Charge transport through coupled quantum dots
in the presence of a two-state fluctuator
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A system of double quantum dots (DQD) constitutes a fundamental structure for many applications of semiconductor nanotechnology, e.g., in nanoelectronics, quantum pumps, quantum computers, etc. Low number of electrons involved in the relevant processes in DQD causes that their most essential properties are of a very quantum nature for which quantum coherence plays the crucial role [1]. In order to maintain it during processing with the electrons of a great importance is to recognize and to be able to control any process which decohere the system. 

One of the reasons of the decoherence in solid state systems is the existence of the background charge fluctuations [2]. They result from temporal charge trapping in material imperfections what modifies local electric field in the region of DQD, thus randomly changes the relevant parameters of the system. This process may be mimicked by two-state systems – fluctuators [3] – exhibiting random jumps between their states. The simplest realization of a fluctuator is given by a two state stochastic process – dichotomic noise (DN) – acting on some parameters of the system [4].  

In the present communication we show some effects caused by the existence of a single fluctuator on the electron transport through DQD. To this end we consider the dynamics of DQD coupled to two leads described by a standard system of rate equations for the reduced density matrix elements, in which either tunnelling rate between the dots, or their energy levels, are perturbed by a DN. Previously it was shown [5,6] that for appropriate resonance conditions DN can dramatically damp tunnelling process and destroy its coherence. Hence, we are interested mostly in the resonance-like effects caused by the existence of a fluctuator in the current flowing through the system. Depending on the relation between the parameters we have found either resonant decrease or increase of the current. Even when the random perturbation is very small the effect can be very significant. In the limiting cases of zero temperature and weak coupling to the leads we have obtained mathematical conditions for these resonances, what has allowed us for their physical interpretation. Further, we have analyzed numerically the influence of temperature and Coulomb repulsion on these effects. 
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