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Abstract. In this study, we investigate the linear and third order nonlinear optical properties of In-
GaAsN/GaAs depending on nitrogen content and laser dressing parameter. As theoretical models, band
anticrossing and model solid theory are used. In order to obtain the electronic properties of the quantum
well, the finite difference method is used. The laser beam affects the electronic properties of the quantum
well by changing the shape of the confinement potential. This modification of the potential is determined by
laser dressing parameter. By using dilute amount of nitrogen, conduction band and the depth of quantum
well can be controlled. The strain which is introduced due to the presence of nitrogen can be compen-
sated by using indium atoms. The electronic and the linear and third order nonlinear optical properties of

InGaAsN/GaAs quantum well structure are obtained.

1 Introduction

InGaAsN on GaAs substrate is a very promising mate-
rial on account of its technological applications [1-5]. Al-
though nitrogen incorporated III-V zincblende semicon-
ductors have been studied for a long time, there are still
some mysterious and hidden points about the effect of
the nitrogen on its structural, electronic and optical prop-
erties [6-9]. According to experimental and theoretical
points of view, incorporation of nitrogen into GaAs or
III-V semiconductors brings unusual and amazing phys-
ical features which can not be obtained by incorporation
of different elements. In dilute nitrogen semiconductors,
one of the most amazing features is band gap reduction.
In usual case, the band gap of a ternary alloy like GaAsN
is expected to be placed between those of GaAs and GaN
(virtual crystal approximation). However, the band gap of
GaAsN tends to have lower values than that of GaAs and
very little amount of nitrogen causes huge reduction of the
band gap [10]. The most important reason of this unusual
feature is explained by high electronegativity of the nitro-
gen. In order to compensate the strain between GaAsN
and GaAs layers and for an additional modification of
band gap, In can be introduced to the system [11,12].
Therefore InGaAsN on GaAs is a very promising quantum
well (QW) material to obtain 1.3 pum wavelength lasers
and photodetectors.

Nitrogen behaves like an impurity and results in a
constant energy level in the conduction band (CB) of
(In)GaAs. This nitrogen energy level splits the CB into
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two subbands. Minimum point of the CB is defined by
lowering one of these subbands. The level of the lower
conduction subband is very sensitive to the amount of ni-
trogen incorporation [13]. It is said that only 1% of N (ni-
trogen) causes a reduction of 150 meV in the band gap of
GaAs [14]. The InGaAsN/GaAs QWs can be used as pho-
todetectors because of its high efficient electron confine-
ment. Even at high temperatures, electron can be strongly
confined in the well region of the system. In this kind of de-
vice, one of the important phenomena is the intersubband
transitions. Although there are some experimental and
theoretical studies on the intersubband transitions in In-
GaAsN/GaAs QWs under normal [15,16] and intense [17]
laser field, none of them mentioned nonlinear optical prop-
erties of this system.

The linear and nonlinear optical properties of the
low dimensional semiconductors have received great at-
tention [18-21], with the advances in the laser technol-
ogy. Nowadays, it is possible to produce high-quality laser
beams with high intensity and high frequency. If the inten-
sity and frequency of the laser beam is sufficiently high, it
can affect the shape of the quantum well and change its
electronic structure. This modification of quantum well
leads to a change in linear optical properties of the sys-
tem. With an additional laser beam source which has a
low frequency being resonant to the intersubband transi-
tion energy, it is possible to probe the nonlinear optical
properties of the quantum well system, which is modified
by the high frequency and intensity laser beam.

With this study, we aim to reveal the variation of
linear and third order nonlinear optical properties of
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InGaAsN/GaAs due to intersubband transitions in con-
duction band as a function of nitrogen concentration, laser
dressing parameter and light intensity. In this study, we
assume that the strong laser field affects the shape of
the electronic potential as mentioned in the work of Lima
et al. [22]. The energy eigenvalues and the corresponding
wave functions are calculated by solving the Schrodinger’s
equation with this modified electronic potential by laser
field. The depth of the electronic potential is defined by
the amount of Nitrogen concentration and Indium atoms
inside the InGaAsN active material.

