First principles modelling of molecular electronics devices.
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I  will present our newly developed method ,TranSIESTA[1,2], which enables a full atomistic description of nanosized electronics devices under operation conditions.  The method is based on density functional theory, and uses local basis sets[3] combined with a non-equilibrium Greens function transport scheme. With this package it is possible to calculate the selfconsistent electronic structure, electrical current, and current induced forces of a nanostructure coupled to 3-dimensional electrodes with different electrochemical potentials, using a full atomistic ab initio description of both the electrodes and  the nanostructure.

     One of the most popular methods to connect a molecular device to external electrodes is via thiolate bonds, however, different experiments seem to give conflicting results for the inherent resistance of a thiol bond. I will present theoretical results for the IV characteristics of different organic molecules coupled to gold electrodes via thiolate bonds and compare with the corresponding experimental data. In several experiments the molecules have an asymmetric coupling to the external electrodes and I will show how this asymmetry may lead to rectification in the device[4]. 
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