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The current work describes in detail the effect of polarization charges on the electronic properties 
of core/shell spherical quantum dots (CSQDs) structures composed of CdTe/ZnTe semiconductors. In 
the calculations, energy levels and wave functions matching these levels were calculated by using the 
effective mass approach (EMA). Furthermore, the binding energy of a hydrogenic impurity was calculated 
under the variational approach. The matrix effects surrounding the CSQDs structure, the quantum dot 
size, the impurity, and how the applied external electric field affects the impurity binding energy (Eb), 
polarizability (Pa) and photoionization cross-section (PICS) are calculated and discussed in detail. The 
obtained results revealed that the Eb , the PICS and Pa are not only affected by the quantum parameter 
size but also by the capped matrix, the impurity and external electric field EF actions.

© 2023 Elsevier B.V. All rights reserved.
1. Introduction

Low-dimensional nanomaterials obtained by confinement par-
ticles in one dimension, two dimensions and three dimensions 
according to the confinement effects of the particles exhibit very 
different electronic and optical properties compared to bulk struc-
tures [1]. In such low-dimensional semiconductors, quantum dots 
(QDs) garnered great interest owing to their outstanding proper-
ties including strong quantum confinement, size-tunable photolu-
minescent emission, and long-term stability. Due to these prop-
erties and their high axial symmetry, other than optoelectronic 
applications such as QDs with different potential profiles, light-
emitting diodes [2], laser technology [3], solar cells [4], live imag-
ing, drug delivery, and cancer photodynamic therapy [5] are zero-
dimensional nanomaterials used in numerous biomedical applica-
tions such as biosensors [6] for highly sensitive COVID-19 antibody 
detection. Hydrogenic impurities in low-dimensional structures in-
duce bound states in the energy band, and can significantly alter 
the electrical, optical and transport properties, electrical conduc-
tivity, and device performance of materials. Using crystal growth 
techniques, impurity atoms can be added to QDs [7]. Thanks to 
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recent advances in QD fabrication technology, core/shell quan-
tum dots (CSQDs) have been obtained. Core-shell QDs are low-
dimensional semiconductor structures obtained by covering the 
core with a shell of higher bandgap material. The presence of a 
shell coated the core ensures chemical stability to the core and 
passivates the non-radiative recombination sites which results in 
strong photoluminescence quantum yield (QY) [8]. Among all the 
external disturbances, we can cite the action of the EF which mod-
ifies the geometry of the structure and the localization of the 
charge carriers. This effect is called “Stark shift” (S. S) [9]. Opto-
electronic modulators designed based on the Stark effect originat-
ing from the EF in low-dimensional structures are promising in 
computing technology to convert electrical signals to optical sig-
nals and optical signals to electrical signals [10].

The presence of impurities in QDs displays a considerable po-
tential application in microelectronic and optoelectronic devices so 
that they can affect the electrical, optical and transport properties, 
including the donor hydrogenic impurity Eb under electric and di-
electric environment, the PICS, and the Pa. Therefore, the influence 
of the impurity atom on the optoelectronic properties, binding 
energy states and other physical qualifications of QDs of various 
shapes has been extensively studied in the literature [11–15]. Re-
search on the impurity position and the applied EF intensity on 
the Eb of the impurity atom are remarkable.

https://doi.org/10.1016/j.physleta.2023.129081
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/pla
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physleta.2023.129081&domain=pdf
mailto:zeirinabil@gmail.com
https://doi.org/10.1016/j.physleta.2023.129081