2 Theory

2.1 Band anti-crossing model

The band anti-crossing (BAC) model, which is firstly of-
fered by Perkins et al. [23], is a very useful technique to
reveal the interaction between CB minima of III-V semi-
conductor and a highly localized energy level due to the
impurity like nitrogen. Nowadays, this method has been
applied to the semiconductors like GaAsBi because Bi has
a strong effect on the valence band (VB) maxima of GaAs
and it causes a splitting of valence band into two non-
parabolic subbands [7]. As a result of the BAC model for
CB, the low energy edges can be given by [24]

_ En+Ey£(Ey—En)?+4Viy
B 2

E+ (1)
where F)p;, En are the extended state and N induced
energy levels. These levels are relative to the maximum
point of the VB. Vi;n describes an interaction between
the localized and the extended states. The mentioned pa-
rameters for InGaAsN semiconductor are as following

En=152eV -y x3.9¢eV,
h2 k2
Ey = Ep—1.55eV + ,
2mM
VMN = \/y X 2.3 eV, (2)
where y denotes the nitrogen concentration, Ey is the
CB minima of the InGaAs without N contribution, m,
is the effective mass of InGaAs. These parameters and
their dependencies are obtained from experimental re-
sults [25]. In order to obtain the electron effective mass
in InGaAsN, one has to calculate k-dependent energy by
using equation (1). From second derivative of the disper-
sion (Eq. (1)), effective mass of the lowest conduction band
can be found as [26]

ﬁ2
T O2E_ (k)

m*

(3)

In Figure 1, F — k diagram and nitrogen dependence of
the effective mass can be seen for N = 0.01.
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Fig. 1. (Color online) Ing.3Gag.7Aso.09No.01 band structure as
a function of wavevector k (in the unit of Bohr radius). Inset
figure shows the change of effective mass with the nitrogen con-
centration. Here En (dashed line), Ea (red line) indicate the
N induced energy levels and the extended state, respectively.
E+ (blue and black lines) shows the splitted energy bands.

2.2 Model solid theory and the depth of QW

The model solid theory is a technique to calculate the
band alignment of the band edges between quantum well
and barrier layers [27]. The factors which determine the
band alignment are mismatch strain at the interface be-
tween layers, bulk band gap energies and spin-orbit split-
off band energy, Ag. The strain in a QW system can be

calculated as
As — Qe

(4)

where ag and a. are the lattice constants of substrate and
epitaxial layer. In order to obtain the valence band posi-
tion, one needs to know spin split-off band parameter Ay,
the change in heavy hole band § E}j due to the strain and
the average valence subband energy E, ,,. If the heavy
hole subband is upper than that of the light hole which
means the system has compressive strain, the valence band
position is

E =
Qe

Ao(iﬂ,y)

Ev(:zz,y) - Ev,av(xvy) + 3

+ 5Ehh(x,y) (5)

where = and y denote In (indium) and N contents. If
the light hole subband is upper than that of the heavy

hole, one also needs to know the change in light hole band
0Eyp, due to the strain. Then the VB position is

+ §Elh(:v,y) (6)

Az,
Ey(x,y) = Eya0(®,y) + 0(3 v)

which is used in the case of a tensile strain. The parame-
ters 0 Eyp and dEj;, which indicate the shift in heavyhole

and lighthole subbands of VB due to the strain are cal-
culated by using some constants like the hydrostatic and
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shear deformation potentials and the elastic stiffness con-
stants. 0 E, and dEjp, can be expressed by

Cl2> < 2012)
oF JY) =2ay [ 1 — e+b(1+ £,
hn(@,y) “ ( Cii Cii

012) ( 2012)
OE(z,y) =2a, | 1 — e—bl1+ e, (7
o) =20, (1 2 e

where a, is the VB hydrostatic deformation potentials, b
is the VB shear deformation potential, C1; and Co are
the elastic stiffness constants.

In order to calculate the conduction position, the
strained valence band position which is given by equa-
tions (5) and (6), the strained band gap Ej, 0E., 0Ex
and 0Ej, should be known. In the case of compressive
strain, the CB position can be written as

Ec(xa y) = Ev (‘T’ y)+E(] ((E, y)+5Ec(xa y)_éEhh ((E, y) (8)
and in the case of tensile strain, F.(x,y) is
Ec(xa y) = Ev(wa y)+E(]<$7 y)+§Ec(wa y) _6Elh<$7 y) (9)

where the shift in CB due to the strain can be calculated
by using CB hydrostatic deformation potentials and elas-
tic stiffness constants as

012)
0E.(z,y) =2a.|1— €.
(z,y) ( o

Therefore, with the help of equations (8), (9), (6), (5) the
CB and VB offsets read

AE, EY—E!
AE, E}—EY’
AE, EY-E}
AE, E)-EY’

(10)

(11)

where the subscripts w and b indicate the well and bar-
riers. Egb and EY are the band gaps of barrier and well,
respectively. By using the information about the CB off-
set, it is possible to find out the electronic structure of the
QW material.

