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Abstract
II–VI quantum well (QW) structures are now the subject of an increasing
number of studies due to their applications in optoelectronics. Following our
recent calculations showing that the fundamental gap of ZnSx Se1−x presents
a minimum for sulfur molar fraction x = 0.20, an accurate knowledge of
band offsets for these ternary alloys will be useful to model devices based on
ZnSxSe1−x/ZnSySe1−y QWs. With this aim, we have calculated the electronic
band parameters for this system. Hence, and using the model-solid theory,
strain effects of electrons, heavy holes (hh) and light holes (lh) are investigated
as a function of sulfur composition in the hole range 0 � x, y � 1.
Taking into account these results and based on a one-dimensional Schrödinger
equation, we report a calculation of level energies in ZnSxSe1−x/ZnS0.8Se0.2

QWs for 0 � x � 0.2, which depend on the thickness of the layers as
well as on the composition of the ternary alloys. Our result provides useful
information for experimentalists and opens the way to realize optoelectronic
devices intended to operate in the whole range of the visible spectrum and based
on ZnSx Se1−x/ZnSySe1−y .

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The II–VI semiconductors (SCs) could form the basis for a variety of efficient light-emitting
devices spanning the entire range of the visible spectrum since their bandgaps range from
the infrared to the ultraviolet [1]. Despite the fact that the direct-bandgap II–VI SCs are
the most promising for realizing visible laser diodes (LDs) [2] and efficient light-emitting-
diode (LED) [3] displays, major difficulties soon emerged with these materials. This can be
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generally defined in terms of structural and electronic quality of the material [1, 4]. In contrast,
research on III–V compounds has progressed quite rapidly. This progress was possible with
development of growth techniques which were also applied with success to the studies of II–
VI compounds [5, 6]. The evolution in growth techniques prompted studies and extensive
research effort has been invested in recent years in the study principally of II–VI and III–
V nitride wide-gap SCs as well as their ternary [7] and quaternary [8] alloys covering a
wide spectral range from visible to ultraviolet. However, the II–VI heterostructures remain
the most natural candidates for blue–green laser diode applications [9] not only because this
spectral range (>450 nm) is hardly reachable by III–V nitride based lasers [10] but also due
to the gradual interface effects on the confinement properties of III–V nitride QWs such as
GaN/AlGaN. This makes important other wide-gap SCs like ZnSSe/ZnSe [11] with its strong
abrupt interface. In fact, zinc selenide (ZnSe) is the starting material for a large number of
II–VI SC ternary and quaternary alloys which can be incorporated into multilayer structures
and devices such as lasers and light emitting diodes (LEDs) [12, 13] and the primary recent
need is in the area of optical storage [1]. Because of the small mismatch of ZnSe with GaAs,
most of the ZnSe LED and LD devices are fabricated on GaAs substrates [1, 14]. However, the
quality of ZnSe-based heterostructures grown on GaAs substrates is limited by other structural
defects due to the lattice relaxation. To avoid these unwanted defects, we have focused on
modelling LEDs and LD structures using ZnSx Se1−x material on a ZnSySe1−y substrate, which
eliminates many of the problems associated with lattice mismatch and surface defects. In fact,
with ZnSx Se1−x/ZnSe heterostructures, emission wavelength can be tuned gradually from the
blue (ZnSe) to the UV (ZnS) [15] range with increasing x in the alloy, but the corresponding
decrease in lattice parameter also increases the lattice mismatch with the substrate and large
strains are present in the pseudomorphic QWs. The use of the ZnSySe1−y substrate is a potential
advantage of ZnSx Se1−x material with 0 � x, y � 1, and then the strain effect is reduced.

Until recently, it was commonly accepted that the bandgap of ZnSSe increases more
or less monotonically with increasing sulfur content from Eg(ZnSe) = 2.80 eV to
Eg(ZnS) = 3.67 eV [16]. But taking into account the recent behaviour of the ZnSxSe1−x gap,
we can obtain ternary materials spanning bandgaps within the range 2.60–3.67 eV [17]. In
fact, we have shown that the sulfur incorporation generates significant effects on the bandgap
variation: the bandgap decreases with increasing sulfur content until 2.60 eV for x = 0.2,
and then increases up to 3.67 eV for ZnS. Such a strong deviation from the typically expected
behaviour is very important for device applications and has prompted us to perform band offset
calculations.