S. Hértilli, N. Yahyaoui, N. Zeiri et al. Physics Letters A 485 (2023) 129081
In this context, the authors in ref. [16] investigated how a shal-
low donor’s energy in a spherical quantum crystallite at any lo-
cation changes its quantum size, impurity location, and EF. It was 
observed that the energy increased as the impurity moved away 
from the center at a given QD size. In addition, it was proved that 
as the uniform EF increases, the energy of the impurity in the cen-
ter of the crystal decreases, and the energy change for the impurity 
placed in the z direction outside the center changes with the an-
gle between the EF and the z direction. The authors in ref. [17]
investigated the effects of impurity location, strength and direc-
tion of the EF, and size on the Eb of a hydrogenic impurity in a 
quantum disk. It was calculated that the Eb increased considerably 
when the impurity was at the disk edge and the EF was in the 
opposite direction of the impurity. In addition, A. L. Morales et al.
have investigated theoretically the simultaneous effect of pressure 
and EF on the BE as a function of impurity position in a GaAs-
(Ga, Al)As quantum well in reference [18], they concluded that it 
a BE trend, similar to the one obtained by the application of an 
EF alone. Whereas, the pressure effect then produces an additional 
displacement ent of the BE in the opposite direction to the ap-
plied EF. Meanwhile, the authors in reference [19], have studied 
the EF effect on the states of a donor impurity in rectangular cross-
section vacuum/GaAs/vacuum quantum-well wires using the EFM 
within a variational scheme, they showed that the presence of the 
electric field breaks down the degeneracy of states for impurities 
symmetrically positioned within the structure, and that the geo-
metric confinement and the electric field are determinants for the 
existence of bound excited states in these structures. Moreover, the 
authors in reference [20] have carried out a comparative study of 
the effect of hydrostatic pressure and temperature on the shallow-
impurity-related optical absorption spectra in GaAs-Ga1-xAlxAs sin-
gle and double quantum wells, based on a variational technique 
within the effective mass approximation. They showed a pressure-
dependent red shift and a temperature-dependent blue shift in 
the optical absorption spectra. As well as in the previous studies, 
Sotirios et al. [21] have found that the optoelectronic properties of 
QD are greatly influenced by the impurity and EF effects. Authors 
ref. [22] calculated the electronic features of hydrogenic impurities 
in CSQDs consisting of CdSe/ZnS and ZnS/CdSe semiconductors sur-
rounded by wide band gap dielectric materials. As a result of the 
calculations, it was shown that the hydrogenic impurity Eb can be 
adjusted according to the size of the QDs, the location of the impu-
rity, and the properties of the matrix surrounding the QD. On the 
other hand, Chafai et al. [23]. When the authors investigated the si-
multaneous effects of the impurity, EF and host medium using the 
variational approach, they proved that the density of probability 
and the Stark shift are highly dependent on the matrices surround-
ing the CSQD structure, the impurities in the structure, and the EF 
applied. PICS is a property that describes the optical properties of 
the impurity atom in the QD structure. That’s why the impact of 
applied EF on the PICS in semiconductor nanostructures with var-
ious shapes is actively studied theoretically [24–27]. Şahin et al. 
[28] investigated the dependence of the PICS, electronic energies 
and Eb of a multilayer spherical QD with a hydrogenic impurity in 
its center. It was shown that PICS and Eb are highly affected by 
layer thickness and photon energies. Recently, Shi et al. [29] have 
evaluated, under the EMA and by using a variational method, the 
S. S of a donor impurity Eb and PICS in core/shell ellipsoidal QDs 
under a uniform EF. Their theoretical model reveals that the S. S is 
affected by the shape and the QD size and increases nearly linearly 
with the raising F. It is also found that for a spherical shape un-
der the condition F = 0 kV/cm, the PICS will disappear when the 
impurity is in the center. Recently, Fakkahi et al. [30] investigated 
size effects and external EF attribution on Eb , Pa and PICS of hy-
drogenic impurity in multilayer spherical quantum dots (MSQDs). 
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Fig. 1. Schematic diagram of CdTe/ZnTe CSQDs heterostructure embedded in three 
D. M.

Their findings showed that QD size and applied EF strength signif-
icantly affect Eb , Pa, and PICS.

The article examines the theoretical investigation of the hydro-
genic donor confined with spherical CSQDs embedded in a dielec-
tric Matrix (D.M) under the variational approach and using EMA. 
We focus on the behavior of impurity BE, S. S and Pa under the 
influence of both EF power and QD size, as well as photon energy-
dependent changes of PICS for different EF strength values.

