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Abstract. In this study, the effects of the electric field and structure-tune parameter on the linear, third order
nonlinear and total absorption coefficients for transitions between the first three bound states of an electron
confined within the tuned GaAs/ GaAlAs double quantum well are investigated. The obtained results show that
the absorption spectra is susceptible to the structure parameter and the electric field. By changing the structure
parameter and intensity of the electric field, it can be adjusted a blue or red shift in the absorption spectra
according to purpose and these results can be used to tune and control the optical properties of tuned double
quantum well.
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Ayarlanmis Cift Kuantum kuyusunun Elektrik Alan Altindaki Optik
Ozellikleri

Ozet. Bu ¢alismada, ayarlanmis GaAs / GaAlAs ¢ift kuantum kuyusunda kusatilan bir elektronun ilk ii¢ bagli
diizeyi arasindaki gecisler i¢in dogrusal, 3. mertebeden dogrusal olmayan ve toplam sogurma katsayilar
iizerinde elektrik alan ve yapi-ayar parametresinin etkileri incelendi. Elde edilen sonuglar, sogurma
spektrumunun yap1 -ayar parametresine ve elektrik alan siddetine duyarli oldugunu gostermektedir. Elektrik
alan siddeti ve yap1 parametresi degistirilerek, sogurma spektrumunun amaca gore, maviye veya kirmiziya
kaymasi ayarlanabilir ve bu sonuglar ayarlanmis ¢ift kuantum kuyusunun optik 6zelliklerini ayarlamak ve
kontrol etmek i¢in kullanilabilir.

Anahtar Kelimeler: Cift kuantum kuyusu; Sogurma katsayisi; Elektrik alan

1. INTRODUCTION

oscillator strengths [13], an ultrafast relaxation

The effects of the applied external perturbations
such as the pressure, temperature, -electric,
magnetic and intense laser field on the electronic
and optical properties of the single, double or
multiple quantum wells which have various
confinement potential types are important topics of
condensed matter physics and these effects have
been extensively studied in different situations [1-
12]. Intersubband transitions within the conduction
band of quantum wells have unique properties
which are including a large dipole moment or
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times [14] and a large tunability of transition
wavelength. So, there is extraordinary interest in
optical phenomena based on intersubband
transitions in low-dimensional semiconductor
systems [15-19]. Studies continue intensely to
development optoelectronic devices such as
infrared detectors, quantum cascade lasers and
photodetectors [20-23].

Double, triple or multiple quantum wells provide
optical features required for devices design and
Stark effect, which can be used to control and
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modulate the output intensity of the devices. The
double quantum wells (DQW) are the characteristic
examples of the bilayer systems and the electric
field strongly modify the quantum states of bilayer
systems and also their electronic and optical
properties more than that of single quantum well:
(i) The electron energy levels shift due to the Stark
effect. (ii) Electric field causes a new charge
distribution in the coupled wells and shift of
electron energy levels due to modification of
confinement potential. (iii) The electric field
enhances tunneling effect due to the well width and
barrier height. Furthermore, if coupling between
wells is weak, energy levels have twofold
degeneracy. The electric field destroys this
degeneracy. In the asymmetric DQW, Stark effect
is enhanced quite dramatically since energy levels
are not degenerate.

In this paper, we have studied the effects of the
electric field and structure parameter on the total
absorption coefficient including linear and third
order nonlinear absorption coefficients for
transitions between the first three energy levels of
an electron that confined within the tuned
GaAs/GaAlAs DQW. This potential profile used in
this study is entirely new and has not been studied
in the literature so far, is extremely useful for
simulating the molecular states of the low-
dimensional systems, especially quantum wells.

2. THEORY

Time independent Schrodinger equation for the
electron in the tuned-DQW under the electric field
is given by
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where m", e and F denote the electron effective
mass, the elementary charge and the electric field
that is applied parallel to the growth direction (z-

direction), V (z) is the confinement potential and it
is defined by

V() = 4vo((§)12 - (ﬁ)ﬁj ®)

where, V, and o define the well depth and width,
respectively. After the subband energies and their
corresponding wave functions were obtained, we
also calculated the linear, third-order nonlinear and
total absorption coefficient for the transitions
between any two electronic states by employing the
density matrix formalism and the perturbation
expansion method. In the two-level system
approach, linear, third-order nonlinear and total
absorption coefficients (AC) related to the
intersubband transitions i — j are given as follows
[24-26]

2
O N_ . [Ho ‘Mij‘ o Il 3
O & ha s ary ©
4
PR I
e 2oy —no)? + (nry)? |
4)
1_‘M i _Mii‘z (Ejj —hw)® —(nl5)? + 2E;; (B —hov)
2wy [ Ej +(r)° |
B@) =D @)+ (o), (5)

715




)

Kasapoglu / Cumhuriyet Sci. J., Vol.39-3 (2018) 714-719

where, g, = n2g, is the real part of the permittivity

N, is the refractive index of the system, &, is the
vacuum permittivity, 0y is the carrier density in

the system, (4, is the vacuum permeability, AE =

E;; = E; — E; is the energy difference between any
two electronic states,

M =|(wilezyy)), G.i=1.23) s

transition element between the eigenstates y; and

the

y j for z polarization of the incident radiation, Lij

-the relaxation rate which is equals to the inverse
relaxation time Tijj, c is the light speed in free

space, and | is the optical intensity of incident
photon with the @ -angular frequency that leads to
the intersubband optical transitions.

