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A B S T R A C T

We study the magneto-optical properties of a Pöschl–Teller-like quantum well made of different materials such
as GaAs, GaSb, InAs, and InSb. The energy difference becomes smaller with the wider well-width and becomes
bigger with the deeper well-depth. The energy difference appears smallest in GaAs, followed by that in GaSb,
while InSb shows the largest. The magneto-optical absorption coefficient (MOAC) shifts to the lower (higher)
energy side when the well-width (well-depth and magnetic field) increases, but does not change the position
with the change of temperature. The full-width at half-maximum (FWHM) increases with the increase of the
well-depth, the temperature, and the magnetic field but decreases with the well-width. The phonon-emission
process always happens stronger than the absorption one. The MOAC intensity in GaAs is the highest. The
temperature-dependent-FWHM is supported by experimental results in GaAs quantum well.

1. Introduction

The magneto-optical absorption is one of the most attractive sub-
jects since it strongly depends on the materials’ electronic structure [1],
and therefore, it has been vastly studied in recent decades. When
studying the optical absorption of a doped parabolic quantum well
(QW), Brey et al. [2] found that the number of electrons in QW have
no effect on the absorption spectrum in parabolic QW. A similar result
has been found in an asymmetric parabolic quantum dot [3], where the
fact that the independence of the resonant frequency with the number
of electrons in quantum dots has been demonstrated by experiment [4].
Rogers et al. [5] experimentally studied the photoconductivity in the
presence of the magnetic field to infer the band parameters of QWs.
The results showed that the exciton binding energy can be determined
from linear extrapolation and having the values from 16 − 9 meV for
well-widths from 2.2 to 11 nm. These values are slightly higher than
those deduced from low-field measurements. In another experimental
work, using magneto-transport and magneto-optics, Plaut et al. [6]
found that mobility increases with the decrease of the electron con-
centration. The magneto-optical absorption has also been investigated
in the Pöschl–Teller family [7,8], but it is still limited.

Because of its adjustable asymmetric property, the Pöschl–Teller
potential [9] is anticipated to yield interesting optical properties [10–
12], and therefore, this type of potential has attracted interest of
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many researchers. It is noted that there are rich types of Pöschl–Teller
potential such as (Sec, Csc)-squared shape [10,11,13], Sech-squared
shape [14–17], Cot-squared shape [18,19], Tan-squared shape [20–22],
and Morse quantum well [23]. The research results showed that the
Pöschl–Teller potential has rich of applications in optical devices [14]
or in resonance tunneling devices [15]. Dong and Lemus [16] sug-
gested an efficient method to obtain the normalization constants of
the wave function. For the optical properties, the total absorption peak
in Pöschl–Teller is found to increase while the peak position gives a
blue-shift when the well-parameter [11] or the pressure [17] increases.
The refractive index [10], the second-harmonic generation, and the
optical rectification [11] have also been observed to display a blue-shift
behavior with the bigger well-parameters.

In this paper, we study the magneto-optical absorption in one type
of the Pöschl–Teller family potential: Tan-squared shape [20–22] via
calculating the optical absorption coefficient in the presence of the
magnetic field, called magneto-optical absorption coefficient (MOAC)
where the two-photon process has been taken into account. We employ
the perturbation method [24] which has been used successfully to
obtain the optical absorption coefficient in the bulk semiconductor.
This method has also been used widely to obtain the MOAC in quantum
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Fig. 1. The quantum well profiles and the probability density |𝜉(𝑧)|2 for different
well-widths at 𝑈0 = 0.228 eV. The results are evaluated for GaAs material with
𝑚𝑒 = 0.067𝑚0.

well [25], in graphene [26], and in some two-dimensional materi-
als [27,28]. There are two benefits to this technique. Firstly, it allows to
re-obtain previous results [29–33] in the one-photon absorption case.
Secondly, it is much simpler than that based on Kubo formula [34,35].
The MOAC peaks are found to shift to the lower (higher) energy side
when the well-width (well-depth) increases but does not change the
position with the temperature. The FWHM, which is obtained by a
computational method, increases proportionately with the well-depth
and the temperature but decreases with the well-width. The phonon-
emission process always happens stronger than the absorption one.
Among the four materials: GaAs, GaSb, InAs, and InSb, the absorp-
tion happens strongest in GaAs. The 𝑇 -dependent-FWHM in GaAs is
observed to be consistent with the experimental result.

