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Theoretical design study on molecular bridge devices
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We investigated the effects of electric field on molecular bridge to gain
insights into its design for applications in electronics and spintronics. We identified the changes
in its band structures for the poly-porphyrin tapes with their different central metal atoms M (M =
Co, Ni, Cu, Zn) and in the presence of electric field. For M = Cu and Zn, an applied field parallel
to the width of the tapes easily induces electric dipole on the molecule and increases the band gap.

For these cases, the d-bands are fully occupied and the 1t bands are near the Fermi level. Moreover,
the induced electric dipole is greater for M = Cu and Zn than for M = Ni and Co. Calculation of the
source-drain bias voltage found that for M = Co case, the minority and majority spin electrons have
negative resistance and normal semiconductor properties, respectively. These results indicate that
the electric conductivity of molecular bridge can be controlled by the application of electric
fields.
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