The research is organized as follows. Chapter 2 describes the 
theoretical model and computation. In Chapter 3, the calculation 
results and the graphs obtained are interpreted in detail. Finally, 
the results are briefly summarized in section 4.

2. Model and theory

In this research, the electronic and optical properties of a hy-
drogenic impurity located at the center of the confined structure 
in CdTe/ZnTe CSQDs with core radius R1 and shell radius R2 were 
investigated. The CSQDs structure is submerged in different D. M 
(PVA, PVC, SiO2), and subjected to an external EF �F = F �uz . The un-
derstudied core/shell structure is schematically presented in Fig. 1. 
The Hamiltonian of the system, which consists of an electron in 
the CSQDs structure under the EF and a hydrogenic donor in the 
center, is written with EMA as:(

Ĥ0 + Ĥ ′)�n,l
(�r) = En,l

(�r)�n,l
(�r) (1)

Here, the Hamiltonian EF is defined by Ĥ0 is for an electron con-
fined in the CdTe/ZnTe CSQDs-Matrix system in the absence of an 
impurity atom.

Ĥ0 = − h̄2

2m∗
j

� + V conf
(�r) +

∑
(Rs) (2)

Here, h̄ is the Planck constant, m∗
j defines the effective mass of the 

electron for the nucleus and the shell, and V conf
(�r) defines the 

confinement potential. The confinement potential is given as:

V conf
(�r) =

⎧⎨⎩ 0 0 < r ≤ R1
V c R1 < r ≤ R2
∞ r > R2

(3)

and m∗ in different regions is defined as:
j
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m∗
j =

{
m∗

CdT e r < R1

m∗
ZnT e R1 < r ≤ R2

(4)

And 
∑

(Rs) designates the electron self-polarization potential in-
duced by charging the QD with a host medium given in Refs. 
[31,32]:

∑
(Rs) = e2

4πε0 Rs

[
1

2

(
1

εout
− 1

εin

)
+ 0.466

εin

(
εin − εout

εin + εout

)]
(5)

Where εin = √
εCdT e.εZnT e and εout are the dielectric constants of 

CdTe/ZnTe CSQD and the D. M., respectively.
The Hamiltonian which describes the simultaneous action of 

the external EF and the coulombic interaction in Eq. (1), is writ-
ten:

Ĥ ′ = U
(�r) + eF .r. cos (θ) (6)

e is the elementary charge of the electron and U
(�r) is the 

Coulomb potential due to the impurity-related coulombic interac-
tion. For an on-center impurity, it can be written as [31,32]:

U
(�r) = − e2

4πεinr
− e2 (εin − εout)

4πεinεout R2
(7)

Where the first term represents the Coulomb interaction between 
the ion impurity and electron and the second arises from the 
interaction between the CSQD and D. M. The wave functions 
of Ĥ0 can be written in spherical coordinates as �0

n,l (r, θ,ϕ) =
R0

n,l (r) .Yl,m (θ,ϕ) without taking into account the EF and impu-

rity effect. The solution of the radial part R0
n,l (r) are the spherical 

Bessel function and Hankel functions of the first and the second 
kinds taken from [33]:

R0
n,l (r) =

⎧⎨⎩
A1 jl

(
knl,1r

)
0 < r ≤ R1

B1h(+)

l

(
iknl,1r

) + B2h(−)

l

(
iknl,2r

)
R1 < r ≤ R2

0 r > R2

(8)

Here knl,1 and knl,2 are eigenvalue constants while A1, B1 and B2

are normalized constants. The boundary continuity conditions for 
these functions are detailed in Refs. [33,34].

knl,1 =
√

2m∗
CdT e(En,l − ∑

(Rs))

h̄2
;

knl,2 =
√

2m∗
ZnT e

(
V c + ∑

(Rs) − En,l
)

�2
(9)

Combining the influence of the EF and the trial wave function for 
the impurity state can be written as [29]:

Rλ,η(r) = R0
n,l (r) e−λre−ηrcosθ (10)

In Eq. (10), we recall that λ and η are variational parameters intro-
duced to indicate the degree of spatial correlation between elec-
tron and impurity and the influence of the EF, respectively. Con-
sidering the perturbation theory, the ground state energy of the 
impurity can be minimizing the expectation energies [29,35,36,38]
concerning λ and η:

E = min
λ,η

〈
�n,l (r, θ,ϕ) | Ĥ | �n,l (r, θ,ϕ)

〉〈
�n,l (r, θ,ϕ) | �n,l (r, θ,ϕ)

〉 (11)

Where Ĥ is the total Hamiltonian. The Eb of the hydrogenic impu-
rity is defined as the difference between the ground state energy 
3

of the system without and with the impurity, and can be written 
as [37]:

Eb = E0 − E (12)

We define Pa as follows:

Pa = − e

F

( 〈
�n,l (r, θ,ϕ) | r | �n,l (r, θ,ϕ)

〉
F �=0

− 〈
�n,l (r, θ,ϕ) | r | �n,l (r, θ,ϕ)

〉
F=0

)
(13)

The CSQDs system is encapsulated in a D. M. and subjected to a 
uniform EF. We assume that our nano-heterostructure is a uniform 
host medium with permittivity εin and immersed in the D. M with 
the permittivity εout . The authors in ref. [38] have shown that in a 
spherical structure, the EF inside the dot Fd is related to the outer 
by the expression:

Fd = 3εout

2εout + εin
Fa (14)

Where Fa is the uniform electric field submitted when the quan-
tum dot is embedded in a D.M.

The PICS is defined as the probability of ionization of the elec-
tron bound to a hydrogenic impurity under external optical excita-
tion. In this survey, we consider the PICS related to the difference 
between ground states with and without impurity. In the dipole 
approximation, the PICS is expressed as [25,39–41]:

σ (�ω) =
[(

Fef f

F0

)2 nr

εin

]
4π2

3
βF S�ω

∑
f

∣∣Mif
∣∣2

δ
(
�Eif − �ω

)
(15)

In the above equation, nr = √
εin is the refractive index change, εin

is the permittivity of the medium, βF S = e2

4πε0�c is the fine struc-

ture constant and �ω is the incident photon energy. Fef f
F0

is the 
ratio of the effective EF on the impurity Fef f to the average EF 
of the medium F0, we assume that Fef f

F0
= 1 [42,44,45] because 

it does not affect the PICS shape. �Eij is the difference in en-
ergy. The term Mij = Fd

〈
�i | r | � f

〉
designates the dipole matrix 

element between the initial and final states with and without im-
purity. As is usually done, the δ-function is substituted by a narrow 
Lorentzian function that is:

δ
(
�Eif − �ω

) = ��

π
[(
�ω − (

�Eif
))2 + (��)2

] (16)

Where � = 1
τ is the hydrogenic impurity line width.

3. Results and discussion

In this part, the results of the electronic and optical proper-
ties evaluated in this paper have been computed numerically us-
ing the variational method. The calculations were performed for a 
CdTe/ZnTe CSQDs system. The impact of the dielectric environment 
on the energy is considered via the self-energy term introduced 
previously in Eq. (5). By the way, Table 1 and Table 2 provide the 
precise physical parameters used in the computation.

3.1. BE and S. S of hydrogenic donor impurity confined in CSQDs 
structure under applied EF and dielectric environment

First, we start by looking at the behavior of the Eb versus the 
nanodot size. Fig. 2 presents the variation of the donor ground 
state Eb versus core/shell radii R1/R2 for three D. M (PVA, PVC, 
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Table 1
Recommended parameter values for CdTe and ZnTe used in our computations.

Materials Effective mass 
(m∗/m0)

Dielectric 
constant (εr )

Energy gap 
Eg (eV)

Conduction band 
offset (V 0e) (eV) 
CdTe/ZnTe

CdTe 0.095 [41] 10.2 [41] 1.50 [55] -
ZnTe 0.12 [41] 9.7 [41] 2.26 [55] 0.67 [41]

Table 2
Various D. M. utilized in this work and their 
dielectric constants.