Because we are dealing with the intersubband transi-
tions in our calculations, the eigenvalues and eigenfunc-
tions of the electrons in conduction band obtained from
the Schrodinger’s equation with the potential AE, which
procedure is explained in the next section.

2.3 Shape of the potential under high intense laser
field

An electron which is confined in a square shape finite well
with depth which is defined by the difference between the
bandgaps of well and barrier materials in quantum well
structure is also affected by an applied laser radiation field.
In order to obtain dynamical behavior of the electron, time
dependent Schrodinger’s equation can be written as

<[p+eA]2 L OY(r,t)

o +V(r))1/)(r,t)zh o (2
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where p and A are momentum operator and vector poten-
tial due to electromagnetic radiation, respectively. V (r) is
time-independent structure potential. The parameters, e,
m™*, t, r are electron charge, electron effective mass, time
and position vector, respectively. In this equation

A(t) = uAp cos(wpt), (13)
where u indicates the unit vector of the polarization. Ay is
the amplitude of the laser beam and wg is the frequency
of the laser radiation. The square of Ag gives the laser
beam intensity. In order to solve the equation, Coulomb
gauge is considered (V- A = 0) [28]. Equation (12) can be
transformed to another form as [29]

2 T
(—27;* V24 V(r+ a(t))) V(1) = ma‘”f%’t),

a(t) = uag cos(wrt), (14)

where ag = eAy/(mwpr) which indicates laser dressing pa-
rameter. The physical meaning of this parameter is re-
lated to the classical free-electron quiver motion [30,31].
wpg is the frequency of the laser radiation which is rep-
resented by a monochromatic plane wave [32]. Here one
can use the Floquet approach to reduce the system into
the time-independent Schrodinger’s equation [19,33,34]. In
our case, the laser field is polarized in growth direction of
semiconductor (in z direction).
The confinement potential of the quantum well struc-
ture can be written as [22]
V(z,N,In) = AE.(N,In)O(|z| — L., /2), (15)
where L,, is the quantum well width, z is growth direction
and O is unit step function. In the presence of the exter-

nal laser field, the shape of the quantum well is changed
as [22,32]

V(z,N,In;ap) = AEC@ (ozo —z— Lw)
T

2
L/2
xcosl< / +z)

Qo

AE, Ly
+ @) (ao—l—z— )
s 2
x cos ™! (L/2 _Z).
Qg

The subband energies and wavefunctions are calculated
by solving the Schrodinger’s equation

(16)

h2
*V21/)(z, N, In; ) + V(z, N, In; ap)tp(z, N, In; o) =
m

E(N,In; ap)t(z, N, In; ag), (17)

2

where effective mass of electron can be considered having
a linear dependency on nitrogen content as calculated by
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Lindsay and O’Reilly [35]. But, the best way is to obtain it
from E — k diagram of the conduction band. The electron
effective mass for Gag.7Ing 3As which can be found by us-
ing interpolation between the GaAs and InAs parameters
is 0.054my. In order to obtain nitrogen dependent effective
mass we use equation (3).

We assume that the quantum well system under in-
vestigation is illuminated by two different laser fields [36]
(their frequencies are wr and w) which are polarized along
growth direction of the QW. One of the laser fields with wgr
modifies shape of the quantum well potential. The other
laser field with w is used to observe the intersubband tran-
sitions between substates in the case of w = (E; — E;)/h
(E; and E; are final and initial electron energy values in
QW) and related linear and nonlinear optical properties.
If the intensity is sufficiently high, a change in the inten-
sity of second laser field (w) causes nonlinear effects in
the quantum well system. ag which is a parameter to pro-
duce the dressed potential is related to the intensity and
frequency wp of the first laser field. ag, well known term
in atomic physics [31], is used to control and manipulate
the carrier confined in an atomic potential by modifying
the shape of the potential. In atomic physics, the high-
intensity field is a nice tool to manipulate the atomic po-
tential as in solid state physics. In this study, 5 different
values of g are used to manipulate the subband states by
modifying the dressed potential. It should be noted that
the case of ap = 0 indicates that the laser field with wg is
turned off.

