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Dielectric confinement on exciton binding energy and nonlinear optical properties
in a strained Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum well
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Abstract: The band offsets for a Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum well heterostructure are determined
using the model solid theory. The heavy hole exciton binding energies are investigated with various Mg alloy
contents. The effect of mismatch between the dielectric constants between the well and the barrier is taken into
account. The dependence of the excitonic transition energies on the geometrical confinement and the Mg alloy is
discussed. Non-linear optical properties are determined using the compact density matrix approach. The linear, third
order non-linear optical absorption coefficient values and the refractive index changes of the exciton are calculated
for different concentrations of magnesium. The results show that the occurred blue shifts of the resonant peak due
to the Mg incorporation give the information about the variation of two energy levels in the quantum well width.
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1. Introduction

II–VI based semiconductor heterostructures exhibit an
excellent radiative recombination showing a high oscillator
strength and density states in lasing process that can be used for
light emitting devices, blue laser diodesŒ1; 2�, UV photodetec-
torsŒ3� and other optoelectronic devices which require a large
exciton binding energy. Among II–VI group materials, ZnSe
shows the strongest Columbic interaction.Mg based blue green
laser diodes were fabricated and demonstrated firstŒ4�. In order
to produce blue green light emitters some alkali earth atoms
are considered to replace the part of II-B cations in those
semiconductorsŒ5�. The band gap and the lattice parameter of
Zn1�xMgxSe with various Mg concentrations has been inves-
tigated previouslyŒ6�. Investigation of the pressure dependence
of subband transitions in ZnSe/Zn1�xMgxSe quantum wells
was dealt with by Griebl et al.Œ7�, who brought out the differ-
ent pressure dependence of the elastic constants. A cross-over
of heavy hole (hh) and light hole (lh) transition energies has
been observed. Further, these alloy systems can be tuned to a
suitable wavelength by varying the Mg composition. Hence,
these II–VI semiconductor nano-structures are imperative for
the potential application of opto-electronic devices.

Very recently exciton states in a shallow ZnSe/ZnMgSe
quantum well with 3.6% of Mg content have been investigated
experimentallyŒ8�. Excitons and charged excitons have been
observed in ZnSe based quantum wells with Mg based barri-
ersŒ9�. It is well known that the effect of strain plays an impor-
tant role for any semiconductor heterostructure in which there
occurs a lattice mismatch between the inner and outer mate-
rial and thus, in order to improve its opto-electronic properties,
the strain effect must be taken into accountŒ10�. Band offsets
of ZnSe/Zn1�xMgxSe heterostructures have been investigated
by the measurements of optical and photoelectron spectra, with
varying Mg content (0.1 to 0.4)Œ11�. Structural and electronic

properties of Mg based wide band gap ternary alloys have been
investigatedŒ12; 13�. Various quantities, including lattice para-
meters, bulk modulus, bandgap, optical bowing, bond iconic-
ity character and effective masses have been obtained for the
alloys.

In the present work, we calculate the exciton binding ener-
gies due to heavy holes in a Zn1�xinMgxinSe/Zn1�xoutMgxoutSe
quantum well, with varying Mg composition, taking into ac-
count the dielectric confinement. The interband emission en-
ergy as a function of well width andMg content is investigated.
Some non-linear optical properties as a function of photon en-
ergy are observed. In Section 2, we briefly describe the method
and model used in our calculations of obtained eigen functions
and eigen energies of electron states, oscillator strengths and
the linear and non-linear optical absorption coefficients. The
results and discussion are presented in Section 3. A brief sum-
mary and results are presented in the last Section.

