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H I G H L I G H T S

� Absorption power is calculated in square quantum wells taking into account the phonon confinement effect.
� Optically detected magneto-phonon resonance line-width (ODMPRLW) as profiles of curves is determined.
� The ODMPRLW increases with increasing temperature and decreases with increasing well's width.
� The ODMPRLW in the case of confined phonons is greater than it is in the case of bulk phonons.
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a b s t r a c t

We investigate the influence of phonon confinement on the optically detected magneto-phonon re-
sonance (ODMPR) effect and ODMPR line-width in quantumwells. The ODMPR conditions as functions of
the well's width and the photon energy are also obtained. The shifts of ODMPR peaks caused by the
confined phonon are discussed. The numerical result for the GaAs/AlAs quantum well shows that in the
two cases of confined and bulk phonons, the line-width (LW) decreases with increasing well's width and
increases with increasing temperature. Furthermore, in the small range of the well's width, the influence
of phonon confinement plays an important role and cannot be neglected in reaching the ODMPR line-
width.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Magneto-phonon resonance (MPR) effect is known to arise
from the resonant coupling between electrons and optical pho-
nons when the separation between two Landau levels approaches
the phonon energy, i.e., P c opω ω= (ωc, ωop and P 1, 2,= … are the
cyclotron frequency, optical phonon frequency, and an index dif-
ference between two Landau levels, respectively), and leads to
oscillatory behavior in many transport properties [1]. In the pre-
sence of an ac electromagnetic field, it has been shown that the
influence of this field is to shift the resonant peaks position from
P c opω ω= to P c opω ω ω+ = [2] with ω being the frequency of the ac
electromagnetic field. This is the so-called optically detected MPR
(ODMPR). When the confinement of phonon is taken into account,
the ODMPR becomes P c confω ω ω+ = in which ωconf is the confined

phonon frequency which is now quantized into discrete values.
Phonon confinement is an essential part of the description of

electron–phonon interactions [3]. It causes the increase of elec-
tron–phonon scattering rates [4–6] and significant nonlinearities
in the dispersion relations of acoustic-phonon modes, and modi-
fies the phonon density of states [7]. There have been many
models dealing theoretically with phonon modes, such as the
Huang–Zhu (HZ) model, the slab mode model and the guided
mode model [8]. Phonon confinement is shown to be important
whenever the transverse dimensions of a quantum well are
smaller than the phonon coherence length [3] and should be taken
into account in order to obtain realistic estimates for electron–
phonon scattering in low-dimensional structures [9–11]. Phonon
confinement affects ODMPR mainly through changes in the se-
lection rules for transitions involving subband of electrons, Landau
levels, phonon modes and affects the ODMPR line-width
(ODMPRLW) through changes in the probability of the electron–
phonon scattering. The line-width (LW) is defined by the profile of
curves describing the dependence of the absorption power (AP) on

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/physe

Physica E

http://dx.doi.org/10.1016/j.physe.2015.04.004
1386-9477/& 2015 Elsevier B.V. All rights reserved.

n Corresponding author.
E-mail address: tcphong@moet.edu.vn (T.C. Phong).

Physica E 71 (2015) 79–83

www.sciencedirect.com/science/journal/13869477
www.elsevier.com/locate/physe
http://dx.doi.org/10.1016/j.physe.2015.04.004
http://dx.doi.org/10.1016/j.physe.2015.04.004
http://dx.doi.org/10.1016/j.physe.2015.04.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physe.2015.04.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physe.2015.04.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physe.2015.04.004&domain=pdf
mailto:tcphong@moet.edu.vn
http://dx.doi.org/10.1016/j.physe.2015.04.004


the photon energy or frequency [12,13]. The LW has been mea-
sured in various kinds of semiconductors, such as quantum wells
[14–19], quantumwires [20–23], and quantum dots [24–28]. These
results show that the absorption LW has a weak dependence on
temperature and has a strong dependence on system size. How-
ever, in those studies, the absorption LW was investigated based
on the interaction of electrons and bulk phonons, the absorption
LW in quantum wells (QWs) due to the confined optical phonon–
electron interaction is still open for study. Recently, our group has
proposed a method, called the profile method, to computationally
obtain the LW from graphs of the AP [29], and we used this
method to determine the cyclotron resonance LW in cylindrical
quantum wires [30] and the influence of phonon confinement on
the optically detected electrophonon resonance line-width in
GaAs/AlAs quantum wires [31,32].

