
Quantum Transport Through Nano-Wires with
One-Sided Surface Roughness
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Disordered media and their transport properties
are a central issue in solid state physics, as they
are the root of numerous applications in electronics
and optics [1], [2]. New experimental possibilities
to investigate this field in the ’mesoscopic’ regime
have led to an increased interest in the classical-
to-quantum crossover regime of transport where
a whole new class of interesting phenomena has
meanwhile been discussed [3].

In most investigations a static disorder is assumed
to be present in the bulk of a material. The theo-
retical analysis of bulk disordered systems typically
employs random matrix theory (RMT) [4], which
has proven to be a very successful description.
The formation of ballistic, diffusive, and localized
transport regimes, as well as any dependence on the
density of scatterers and the wire length can be stud-
ied. Reduction of system sizes leads, however, to an
increased surface-to-volume ratio in nano-devices,
such that surface roughness can be the dominant
source of disorder scattering. The application of
RMT to systems with surface disorder is, however,
not straightforward, as different transport regimes
can coexist with each other, depending on the angle
(mode number) of the injected particle (wave) [5].

Using the modular recursive Green’s function
method [6], we numerically study electronic quan-
tum transport through extremely long nano-wires
in the presence of a one-sided surface roughness
and a magnetic field. We demonstrate how these
two effects conspire to keep the conductance at
a high value throughout vast length scales of the
wire. In the quantum-to-classical crossover of high
Fermi energies (EF → ∞) this effect leads to
exponentially diverging localization lengths.

Complementing previous investigations [7] we

argue that the giant localization length found nu-
merically falls clearly outside the scope of RMT
predictions, but can be well understood in terms
of the underlying mixed regular-chaotic classical
motion which electrons are subject to in such a
system. As we demonstrate by an analytical cal-
culation, this effect can quantitatively be accounted
for by dynamical tunneling between the transporting
regular and chaotic parts of the underlying mixed
classical phase space [9], [10]. We thereby estab-
lish a direct link between experimentally accessible
transport quantities like the conductance and “dy-
namical tunneling”.
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Fig. 1. Wire with one-sided surface disorder (top wall) in a
magnetic field B. The strength of the disorder is governed by
δ/W . Two typical (classical) electron trajectories are shown:
A trajectory injected at a low angle (solid line) skips along the
lower boundary and, avoiding contact with the disorder, gets
transmitted. Injection at a steeper angle (dashed line) leads to
disorder scattering and reflection.