Therefore, and using the model solid theory (MST) [18], the valence and conduction band
offsets (BOs) for ZnSx Se1−x/ZnSySe1−y heterostructures (0 � x, y � 1) are calculated. Using
these band offsets, we have simulated ZnSx Se1−x/ZnS0.8Se0.2 and obtained results which can
be useful for experimental investigations. The thickness and composition (0 � x � 0.20) of
this single QW are computed to get the optimum confinement of the interband electron–hole
transition and the optimum out of plane oscillator strength and wavefunction overlap.

In this work, we report in section 2 calculations of electron, heavy hole and light hole
band offsets. These parameters with the effective masses are used to simulate and optimize the
interband electron–hole transition. Results of well thickness and sulfur composition variations
are summarized in section 3.

2. Calculation of band offsets

With the improvement of growth techniques (in particular, molecular beam epitaxy, MBE),
it has become possible to grow SC superlattices and tailor the band structures to achieve
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the desired properties and device applications. The lattice mismatch between SCs can be
accommodated by lattice strains in sufficiently thin layers which can cause profound changes
in the electronic properties and therefore provides extra flexibility in device design. The
knowledge of the discontinuities in valence and conduction bands at SC interfaces is essential
for the analysis of the properties of any heterojunction. In fact, in the case of ZnSSe
based heterostructures, the recently reported variation gap with sulfur composition emphasizes
the need to research relevant fundamental valence and conduction band offsets (BOs) of
heterostructures. To evaluate these band offsets, the model-solid theory of Van Der Walle and
Martin [18] is practical and can be used for lattice-matched and lattice-mismatched interfaces.
The authors consider an energy reference level for valence band Ev,av defined as the average
over the uppermost valence bands at the � point of the Brillouin zone.

In this section, we present calculations of BOs for the ZnSx Se1−x/ZnSySe1−y interface
with 0 � x, y � 1. The lattice parameter for ZnSe is 0.566 86 nm and the one of ZnS
is 0.540 93 nm. For the ternary alloy, the lattice parameter is estimated from the Vegard’s
law. Therefore, when growing the ZnSxSe1−x layer on the ZnSySe1−y substrate in the z-axis
direction of growth, a deformation of the crystal lattice takes place. We consider that the strain
direction is the one for which z axis is oriented along the [001] crystallographic direction.
Pseudomorphic growth of an overlayer on a substrate with different lattice constants introduces
strain components. Under pseudomorphic conditions, strains are sufficiently small to be in the
linear regime. Our procedure has been to use calculated valence-band positions and add the
reported bandgap to obtain conduction-band positions.

The ZnSe and ZnS semiconductors have the zinc-blende structure with a band structure
that includes three valence bands at �. In the absence of strain and spin–orbit splitting, these
bands are degenerate. The spin–orbit interaction splits them into heavy and light hole bands
(hh and lh) and the spin–orbit band (so). The hydrostatic strain shifts the average valence band
energy and the conduction band while the shear component of strain splits the degeneracy of
the light and the heavy hole valence bands when coupled to the spin–orbit interaction.

The band energy shifts are related to strains by making use of deformation potentials. For
strain along the [001] direction of the ZnSx Se1−x/ZnSySe1−y heterostructure, the shifts of the
valence bands are given by [18]

δEv,hh = av(2ε‖ + ε⊥) − 0.5δE001

δEv,hh = 2avε‖
(

1 − C12

C11

)
− 0.5δE001

(1)

δEv,lh = 2avε‖
(

1 − C12

C11

)
− �0

2
+ 0.25δE001 + 0.5[�2

0 + �0δE001 + 2.25(δE001)
2]1/2 (2)

δEv,so = 2avε‖
(

1 − C12

C11

)
+ �0

2
+ 0.25δE001 − 0.5[�2

0 + �0δE001 + 2.25(δE001)
2]1/2. (3)

In these equations, δE001 is given by

δE001 = 2b(ε⊥ − ε‖)

δE001 = −2bε‖
(

2
C12

C11
+ 1

)
. (4)

The components of the strain tensor for ZnSx Se1−x , εxx = εyy = ε‖ and εzz = ε⊥ are given by

ε‖ = a‖
a

− 1 (5)

ε⊥ = −2
C12

C11
ε‖ (6)
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with a‖ and a are the substrate and the unstrained over-layer lattice constants while a⊥ is the
perpendicular over-layer lattice constant given, in the [001] direction, by

a⊥ = a

{
1 − 2

C12

C11

(
a‖
a

− 1

)}
. (7)

�0 is the spin–orbit splitting, av and b are the hydrostatic and the shear deformation potential
for the valence band and Ci j specify the bulk elastic coefficients for the material under
consideration.