2.4 Absorption coefficients

The absorption coefficients can be calculated by using the
wavefunctions and energy eigenvalues. The absorption co-
efficient can be written as in references [37,38] with some
further modifications

a(w, I) = V(W) + a® (w, I) (18)
where a(®) and o) are linear and third order nonlinear
absorption coefficients which can be expressed by

2
W () = o [P LG Ml
o “Ve (Bij = hw)? + (L)

I AnhI; | M;|*
G I) = — H ij [V i
e d) u)\/E <2€0nr0> ((Eij — hw)? + (RI;)?)?

where 4, j denote the initial and final states, E; (E;) ini-
tial (final) state energy, E;; = E; — E;, ¢ and p are the
static dielectric permittivity and permeability of the ma-
terial, respectively. n is the electron density (we choose
n = 10'® cm~3 which is below the amount that can change
the value of effective mass [39]), il3; is the line width,
1 is the intensity of the incident laser beam, c is the speed
of light, n, is the refractive index of the medium, and Mj;
is the transition matrix element between initial and final
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Fig. 2. (Color online) The change of the quantum well shape
as a function of dressing parameter agp for N = 0.5%.

states. n, I, 1, M;; can be formulated as following

Iy =1/Ty,
2n,.
I=""|Ew)}
e

Mji = [(v; ezl

where T;; is the relaxation time, F(w) is incident radi-
ation field in z direction. v;; is the wavefunction of an
electron which is confined in QW potential which is given
by equation (17).

In this point, we have to stress that the intensity, I in
a(3)(w, I) equation is not dependent on dressing parame-
ter avg. Because, we assume that during the experimental
procedure, two different laser sources are used: while first
one has high intensity and high frequency, second one has
low frequency. As well known, photon-photon interaction
is omitted in any case.

3 The results and discussions

In our QW system, as mentioned before, GaAs is used
as substrate and barrier materials and InGaAsN is used
as a well material. In order to observe the effect of the
nitrogen contribution on optical properties, the amount
of In content is fixed at 30%. The dielectric constant is
taken as ¢ = 13.46 for In = 0.3. The permeability is
p = 47 x 1077 N/A2, the refractive index n, = 3.15
and the relaxation time 7T;; = 0.2 ps. The CB values
of InGaAsN/GaAs QW is obtained by using the model
solid theory and band anticrossing technique. All nec-
essary material parameters are taken from the previous
studies [40,41].

Figure 2 shows the variation of confinement poten-
tial as a function of the laser dressing parameter, aq.
As seen from Figure 2, in the case of In = 30%, N =
0.5%, Ly, = 80 A, the shape of the QW can be drastically
changed by «aq of the applied laser beam which is linearly
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Fig. 3. (Color online) For In = 30%, the change of the con-
duction and valence band offsets with increasing nitrogen con-
centration.

polarized in z direction. The change in the shape is ob-
tained by equation (16). g is related to the strength of
the laser beam and it has a strong effect on the shape of
the QW. ag can be used as a tuning parameter to con-
trol the shape of the QW. The effect of the laser beam
has been investigated in different reported studies [22,32].
They have used time dependent perturbation theory to
reveal the change of the well under an applied electromag-
netic radiation which is polarized in the growth direction
of QW.

The conduction band offset is strongly dependent on
the amount of N concentration. As mentioned in the lit-
erature [42], nitrogen is an unusual component for ITI-V
semiconductors because it causes reductions of band gap
and lattice constant at the same time. However, in a usual
case, band gap values are inversely proportional to the
lattice constants. This is a great advantage for band gap
engineering to broad the range of laser and detector appli-
cations. Figure 3 shows the variation of valance and con-
duction band offset with nitrogen. As can be seen from
the figure, for In = 30% the CB offset is increasing with
the increase in N concentration. The addition of 3% N
causes an increase of 400 meV in the conduction band off-
set. The change in VB offset is not so much and hole is
trapped in shallow quantum wells. However, even in shal-
low VB quantum wells, hole is well confined because its
mass is much heavier than that of CB electron. In Fig-
ure 3, the most remarkable point is that deep CB offset
leads to a better confinement of conduction electrons in
QW and high efficiency in high temperatures.

