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    Transport through a nano-scale model, describing two levels quantum dot coupled to two leads, is considered. 
The model in question takes into account the Coulomb interaction between electrons at each levels of the dot. To 
calculate the model's conductivity and current, we use the Keldysh formalism within the framework of which the 
retarded and lesser Green's functions of the central region are derived. In particular, applying these functions, the 
current in wide band limit for the different values of parameters is estimated.

1. Model Hamiltonian.

2. Formula for time dependent current.

3. Time-independent case of electron transport.

4. Time-dependent case.

5.Conslusions.

     We consider a system, which consists of two energy level 
Anderson quantum dot, coupled to two uncorrelated leads, 
acting as a source and drain. The Hamiltonian reads [1]   

where the first term corresponds to electrons in the leads, 
which are taken to be uninteracting.  The second one 
describes tunneling of the electron from the dot to the lead. 
Finally two last terms describe central region quantum dot, 
which includes Coulomb repulsion between the electrons.

    Current from lead to central region can be calculated as

The expression for the current can be written in terms 
of central region Keldysh Green’s function [2]

where 

lesser and retarded Keldysh Green’s functions of the central 
region are defined 

Using the equation of motion technique one can calculate 
retarded Green’s functions of the central region. The lesser 
Green’s function can be found using Langreth continuation 
rule. 

    In time-independent case the Green’s functions can be 
calculated explicitly with the use of Fourier transform. The 
expression for current takes the form 

in terms of spectral function 

Fig.1: Current versus voltage for µR = 0, µL = V, 
?0 =5, U = 10, T = 0.1, ?L = ?R = 0.5.

   Let us consider wide band limit approximation, 
where we neglect the influence of bandstructure 
details, in this case

FIG. 3: Time dependence of current at the dot in case of pulse 
modulation with for U = 0 and U = 10

In this approximation, formula for time dependent 
current has a form

where
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    A time-dependent formalism for a two level 
interacting quantum dot coupled to two leads has 
been developed in a convenient and handy way for 
numerical evaluation.
    Calculations show the influence of Coulomb 
correlations on the current, which mainly consists in a 
change of amplitude. The influence on the time 
structure appear to be mostly insignificant.


