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Abstract:

The standard density functional theory (DFT) based computational approach has been widely used in past
two decades in theoretically studying transport properties of nanoscale (or molecular scale) devices
under a finite bias. A recent experiment?!, however, reported surprising transport phenomena in silanes
molecules that cannot be understood by the standard DFT approach, presenting a serious challenge for
the community of computational nanoscience. With the steady-state DFT (SS-DFT)? we recently proposed,
we found that underlying the ‘puzzling’ transport properties of silanes molecules is a novel type of bias-
induced nonequilibrium effects (named ‘nonequilibrium pulling” in our work)3. Our calculations show that
when the system is near equilibrium, the standard DFT approach is a good approximation of SS-DFT, while
the ‘nonequilibrium pulling’ could drive the silanes molecules far away from the equilibrium at low biases
around 0.2 V, causing the failure of the standard DFT approach and the experimentally observed
surprising transport phenomena. Detailed analysis suggests that the nonequilibrium effects we predicted
may generally exist in nanoscale junctions when there are conducting channels that are close to the bias
window and mainly residing at the source contact. These findings significantly broaden our fundamental
understanding of electron quantum transport at nanoscale.
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