Ballistic conductance in quantum devices: From nanotubes to organic polymers*
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Self-assembling molecular electronics devices based on carbon are currently being considered as viable alternatives to (and logical successors of) lithographically fabricated Si-based devices. I will discuss quantum conductance in two systems with high potential for applications, namely carbon nanotubes and organic polymers. The conductance and magnetoconductance of these systems may be manipulated by external electric and magnetic fields, and also by minute structural deformations.

The unexpected conductance behavior of multi-walled carbon nanotubes may be traced back in the ballistic regime to the electronic structure changes induced by the weak inter-wall interaction. Depending on their internal structure and the nature of the electric contact to leads, these systems may exhibit conductance quantization involving a fraction of the conductance quantum [1].

A structural twist in a conducting single-wall carbon nanotube, imposed even within a localized region, scatters the propagating pi electrons and opens a (pseudo-) gap near the Fermi level. We find that the subsequent conductance reduction may be compensated by an applied axial magnetic field, leading to a twist-induced, giant positive magneto-conductance in pristine armchair nanotubes [2].

The observed unusual current-voltage characteristics of oligo(phenylene ethynylene) molecules sandwiched between gold electrodes reflects the delicate balance between the pi system conjugation, responsible for the quantized conductance of these systems, and the Coulomb interactions within the self-assembled monolayer. Applied bias voltage induces an isomer transition which results not only in a switching function, but also a distinct memory effect [3].

* In collaboration with Steven W.D. Bailey, Young-Kyun Kwon, Colin J. Lambert, and Stefano Sanvito.
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