The first terms in the valence band shifts are the hydrostatic corrections and the second
are the shear ones. Equations (1)–(3) show that the heavy holes remain uncoupled to the light
holes, while the light holes and the split-off bands are coupled by the strain and the spin orbit
splitting. We notice that the hydrostatic component of the strain is the same for hh, lh and so.

Seeing that the ZnSSe alloy has a direct gap all along the sulfur composition range, the
shear strain has no effect on the energetic position of the conduction band and there is only a
hydrostatic CB correction due to the strain. This component is given by

δEc = ac(2ε‖ + ε⊥)

δEc = 2acε‖
(

1 − C12

C11

)
(8)

ac being the hydrostatic deformation potential for the conduction band.
Consequently, the valence and conduction band offsets including strain effects for the

ZnSxSe1−x/ZnSySe1−y heterojunction are

�Ev = [Euns
v (ZnSx Se1−x) + δEhyd

v + δE sh
v ] − Euns

v (ZnSySe1−y)

�Ev = �Euns
v + δEhyd

v + δE sh
v

�Ev,hh,lh,so = �Eunst
v + δEv,hh,lh,so

(9)

�Ec = �Eunst
v + �Eunst

g + δEc (10)

where δEhyd
v is the hydrostatic component of the strain while δE sh

v is the shear component;
�Eunst

g represents the bandgap difference between ZnSxSe1−x and ZnSySe1−y unstrained bulk
materials. Note that equations (9) and (10) result from an approximation since the band offset
modification due to the strain-induced charge transfers at the interface is neglected. The
bandgap energy for the alloy ZnSSe is taken from our calculations in [17] and given by the
expression

E�
g (x) = 2.80 − 2.26x + 7.55x2 − 4.43x3 (11)

showing an equivalent bowing parameter b that is b(x) = −4.43x + 3.13.
Note that b is strongly composition dependent, leading to a non-linear and non-monotonic

composition dependence of the bandgap. It is worth mentioning that in the present study we
have used the same room temperature bandgaps of ZnSe and ZnS as were used in our previously
published work [17], i.e. 2.80 and 3.67 eV, respectively.

Using the above equations, we have calculated the band offsets for strained
ZnSxSe1−x/ZnSySe1−y for the range 0 � x, y � 1. The parameters related to the strain
adopted in this work [19] are listed in table 1. The data for ZnSx Se1−x alloys are evaluated
from a linear interpolation of the parameters listed in table 1. Results are depicted as a function
of x and y compositions in figures 1(a) and (b) for electrons. For heavy and light holes, the
iso-energy band offsets are practically linear. The laws

�Ev,hh(x, y) = (y − x)[0.95 − 0.05x + 0.001x(x + y) − 0.01y]
�Ev,lh(x, y) = (y − x)[0.788 − 0.14x + 0.01

√
x(x + y) − 0.01y]
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Table 1. Spin–orbit splitting �0, the average energy of the three uppermost valence bands Ev,av,
experimental values of hydrostatic deformation potential for the valence and conduction bands av

and ac, experimental uniaxial deformation potential b. All these parameters are in eV. The elastic
constants C11 and C12 are in 1010 N m−2 [21].

�0 Ev,av av ac b C11 C12

ZnSe 0.43 −8.37 1.65 4.17 −1.2 8.95 5.39
ZnS 0.07 −9.15 2.3 −4.09 −0.80 9.81 6.27

give good approximate analytical expressions for the heavy and light hole valence band
discontinuities. Note that all band offsets are given in electron volts (eV). According to our
band offset calculations, we found the following results.

(i) The band offsets are large in the valence band (from −0.90 to 0.90 eV for 0 � x, y � 1),
but small in the conduction band (from −0.45 to 0.45 eV for 0 � x, y � 1). This is
expected in this mixed anion system. Wei et al [20] attributed the large VBO to the fact
that the VBO is an anion p-like state and the anion p-orbital energies increase significantly
with the anion atomic number while the CBO is mostly a cation s state with only minor
contributions from anion s orbitals.

