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We study theoretically the effects of short-range correlated disorder and applied bias on the nature of the
transport properties in InAs/In xGa1� xAs superlattices. We consider layers having identical thickness
where the (In) concentration x takes at random two different values with the additional constraint that
barriers (wells) of one kind always appear in triple, thus forming random trimer barrier superlattices
(RTBSL). We have numerically examined with the use of the exact Airy function formalism and the
transfer-matrix method, the transmission properties across RTBSL. In the case of unbiased systems, we
observed that the introduction of correlated disorder prevents the localization and causes delocalization
states. This behavior is due to the trimer tunneling state originated for the basic cells of three singular
barriers. In the case of biased systems, we see the decrease of the miniband width (reduction of transmis-
sion) until the complete disappearance for high values of Va.

� 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Arsenic based devices have a wide range of applications like la-
sers, infrared detectors, photodetectors, etc. The InAs/Ga 1� xInxAs
superlattices are generally used in many device applications due
to their good performance for atmospheric measurements [1…3].

The electronic transport in superlattices (SLs) dates back to the
early 1970s [4] . The ordered systems are speci“ed by their period-
icity which permitted the application of Bloch theorem [5] . The case
of disordered SL•s is more challenging because the translational
symmetry in this system is broken and the Bloch theorem is not
applicable. The theory of one-parameter scaling led to the general
belief that all one-particule states in disordered systems were expo-
nentially localized in one and two dimensions [6] . The consequence
of this hypothesis is the absence of transport in an in“nite disor-
dered chain. However, in recent years, several works showed that
a band of delocalized states appears in tight-binding [7,8] and
continuous models of correlated disordered one-dimensional
(1-D) systems [9] . In Refs. [10…17] a simple discrete model with
correlations expressed by pairing (dimer) was studied.
ll rights reserved.

213 45331369.

ata).
The main result in this particular case of disordered SL•s was the
existence of extended states, in contrast to the earlier belief that all
the eigenstates are localized in 1D disordered system. Recent ad-
vances in nanotechnology made it possible to grow arti“cial semi-
conductor superlattices with high quality; this gives the possibility
to experimentally verify former theoretical predictions.

The existence of extended states in random dimmer superlattic-
es was clearly observed in the photoluminescence by Parisini et al.
[18] . Most important, vertical transport and spectroscopic ellips-
ometry experiments [19,20] led us to conclude that Anderson
localization is inhibited in correlated disordered superlattices.

In this work our systems consist of two different structures ran-
domly distributed along the growth direction, with the additional
constraint that barriers (wells) of one kind always appear in triple.
This heterostructure will be referred to as random trimer barrier
superlattice (RTBSL).
2. Formalism

Using the exact Airy functions formalism [21,22] and the trans-
fer-matrix technique [23] , we study in the stationary case the RT
in GaAs/InxGa1� xAs SL with non-periodic potential pro“les. For

http://dx.doi.org/10.1016/j.rinp.2012.10.006
mailto:sam_bentata@yahoo.com
http://dx.doi.org/10.1016/j.rinp.2012.10.006
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