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HIGHLIGHTS

• Electron, hole, and exciton states in type-II
core/shell spherical quantum dots

• Electron-hole interaction, overlap integral, and ex-
citon lifetime are reported

• The applied electric field shifts the energy levels in
the coating shell

• Higher energy transitions are independent of the
electric field strength

• The electric field increases the radiative lifetime of
the excitonic states
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This study presents a simple one-band model within the effective mass approximation to describe
the electric field impact on the energy structure and interband electron quantum transitions in
type-II CdSe/ZnTe and ZnTe/CdSe spherical quantum dots. The dependencies of the oscillation
strength and the light absorption coefficient on the externally applied electric field are calculated
by the diagonalization method for spherical quantum dots of different sizes. It is shown that in
the absence of an electric field and due to the spherical symmetry of nanosystem, only quantum
transitions with ∆l = 0 (1se − 1sh, 1pe − 1ph, 1de − 1dh, 1se − 2sh,...) are allowed. The oscillator
strength of quantum transitions between electron and hole excited states is greater than between
the ground states. The electric field breaks the spherical symmetry, therefore, the oscillator
strength of the 1se − 1ph, 1se − 1ph, 1se − 1dh,... quantum transitions, which are forbidden for
spherical symmetric systems, increase when electric field strength grows. Under electric field effects,
the oscillator strength of allowed ∆l = 0 quantum transitions decreases. Finally, we observed that
the absorption peaks in the quantum dot spectra under electric field influence are shifted to the
low-energy region.

Keywords: Type-II quantum dots; oscillator strength; exciton energy; interband transition;
electric field; diagonalization method

I. INTRODUCTION

The colloidal core-shell quantum dots (QDs) are het-
erostructures obtained by cheap chemical synthesis tech-
nologies. The atom-like spectrum of these nanostruc-
tures can be changed by tuning the core size and shell
thickness. The core size and shell thickness control the
physical properties of such nanostructures. The bandgap
of the semiconductor material defines the maximal wave-
length of the light emitted by electron interband transi-
tions in QDs. There are not many semiconductor mate-
rials to obtain QDs operating in the infrared (IR) region
[1]. With the help of doping, it is possible to achieve the
infrared region for many materials.

”In type-II QDs, both the conduction and valence
bands have higher energy in one material than in the
other. Thus, one carrier type (electron or hole) is mainly
confined to the core while the other is mainly confined to
the shell. This spatial separation of carriers can produce
properties that are quite different from those of type-I
QDs. Type-II QDs can be prepared to emit at near-IR
wavelengths using materials with bandgaps that are too
wide to provide near-IR emission in a type-I QD struc-
ture. Typical Cd-based type-II QDs include CdSe/CdTe
and CdSe/ZnTe core-shell QDs, which exhibit near-IR
(NIR) emission due to electron-hole recombination across
the core-shell interface” [1].

At type-II QDs, the interband absorption energy is less
than the bandgap of any of the constituent semiconduc-
tors. Results of the experimental investigation related to

photoluminescence spectra in core-shell CdTe/CdSe and
ZnSe/ZnTe QDs [2] suggest the significant shift of the
emission energy to the IR region spectra compared to the
spectra of isolated CdTe and ZnSe QDs without shells.
Such features of type-II QDs are proposed to be used as
a sensitizer in solar concentrators for absorption of the
full solar spectrum by solar cells, which will significantly
improve their efficiency [3–5].