2. Model and calculations

2.1. Band offset calculations

An exciton is confined in a Zn1�xinMgxinSe quan-
tum well sandwiched between two potential barriers of
Zn1�xoutMgxoutSe. The confining potential is considered to be
zero and V0 outside, V0 depends on the Mg content in the
quantum well, whereas we have kept xout D 0.9 in the bar-
rier. We estimate the exciton binding energies, the interband
emission energies and some non-linear optical properties for
various Vh and Vc by varying the Mg composition. The va-
lence and conduction band offset is done by the model solid
approachŒ14�. The heavy hole and light hole band offsets are
calculated as the difference between the energies at the top
of heavy hole and light hole bands in Zn1�xoutMgxoutSe and
Zn1�xinMgxinSe. Similarly, the conduction band offset is cal-
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Table 1. Material parameters* used in the calculations.
Parameter ZnSe MgSe
m�
e 0.114 0.202

1 3.94 2.84
2 1 0.43
" 9.4 8.2
a (nm) 0.567 0.591
C11 (GPa) 8.57 7.58
C12 (GPa) 5.07 4.86
a (eV) 1.65 �1:0

b (eV) �1:8 �1:27

E�
g (eV) 2.719 4

*Ref. [29]

culated as the difference between the energies at the bottom of
the conduction bands in Zn1�xoutMgxoutSe and Zn1�xinMgxinSe.
Thus, the valence band offset related to heavy holes in
the Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe het-
erostructure interface is given by

�Ev; hh D �EB
v; hh.Zn1�xoutMgxoutSe/

��ED
v; hh.Zn1�xinMgxinSe/C ıEv; hh; (1)

where �EB
v;hh.Zn1�xoutMgxoutSe/ is the unstrained outer bar-

rier material in the barrier, for which we have taken xout as 0.9
and for the well, we have linearly interpolated the other data
taken from Table 1.�EB

v;hh.Zn1�xinMgxinSe/ is the strained in-
ner material in the well, and ıEv;hh is the shift in the heavy hole
valence band energy due to strain, which is expressed as

ıEv; hh D av.2"C "zz/ � b."zz � "/; (2)

where av is the hydrostatic deformation potential in the valence
band, b is the shear deformation potential and strain tensorsŒ15�

are given by
" D

aD � aB

aB
; (3)

and
"zz D �2

C12

C11

"; (4)

where aD and aB are the lattice constants of the
Zn1�xoutMgxoutSe barrier and Zn1�xinMgxinSe well re-
spectively. C11 and C12 are the elastic constants of the
epitaxial layer material. Similarly, the valence band offset for
heavy holes is expressed as

ıEv;hh D av.2"C "zz/ �
1

2
�0 C

1

4
b."zz � "/

C
1

2

r
�2

0 C�0b."zz � "/C
9

4
Œb."zz � "/�2;

(5)

where �0 is the sin orbit splitting. The conduction band offset
is given by

�Ec D �EB
c .Zn1�xoutMgxoutSe/

��ED
c .Zn1�xinMgxinSe/C�Eg C ıEc; (6)

where �Eg is band gap energy is given byŒ16�

�Eg D 1:15C 0:87x C 0:47x2; (7)
and

ıEc D ac.2"C "zz/: (8)
The Vc and Vh are calculated using the following expres-

sion.

Vc D E
Zn1�xoutMgxoutSe
c �E

Zn1�xinMgxinSe
c ; (9)

Vh D E
Zn1�xoutMgxoutSe
hh �E

Zn1�xinMgxinSe
v ; (10)

where EZn1�xoutMgxoutSe
c and E

Zn1�xoutMgxoutSe
hh are the ener-

gies of the conduction and heavy hole bands in the barrier,
E

Zn1�xinMgxinSe
c andE

Zn1�xinMgxinSe
v are the energies of the con-

duction and heavy hole bands in the well.

