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We utilize the Hubbard model approach in analyzing
the effect of the hopping parameter in the transport
properties of atwo-atom molecular device (Kostyrko
& Bulka, 2003). The system consists of a molecule
with two identical atoms connecting two metal
electrodes. In this model, two important and realistic
energy parameters are considered which affects the
transport properties. The first is the kinetic energy
required to “hop” from one atomic siteto the next. We
call this parameter the hopping term denoted by ¢, in
arbitrary units of energy. The next is an on-site
Coulombic repulsion, U, between two electronson the
same atomic site.

The molecular wire is represented by the Hubbard
Hamiltonian

Hmol = ZIZ<E15U + t)citacj,o + Uzni,Tni,l . (1)
i,j o© i

We then used the nonequilibrium Green’s function
formalism (Datta, 2000) to obtain the transport
equationsfor the system. Thesetransport equationsare
solved self-consistently. We utilized a root finding
method to implement such cal culations. Our resultsfor
the current at ¢ = 1.0 agree with that in the literature
(Kostyrko & Bulka, 2003).

Thebehavior of the current-voltage characteristicswas
shown to depend on the position of the molecular self-
consistent energy level swith respect to the Fermi energy
levels. For U > 0, the molecular levels are pinned
between the Fermi levels of the source and drain
electrode for values of ¢+ < 0.5 . The threshold voltage
isfixed for thesevaluesof 7 (Fig. 1) and continuous to
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Fig. 1. Current-voltage characteristics for U = 4 for different
valuesof .
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Fig. 2. Current-voltage characteristics for U = 0O for different
values of z.

increase for valuesto r < 0.5. For U =0, the molecul ar
levelscontinueto decrease ast decreases. Thethreshold
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voltage reaches its minimum at ¢+ = 0.5 (Fig. 2)
corresponding to the point where the antibonding
energy levelsat vV = 0 are located between the Fermi
level of the source and drain. When both molecular
levelsare below the Fermi level of thedrain, transport
does not occur.
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