Nonequilibrium Green’s function analysis of transport and magnetic moment in a biased double-wire system 
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Electron transport and the induced magnetic moment of a semiconductor tunnel-coupled double quantum wire system are analyzed in the case when the wires are connected to leads in a series arrangement (Figure 1). The length of the parallel wires and their associated continuous spectrum, are taken in the direction perpendicular to the lead-to-lead current. Electrons sequentially tunnel from the left lead to the left wire, from the left wire to the right wire, and, finally, from the right wire to the right lead. Potential barriers between leads and wires are taken to be higher than the barrier between the wires themselves, so that tunneling from wire to wire is much faster than tunneling between leads and wires. The Coulomb interaction between electrons is neglected. We consider a magnetic field applied perpendicular to the plane of the parallel wires, facilitating the analysis of the magnetic response properties of the system. 

We derive and solve the equations of motion for the double-wire electron Green’s functions using the transfer-tunneling Hamiltonian formalism. This generalizes the approach proposed in Ref. [1] to structures having a continuous spectrum. The solution is employed to determine the current through the structure and the average magnetic moment of the double-wire system induced by the applied magnetic field. We show that at low temperature the magnetic response of such a system can be either diamagnetic or paramagnetic depending on the applied bias and the equilibrium chemical potential of the leads. These properties of the double-wire structure introduce a mechanism for the lead-to-lead bias control of the induced magnetic moment of this system.

[1] A.-P. Jauho, N.S. Wingreen, and A. Meir, Phys.Rev.B 50, 5528 (1994).
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Figure 1:  Schematic of a double-wire system with two leads attached.
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