2. Basic formalism

The 𝑧-component of the effective-mass Hamiltonian for electrons in
QW is

𝐻𝑧 =
𝑝2𝑧
2𝑚𝑒

+ 𝑈 (𝑧), (1)

where 𝑝𝑧 = −𝑖ℏ𝜕∕𝜕𝑧 is the 𝑧-component of the momentum, 𝑚𝑒 is the
electron effective mass. Note that the electron effective mass is also
dependent on the temperature [36–38]. However, the main purpose of
this work is to study the MOAC due to the effect of the external field
and the quantum-well characteristics. Therefore, we neglect the effect
of the temperature on the electron effective mass in the present study.
𝑈 (𝑧) is a potential belonging to the Pöschl–Teller family, which is given
by [20–22]

𝑈 (𝑧) = 𝑈0 tan2
(𝜋𝑧
𝐿

)

, (2)

with 𝑈0 and 𝐿 being model parameters, called ‘‘well-depth’’ and ‘‘well-
width’’, respectively. The envelope wave functions, 𝜉𝑛(𝑧), and eigenval-
ues, 𝜀𝑛, are the solutions of the Schrödinger equation

𝐻𝑧𝜉𝑛(𝑧) = 𝜀𝑛𝜉𝑛(𝑧), (3)

which are given by [16]

𝜉𝑛(𝑧) = 𝐴𝑛 cos𝛾 (𝜋𝑧∕𝐿)𝐶𝛾
𝑛 (sin(𝜋𝑧∕𝐿)), (4)

𝜀𝑛 = (𝑛 + 𝛾)2𝐸𝑟, (5)

where 𝑛 = 0, 1, 2,… , 𝐶𝛾
𝑛 (𝜋𝑧∕𝐿) are the Gegenbauer polynomials with

𝛾 = (1+((𝐸𝑟+4𝑈0)∕𝐸𝑟)1∕2)∕2, and 𝐸𝑟 = 𝜋2ℏ2∕(2𝑚𝑒𝐿2). The normalization
constant 𝐴𝑛 is given as follows

𝐴𝑛 =
(

𝑛!(𝑛 + 𝛾)𝛤 2(𝛾)
𝜋21−2𝛾𝛤 (2𝛾 + 𝑛)

)1∕2

. (6)

The quantum well profile shown in Eq. (2) and the probability
density for the GaAs material is presented in Fig. 1.

When a uniform magnetic field 𝐁 = (0, 0, 𝐵) is applied to the system,
the Hamiltonian for the electrons is

𝐻𝑒 =
𝐏2

2𝑚𝑒
+ 𝑈 (𝑧). (7)

Here, 𝐏 = 𝐩 + 𝑒𝐀, 𝐩 = (𝑝𝑧, 𝑝𝑦, 𝑝𝑧), and 𝐀 is the vector potential of
the magnetic field, which is chosen as 𝐀 = (0, 𝐵𝑥, 0). The full wave
functions and eigenenergies of electrons are [29]

|𝜆⟩ = |𝑁, 𝑛, 𝑘𝑦⟩ =
𝑒𝑖𝑘𝑦𝑦
√

𝐿𝑦
𝜙𝑁 (𝑥 − 𝑥0)𝜉𝑛(𝑧), (8)

𝐸𝜆 = 𝐸𝑁,𝑛 =
(

𝑁 + 1
2

)

ℏ𝜔𝑐 + 𝜀𝑛, (9)

where the non-negative integer 𝑁 denotes the Landau level (LL) index,
𝜔𝑐 = 𝑒𝐵∕𝑚𝑒 is the cyclotron frequency, and 𝜙𝑁 (𝑥−𝑥0) is the normalized
harmonic oscillator function centered at 𝑥0 = −ℏ𝑘𝑦∕(𝑚𝑒𝜔𝑐 ).