D.M Dielectric constant εout

SiO2 3.9 [42,43]
PVC 4 [42,43]
PVA 14 [42,43]

Fig. 2. The BE versus the core/shell radii R1/R2 for three coated D. M.

SiO2). It is clear that the BE is highly influenced by the core size 
modification. BE starts to increase as electron and impurity get 
closer to each other as we go to the small size regime in QD. At 
a certain value of R1/R2 (R1/R2 ∼= 0.26) BE reaches a maximum 
value and at values less than R1/R2 ∼= 0.26, a decrease in BE is ob-
served. Because the quantum confinement effects are very strong 
as the size decreases, the high-energy electron infiltrates the ZnTe 
shell region. BE starts to diminish as the distance between the 
electron and the impurity increases. As the quantum confinement 
effects decrease as the R1/R2 increase to large values, the impurity 
and electron move away from each other and the Eb decreases. 
As the core size increases, the BE value approaches the bulk value 
of the CdTe semiconductor. Our numerical results correspond well 
to those of the Refs. [22,46]. It is seen that the dielectric mis-
match effect changes the BE value in each region. However, the 
change of BE with respect to R1/R2 is similar in general interpre-
tations in all three Matrices. But different matrix elements change 
the value of Eb considerably. Indeed, for instance with R1/R2 =
0.4, Eb = 0.1975 eV for SiO2 (silicon dioxide) with permittivity 
εout = 3.9, Eb = 0.1775 eV in the case of PVC (polyvinyl chlo-
ride) with permittivity εout = 4 while Eb = 0.1575 eV for PVA 
(poly-vinyl alcohol) with permittivity εout = 14. It is seen that Eb
decreases as the permittivity of the capped matrix increases. This 
is in line with our expectations. Because as the permittivity in-
creases, the Coulomb interaction decreases significantly and lower 
binding energies are obtained. The obtained results are compared 
with those available in the literature [47–49]. Adjusting the dot 
4

Fig. 3. The BE versus the applied EF strength for three coated D. M. with a fixed 
ratio R1/R2 = 0.4.

Fig. 4. The S. S versus the EF strength for three surrounding D. M. with a fixed ratio 
R1/R2 = 0.4.

size and the suitable choice of the D. M. can offer the possibility 
of modulating the energy transition in a QD-matrix system.

In Fig. 3, we have plotted the variation of the ground state Eb of 
an on-center impurity versus external EF intensity for a fixed value 
of R1/R2 = 0.4 for different D. M. From the plot, as can be seen, 
in all the curves, the BE maximum is situated at F = 0 kV/cm. 
As the F increases, the BE significantly decreases from a maximum 
to a minimum value corresponding to F = 20 kV/cm. This behav-
ior is due to the impact of the external EF intensity which breaks 
the symmetry and can only reinforce the asymmetric. Indeed the 
action of the EF in this case lifts the degeneracy, decreases the en-
ergy levels and therefore the BE. A similar behavior is found in 
the study associated with spherical CSQDs nanostructure by E.C. 
Niculescu et al. [50] when the authors investigated, taking into 
consideration the dielectric confinement, the impact of an applied 
EF on the impurity levels and PICS in a CdSe/ZnS core/shell nan-
odot. They deduced that for donors placed at the QD center, the 
distance electron impurity increase by the EF effect which de-
creases the coulomb interaction. In order to understand the EF 
strength influence on the displacement of the BE, we have plotted 
in Fig. 4 the S. S versus EF strength for three immersed matrices 
for a fixed value of R1/R2 = 0.4. However, the S. S is defined by: 
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Fig. 5. The S. S versus the EF strength for different sizes of core radius in the case 
of the PVA matrix.

the BE difference with and without applied EF intensity (�Eb = Eb
(F �= 0) − Eb (F = 0). The S. S decreases quadratically with applied 
EF strength for various D. M as expected.

