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Abstract

Within the effective mass approximation, we study the curvature effects on the electronic and transport
properties of semiconductor films. We investigate how the geometry-induced potential resulting exclusively
from periodic ripples in the film induces electronic confinement and a superlattice band structure. For fixed
curvature parameters, such a confinement can be easily tuned by an external electric field, hence features
of the superlattice band structure such as its energy gaps and band curvature can be controlled by an
external parameter. We also show that, for some values of curvature and electric field, it is possible to
obtain massless Dirac bands for a smooth curved structure. Moreover, we use a wave packet propagation
method to demonstrate that the ripples are responsible for a significant inter-sub-band transition, specially
for moderate values of the ripple height.
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1. Introduction

Recent experiments have demonstrated the pos-
sibility of obtaining thin flexible semiconducting
films.[1] For instance, R. Alston et al investigate
some effects of transparent amorphous oxide semi-
conductor thin-film transistors for flexible elec-
tronic applications [2], Y. H. Kim et al report a
general method for forming high-performance and
operationally stable flexible metal-oxide semicon-
ductors at room temperature [3], and K. Nomura
et al show a method to fabricate transparent flex-
ible thin-film transistors [4]. This renewed the in-
terest in investigating quantum confinement, elec-
tronic and transport properties in curved planes.
In fact, curvature effects have been extensively dis-
cussed both experimentally and theoretically in the
context of V-groove quantum wires, as reported in
Refs. [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18].
Such a system consists of a bent semiconductor het-
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erostructure. In this case, electrons are mostly con-
fined in the higher curvature region, rather than in
the whole inner semiconductor plane, as expected
for a conventional heterostructure. However, cur-
vature is not the only effect involved in the electron
confinement in v-groove wires: the high curvature
regions in these systems also usually exhibit larger
width, which, alone, would also induce electronic
confinement. Notice that if there is a region of
larger width, the ground state energy level is lower
in this region and, consequently, the charge carriers
will be confined there, as a pure quantum effect. On
the other hand, the curved membranes considered
here have no reason a priori to exhibit non-uniform
width in the curved region. Therefore, it becomes
very interesting to investigate separately the effect
of the curvature on the behaviour of electrons con-
fined in a curved plane.

In this paper, we systematically explore how the
curvature affects the electronic and transport prop-
erties of semiconductor rippled films. We con-
sider two different bent quantum wires: circular
and Gaussian-like shapes connected with normal in-
plane parts. In Sec. 2, we present the general the-
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