
Nonlinear optical absorption via two-photon
process in asymmetrical Gaussian potential
quantum wells

Huynh Vinh Phuc a,⇑, Luong Van Tung a, Pham Tuan Vinh a,b, Le Dinh b

a Division of Theoretical Physics, Dong Thap University, Dong Thap, Viet Nam
b Center for Theoretical and Computational Physics, Hue University, Hue, Viet Nam

a r t i c l e i n f o

Article history:
Received 6 October 2014
Received in revised form 7 November 2014
Accepted 11 November 2014
Available online 29 November 2014

Keywords:
Nonlinear optics
Phonon-assisted cyclotron resonance
Half-width
Gaussian potential
Electric field

a b s t r a c t

In this paper, linear and nonlinear optical absorption spectrum in
asymmetrical Gaussian potential quantum wells under the applied
magnetic and electric fields are studied via investigating the
phonon-assisted cyclotron resonance (PACR) effect. The results
are calculated for GaAs and Ga1�xAlxAs materials. Our results show
that the optical absorption behaviors and the half-width are signif-
icantly dependent on the height of the Gaussian potential, the well
width, the magnetic field, and the temperature. It is also found that
there is a clear monotonic behavior of the resonant peaks and the
half-width as functions of the factors mentioned above in both one
and two-photon absorption processes.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Nonlinear optical properties in low-dimensional semiconductor structures have been intensively
studied in recent decades because of their novel physical characteristics and possibility of applications
in micro-electronic and opto-electronic devices. Therefore, the linear and nonlinear optical absorption
effects in these structures have been investigated by a number of researchers [1–21]. Based on the
effective mass approximation, the simultaneous effects of the hydrostatic pressure, and temperature
on the optical absorption spectrum have been investigated in several systems, such as spherical
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quantum dots [1,2], quantum wells [3–8], concentric double quantum rings [9,10], and quantum wire
[11]. In these works, the authors have found that the energy levels and inter-subband properties can
be modified and controlled by the hydrostatic pressure and temperature. In the other hand, with the
applied electric and magnetic fields, the linear and nonlinear optical absorption coefficients have been
investigated in a square quantum well [12], V-shaped quantum well [13], double inverse parabolic
quantum well [14], parabolic quantum well [15], GaAs/GaAlAs asymmetric double quantum wells
[16], cylindrical quantum wires [17], quantum disk with flat cylindrical geometry [18], quantum
dot [19,20], and in parabolic two-dimensional quantum rings [21]. These works results showed that
the optical absorption coefficients depend not only on the structure of the system but also on the
strength of the static magnetic and/or electric fields.

The confined potential used in this paper is Gaussian potential. It is known that although the par-
abolic potential are often used to display the confined potential in low-dimensional semiconductor
structures [14,15,22–25], it is not perfectly suitable to describe the experimental results [26,27].
Therefore, the parabolic potential should be replaced by Gaussian potential [28]. Based on the Gauss-
ian potential, there are a number of works have been reported to investigate the optical properties
[27,29–32]. However, in most of these studies, the optical absorption has been only investigated by
one-photon absorption, while the two-photon absorption process has not been done. In this paper,
we use the Gaussian potential to investigate the linear and nonlinear optical absorption via two-pho-
ton absorption process in GaAs and Ga1�xAlxAs quantum wells. Our results show that the optical
absorption behaviors and the half-width are significantly dependent on the height of the Gaussian
potential, the well width, the magnetic field, and the temperature. We also found that there is a clear
monotonic behavior of the resonant peaks and the half-width as functions of the factors mentioned
above in both one and two-photon absorption processes. The paper is organized as follows: In Sec-
tion 2, the theoretical framework and analytical results are presented. Section 3 is dedicated the
numerical results and discussion. Finally, our conclusion is given in Section 4.

2. Theoretical framework and analytical results

We consider a quantum well where electron is confined in z-direction by an asymmetric Gaussian
potential, which is given by [27,31,32]

UðzÞ ¼ �U0 expð�z2=2L2Þ z P 0;
1 z < 0;

(
ð1Þ

where U0 is the height of the Gaussian potential, and L is the range of the confinement potential (well
width). When the static magnetic B, and electric F fields are applied simultaneously to the z-direction,
in the Landau gauge for the vector potential A ¼ ð0;Bx;0Þ, the one electron Hamiltonian reads

H ¼ 1
2m�
ðpþ eAÞ2 þ UðzÞ � eFz; ð2Þ

where p and m� are the momentum operator and the effective mass of a conduction electron, respec-
tively. The eigenfunction and eigenvalue corresponding to the Hamiltonian in Eq. (2) are

WN;n;ky ðrÞ ¼
1ffiffiffiffiffi
Ly

p expðikyyÞwNðx� x0Þ/nðzÞ; ð3Þ

EN;n;ky ¼ N þ 1
2

� �
�hxc þ en; N ¼ 0;1;2; . . . ; ð4Þ

where N is the Landau level index, xc ¼ eB=m� is the cyclotron frequency, wNðx� x0Þ is the harmonic
oscillator wave functions, centered at x0 ¼ �a2

c ky; Ly and ky are the normalization length and the elec-
tron wave vector in the y-direction, respectively, and ac ¼ ð�h=m�xcÞ1=2 is the radius of the orbit in the
ðx; yÞ plane. The component eigenfunction and eigenvalue in z-direction in Eqs. (3) and (4) are given by
[27,31,32]

268 H.V. Phuc et al. / Superlattices and Microstructures 77 (2015) 267–275



Download English Version:

https://daneshyari.com/en/article/1553436

Download Persian Version:

https://daneshyari.com/article/1553436

Daneshyari.com

https://daneshyari.com/en/article/1553436
https://daneshyari.com/article/1553436
https://daneshyari.com