In the present work, we investigate the ODMPRLW in QWs. The
dependence of the ODMPRLW on the well's width and the tem-
perature of system is obtained. The results of the present work are
fairly different from the previous theoretical results because the
phonon confinement effect is considered. The paper is organized
as follows. In Section 2, we introduce several models of the pho-
non confinement in QWs. Calculation of analytical expression of
the AP in QWs is presented in Section 3. The graphic dependence
of the AP on the photon energy in the GaAs/AlAs QW is shown in
Section 4. From this dependence, we obtain the LW and examine
not only the location of resonance peaks, but also the dependence
of the LW on temperature and well's width. Finally, remarks and
conclusions are shown briefly in Section 5.

2. Confined electron and phonon models

We consider a single quantum well structure where electrons
are free to move in the (x, y) plane and a magnetic field B is applied
in the z direction. Adopting a single-band spherical effective mass
model for electron, the one-electron eigenfunction, ψ, is given by
[33]

L
x x ik y z

1
( )exp( ) ( ),

(1)
N n k

y
N y n, , 0yψ ϕ φ= −

where N 0, 1, 2,= … is the Landau level index; n 1, 2, 3,= … is the
electric subband quantum number; Nϕ is the harmonic oscillator

wave function centered at x ky0
2λ= − with c eB( / )1/2λ = being the

cyclotron radius; Ly and ky are specimen dimension and electron
wave-vector in y-direction; z( )nφ is the electron wave function in
z-direction as determined by the barrier potential V(z).

For an infinite barrier square well V z( ) 0= for z L /2z| | < and
V z( ) = ∞ for z L /2z| | > , the corresponding energy eigenvalues, ENn,
is given by [34]
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is the energy of the lowest electric subband, Lz denoting the width
of the well. In this case z( )nφ , for a well centered at z¼0, is given by
[33]
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The matrix element for confined electron-confined phonon
interaction in QW in the extreme quantum limits can be written as
[35]

(4)
i H f C q C q J q G( ) ( ) ( ) ,e ph i f m NN nn

m
k y ky qy

2 , 2 2 2 2
,′ ′ ′δ|〈 | | 〉| = | → | = | | | | | |α− ⊥ ⊥ +

where

⎛
⎝
⎜⎜

⎞
⎠
⎟⎟C q

e

q q
( )

2 1 1 1

(5)
m

m q

m

2
2

,

0 0
2 2

π ω
ε Ω χ χ

| | = −
+⊥

∞ ⊥

⊥

where χ0, χ∞, ε0 andΩ are, respectively, the static, high-frequency,
vacuum dielectric constants and the normalization volume of
specimen, respectively; q⊥ is a two dimensional vector in the (x,y)
plane of phonon; q m L/m zπ= . The term G
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where α distinguishes the even (�) and odd (þ) confined phonon
mode, u z( )mα being the parallel component of the displacement
vector of m-th phonon mode in the direction of spatial confine-
ment. It is different for different models and has been calculated
for some confined models such as the HZ model, slab mode model,
and guided mode model [8,34]. In the next section, we will use the
HZ model to calculate the optical absorption power in quantum
wells because among these models, the HZ model has received
wide acceptance and best describes the electron–phonon interac-
tion in quasi-two-dimensional systems [33,36,37]. For example,
calculations of electron intra- and inter-subband scattering rates in
GaAs quantum wells due to confined LO phonons using the HZ
model [11,38,39] have been found to be in good agreement with
experimental results [40,41]. For this model [8,34]
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The overlap integral (6) can be evaluated for intra-subband
transition (1 1)→ , and is obtained for the HZ model as
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3. Absorption power in quantum wells

In this section, we utilize the HZ model for confined phonons to
calculate the AP in above mentioned quantum wells, subjected to
an ac electromagnetic field (electromagnetic wave) with ampli-
tude E0 and frequency ω. The AP can be obtained by relating it to
the transition probability of the photon absorption to move to the
higher energy levels along with phonon absorbing or emitting
processes as follows [42]:
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+ + ; fα is the Fermi–
Dirac distribution function of the electron at the state
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