In Figure 4, the change of first and second electron
state energies is shown as a function of o and nitrogen
content. Introduction of N to the system leads to an in-
crease in the depth of the quantum well and a separation
between electron energy levels. While deeper QW results
in a small increase in the first state energy, it causes rela-
tively larger increase in the second state energy. The figure
shows that an increase in «g reduces the difference be-
tween first and second energy levels of the electron. This
situation can be explained by the fact that the potential
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Fig. 4. (Color online) The variation of the first and second
electron state energies with the change of nitrogen concentra-
tion and dressing parameter ag. We assume that In concentra-
tion and well width are 30% and 80 A, respectively.
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Fig. 5. (Color online) The change in absorption coefficient as
a function of incoming photon energy in the case of N = 0%.
Every color indicates a different laser dressing parameter
(0, 25, 50 and 75 A). The change of line style shows the change
in the intensity of the laser beam. The negative absorption co-
efficient values can be interpreted as numerical artefact.

shape changes from a deep square well to a shallow broad
well as seen in Figure 2. In addition, an increase in both
ap and N content causes increasing energy levels. For the
highest values of ag and N content, this increment is so
large for first electron state that makes the both electron
states have nearly the same energy, which is the highest
value in entire spectrum.

The understanding of optical properties of QWs is very
important for device application. As can be seen from
equation (19), although the linear absorption coefficient
does not depend on the absorbing light intensity, the third
order absorption one (also total absorption one) is linearly
proportional to the light intensity. The linear and total ab-
sorption coefficients depending on intense laser field effect
and absorbing light intensity are plotted in Figure 5 for
Ing 3Gap7As/GaAs QW system. The effects of the laser
dressing parameter ag and the intensity of absorbing laser
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photon on the absorption coefficients are evidently seen
from the figure, because N is not included in this system.
Although the linear absorption coefficient, corresponding
to I = 0, is not depending on the light intensity, it in-
creases with increasing «g. In addition, we can predict
from the total absorption coefficient that the intense laser
field drastically affects the third order nonlinear absorp-
tion coefficients. For example, when I = 1 x 108 W/m?,
while there is no bleaching effect on the total absorption
coefficient for ap = 0 and 25 A, it is seen that there is
a saturation for ap = 50 A and very high bleaching for
ao = 75 A. This behavior can be explained by the fact
that the wave functions of first and second levels overlap.
That means, an increase in the intense laser field results in
the overlapping and consequently makes the dipole matrix
element larger and causes that the third order absorption
coefficients are also increasing. When we focus on the ab-
sorption peak position, we see that the absorption peaks
shift to small energy values with increasing laser intense
field. This is a result of reduction in difference between
first and second electron state energies as seen in Fig-
ure 4. In this case, the intersubband absorption energy
can be tuned by changing the oy which is related to the
strength of the electromagnetic beam. In addition, the in-
crease in qqp causes increasing magnitude of a(w, ). In
order to tune the magnitude of the a(w, I'), the intensity
of the laser should be changed. A decrease in intensity
results in a decrease in o(w, I'). With the increasing inten-
sity, a bleaching begins to be observed and the strength
of this bleaching increases.

The electronic properties are very sensitive to the ni-
trogen content of the structure as seen in Figure 4. Hence,
we expect that the optical properties are also very sensi-
tive to IV content. In Figure 6, we plot the total absorp-
tion coefficients as a function of absorbing photon energy
depending on N content and dressing parameters for dif-
ferent light intensity. In Figure 6, the amount of change in
light intensity is same with that in Figure 5. By introduc-
tion of a little amount of N like 0.5%, the electronic and
related optical properties of Ing 3Gag.7Asp.995No.005/ GaAs
QW system is drastically changed as seen in Figure 6a.
When we compared the cases 0% with 0.5%, it can be seen
that all the absorption peaks are positioned at higher en-
ergy values (blue shift) in latter case. From Figures 6a—6d,
it is possible to observe that the absorption peaks are shift-
ing to higher energy values with increasing N content. If
we take a closer look at these changes in Figure 6, we see
that peak positions of ag = 25 and ag = 50 A change
while that of oy = 75 A remains almost unchanged. The
shift in peak position of ag = 0 A is less than those of
ag = 25 and g = 50 A. When the nitrogen content is
increased to 1%, ap = 0 and ay = 25 peaks completely
overlaps and they are found at 0.09 eV. This can be ex-
plained by the fact that N causes a smaller band gap and
a deeper conduction band well. When electrons feel more
confinement in a deeper well, the difference between their
energies increases as seen in Figure 4. One needs to notice
that the most important effect of NV is seen at ag = 0 and
ag =25 A.
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Fig. 6. (Color online) The change in absorption coefficient
as a function of incoming photon energy in the case of
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Every color indicates a different laser dressing parameter
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the intensity of the laser beam.


http://www.epj.org

Eur. Phys. J. B (2012) 85: 333

The linear absorption peaks are not dramatically af-
fected from the content of N. In contrast to this, the IV
content is to be effective on decreasing tendency of the
nonlinear optical coefficients. For example, for g = 50 A,
while the bleaching is observed at I = 3 x 108 W/m? for
N = 0.5% and 1.0%, it is seen at I = 4 x 10% W/m? for
N =2.0% and 3.0%.