When an electromagnetic field (or radiation) of energy ℏ𝛺 is pro-
jected into the quantum well and the electrons in the system are
assumed to interact with the phonon of energy ℏ𝜔𝐪,𝜈 and wave vector
𝐪 = (𝑞⟂, 𝑞𝑧), the total Hamiltonian is

𝐻 = 𝐻𝑒 +𝐻𝑝ℎ +𝐻𝑒𝑟 +𝐻𝑒𝑝, (10)

where 𝐻𝑒 is shown in Eq. (7). The Hamiltonian of phonon is

𝐻𝑝ℎ =
∑

𝐪,𝜈
ℏ𝜔𝐪,𝜈𝑑

†
𝐪,𝜈𝑑𝐪,𝜈 , (11)

where 𝑑†𝐪,𝜈 (𝑑𝐪,𝜈 ) is the phonon creation (annihilation) operators, 𝜈
denotes the phonon branch index. The electron-radiation interaction
Hamiltonian is [24]

𝐻𝑒𝑟 = − 𝑒
𝑚𝑒

(𝐀𝑝𝑡 ⋅ 𝐏), (12)

where 𝐀𝑝𝑡 is the vector potential for the optical electric field. The
electron–phonon interaction Hamiltonian is

𝐻𝑒𝑝 =
∑

𝐪,𝜈
𝑉𝐪,𝜈 (𝑒𝑖𝐪⋅𝐫𝑑†𝐪 + 𝑒−𝑖𝐪⋅𝐫𝑑𝐪), (13)

where 𝑉𝐪,𝜈 is electron–phonon interaction strength.

3. Magneto-optical absorption coefficient

The expression of MOAC is expressed as follows for the 𝜈-branch of
phonon [24,27]

𝐾𝜈 = 1
𝑁𝛺𝑉0

∑

𝜆′ ,𝜆
±,𝜈

𝜆′ ,𝜆𝑓𝜆(1 − 𝑓𝜆′ ), (14)

where 𝑁𝛺 is the number photons, 𝑉0 is the sample volume, 𝑓𝜆 (𝜆′) is the
Fermi distribution function, and the transition matrix element caused
by electron–photon–phonon interaction is given as follows [28,39–41]

±,𝜈
𝜆′ ,𝜆 = 2𝜋

ℏ3𝛺2

∑

𝜆′′ ,𝐪

∞
∑

𝓁=1

|

|

|

±,𝜈
𝜆′ ,𝜆′′

|

|

|

2
|

|

|

𝑒𝑟
𝜆′′ ,𝜆

|

|

|

2

×
(𝛼0𝑞⟂)2𝓁

(𝓁!)222𝓁
𝛿(𝐸𝜆′ − 𝐸𝜆 ± ℏ𝜔𝐪,𝜈 − 𝓁ℏ𝛺), (15)

where 𝛼0 is the dressing parameter, the plus (minus) sign corresponds
to the phonon emission (absorption) process. Using Eq. (8), the matrix
element for electron–photon interaction is found to be

𝑒𝑟
𝜆′′ ,𝜆 = ⟨𝜆′′|𝐻𝑒𝑟|𝜆⟩ = −

𝑒𝐴0
2𝑚𝑒

⟨𝜆′′|𝑝𝑥|𝜆⟩

= −
𝑒𝐴0
2𝑚𝑒

𝐵𝑁 ′′ ,𝑁𝛿𝑛′′ ,𝑛𝛿𝑘′′𝑦 ,𝑘𝑦 , (16)

where 𝐴0 is amplitude of the vector 𝐀𝑝𝑡, and the dipole moment,
𝐵𝑁 ′′ ,𝑁 = ⟨𝑁 ′′

|𝑝𝑥|𝑁⟩, is

𝐵𝑁 ′′ ,𝑁 = 𝑖ℏ

𝛼𝑐
√

2
(
√

𝑁 + 1𝛿𝑁 ′′ ,𝑁+1 −
√

𝑁𝛿𝑁 ′′ ,𝑁−1), (17)
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with 𝛼𝑐 = (ℏ∕𝑚𝑒𝜔𝑐 )1∕2 being the cyclotron radius.
The matrix element for electron–phonon interaction, ±