3. RESULTS AND DISCUSIONS

The parameters used in numerical calculations are
€9 =12.58, m =0.0665m, (where Mg is the

free electron mass), V, =228 meV | n, =3.2,
Tip =0.2ps(/1, =1/Ty,),

o =47x10 7 HML, o, =3.0x10%m™

and | =5.06008 W /m? . Inthe figures, blue (red)
lines are for ¢ = 1004 (o = 75A).

In Fig.1, the changes of the confinement potential
profile and the squared wave functions
corresponding to ground, first and second excited
state energy level of the electron confined in the
tuned DQW as a function of the position are plotted
for two different ¢ values (where, ¢ is the well
width and it will be called as a structure or tune
parameter): (a) F =0, (b) F =50 kV/cm. Blue (red)
line is for 6 = 100A (o = 75A). As seen in these
figures: (i) As the o increases, the electronic
localization in the well increases while the
coupling between the wells decreases. (ii) Electric
field effect is more pronounced in the large o —
value. (iii) Tuned DQW tilts towards the opposite
direction of the electric field with the electric field

effect, electron in the ground (first excited) state
localized in the left (right) well and the second
excited state is almost unaffected since the electron
in this level are located in the quantum well with
20 width and has more energy than that of the
electrons in other states.
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Figure 1. The changes of the confinement potential profile and
the squared wave functions corresponding to ground, first and
second excited state energy levels of the electron confined in
the tuned DQW as a function of the position for two different
o values: (a) F =0, (b) F =50 kV/cm. Blue (red) line is for ¢
=100A (c =75A).

In the Figs. 2 (a) and 2 (b), we present the changes
of linear, nonlinear and total AC for the transitions
between the first three electronic states in tuned
DQW for ¢ = 100A versus the incident photon
energy for F = 0 and F = 50 kV/cm, respectively.
As seen in Fig. 2(a), the transition of (1-3) is
forbidden due to the symmetry of the structure, the
absorption peak position for the (2-3) transition is
located at high photon energies than that of the (1-
2) transition, due to the energy difference between
the related energy levels (AE,; > AE;,), the peak
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magnitude of total AC corresponding to the (1-2)
transition becomes negative due to the tremendous
contribution of the third-order nonlinear AC, and
the resonant peak of total AC for the (2-3)
transition is divided into peaks which is attributed
to bleaching effect. When the electric field is
applied, the (1-3) transition becomes allowed since
the symmetry of the structure lifts, absorption peak
corresponding to the (1-2) transition shifts to the
blue while it shifts to the red for the (2-3) transition.
It should be noted that, if the energy difference
between any two electronic states increases with
the effect of electric field, the peak absorption
energy also increases and this case can be
explained by the quantum confined Stark effects
(QCSE). Results with and without electric field for
the changes of ACs versus the photon energies are
given in Figs. 3 (a) and 3 (b), for ¢ =75A. if
compared to the previous figures, a blue shift is
observed in the ACs corresponding to both of the
transitions while there is no electric field and AC
corresponding to the (1-2) transition shifts to the
lower photon energies. When the electric field is
applied and the o -parameter decreases, only a
significant change in the amplitude of the
absorption peak of the (1-2) transition is observed.
As is known, the changes observed in peak
amplitudes are related to the transition matrix

element.
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Figure 2. The changes of linear, nonlinear and total AC for the
transitions between the first three electronic states in tuned
DQW versus the incident photon energy for ¢ = 100A: (a) F =
0, (b) F =50 kVv/cm.
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As seen in the Egs. (3) and (4), the linear and
nonlinear terms of AC are proportional to |Ml-j|2

and |M;|", respectively. If M decreases
(increases) due to external parameters, the
contribution of the nonlinear term decreases
(increases) since the nonlinear term of AC is more
dominant than that of the linear term and so the
magnitude of total AC increases (decreases).
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Figure 3. The changes of linear, nonlinear and total AC for the
transitions between the first three electronic states in tuned
DQW versus the incident photon energy for ¢ = 75A: (a) F =
0, (b) F =50 kVv/cm.
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4. CONCLUSIONS

In this study, the effects of the electric field and
structure-tune parameter on the linear and third
order nonlinear and total absorption coefficients for
intersubband transitions between the first three
energy levels of an electron that confined in the
tuned GaAs/GaAlAs double quantum well are
investigated. By changing these parameters, the
peak amplitudes and the location of the peak
positions can be changed accordingly. These
results show that both electric and optical
properties of the structure can be changed
according to goal.
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