Spectroscopic properties of the core-shell structured
type-II ZnTe/CdSe nanocrystals have been systemati-
cally studied by Long et al. [6]. In this study, it was
found that the increase in radiation time with increas-
ing shell thickness and core radius is explained by the
separation of charges. In Ref. [7], the authors report
about a 4-fold increasing average radiative lifetime of
CdSe/ZnTe core-shell QDs compared to CdSe core, which
suggests the spatial separation between the electron and
hole in core-shell regions. Theoretical study of the inter-
band quantum transitions energies in QDs of the second
type —ZnTe/ZnSe [8], CdSe/ZnTe [9, 10], ZnTe/CdSe
[11], CdTe/CdSe, and CdSe/CdTe [12–14]— is performed
mainly by the effective mass method. In these studies,
the influence of geometric parameters (design) of QDs on
the energy spectrum and electron and a hole wavefunc-
tions have been investigated. On this basis, the energies
and forces of the oscillator of interband quantum transi-
tions were calculated. Only quantum transitions allowed
by the selection rules for spherically symmetric nanosys-
tems were considered. Even in Ref. [9], where the in-
fluence of the electric field on the energy spectrum was
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studied, only the transitions between the ground states
of quasiparticles were taken into account. The influence
of an electric field on the energy spectrum of electrons in
type-I QD was studied by different methods: analytically
for a particular case [15], configuration-integration meth-
ods [16], finite element method [17], and matrix method
[18–22]. The combined effects of hydrostatic pressure and
temperature on the nonlinear properties of an exciton in
a GaAs/GaAlAs spherical QD under the applied elec-
tric field have been reported by Lu et al. [24]. In their
work, the authors used a parabolic confinement potential
model and the perturbation method to obtain the cor-
rection term of the energy associated with the Coulomb
interaction.
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FIG. 1. (color online) The x-dependence of the electron and
hole confinement potentials in CdSe/ZnTe (left hand column)
and ZnTe/CdSe (right hand column) quantum dots without
(upper part) and with (lower part) x-directed applied elec-
tric field. The electron and hole ground state energies are
illustrated.

The electric field breaks the spherical symmetry of the

3D-spherical QDs, and thus, the rules for selecting quan-
tum transitions, valid for spherical nanosystems, become
invalid. Under the influence of the electric field, the new
states of quasiparticles do not have a particular value of
the orbital quantum number, but they are a superpo-
sition of states with different values. So, to study the
effects of the electric field on the optical properties of
nanosystems, it is necessary to consider all possible quan-
tum transitions, considering that only the ground states
of quasiparticles are insufficient. Such studies for type-II
QD are performed in this paper. The paper’s organiza-
tion is the following: Section II contains the presentation
of the theoretical framework, in Section III, we discuss
the obtained results, and in Section IV, the conclusions
are given.

II. THEORETICAL FRAMEWORK

The type-II CdSe/ZnTe QD is considered, the geomet-
ric scheme and the scheme of potential energy electron
and hole in nanosystem are shown in Fig. 1.

The Schrödinger equation for confined electron (hole)
in core-shell CdSe/ZnTe or ZnTe/CdSe QDs under x-
directed applied electric field (x = r cos θ) is given by

He(h) Ψjm
e(h)(~r) = Ejm

e(h) Ψjm
e(h)(~r) , (1)

where the Hamiltonian He(h) has the form

He(h) = −~2

2
~∇ ·
(

1

m∗
e(h)(r)

~∇
)
∓ e F r cos θ + Ue(h)(r) ,

(2)
where e is the absolute value of the electron charge and
F is the electric field strength. The negative (posi-
tive) sign of the second term at the right hand side of
the Eq. (2) corresponds to the electron (hole). The
terms m∗

i and Ui (with i = e, h) are the carrier effec-
tive mass and confinement potential. In the case of the
CdSe/ZnTe QDs, the electron (hole) confinement poten-
tial is given by Ue(r) = 0 (Uh(r) = Vh) for r ≤ r0,
Ue(r) = Ve (Uh(r) = 0) for r0 < r ≤ r1, and Ue(r)→∞
(Uh(r) → ∞) for r > r1, whereas for the ZnTe/CdSe
the confinement potential is Ue(r) = Ve (Uh(r) = 0) for
r ≤ r0, Ue(r) = 0 (Uh(r) = Vh) for r0 < r ≤ r1, and
Ue(r) → ∞ (Uh(r) → ∞) for r > r1. In our calcula-
tions, we consider the position dependent effective mass,
i.e., we consider the appropriate values of the electron (or
hole) effective mass in the CdSe and ZnTe semiconductor
materials.

In order to study the electron and hole properties in
nanosystem driven by electric field, we are going to use
the expansion method for the quasiparticle wavefunction
by using the complete set of electron and hole eigenfunc-
tions in the spherical nanostructure without the external
field (Φnlm

e(h)(~r)), they are obtained as the exact solutions

of the Schrödinger equation. When the external electric
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field is turned on, the spherical symmetry of the prob-
lem is broken and the l-orbital quantum number becomes
not convenient. The new states characterized by a m-
magnetic quantum number are represented as a linear
combination of the Φnlm

e(h)(~r) states

Ψjm
e(h)(~r) =

∑

n

∑

l

cjnlme(h) Φnlm
e(h)(~r) . (3)

Due to the spherical symmetry of the problem, the
electron (or hole) wavefunction will take the form
Φnlm

e(h)(~r) = Rnl
e(h)(r)Ylm(θ, φ), where Ylm(θ, φ) are the

spherical harmonic functions, and the Rnl
e(h)(r) radial

functions are a linear combination of the jl and nl Bessel
functions of the first and second kind, respectively [23].