𝜆′ ,𝜆′′ , is [30]

|

|

|

±,𝜈
𝜆′ ,𝜆′′

|

|

|

2
= |⟨𝜆′|𝑒𝑝|𝜆

′′
⟩|

2 = |𝑉𝐪,𝜈 |
2
|𝑛′ ,𝑛′′ (±𝑞𝑧)|

2

× |

|

𝐽𝑁 ′ ,𝑁 ′′ (𝑞⟂)||
2 𝑁±

𝐪,𝜈𝛿𝑘′𝑦 ,𝑘′′𝑦 ∓𝑞𝑦 , (18)

where 𝑁±
𝐪,𝜈 = 𝑁𝐪,𝜈 + 1∕2 ± 1∕2, with 𝑁𝐪,𝜈 is the Bose distribution for

phonon mode (𝐪, 𝜈), and

𝑛′ ,𝑛′′ (±𝑞𝑧) = ∫

∞

0
𝑒±𝑖𝑞𝑧𝑧𝜉∗𝑛′ (𝑧)𝜉𝑛′′ (𝑧)𝑑𝑧, (19)

|

|

𝐽𝑁 ′ ,𝑁 ′′ (𝑞⟂)||
2 = 𝑘!

(𝑘 + 𝑗)!
𝑒−𝑢𝑢𝑗 [𝐿𝑗

𝑘(𝑢)]
2, (20)

with 𝑢 = 𝛼2𝑐 𝑞
2
⟂∕2, 𝑘 = min[𝑁 ′, 𝑁 ′′], 𝑗 = |𝑁 ′′ −𝑁 ′

|, and 𝐿𝑘
𝑗 (𝑢) being the

associated Laguerre polynomials.
Using the above equations into Eq. (14) we obtain the expression

for MOAC as follows

𝐾𝜈 =
∑

𝑁,𝑛

∑

𝑁 ′ ,𝑛′

∑

𝑁 ′′ ,𝑛′′
𝐶(𝜆)∫

+∞

−∞
𝑑𝑞𝑧|𝑉𝐪,𝜈 |

2
|𝑛′ ,𝑛′′ (±𝑞𝑧)|

2

× ∫

+∞

0
𝑑𝑞⟂𝑞

3
⟂
|

|

𝐽𝑁 ′ ,𝑁 ′′ (𝑞⟂)||
2
{

𝑁±
𝐪,𝜈𝛿(𝑋

±,𝜈
1 )

+
𝛼20𝑞

2
⟂

16
𝑁±

𝐪,𝜈𝛿(𝑋
±,𝜈
2 )

}

𝛿𝑛′′ ,𝑛, (21)

where the two-photon absorption process has been taken into account,
and

𝐶(𝜆) =
𝑒2ℏ𝑆2

|𝐵𝑁 ′′ ,𝑁 |

2𝛼20
8(2𝜋ℏ𝛺)3𝑛𝑟𝑐𝜖0𝑚2

𝑒𝛼4𝑐
𝑓𝑁,𝑛(1 − 𝑓𝑁 ′ ,𝑛′ ), (22)

𝑋±,𝜈
𝓁 = 𝛥𝐸 ± ℏ𝜔𝐪,𝜈 − 𝓁ℏ𝛺, (𝓁 = 1, 2) (23)

with 𝑆 = 𝑉0∕𝐿 being the normalization area, and

𝛥𝐸 = 𝐸𝑁 ′ ,𝑛′ − 𝐸𝑁,𝑛 = (𝑁 ′ −𝑁)ℏ𝜔𝑐 + 𝛥𝜀𝑛′𝑛 (24)

is the energy difference, with 𝛥𝜀𝑛′𝑛 = [(𝑛′ + 𝛾)2 − (𝑛 + 𝛾)2]𝜋2ℏ2∕(2𝑚𝑒𝐿2)
being the subband energy separation. The expression in Eq. (21) can
be used to evaluate for different kinds of electron–phonon interaction.

For the longitudinal optical phonon (𝜈 = 𝐿𝑂),

|𝑉𝐪,𝐿𝑂|
2 =

4𝜋𝑒2ℏ𝜔0

𝜖0𝜒∗𝑉0𝑞2⟂
, (25)

where (𝜒∗)−1 = (𝜒∞)−1 − (𝜒0)−1 with 𝜒∞ (𝜒0) being the high (static)
frequency dielectric constants, ℏ𝜔0 is the optical phonon energy, and
𝜖0 refers to the permittivity of vacuum. Inserting Eq. (25) into Eq. (21)
and making the calculation of integrals over 𝑞𝑧 and 𝑞⟂ we have