(ii) The valence band offsets increase (decrease) when ZnSx Se1−x is under compressive
(tensile) strain. Note that under compressive strain (growth on a substrate with smaller
lattice constant x < y) the heavy hole band will be at the band edge (δEv,hh > δEv,lh).

(iii) The plots show drastic changes relative to those commonly accepted for conduction band
offset. In the case of ZnSx Se1−x/ZnSySe1−y , 0 � x � 1 and y = 0.8, the valence
band discontinuity for heavy holes �Ev,hh spans the range −0.18 to 0.76 eV while the
conduction band discontinuity �Ec decreases from −0.25 to −0.33 eV, then increases to
0.045 eV, and after that it decreases until −0.42 eV (figure 2(a)). Using these values, the
strained band line-up of the ZnSx Se1−x/ZnS0.8Se0.2 quantum well (QW) with 0 � x �
0.20 is of type I (0.57 � �Ev,hh � 0.76 eV and −0.33 � �Ec � −0.25 eV) while
the optical transition in the ZnSx Se1−x/ZnSe structure becomes of type II for sulfur molar
fraction lower than 32% and higher than 95% (figure 2(b)). For ZnSxSe1−x/ZnS0.8Se0.2

heterostructure with 0 � x � 0.2, the material undergoes compressive strains in the
growth direction due to the neighbouring ZnS0.8Se0.2 which has a smaller lattice constant;
therefore the bandgap of ZnSxSe1−x at the lateral interface becomes small.

(iv) Despite the promising technological applications of ZnSSe material/ZnSSe substrate QWs,
we could not find any experimental work in the literature. However, Maia et al [21]
have studied the band offsets of ZnSe/ZnS0.18Se0.82 strained QWs and reported values
of 192 and 135 meV for �Ev,hh and �Ev,lh, respectively. Our calculated values of �Ev,hh

and �Ev,lh are found to be 172 and 130 meV, respectively, which are in good agreement
with those of [21]. The small discrepancy in our CBO values and those given in [21] is
probably due to the atypical behaviour of the ZnSSe bandgap used in our calculation. New
experimental and theoretical results for other sulfur compositions would be useful for a
detailed comparison with our calculations.

3. Electronic properties of ZnSxSe1−x/ZnS0.8Se0.2 single quantum well

The heterostructure for modelling consists of two ZnS0.8Se0.2 barriers separated by a
ZnSxSe1−x (0 � x � 1) QW of thickness Lw . A ZnSxSe1−x/ZnSySe1−y single QW is
used since the transitions are much sharper than in a multiple-QW structure or superlattice.



3010 S Abdi-Ben Nasrallah et al

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

x (material molar fraction)

0.00

0.20

0.40

0.60

0.80

1.00

y 
(s

ub
st

ra
te

 m
ol

ar
 fr

ac
tio

n)

(a)

(b)

E
le

ct
ro

n
 b

an
d

 o
ff

se
t 

(I
n

 e
V

)

Figure 1. (a) Conduction band offset �Ec in (001) ZnSx Se1−x/ZnSySe1−y interface. (b) A three-
dimensional representation of �Ec. All band offsets are given in eV.
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Figure 2. The valence (dashed line) and the conduction (solid line) band discontinuities at the
(a) ZnSx Se1−x/ZnS0.8Se0.2 and (b) ZnSx Se1−x /ZnSe interfaces.

Based on an empirical pseudopotential method [22], and for a parabolic fit of the conduction
band dispersions for ZnSxSe1−x alloy, we have calculated the electron effective mass m∗ at the
minimum of the CB [17].

The fitted expression

m∗
e (x) = 0.193 − 0.064x + 0.160x2 (12)

gives m∗ for any sulfur molar fraction. Due to the lack in the hole effective masses of ZnSSe
alloys, for the heavy and light holes in ternary compounds we opt for linear interpolation



3012 S Abdi-Ben Nasrallah et al

Table 2. Values of effective masses for electrons and heavy and light holes denoted respectively
m∗

e , m∗
hh and m∗

lh evaluated in units of the free electron mass m0.