Taking to account the large band gap of external medium
(vacuum), the Dirichlet boundary conditions can be ap-
plied, i.e., Rnl

e(h)(r1) = 0. The electron (and hole) ener-

gies without electric field effects, Ee(h)0, are obtained by
imposing the Ben Daniel-Duke boundary conditions at
r = r0.

To determine the expansion coefficients cjnlme(h) in Eq.

(3) and the quasiparticle energy spectra Ejm
e(h) in Eq. (1),

we have to solve the secular equation

∣∣∣∣H
n′l′,nl
e(h) − Ejm

e(h) δn,n′ δl,l′

∣∣∣∣ = 0 . (4)

Here, the matrix elements Hnl,n′l′ have the form

Hn′l′,nl
e(h) = Enl

e(h)0 δn′,n δl′,l ∓ e F (αl,m δl,l+1 + βl,m δl,l−1)Un′l′,nl , (5)

where

αl,m =

√
l2 − (m+ 1)2

(2 l + 3)(2 l + 1)
, (6)

βl,m =

√
l2 −m2

4 l2 − 1
, (7)

and

Un′l′,nl
e(h) =

∫ r2

0

r3Rn′l′
e(h)(r)R

nl
e(h)(r) dr . (8)

The quasiparticles spectra and wavefunctions in
nanosystem driven by uniform electric field are com-
pletely defined by the obtained eigenvalues, Ejm

e(h), and

eigenvectors, cjnml
e(h) , of Hn′l′,nl matrix for each m. Herein,

the new functions Ψjm
e(h)(~r) , with the fixed value of mag-

netic quantum number, are obtained from the expansion
in Eq. (3), over the wavefunctions Φnlm

e(h)(~r) with the same

m. The electron and hole states are characterized by two
j and m quantum numbers. Here, j denotes the number
of the energy level at fixed m. For convenience, we will
denote in graphics the new states by the l-index, which
corresponds to the orbital quantum number of the non-
perturbed wavefunction. The notation 1s, 1p,... is valid
only at F = 0. We are using such atomic notation for
convenience in order to have visual information about
selection rules for optical transitions.

The electron-hole Coulomb interaction energy between
the i and f states is given, in effective Rydberg units, by

the following Coulomb integral

Eif
b =

2

ε

∫

Ωh

∫

Ωe

∣∣∣Ψex
if (~re, ~rh)

∣∣∣
2

|~re − ~rh|
d3~re d

3~rh , (9)

where Ψex
if (~re, ~rh) = Ψi

e(~re) Ψf
h(~rh), ε =

√
εCdSe εZnTe is

average dielectric constant, and Ωe (Ωh) indicates the in-
tegration volume for the electron (hole), which in this
case runs over the QD volume. Since the magnetic quan-
tum number taken is zero, therefore the m-index was
omitted. The effective Rydberg (R0) and effective Bohr
radius (a0) were taken to be the energy and length units,
respectively, in Eq. (9).

The oscillator strengths of the interband quantum
transitions defines the strength of absorption lines, and
can be obtained via the expression [16]

fif =
Ep

2Eif

∣∣∣∣
∫

Ω

Ψe∗3

i (~r) Ψh
f (~r) d3~r

∣∣∣∣
2

, (10)

where Ep and Eif = Eg +Ej0
e +Ej0

h −E
if
b are the Kane

and interband transition energies, respectively. Here,
Eg = ECdSe

g −Vh = EZnTe
g −Ve is the effective energy gap

between the bottom of the CdSe conducting band and the
top of the ZnTe valence band (indirect bandgap).

The radiative lifetime is another important quantity
in both theoretical and experimental investigations of
the excitonic structures [7, 14, 25–27]. The oscillator
strength fif defines the strength of absorption lines and
also relates to the radiative lifetime, τ , which is given by
[27]

τif =
6π ε0m0 c

3 ~2

e2 n fif (Eif )2
, (11)

where ε0 is the dielectric permittivity of the vacuum, m0

is the free electron mass, c is the light velocity in the vac-
uum, e is the bare electronic charge, fif is the oscillator
strength, n is the refractive index of QD material, and
Eif is the transition energy of considered system.
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FIG. 2. (color online) Electron and hole radial distribution of probability densities (|Rnl
e(h)|2) corresponding to the normalized

wavefunction in CdSe/ZnTe QDs. The notation 1s, 1p,... is valid only at F = 0. We are using such atomic notation for
convenience in order to have visual information about selection rules for optical transitions.