𝐾𝐿𝑂 =
4𝜋𝑒2ℏ𝜔0

𝜖0𝜒∗𝑉0𝛼2𝑐

∑

𝑁,𝑛

∑

𝑁 ′ ,𝑛′

∑

𝑁 ′′
𝐶(𝜆)𝐼𝑛′ ,𝑛(𝑃1 + 𝑃2), (26)

where

𝐼𝑛′ ,𝑛 =
∑

𝑛′′

(

∫

+∞

−∞
|

|

𝑛′ ,𝑛′′ (±𝑞𝑧)||
2 𝑑𝑞𝑧

)

𝛿𝑛′′ ,𝑛, (27)

which will be evaluated numerically, and

𝑃1 = 𝑁−
0 𝛿(𝑋

−
1 ) +𝑁+

0 𝛿(𝑋
+
1 ), (28)

𝑃2 =
𝛼20
8𝛼2𝑐

(𝑁 ′ +𝑁 ′′ + 1)
[

𝑁−
0 𝛿(𝑋

−
2 ) +𝑁+

0 𝛿(𝑋
+
2 )
]

, (29)

where 𝑁0 refers to 𝑁𝐪,𝜈 for the electron–LO–phonon interaction. The
Dirac 𝛿-functions are replaced by Lorentzians of width 𝛤±

𝑁 ′ ,𝑁 [42]
(

𝛤±
𝑁 ′ ,𝑁

)2
=
∑

𝐪
|±

𝜆′ ,𝜆|
2, (30)

where |±
𝜆′ ,𝜆|

2 is presented in Eq. (18) where the index 𝜆′′ is replaced
by 𝜆.

Table 1
Parameters of the materials [43–45].

Parameters GaAs GaSb InAs InSb

𝑚𝑒 (𝑚0) 0.067 0.043 0.022 0.0116
𝑛𝑟 3.2 3.8 3.51 4.0
𝜒0 13.18 15.68 15.15 17.76
𝜒∞ 10.89 14.44 12.25 15.68
ℏ𝜔0 (meV) 36.25 28.8 29.6 23.6

Fig. 2. The energy difference as a function of (a) 𝐿 and (b) 𝑈0 for different materials
at 𝐵 = 10 T.

Fig. 3. The MOAC versus photon energy, ℏ𝛺, for different materials at 𝑈0 = 0.228 eV,
𝐵 = 10 T, 𝐿 = 10 nm, and 𝑇 = 77 K.

4. Results and discussion

In this section, the numerical results are evaluated for the electric
quantum limit 𝑛 = 0, 𝑛′ = 1. The used parameters are shown in Table 1,
the other parameters are 𝛼0 = 7.5 nm, and 𝑛𝑒 = 3 × 1022 m−3 [19].

In Fig. 2, we show the dependence of 𝛥𝐸 on (a) 𝐿 and (b) 𝑈0 for
different materials. The usual reduction of the energy separation with
the ‘‘well-width’’, 𝐿, is observed in Fig. 2(a) for four materials, which
can be explained from the relation 𝛥𝐸 ∼ (1 + 2𝛾)𝜋2ℏ2∕(2𝑚𝑒𝐿2). It is
clear that 𝛥𝐸 decreases when 𝐿 increases, being in agreement with
previous work [19]. The increase of 𝛥𝐸 with an increase of 𝑈0 is also
observed in Fig. 2(b), agreeing with previous work [7]. Besides, with
the biggest electron effective mass (see Table 1), GaAs displays the
smallest 𝛥𝐸, followed by that of GaSb, while InSb shows the largest.
This is in agreement with previous work [8] and has a direct effect on
the MOAC peak position as the following.

Fig. 3 depicts the MOAC as a function of photon energy in QW made
of different materials. The results are analyzed only for the transition
from 𝑁 = 0 to 𝑁 ′ = 1. There are four peaks in each curve which
describe different transitions. The peak positions satisfy the condition

𝓁ℏ𝛺 = 𝛥𝐸 ± ℏ𝜔0, (𝓁 = 1, 2). (31)



Physica B: Physics of Condensed Matter 592 (2020) 412279

4

P.T.T. Le et al.

Fig. 4. The MOAC versus photon energy, ℏ𝛺, for different values of 𝐿. The results are
evaluated in different materials at 𝑈0 = 0.228 eV, 𝐵 = 10 T, and 𝑇 = 77 K. The panels
(a), (b), (c), and (d) correspond to GaAs, GaSb, InAs, and InSb, respectively.