It is observed that the S. S effect in SiO2 matrix element with 
a lower dielectric constant εout = 3.9 is less than in PVC and PVA 
matrix environments with large dielectric constants. When the di-
electric effect is weak, the charge distribution is less susceptible 
to the EF, since the Coulomb potential effect is stronger. In all 
three SiO2, PVC, and PVA matrices, the S. S becomes larger as the 
EF increases because as the EF increases, the Coulomb interaction 
decreases. Therefore, as the EF increases, the Eb decreases. From 
our results, one may see that the higher permittivity of the ma-
trix coated the Core-Shell QD, the stronger the S. S due to the 
strong confinement effect. The obtained results are similar to pre-
vious works [51,52].

Fig. 5 shows the S. S changes versus EF intensity for three sizes 
of the core radius when the CSQDs structure is coated in a PVA 
matrix with a dielectric constant εout = 14. We remark that the 
S. S is not only influenced by EF but also by the dot size. On the 
other hand, as the R1/R2 ratio decreases, we would expect the S. 
S to present an almost linear behavior with EF. In fact, at smaller 
QD dimensions, the S. S is less sensitive to EF density due to the 
quantum confinement effect. Our analyses are in good accordance 
with Ref. [53].

3.2. Polarizability of on-center impurity confined in the CSQDs structure

In the following discussions, our investigation will focus on the 
Pa. Fig. 6, we have depicted the dependence of the Pa on the R1/R2
for the studied structure for various encapsulating D. M (PVA, PVC, 
SiO2) and for a given value of EF F = 5 kV/cm. From this curve, 
it is obvious that the Pa is strongly influenced by the QDs size. All 
the curves in this figure follow the same trend, the Pa increases 
as the core size increases. All curves in this figure follow the same 
trend, as the core size increases, the polarizability increases as the 
quantum confinement effect weakens. Conversely, as the size di-
minishes, the polarization of the impurity diminishes due to the 
strong confinement effect. This behavior is consistent with the re-
sults in ref. [22]. Moreover, we can also see from the figure that the 
capped matrix with a higher dielectric constant exhibits a strong 
Pa, whereas the encapsulated matrix with a lower dielectric con-
stant exhibits a weaker Pa. This conclusion has been established by 
Zeiri et al. [54] when the authors studied theoretically the impact 
of the quantum parameter size and the capped matrix on the Pa
5

Fig. 6. The Polarizability on the core/shell radii R1/R2 for three capped D. M. at a 
given EF F = 5 KV/cm.

Fig. 7. The Polarizability on the EF strength for three capped D.M with a fixed ratio 
R1/R2 = 0.5.

and PICS of spherical CdS/ZnS CSQDs. They indicated that the QDs 
immersed in a matrix having a higher D. M (case of PVA) exhibit 
a significant Pa.

Fig. 7 is devoted to the investigation of the Pa. This figure shows 
the dependence of Pa versus EF strength for several matrices (PVA, 
PVC, SiO2) with R1/R2 = 0.5. It is evident to notice that the Pa
sensitively depends on the applied EF and dielectric environment. 
From the observation of these curves, one can notice that the Pa
has a maximum value when F = 0 kV/cm. Additionally, it is also 
clear that by increasing the EF strength the Pa diminishes, and it 
is stronger in the case of the PVA matrix. As can be seen from 
the plot, the EF shifts the maximum values to a smaller core ra-
dius and reduces the intensity of the maximum Pa. This result is 
consistent with other published work [55].

3.3. PICS of on-center impurity confined in the CSQDs structure

Finally, we present the PICS. Fig. 8 shows the PICS versus inci-
dent �ω (eV) and this is for the three different possible encap-
sulating matrices with R1/R2 = 0.4 under the condition F = 0 
kV/cm. As can be seen from the graph, as the permittivity of the 
matrix-coated QD increases, the PICSs increase and their resonant 
amplitudes move towards lower energies. That is, the resonant 
frequencies are redshifted with increasing permittivity. While the 
increase in amplitudes is explained by the change of the dipole 
matrix elements, the redshift is related to the transition energies. 
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Fig. 8. The PICS variation versus the incident photon energy for three encapsulating 
D. M. with an affixed ratio R1/R2 = 0.4 under the condition F = 0 KV/cm.