III. RESULTS AND DISCUSSION

In our numerical calculations for electron, hole and ex-
citon states, with their corresponding properties, con-
fined in CdSe/ZnTe and ZnTe/CdSe spherical QDs we
have used the following physical parameters [9]: i) CdSe:
m∗

e = 0.13m0, m∗
h = 0.45m0, Eg = 1.75 eV, and

ε = 10.6; ii) ZnTe: m∗
e = 0.15m0, m∗

h = 0.2m0,
Eg = 2.2 eV, and ε = 9.7; iii) r0 = 3 nm, r1 = 5 nm,
Ve = 1.27 eV, and Vh = 0.84 eV.

In Fig. 2, the radial distributions of probability den-
sities corresponding to the normalized wavefunction for
the electron and hole (|Rnl

e(h)|2) in type-II CdSe/ZnTe

QD for several lowest states are presented. At energy

Enl
e(h)0 < Ve(h), the electron (hole) is localized in the core

(shell) region. In the case of the hole radial distribution
of probability densities, the discontinuity of the deriva-
tive at r = 3 nm is quite evident, which is consistent
with the Ben Daniel-Duke boundary conditions due to
the wide difference that exists between the hole effective
masses in the core and shell regions. Note the signifi-
cant value of |R2d

e |2 (|R2s
h |2, |R2p

h |2, and |R2d
h |2) in the

shell (core) region due to the fact that in that case the
state energy exceeds the height of the potential barrier
for the electron, Ve (for the hole, Vh). For calculations
where the influence of electric field has been considered,
we used not less than 20 terms in the expansion given by
Eq. (3) to guarantee the convergence of our calculations
up to 0.01 meV.

In Fig. 3 the dependencies of the electron and hole
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FIG. 3. (color online) Dependencies of the electron (a,b) and hole (c,d) energies on the applied electric field strength in
CdSe/ZnTe (a,c) and ZnTe/CdSe (b,d) spherical quantum dots. All reported states are obtained with the magnetic quantum
number equal to zero. The notation 1s, 1p,... is valid only at F = 0. We are using such atomic notation for convenience in
order to have visual information about selection rules for optical transitions.

energies on the electric field strength in CdSe/ZnTe and
ZnTe/CdSe QDs are shown. The figure proves that an
increasing electric field intensity shifts the energy lev-
els to a lower energy range (down). The shift value is
greater for localized in-shell quasiparticles. When the
charge carrier (electron or hole) is located mainly in the
core region, a strong localization of the wavefunctions
appears, and it becomes difficult to polarize the system
as an effect of the electric field. This fact explains the
reason why in Figs. 3(a) (for the electron) and 3(d) (for
the hole), the energy curves are essentially constant with
electric field strength. With the effective mass and dielec-
tric constant parameters reported above, a0 = 4.3 nm for
the electron in CdSe and a0 = 2.6 nm for the hole in
ZnTe. Note that r0 = 0.69 a0 for the electron confined
in the CdSe/ZnTe QD while for the hole confined in the
core of the ZnTe/CdSe we have r0 = 1.15 a0.

In Fig.4, the dependencies of the interband transi-
tions energies on the electric field strength for a confined
electron-hole pair in CdSe/ZnTe and ZnTe/CdSE QDs
are shown. The energy of the quantum transition be-
tween ground states of the quasiparticles, (E1s−1s), cor-
responds to the near-infrared region of the spectrum.

The energy of the next allowed quantum transitions,
E1p−1p, corresponds to the lower limit of the visible light
range and at electric field strength 0.3 MV/cm for the
CdSe/ZnTe (0.5 MV/cm for the ZnTe/CdSe) QD goes
down into infrared energy region. The highest allowed
energy transition, E1d−1d, is almost independent of elec-
tric field strength and belongs to the visible regime.