Fig. 5. The FWHM versus well-width in different materials. The results are evaluated
for one-photon absorption and phonon emission processes at 𝑈0 = 0.228 eV, 𝐵 = 10 T,
and 𝑇 = 77 K.

In the case of GaAs, for example, the peaks labeled by (1) and (3) locate
at ℏ𝛺 = 0.111, and 0.222 eV, respectively, satisfying the condition (31)
with 𝓁 = 2. These two peaks display the two-photon absorption process
simultaneous with the process of absorption and/or emission of one
phonon. Meanwhile, the peaks labeled by (2) and (4) locate at ℏ𝛺 =
0.147 and 0.294 eV, which have the same meaning with the peaks (1)
and (3) but for 𝓁 = 1. Moreover, since the energy difference in GaAs is
the smallest (see Fig. 2), the MOAC peaks in this material appear in the
lowest region, while these in InSb locate in the highest one. Because
the dielectric constants in InSb are the biggest, the MOAC intensities
in this material are the lowest, followed by that in GaSb, while GaAs
displays the highest. The result obtained here is in accordance with that
available in Pöschl–Teller QW [8].

The effect of the well-width on MOAC for different materials is
illustrated in Fig. 4. The main trend is that when the 𝐿-parameter
increases the MOAC peaks in all four materials shift to the left-hand
side (red-shift) and show an increase in the intensity as well. These
results are in agreement with those in previous works [19,46]. The red-
shift behavior is caused by the downsizing of the energy difference with
the wider well-width (see Fig. 2(a)). The increase of the peak intensity
is related to the decrease of the Lorentzian width, which has a closed
relationship with the FWHM as investigated details in Fig. 5.

In Fig. 5, we display the FWHM as a function of the 𝐿-parameter
at given other parameters. The results are evaluated only for the one-
photon absorption and phonon emission process but the phenomenon

Fig. 6. The MOAC versus photon energy, ℏ𝛺, for different values of 𝑈0. The results
are evaluated in different materials at 𝐿 = 10 nm, 𝐵 = 10 T, and 𝑇 = 77 K. The panels
(a), (b), (c), and (d) correspond to GaAs, GaSb, InAs, and InSb, respectively.

Fig. 7. The FWHM versus well-depth in different materials. The results are evaluated
for one-photon absorption and phonon emission processes at 𝐿 = 10 nm, 𝐵 = 10 T, and
𝑇 = 77 K.

can be also valid in other cases. We can see that the FWHM in all four
materials shrinks with the expansion of the well-width. This signifies
that the wider well-width is the weaker electron–phonon interaction
is. This is in agreement with what happened in other quantum well
shapes [25,47–49]. Besides, the FWHM in GaAs displays the highest,
followed by that of InAs, and the InSb shows the smallest. This reveals
that the electron–phonon interaction in GaAs is the strongest while that
in InSb is the weakest among the four materials.

In Fig. 6, we depict the ℏ𝛺 dependence of the MOAC for different
well-depths. With the increase of 𝑈0-parameter, the absorption peaks
shift to the higher energy side (blue-shift) and reduce their values.
The blue-shift behavior is the direct consequence of the increase of
the energy difference with the well-depth shown (see Fig. 2(b)), being
in agreement with that in other type of the Pöschl–Teller potential
family [7]. The reduction behavior of the absorption peaks means
that the deeper well-depth is, the smaller the transition probability of
electron is. Moreover, the MOAC intensity in GaAs are still the biggest,
making it the best candidate for optoelectronics devices among the four
materials.

The dependence on the well-depth of the FWHM is shown in Fig. 7.
The FWHM is found to increase with 𝑈0 in all four different materials,
where the GaAs displays the highest and InSb shows the lowest. The
enhance of the FWHM reveals that the electron–phonon scattering will
be stronger if the well-depth becomes deeper.

In Fig. 8, we show the dependence of the MOAC on ℏ𝛺 for differ-
ent temperatures at given values of 𝐿, 𝐵, and 𝑈0. The results show
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Fig. 8. The MOAC versus photon energy, ℏ𝛺, for different values of temperature. The
results are evaluated in different materials at 𝐿 = 10 nm, 𝐵 = 10 T, and 𝑈0 = 0.228 eV.
The panels (a), (b), (c), and (d) correspond to GaAs, GaSb, InAs, and InSb, respectively.