2.2. Exciton binding energy

The exciton Hamiltonian with the ef-
fect of electron–LO phonon interaction in a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe strained
quantum well, within the single band effective mass approxi-
mation, is given by

OH D �
„2

2�C.x/

1

�

@

@�
�
@

@�
�

„2

2m�
e .x/

@2

@z2
e

�
„2

2mC.x/

@2

@z2
h

�
e2

".r/r
C Ve.ze/C Vh.zh/C VPB.r/

C VKT.r/CEself;

(11)

where e is the absolute value of the electronic charge,m�
e; h.x/

is the Mg-dependent effective mass of electron and hole of
Zn1�xMgxSe, ze and zh are the electron and hole co-ordinates
along the growth direction of the structure, Ve; h.x/ is the Mg-
dependent strain induced confined potential for electrons and
holes, VPB(r) is the effective potential between an electron and
a hole, VKT(r) is the effective potential due to the effect of di-
electric confinement in the image chargemethodŒ17�, ".r/ is the
size dependent dielectric function and r D

p
�2 C .ze � zh/2.

The �C is the reduced mass of the exciton given by Ref. [18],
m0 is the free electron mass and m�

e is the electron effective
mass. The parameter mC is the hole effective mass given by

1

mC

D
1

m0

.1 � 22/: (12)

The size dependent dielectric function is given byŒ19; 20�

1

".r0/
D

1

"1

�

�
1

"1

�
1

"0

�

�

�
1 �

exp.�r0=�e/C exp.�r0=�h/
2

�
; (13)

where r0 is the mean electron–hole distance, "0 and "1 are the
static and optical dielectric constants and �e; h are given byŒ21�

�e;h D
„

2m�
e; h!LO

; (14)
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where „!LO is the LO phonon energy.

The effect of the exciton and LO phonon interaction is de-
rived by the effective potential (VPB/ between the electron and
hole along with the self energy term (Eself/ as given below. The
quantum well confinement effective potential of the electron
and hole is given byŒ22�

VPB.r/ D �
e2

"�r

�
C 4

B4
�
m�

e he

�m
exp

�
�
rAe

Re

�

C
m�

hhh

�m
exp

�
�
rAh

Rh

��

�

�
h� C

C 3r

2B3aex

�
exp

�
�
rB

R�

�
; (15)

where "� D .1="1 � 1="s/
�1, "1 and "s are the optical and

static dielectric constants of the well material and �m is the
difference in effective mass of electron and hole. When a well
is sandwiched between the barrier materials, the field effect
caused by the charge distribution will enhance the Coulomb
interaction.

The self energy term is given byŒ23�

Eself D �.˛ege C ˛hgh � ˛�g�/„!LO; (16)

where „!LO is the LO phonon energy. The calculation of other
material parameters in Eq. (13) and Eq. (14) is followed from
Ref. [13].

The effective potential due to the effect of dielectric con-
finement on the interaction between the electron and the hole
is calculated below. The effect of electron–hole confinement
in the image charge method is given by the effective potential
asŒ17�

VKT.r/ D �

1X
nD�1

� jnj

"s
p
�2 C .zz � .�1/nzh C nLW/2

; (17)

where � D ."ws � "bs /=."
w
s C "bs / and "ws and "bs are the static

dielectric constants of the well and the barrier respectively.
The electron and heavy hole subband energies are com-

puted by numerically solving the equation for a finite
quantum well potential. We have chosen the trial wave
function for the exciton ground state, within the varia-
tional scheme. We take the problem of an exciton in a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well within the single band effective mass approximation. It is
necessary to use a variational approach to calculate the eigen
function and eigen value of the Hamiltonian and to calculate
the ground state exciton energy using a trial wave function with
two variational parameters. Considering the correlation of the
electron-hole relative motion, the trial wave function can be
chosen as,

	. Nre; Nrh/ D Nfe.�e; ze/fh.�h; zh/e�˛�2

e�ˇz2

; (18)

where N is the normalization constant, fe and fh are ground
state solution of the Schrödinger equation for the electrons and
holes in the absence of the Coulomb interaction. The above
equation describes the correlation of the electron-hole relative
motion. ˛ and ˇ are variational parameters responsible for the

in-plane correlation and the correlation of the relativemotion in
the z-direction respectively. By matching the wave functions
and the effective mass and their derivatives at boundaries of
the quantum well along with the normalization, we fix all the
constants except the variational parameters. So the wave func-
tion given in Eq. (18) completely describes the correlation of
the electron–hole relative motion.