The effect of nitrogen, intensity and dressing param-
eter can be seen clearly in Figure 6b. With the increase
of laser intensity, bleaching begins to be observed. The
strength of the bleaching in ap = 50 and oy = 75 cases
is stronger than that in g = 0 and oy = 25 cases, which
means that an increase in ag does not affect only the posi-
tion of absorption peaks, but also the strength of bleach-
ing. From Figure 6b, we can conclude that nitrogen tends
to eliminate the effect of the dressing parameter.

When nitrogen content is increased to 2%, as can be
seen from Figure 6c, oy = 0 peak is placed at lower
frequency compared with that of oy = 25 A peak. It
shows that the dressing parameter does not have always
a red shifting effect. Sometimes, a deeper well due to
the nitrogen content can eliminate this effect. From Fig-
ures 6¢ and 6d, we can also conclude that if N > 2%
and 0 < ag < 25 A, g leads to a decrease in position of
absorption coefficient peaks. For peaks corresponding to
the values ag = 25 and ag = 0 A, it is very hard to ob-
serve the bleaching for given intensity range which means
that the effect of intensity becomes less with increasing
nitrogen.

In Figure 6d, when nitrogen content is increased to 3%,
ao =0 A and o = 25 A peaks are placed at 0.12 eV and
at 0.15 eV, respectively. The differences between the peak
positions are bigger than those in the previous figures.

In Figures 5 and 6, one has to notice that the negative
absorption coefficient appears for high intensity in some
cases. In our opinion this is an artefact because of theo-
retical approach which is described in equation (18). As
well known, the validity of the perturbation is limited by
the intensity of light

In our calculations, the reason of keeping indium con-
tent as a constant is to clearly indicate the effect of nitro-
gen on the electronic and optical properties. Indium does
not have a great influence on the depth of quantum well,
but it is a tool to modify and balance the strain of the sys-
tem. The effect of indium on nonlinear optical properties
can be shown in future.

4 The conclusion

We investigated the variation of electronic properties in
InGaAsN/GaAs QW system with the change of nitrogen
content and laser dressing parameter. We showed that ni-
trogen and dressing parameters have different kind of ef-
fects on the energy levels of subband electrons [43,44].
Nitrogen incorporation gives a rise an increment of the
eigenvalues. When N < 2%, an increase in dressing pa-
rameter makes first electron energy higher and second one
lower. If N > 2%, the dressing parameter will raise the
energy values of both electron states. This change of the
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electronic structure results in important modifications of
optical properties of the system. We also investigated that
the change of linear absorption coefficient (I = 0) for dif-
ferent nitrogen contents and dressing parameters. The re-
sults revealed that nitrogen has a red shifting effect on
the linear absorption coefficients. Amount of shifting also
depends on the dressing parameter so that while the shift-
ing is nearly negligible for large values of the dressing, it is
very significant for small values. Up to our knowledge, as
a first time, we showed the effect of applied high-intense
laser field on the nonlinear absorption coefficient of In-
GaAsN/GaAs single QW system. Increasing intensity has
no influence on the position of absorption peaks. However,
the intensity causes a bleaching effect on the nonlinear ab-
sorption coefficient and the nitrogen provides an opposite
effect and reduces the bleaching. Nitrogen tends to elim-
inate the effect of dressing parameters, it decreases the
bleaching and compensates the red shift of frequency. We
also observed that an increase in the dressing parameter
results in a very strong bleaching effect, which is not pos-
sible to observe in other situations. We believe that dilute
nitrogen semiconductor can be very talent candidate to be
used as a quantum well material under intense laser field.
And it is possible to control the linear and nonlinear opti-
cal properties of the material by tuning laser parameters
and nitrogen content.

K.K. wish to thank the TUBITAK for financial support during
this study.
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