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An efficient O(N) approach within density functional theory is described. It uses a localized-orbital basis that is variationally optimized for each atomic configuration by minimizing the DFT total energy with multigrid acceleration. Both ultrasoft and norm conserving pseudopotentials are implemented in this approach. By exploring the localization of the basis and the structure of the quantum transport problem, the Green’s functions needed for the calculation of electron transmission become block-diagonal and can be iteratively computed in O(N) time. Our code scales linearly with either the number of atoms or the number of processors in both electronic and quantum transport calculations. Our results for quantum transport properties of organic molecules on silicon and gold surfaces show that negative differential resistance occurs for a wide range of small molecules and is due to rearrangement of molecular orbitals under large bias. This is in agreement with the available experimental data.