The Schrödinger equation is solved variably by finding
hH imin, and the binding energy of the exciton in the quantum
well is given by the difference between the energy with and
without the Coulomb term. First, we concentrate on the calcu-
lation of the electronic structure of the ZnMgSe quantum well
system by calculating its subband energy (E) and subsequently
the exciton binding energy. To calculate the ground-state ener-
gies of the heavy excitons, we minimize the expectation values
of the Hamiltonian (Eq. (11)) calculated using a trial function
with two variational parameters (Eq. (18)).

The binding energy of the excitonic system is defined as

Eexc.x/ D Ee CEh � hHexc.�; z/imin ; (19)
where Ee; h is the sum of the free electron and the free hole
self-energies in the same quantum well.

The Hamiltonian of an exciton consisting of a single elec-
tron part (He/, the single hole part (Hh/ and the Coulomb in-
teraction term between electron–hole pair is given by

Hexc.x/ D He CHh CVe;h �
e2

" jr j
CEself CVPB.r/CVKT.r/;

(20)
where all the terms are defined as earlier. The Mg-depended
band gap of Zn1�xMgxSe is explained as previously. It is in-
ferred that the direct band gap of ZnSe increases linearly with
Mg concentration. Thus the incorporation ofMg into ZnSe will
significantly change its band gap. The ground state energy of
the exciton in the Zn1�xMgxSe quantum well is calculated by
using the following equation

Eexc D min˛;ˇ

h exe jHexcj exci

h exc j exc i
: (21)

The ground state exciton binding energy Eb and the inter-
band emission energyEph associated with the exciton is calcu-
lated using the following equation

Eb D Ee CEh �Eexc; (22)

Eph D Ee CEh CE�
g .x/ �Eexc; (23)

where Ee and Eh are the confinement energies of the electron
and hole respectively. E�

g .x/ is the Mg-dependent band gap
energy of Zn1�xMgxSe material.

2.3. Absorption coefficients and refraction index changes

For any electronic system transitions, these calculations
are imperative to compute the different optical properties.
However, the dipole transitions are allowed using the selection
rules �l D ˙1 where l is the angular momentum quantum
number. In addition to that the oscillator strength which is re-
lated to the dipole transition, is expressed as

Pfi D
2m�

„2
�Efi jMfij

2 ; (24)
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where �Efi D Ef � Ei refers the difference of the energy be-
tween the lower and upper states.Mfi D 2 hf jRj ii is the elec-
tric dipole moment of the transition from i state to f state in the
quantum well width. Here, we have considered the selection
rule, �l D ˙1 which determines the fine state of the electron
after absorption. Hence the state,L D 0, is taken as the ground
state and the state, L D 1, is taken as the final state. The ob-
servation of oscillator strength is imperative especially in the
study of optical properties and they are related to the electronic
dipole allowed absorptions. Moreover, the outcome of the re-
sults will give an insight into the fine structure of the optical
absorption.

The optical absorption calculations are based on the Fermi
Golden rule fromwhich the total absorption coefficient is given
byŒ24�

˛.!; I / D ˛1.!/C ˛3.!; I /

D !

r
�0

"r
Im Œ"0�1.!/C "0�3.!/I � ; (25)

where �0 is the permeability of the material, "r is the real part
of the permeability and I is the incident light intensity. �1.!/

and �3.!/ describe the linear and nonlinear contribution to the
polarization with the same frequency of the incident field.