Fig. 9. The PICS variation versus the incident photon energy for different values of 
the EF strength with a fixed ratio R1/R2 = 0.4 in the case of the PVA matrix.

This shift can be explained as follows: Two cases can be treated 
here: When we deal with the SiO2 matrix, in this case εin > εout

and the local field factor F < 1 which results in weaker PICS. The 
situation is just reversed when we deal with the PVA matrix, in 
this case, εin < εout and the local field factor F > 1 induces an in-
crease in Mi, j and a stronger PICS magnitude results in a better 
overlap between wave functions observed. The same outcome has 
been established by the authors in Refs. [51,56,57].

We have extended our study to understand the impact of EF 
on optical properties. Fig. 9 depicts the PICS versus �ω (eV) for 
different values of the EF strength for R1/R2 = 0.4 and the coated 
matrix is PVA.

The first point that draws attention in Fig. 9 is that as the ap-
plied EF intensity increases, the PICS resonant amplitudes increase 
and the resonant energies shift towards lower energies. In other 
words, as EF increases, the resonant frequencies are redshifted. The 
reason for these changes that occur with the increasing EF is that 
the applied EF disrupts the symmetry of the structure and thus 
strengthens the asymmetry of the structure.

The reason for the redshift of resonant frequencies with in-
creasing EF density is that the difference between electron energy 
levels decreases as EF increases. As the applied EF increases, the 
increase in PICS amplitudes is related to the Mi, j , and in this case, 
we can say that Mi, increases as EF increases.
6

As shown from this figure, the PICS reaches its maximum val-
ues for F = 15 kV/cm. Note that the PICS can be controlled by 
adjusting the applied EF strength, the D. M and the quantum pa-
rameter size. These characteristics can be exploited to design some 
device applications like QD infrared photodetectors.

4. Conclusion

In summary, we have studied the BE, Pa and PICS of a hydro-
genic impurity confined in a CdTe/ZnTe CSQDs using the vibrational 
method under the framework of the EMA. The Eb , the S. S, the Pa
and the PICS are discussed within the impact of EF strength and 
taking into account the dielectric mismatch. Hydrogenic impurity 
Eb , S. S, Pa and PICS are discussed under the influence of EF force 
and considering dielectric mismatch and QD dimension.

To summarize the important results obtained briefly:
i) The binding energy of the hydrogenic donor impurity ap-

peared to vary considerably depending on the size of the CSQDs. 
As the size decreases, Eb is maximum at a certain value, and if the 
size decreases further from this value, the Eb decreases as the elec-
tron leaks into the shell region. In addition, it was observed that 
Eb of CdTe approached the bulk value as the core radius increased.
ii) It was determined that as the dielectric constant of the matrix 
coated the CSQDs and the EF applied to the structure increased, 
the Eb decreased. iii) It was observed that the S. S was less sen-
sitive to EF as the permittivity of the matrix coated the CSQDs 
decreased, and it was observed that as the EF increased for all the 
matrix elements, the S. S was stronger. iv) The impurity polariza-
tion weakens as the core size and EF intensity increase, while it 
becomes stronger as the permittivity of the matrix element coated 
in the CSQDs increases. v) As for PICS, as the EF and the dielectric 
constant of the matrix coated the CSQDs increase, the PICS reso-
nant amplitudes increase, while the PICS resonant frequencies are 
redshifted.

In terms of PICSs, the EF and the permittivity of the matrix-
coated structure can be alternatives to each other. These variable 
parameters are important for the optimum of the structure. In this 
study, we hope that the examination of the optical and electronic 
properties of the hydrogenic impurity with the dielectric constant, 
applied EF and QD dimension will lead to experimental studies and 
new device designs.
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