors connected in series to the superconducting array. Their resistance (R is about several RQ  =  h/4e2 ( 6.5 k() dramatically modifies the dynamics of the circuit, i.e., it enormously suppresses the through-supercurrent (tunneling through all three junctions) and unwanted co-tunneling events (quantum tunneling through two junctions at the same time). On the other hand, the rate of regular Cooper pair tunneling in a given junction is less affected by resistance R because of two other junctions connected in series with R. These remarkable properties of the dissipative environment for the simplest array allow the highly accurate regime of inelastic tunneling of pairs to be established (similar to that recently observed for single electrons in the normal R-pump [3]). The recent experimental results obtained on the Cooper pair R-pump and an interpretation of these will be reported.
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Figure.  SEM image (a) and the electric circuit diagram (b) of the three-junction Cooper pair R-pump with local resistors of R ( 50 k which are 10 m long. This Al-Cr structure is fabricated by the standard three-angle evaporation technique. Two phase-delayed (90° ( ( ( 180°) harmonic voltages are applied to the gates which are capacitively coupled to the islands. 
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