The optical absorption coefficient is given by

˛1.!/ D
4�˛f�s

nre2
„! jMfij

2 ı.Ef �Ei � „!/; (26)

and

˛3.!; I / D �
32�2˛f�sI

n2
r e

2„�ff
„! jMfij

2 ı.Ef �Ei � „!/

�

(
1 �

jMff �Miij
2

4 jMfij
2

�

Œ.„! �Efi/
2 � .„�fi/

2 C 2Efi.Efi � „!/�

E2
fi C .„�fi/2

)
;

(27)

where �s is the electron density of the quantum well, nr is the
refractive index of the semiconductor, ! is the angular fre-
quency of the incident photon energy, ˛f is the fine structure
constant and Ei and Ef denote the confinement energy levels
for the ground and first excited states, respectively. The above
two equations are linear and third order nonlinear optical ab-
sorption coefficients.

From Eqs. (26) and (27), the energy-conserving delta func-
tion by the Lorentzian is given by

ı.Ef �Ei � „!/ D lim
� !0

�

�.Ef �Ei � „!/2 C � 2
; (28)

where � is the line width of the exciton.
The susceptibilities are related to the refractive index

changes as
�n.!/

nr
D Re

�
�.!/

2n2
r

�
; (29)

Fig. 1. Variation of conduction (Vc/, heavy hole (Vh/, light hole (Vl/
and energy splitting between heavy and light hole bands (Ehh�lh/ in a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum well
as a function of x for a well width of 100 Å.

where nr is the refractive index of the material. The analytic
expression of the linear and nonlinear changes in the refractive
index are given by

�n.1/.!/

nr
D
�se

2

2"r
jMfij

2 „!fi � „!

.Efi � „!/2 � .„�fi/2
; (30)

and

�n.3/.!/

nr
D �

�0cI

4"rn2
r

�se
4 jMfij

4

Œ.Efii � „!/2 C .„�fi/2�2

�

(
4 jMfij

2 .Efi � „!/ �

�
jMff �Miij

2
�

Efi.Efi � „!fi/
2 � .„�fi/

23.Efi � 2„!/

E2
fi C .„�fi/2

�)
:

(31)

Hence the total refractive index change is given by

�n.!/

nr
D
�n.1/.!/

nr
C
�n.3/.!/

nr
: (32)

3. Results and discussion

All the material parameters values used in the present nu-
merical calculations are linearly interpolated from the date of
ZnSe and MgSe given in Table 1. The atomic units have been
followed in the determination of electronic charges and the
wave functions in which the electronic charge and Planck’s
constant have been assumed as unity. The effective masses
of the heavy and light holes in the z-direction are calculated
as mC D 1=.1 � 22/ and mC D 1=.1 C 22/ respec-
tively. All the relevant parameters have been obtained by a lin-
ear interpolation of ZnSe and MgSe parameters. T (Zn1�xMgx

Se/ D .1 � x/T ZnSe + xTMgSe, where T refers to various
physical parameters used in our calculations.
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Fig. 2. Variation of exciton binding energy as a function of well width
of a Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well for various Mg incorporations with the inclusion of the dielectric
confinement. The inserted figure shows the exciton binding energy
with and without considering the dielectric confinement for x D 0.1.

Figure 1 displays the variation of conduction (Vc/,
heavy hole (Vh/, light hole (Vl/ and energy split-
ting between heavy and light hole bands (Ehh�lh/ in a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well as a function of x for a constant well width of 100 Å. It is
observed that both Vc and Vh increase with Mg concentration.
Vlh is found to be greater than Vhh due to the induced tensile
strain. Further, it is observed that the lattice constant of the
well material (Zn1�xoutMgxoutSe) is greater than that of the
barrier (Zn1�xinMgxinSe). Hence, the tensile strain will be
induced in the well material. Also, the energy splitting between
the heavy and light hole bands increases with increasing x due
to the increase in induced compressive strainŒ25�.