Fig. 9. The FWHM in GaAs versus temperature at 𝐿 = 10 nm, 𝐵 = 10 T, and 𝑈0 =
0.228 eV. The filled and empty symbols, respectively, refer to the one- and two-photon
processes. Red asterisk dots present the experimental data in Ref. [50,51].

that when the temperature increases, the MOAC peaks do not change
their positions but increase their intensities, agreement with previous
works [7,8,19]. Moreover, the temperature has a significant effect on
the intensity of phonon absorption peaks (the first and third peaks from
the left to right in each panel of Fig. 8) rather than the emission phonon
peaks (the second and fourth peaks). For the FWHM, another important
feature of the absorption peak, the increasing temperature leads to the
broadening in the peak shapes in both phonon absorption and emission
processes. This will be discussed in detail in Fig. 9.

The temperature-dependent-FWHM is presented in Fig. 9 for all four
possible processes in GaAs material. We can see that (1) the FWHM
due to the one-photon process is always wider than that due to the
two-photon; (2) with the increase of 𝑇 , the FWHM caused by the
phonon-absorption grows more rapidly, but never reach the value of
FWHM due to the phonon-emission one. It is shown that the phonon-
emission process is superior to the phonon-absorption one. This is in
agreement with previous work [52], where the authors claimed that
the electrons, whose energies are bigger than optical phonon energy,
are mainly scattered by a phonon-emission process.

We also show here the experimental data, which is illustrated by the
red asterisk dots in Fig. 9. These experimental data are adapted from
previous reports in single GaAs squared quantum wells [50,51]. We can
see that the increased law of the FWHM by phonon-emission is in good
agreement with the experimental result of Unuma et al.

In Fig. 10, we show the magnetic field effect on the absorption
spectrum in four different materials. When the magnetic field increases,

Fig. 10. The MOAC versus photon energy, ℏ𝛺, for different values of 𝐵. The results
are evaluated in different materials at 𝐿 = 10 nm, 𝑈0 = 0.228 eV, and 𝑇 = 77 K. The
panels (a), (b), (c), and (d) correspond to GaAs, GaSb, InAs, and InSb, respectively.

Fig. 11. The FWHM versus magnetic field in different materials. The results are
evaluated for one-photon absorption and phonon emission processes at 𝐿 = 10 nm,
𝑈0 = 0.228 eV, and 𝑇 = 77 K.

the MOAC peaks shift to the higher energies region (blue-shift) and
reduce their intensities. The blue-shift behavior is the result of the in-
crease of the energy difference, 𝛥𝐸, agreeing with previous work [22],
while the reduction of intensity is explained by the decrease of the
magnetic length, 𝛼𝑐 . It is clear from Eq. (26) that 𝐾𝐿𝑂 is proportional
to 𝛼−6𝑐 ∼ 𝐵3. This relation illustrates clearly the increase of the MOAC
with the increase of the magnetic field in all four materials.

Finally, the effect of the magnetic field on the FWHM is presented
in Fig. 11. The FWHM is found to increase when the magnetic field
increases in all four materials, agreeing with previous works [25].
Besides, the FWHM in GaAs is found to be the largest, followed by
that of InAs, while the FWHM in InSb is the smallest. This means that
the electron–LO–phonon interaction in GaAs is the strongest, making
this material advantage in optical and optical–electronic applications
in comparison to the other materials.

5. Summary and conclusion

We have studied the effect of quantum well’s characteristics and
the temperature on the magneto-optical properties of a Pöschl–Teller-
type QW. The results are evaluated for four different materials: GaAs,
GaSb, InAs, and InSb. The energy different decreases with increas-
ing well-width but increases with increasing well-depth. Among given
materials, GaAs shows the smallest 𝛥𝐸, followed by that of GaSb,
while InSb witness the largest. The MOAC is found (i) to shift to
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the lower (higher) energy side when the well-width (well-depth and
magnetic field) increases, but (ii) to maintain its position with the
change of temperature. The FWHM increases with the increase of the
well-depth, the magnetic field, and the temperature but decreases with
the well-width. The phonon-emission process is always superior to
the phonon-absorption one. The absorption process in GaAs always
happens strongest, this makes GaAs the best candidate, in comparison
to the others, for optoelectronic devices.
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