x = 0 x = 0.1 x = 0.2 x = 0.8 x = 1

m∗
e 0.19 0.19 0.19 0.24 0.27

m∗
hh 1.2 1.3 1.4 1.8 1.76

m∗
lh 0.15 0.15 0.155 0.19 0.23

Table 3. Calculated conduction (�Ec) and valence (�Ev,hh,�Ev,lh) band offsets for strained
ZnSx Se1−x with x = 0, 0.1 and 0.2 on relaxed ZnS0.8Se0.2 substrate given in eV.

x = 0 x = 0.1 x = 0.2

�Ec −0.25 −0.33 −0.32
�Ev,hh 0.76 0.66 0.57
�Ev,lh 0.62 0.54 0.46

between masses of the two binary parents. The results of calculation are summarized in table 2.
The conduction and valence band discontinuities for the ZnSx Se1−x/ZnS0.8Se0.2 QW under
investigation (x = 0, 0.1, 0.2 and y = 0.8) calculated in section 2 are listed in table 3.

To evaluate electronic states of the heterostructure under investigation, we have used the
model described in our paper [23]. We started by solving the one-dimensional Schrödinger
equation in the growth direction using the effective mass theory [24]. In the single-band
version of the envelope function approximation, the eigenvalues Eν and eigenfunctions �ν

for subbands ν are determined by solving the one-dimensional Schrödinger equation:[−h̄2

2

d

dz

1

m∗(z)
d

dz
+ VB(z) − Eν

]
φν(z) = 0 (13)

where z is the growth direction, h̄ is the Planck’s constant, m∗(z) is the electron (heavy
hole) effective mass, ν is the subband index and VB(z) is the potential energy due to
the heterostructure conduction (valence) band-edge discontinuities calculated in section 2.
Numerically, the problem was treated using the finite differential method.

First, we have plotted the bandgap energies for relaxed ZnSSe and strained ZnSSe on
ZnS0.8Se0.2 substrate in the whole range of sulfur molar fraction x (figure 3). As can be seen,
the strain causes a redshift in the bandgap.

Furthermore, we have illustrated the subband energies for x = 0 (solid line), 0.1 (dashed
line) and 0.2 (dotted line) as a function of the well width Lw (figure 4 plot (a)). The plot
shows that the energy levels increase until Lw = 2 nm for heavy holes and approximately
Lw = 4 nm for electrons and light holes and then become stationary; the electron energy levels
are nearly the same with x = 0.1 and 0.2. As can be seen, the subband energies increase
with the well thickness Lw of the ZnSx Se1−x layer. Therefore, we have exhibited in figure 4
(plot (b)) the emission energies for the fundamental transitions e1–hh1 and e1–lh1 with x = 0
(solid line), x = 0.1 (dashed line) and x = 0.2 (dotted line). As shown, the emission energy of
the e1–hh1 (e1–lh1) transition undergoes a redshift with increasing Lw but increases with sulfur
composition x . The transition energy e1–lh1 has the same value for x = 0 and 0.1.

Since save for the blue and the red emissions there are no green–yellow commercialized
LDs yet, we have focused our attention on this wavelength range (550–585) nm.

It is clear that by varying the well thickness it is possible to realize ZnSx Se1−x/ZnS0.8Se0.2-
based devices that can be tuned to emit throughout the green, yellow and orange by changing
only the QW layer thickness or the sulfur composition x . With the e1–hh1 transition, we
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Figure 3. The relaxed bandgap of bulk material ZnSx Se1−x (solid line) and strained (dashed line)
bandgaps of ZnSx Se1−x on ZnS0.8Se0.2 relaxed substrate as a function of sulfur molar fraction x .

can achieve for sulfur molar fraction x = 0, 0.1, 0.2 the green emission (2.15 eV) with
Lw ≈ 0.7, 0.9, 1 nm, the yellow (2.12 eV) with Lw ≈ 0.8, 0.9, 1.2 nm and the orange
(1.92 eV) with Lw ≈ 1.3, 1.5, 2 nm, respectively. With the e1–lh1 transition, the same
wavelengths are accomplished as follows: the green with Lw ≈ 1.7, 1.7, 2 nm, the yellow with
Lw ≈ 1.9, 1.9, 2.3 nm and the orange with Lw ≈ 3.5, 3.5,>5 nm, respectively. Therefore, we
have chosen the compositions and well thicknesses accessible in a realistic way for epitaxial
growth, Lw = 1 nm, x = 0.2; Lw = 1.2 nm, x = 0.2 and Lw = 2 nm, x = 0.2 respectively for
green, yellow and orange. To study and carry out the quantum efficiency of our designs with
these sets of parameters, we have calculated (i) the oscillator strength of the e–hh transition,
which is defined by the expression [25]

fl→k = 2m0

h̄2 (El − Ek)|〈φl |z|φk〉|2 (14)

where m0 is the free electron mass, (El − Ek) is the energy difference between the initial
and final states and |〈φl |z|φk〉| is the dipole matrix element of the transition, and (ii) the
wavefunction overlap, defined as

|〈φl | φk〉|2. (15)