Figure 2 displays the variation of exciton bind-
ing energy as a function of well width of the
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quan-
tum well for various Mg incorporations with the inclusion
of the dielectric confinement. The insert figure shows the
exciton binding energy with and without consideration of the
dielectric confinement for x D 0.1. It is observed that the
binding energy increases first with decreasing well width and
reaches the maximum value for a critical well size before
rapidly decreasing when the well width is still reduced for all
cases of Mg incorporation in ZnSe material. This is because
an increase in the well width results in a spreading of the
wave function which causes a lowering in the binding energy
and the contribution of confinement is dominant for smaller
well width, making the electron unbound, and it ultimately
tunnels through the barrier. Eventually, the electron and hole
wave functions penetrate into the barrier for narrow wells.
Moreover, the variation in Mg composition causes the increase
in the barrier height of the quantumwell and hence, the exciton
binding energy increases with the Mg composition whereas
the enhancement of exciton energy with the reduction of well
width is due to the spatial confinement. All our calculations
include the effect of dielectric confinement and the size
dependent dielectric function. The insert figure brings out the

Fig. 3. Variation of interband emission energy as a func-
tion of well width for various compositions of Mg in a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well.

effects of PB potential including the dielectric mismatch. It
is found that the exciton binding energy obtained using the
static screened Coulomb potential is lower than the exciton
binding energy with the inclusion of the effective potential.
It is observed that the dielectric mismatch effect enhances
the exciton binding energy. It implies that the effect of the
dielectric mismatch on the exciton binding energy is very
important in low dimensional semiconductor heterostructures.
Hence, it is concluded that dielectric confinement due to
the image charge potential enhances the exciton binding
energyŒ26�.

Figure 3 displays the variation of interband emission en-
ergy as a function of well width for various compositions of
Mg in a Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe
quantum well. All the calculations have been made with the
inclusion of dielectric mismatch. It is noted that the interband
emission energy decreases monotonically as the well width is
increased for all the Mg content. This is due to the confine-
ment of the electron–hole with respect to the z-plane when the
well width is increased. Moreover it is clearly shown that the
effect of bound exciton has influence on the interband emis-
sion energy. This representation clearly brings out the quantum
size effect. The magnitude of the interband emission energy in-
creases with Mg incorporation into the ZnSe material, and is
more for all well widths due to the increase in barrier height
and exciton binding energy.

Figure 4 shows the variation of the absorption coefficient
as a function of photon energy for two different well widths of a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well for various Mg contents and the insert figure shows the
variation of absorption coefficients as a function of photon en-
ergy with and without the inclusion of the dielectric confine-
ment effect for a constant Mg alloy content (xD 0.2). Here, we
observe that the variation of magnitude of an absorption coef-
ficient becomes more when the Mg-incorporation is taken into
account. Further, we notice that the increase in linear variation
of the resonant absorption coefficient is observed with the Mg
incorporation. This is because the exciton binding energy in-
creases with the Mg content eventually increasing the barrier
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Fig. 4. Variation of the absorption coefficient as a func-
tion of photon energy for two different well widths of a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well for various Mg contents. The inserted figure shows the variation
of absorption coefficients as a function of photon energy with and
without the inclusion of dielectric confinement for a constant Mg
alloy content (x D 0.2).

Fig. 5. Variation of total refractive index changes of the exciton
confined in a Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe
quantum well (40 Å) as a function of photon energy, with the influ-
ence of Mg concentration. The inserted figure shows the changes of
the refractive index as a function of photon energy with and without
the dielectric confinement effect.

height. Hence it is concluded that the intensity dependent non-
linear absorption coefficients near the resonant frequencies are
important and should be taken into account when studying the
optical properties of exciton in the quantum well.

