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a b s t r a c t

In this work we determine and show the expressions of the electron states of a step-
quantum well with the presence of an external electric field, developed in a
GaAs=AlGaAs matrix. The electron states are obtained using the envelope function
approximation. In this work it is only necessary to consider a single conduction band,
which due to the confinement is divided into a subband system, with T ¼ 0K. Expressions
for the electron states and the differential cross-section for an intraband electron Raman
scattering process of are presented, the net Raman gain is also calculated. In addition, the
interpretation of the singularities found in the emission or excitation spectra is given, since
several dispersion configurations are discussed. Furthermore, the effects of an electric field
on the electron states and on the differential cross section are studied.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The nanoscale structures such as quantumwells, dots andwires, havemany possible applications, for this reason they have
been extensively studied. The introduction of barriers to themovement of charge carriers in semiconductormaterial gives rise
to confinement which causes an enormous amount of quantum effects, especially causing changes in the dynamics of
electrons in the system [1e7]. It is widely known that the Raman scattering experiment can be used to investigate different
physical properties of semiconductors nanostructures. The electronic structure of nanostructures can be investigated through
Raman scattering processes considering different polarizations of incident and emitted radiation. Furthermore, the calcu-
lation of the differential cross-section for an electron Raman scattering process remains an essential tool for the study of
semiconductor nanostructures, as it allows correct interpretations of experimental Raman spectra.

Nanotechnology allows the creation of devices such as light sources. For instance, light emitting diodes and laser diodes in
wide ranges of the electromagnetic spectrum, from terahertz to ultraviolet [8e14]. The applications of these devices cover a
wide range of fields in technology, such as optoelectronics, radars and telecommunications [15e17]. One of the semi-
conductor nanostructures with greater possibilities of development are the multiple asymmetric quantum wells and espe-
cially the step-quantum well. The reason for this is that it allows us to have a relatively simple control of the width of the
system and the height of the barrier as well as of other physical parameters; and in this way to be able to create a three-levels
system which is necessary for the development of several applications. In recent years, research has been conducted on the
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step-quantumwells [18] and the asymmetrical multiple quantumwells [19,20], due to the devices that can be designed based
on them, partly because of the simplicity of this type of system. Therefore, our aim in this paper is to give a continuation of the
work initiated in Refs. [18e20]. Thus, we obtain a model of intraband electron Raman scattering in semiconductor step-
quantum well, where an electron is in the conduction band with an external electric field.

In order to show our new contributions, we have organized this work as follows: in Section 2, we show the conditions
under which the electron states are obtained and the expressions related to them. Section 3 is dedicated to determine the
differential cross-section for a Raman scattering for a semiconductor step-quantum well with the presence of an external
electric field and the selection rules for electron transitions, also how to determine the net Raman gain for a three-level
system; whereas, in Section 4 physical analysis of the obtained results are presented.

2. Model and electron states

In this section, we will determine the bound states of an electron in the envelope function approximations for a step-
quantum well system. Therefore, we must consider that the active region of the system is given by two layers, one of GaAs
with width l1 and other of Al0:35Ga0:65As with width l2 limited by two barriers of AlAs; this implies that the width of the
system is given by d ¼ l1 þ l2; we also considered the presence of a constant and uniform electric field F. The conditions
mentioned lead us to the following Schr€odinger's equations [19e21].�

V2 þ 2m
Z2

½E � VcðzÞ � jejFz�
�
J ¼ 0: (1)

where the confinement potential ðVcÞ and the effective mass ðmÞ are given by

Vc;m ¼

8>><>>:
V1; m1; �∞< z<0
0; m2; 0 � z � l1
V3; m3; l1 < z � d
V1; m1; d< z< þ∞

The solution of eq. (1) in the envelope function approximation and considering the continuity of the function J and the
current ð1=mÞðvJ=vzÞ at the interface, leads to

JðrÞ ¼ exp½ik⊥$r⊥�ffiffiffiffiffiffiffiffiffi
LxLy

p u0ðrÞ4nðzÞ

where

4nðzÞ ¼

8>><>>:
A1Ciðh1zÞ; �∞< z<0
A2Aiðh2zÞ þ B2Biðh2zÞ; 0 � z � l1
A3Aiðh3zÞ þ B3Biðh3zÞ; l1 < z � d

A4Aiðh1zÞ; d< z< þ∞

(2)

u0ðrÞ is the periodic part of the Bloch function, and Ai and Bi are the Airy's functions. Also, we have

CiðhÞ ¼ BiðhÞ þ iAiðhÞ
and

hjz ¼ �
"

2mj
ðeFZÞ2

# 1
3

½εz nð Þ � Vc zð Þ � jejFz �; (3)

where εz nð Þ is the energy due to the spatial confinement, n is the number assigned to the quantum well bound states, and
finally j ¼ 1;2 or 3: As it is shown in eq. (1), the potential energy tends to�∞ as z goes to�∞: It is not possible for a system of
this type, which is subject to an electric field, to have a genuine stationary state. The reason for this is that, although the
electron energy is below the barrier, it can leave the “confinement region” at some point due to quantum tunneling; and if the
electric field is different from zero, the electron cannot return to the “confinement region” [19,22]. Another important issue in
this system is that the eigenvalues obtained in the solution of the Schr€odinger's equation are complex and are written as
follows:

εz nð Þ ¼ εn � i
G

2
;

where G is the resonance width and is found to be positive, and εn corresponds to the quasibound stated energy level,
respectively [22]. The total electron energy of the quasibound states is given by
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