The oscillator strength is of the order of 104 arbitrary units, which is better than the
oscillator strength obtained with SiGe-based structures (from 102 to 103) [26, 27] and InGaN
heterostructures (103) [28]. The wavefunction overlap of 65, 68 and 83% for the type I green,
yellow and orange transitions respectively is also excellent while it is at least 49% in the
Si1−yGey/Si/Si1−xGex/Si/Si1−yGey structure with x = 0.7, y = 0.25 [26]. The edges of
the conduction and valence bands of our simulated and optimized designs for the green, yellow
and orange wavelengths are illustrated in figure 5. The fundamental electron and heavy hole
levels with their relative wavefunctions are also shown.
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Figure 4. (a) Electron, heavy hole and light hole confinement energies for the
ZnSx Se1−x/ZnS0.8Se0.2 structure as a function of the ZnSx Se1−x well width Lw with values of
x = 0 (solid line), x = 0.1 (dashed line) and x = 0.2 (dotted line). (b) Deduced evolutions
of the e1–hh1 and e1–lh1 transition energies versus the ZnSx Se1−x layer thickness. Energies are
determined by the envelope function approximation and given in eV.

4. Conclusions

The progress in growth techniques makes it possible to create heterostructures which allow
a great flexibility in design by varying the alloy concentrations, the thickness layers and the
state of strain. Therefore, the knowledge of the band offsets is crucial to clarify confinement
properties of electrons and holes, a necessary step to describe the role of confinement in the gain
mechanism of laser devices. The ZnSx Se1−x bandgap that we have recently reported motivates
us to perform band offset calculations of heterostructures. Thus, by means of the model-solid
theory, we have estimated the valence and conduction band offsets for the pseudomorphically
strained ZnSx Se1−x/ZnSySe1−y interface by using our recent bandgap calculation. As can be
seen, the system can be from type I or type II for a material under compressive or tensile strain
according to x and y concentrations.
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Figure 5. Conduction and valence band edge minima for ZnSx Se1−x /ZnS0.8Se0.2 structure versus
the ZnSx Se1−x well width Lw . (a) Orange emission (1.92 eV) obtained with Lw = 2 nm and
x = 0.2. (b) Yellow emission (2.12 eV) obtained with Lw = 1.2 nm and x = 0.2. (c) Green
emission (2.15 eV) obtained with Lw = 1 nm and x = 0.2. The fundamental levels for electrons
and heavy holes with their relative wavefunctions are illustrated. The oscillator strength of the
fundamental transition e1–hh1 and wavefunction overlap are also depicted.

GaAs is commonly used for ZnSe-based optoelectronic structures, which, indeed, lead
to some problems with twins and other defects. To circumvent these problems, we suggest
the use of ZnSSe substrates. Such substrates may be available with the advent of growth
technology. Our calculations permit us to avoid many problems related to lattice mismatch
and surface defects hindering the development of ZnSe II–VI devices. We have simulated
a ZnSx Se1−x single QW with 0 � x � 0.2 on a ZnSySe1−y substrate (y = 0.8) with the
purpose of modelling ZnSSe based LDs emitting in the 500–600 nm range since there are
no commercialized green, yellow and orange LDs yet. As described, ZnSxSe1−x can cover a
considerable part of the colour diagram when growing on ZnS0.8Se0.2 substrate. The green,
yellow or orange emission can be achieved with the e1–hh1 (or e1–lh1) transition energies by
varying the thickness well and the alloy composition in a realistic way for epitaxial growth.

In conclusion, our BO calculations can be useful to provide a reference in the design of
ZnSSe based device applications. The results presented have evidenced a large potential of the
II–VI wide bandgap compounds SCs for practical application of the green, yellow and orange
emissions.
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