It is observed that the absorption coefficient peak moves to
a higher photon energy as the Mg content increases. As the Mg
concentration increases, the total absorption coefficient shifts
toward higher energies and the magnitude also increases. This
implies that theMg incorporation blue shifts the absorption res-
onance coefficients in a quantum well, because the spacing be-
tween the energy levels increases due to the incorporation of
Mg in ZnSe material. The reason for the blue-shift is due to
the higher transition energy (E2 – E1/ when the Mg content is
increasedŒ27�. Further, we notice that the resonant absorption

peak value is found to linearly increase with the Mg content
and the energy levels are separated with a reduction of overlap
integral due to the increase in dipole matrix. This is because
a competition between the energy interval and the dipole ma-
trix element occurs which determines these features. Thus, by
increasing the Mg concentration a remarkable blue-shift of the
absorption resonant peak is induced, leading to a higher energy
interval. Moreover, we notice that the binding energy is higher
for when the effect of the dielectric confinement is included for
all the well widths due to the enhancement of hydrogen bind-
ing energywhen theHamiltonian is includedwith the polaronic
effect. Hence it is concluded that the intensity dependent non-
linear absorption coefficients near the resonant frequencies are
important and should be taken into account when studying the
optical properties of hydrogenic impurity in the low dimen-
sional heterosystem.

We present the variation of total refrac-
tive index changes of the exciton confined in a
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well (40 Å) as a function of photon energy and the influence
of Mg concentration, with the constant value of the incident
optical intensity (2 � 108 W/m2/ in Fig. 5. The insert figure
shows the changes of the refractive index as a function of
photon energy with and without the dielectric confinement
effect. This figure has been drawn with the combining effects
of two components of refractive indices, namely, �n.1/.!/

nr

and �n.3/.!/

nr
as a function of incident energy for different

values of Mg concentration with the constant incident optical
intensity. It is observed that as the Mg incorporation increases,
the total refractive index changes shift towards the higher
values and the magnitude of total refractive index increases.
This is because the increase in exciton binding energy occurs
with the Mg-composition. It is noticed that a change in the
refractive index moves with the higher energy when the effect
of the dielectric confinement is included, this is because the
enhancement of the binding energy occurs due to the inclusion
of the dielectric confinement. Also, it is noticed from the
equations of the change of the refractive index that the linear
relative change in the refractive index does not depend on
photon intensity but on the third order relative change in the
refractive index, which changes with photon intensity, and it
varies quadratically with the matrix element of the electric
dipole moment of the transition. Thus, the nonlinear term
must be considered when calculating the refractive index
changes of quantum well systems in which the incident light
propagates along the z-axisŒ28�. Thus, the nonlinear term must
be considered when calculating the refractive index changes
in low dimensional semiconductor systems.

In conclusion, the heavy hole exciton binding energy, in-
terband emission energy and some non-linear optical prop-
erties in a Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe
quantum well have been investigated for various Mg compo-
sition. The band offsets have been computed using the Model
solid theory. The results bring out the effect of polaron-induced
enhancement of the exciton binding energy, which implies
that polaronic coupling cannot be neglected while calculat-
ing the excitonic properties of these materials. Also, we have
calculated the effect of the exciton interacting with confined
LO phonons, on its binding energy of a polar semiconduc-
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tor in a quantum well with finite potential barriers. The com-
puted 1s heavy hole exciton binding energies are significantly
larger, by 6 meV, when the interaction potential VAB is in-
cluded in the Hamiltonian. Thus, the excitonic Hamiltonian
with the inclusion of an effective interaction potential taking
into account the polaronic effects have been presented in this
paper. In any polar semiconductor, in general, the electron
and heavy hole effective masses will be replaced by the cor-
responding polarnoic masses and the screened Coulomb po-
tential will be replaced by the effective potential in the ex-
citon Hamiltonian. It is found that the band offsets in the
Zn1�xoutMgxoutSe/Zn1�xinMgxinSe/Zn1�xoutMgxoutSe quantum
well heterostructure greatly depends on the Mg alloy content.
The exciton binding energy due to heavy holes depends on the
well width, Mg content, the strain effect and the dielectric con-
finement. The occurred blue shifts of the resonant peak due to
the Mg incorporation give the information about the variation
of two energy levels in the quantum well width. This property
makes this material very promising for future potential applica-
tions such as fabricating the highly desirable blue green region
of an electro-magnetic spectrum in opto-electronic devices.
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