In Fig. 5 are presented our results for the inter-
band transitions oscillator strength concerning the ap-
plied electric field strength for a confined electron-hole
pair in CdSe/ZnTe (a,b) and ZnTe/CdSe (c,d) QDs. In
Figs. 5(a,c) the calculations are for allowed transitions
at F = 0, whereas in Figs. 5(b,d) are for the forbidden
transitions at F = 0. When the electric field strength
increases, the intensity of allowed interband quantum
transitions decreases due to the decreasing of the quasi-
particles wavefunctions overlap. It is suggested by Figs.
5(a) and 5(c), where the dependencies of the oscillator
strength of the allowed interband transitions at F = 0
concerning the electric field strength are shown. Note in
Figs. 5(a) and 5(c) that the oscillator strength for the
1s−1s transition is the least sensitive to variations in the
electric field and that at zero electric field its magnitude
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FIG. 4. (color online) Dependencies of the interband transitions energies on the electric field strength for a confined electron-
hole pair in CdSe/ZnTe (a) and ZnTe/CdSe (b) quantum dots. The label 1s − 1s, for example, means the ground state both
for electron and hole. The dotted line at 1.65 eV corresponds to the infrared-visible transition. The notation 1s, 1p,... is valid
only at F = 0.

is less than that of the 1p − 1p and 1d − 1d transitions.
It is clear that their ground states are located in their
corresponding well regions for both the electron and the
hole, favoring a very low overlap of the wavefunctions. As
transitions between excited states are considered, the re-
sults in Fig. 2 show that the electron and hole wavefunc-
tions present a greater penetration towards the regions of
their corresponding potential barriers, thus favoring the
increase in the overlap. This explains the reason why at
F = 0 we have f(1s−1s) < f(1p−1p) < f(1d−1d). The
decreasing character of all the curves in Figs. 5(a) and
5(c) is justified by the fact that the electric field pushes
the two charge carriers (electron and hole) in opposite
space directions, giving rise to a decrease in the overlap
between the wavefunctions. Note that the electric field
breaks the even and odd symmetries of the electron and
hole wavefunctions concerning the QD-center. This is
why those transitions that are null due to the symmetry
of the wavefunctions at zero electric field become allowed
when the electric field is turned on, as shown in Figs.
5(b) and 5(d). Figs. 5(b) and 5(d) depict increasing
of oscillator strength of forbidden interband transitions
with grows electric field strength (FrankKeldysh effect
[28]). First, they increase due to the violation of spheri-
cal symmetry and then decrease due to the reduction of
the overlap of the wavefunctions. Those transitions that
involve the ground state of one of the carriers with highly
excited states of the other carrier, such as 1s − 1d and
1d− 1s, are slightly sensitive to the effects of the electric
field, as shown in Figs. 5(b) and 5(d). Note that even
up to F = 400 kV/cm, the oscillator strength for these
transitions does not reach a maximum, which is visible
for the other transitions. This result is associated with
the fact that the more extended a state is in QD space,
the more difficult it is to modify its wavefunction due to
the effect of the electric field.

In Fig. 6 are reported our results for the ground

state exciton binding energy and exciton radius (average
electron-hole distance) as a function of the electric field
strength for a confined electron-hole pair in CdSe/ZnTe
and ZnTe/CdSe QDs. In this case, both the electron and
the hole are considered to be in their ground states. The
results are closely connected with the curves denoted as
1s−1s in Figs. 5(a) and 5(c), where it was shown that as
the applied electric field increases, the oscillator strength
of the 1s − 1s transition decreases. This is reflected in
a decrease in the overlap between the electron and hole
wavefunctions which finally translates into an increase in
the average separation between the two charge carriers,
as seen for the dashed lines in Fig. 6. By increasing the
separation between carriers, the Coulomb interaction be-
tween them decreases, and therefore the binding energy
decreases, a situation that can be seen for the solid lines
in Fig. 6. In the CdSe/ZnTe structure, where the ground
state of the electron (hole) is located in the shell (core)
region, greater sensitivity of the average separation of
the two charge carriers is observed concerning the ap-
plied electric field. This is associated with the fact that
the electron is located in the region of greater volume and
the system is much more polarizable concerning the situ-
ation in which the electron is located in the core and the
hole in the shell region. In the latter case, for example,
while the confinement volume for the electron is 36π nm3,
for the hole is 131π nm3. The previous fact justifies that
at a fixed value of the applied electric field, the binding
energy for the ZnTe/CdSe system is lower than that cor-
responding to the CdSe/ZnTe one. By using a variational
technique and the envelope function approximation, the
binding energy and the mean distance between the elec-
tron and hole of an exciton inside a CdSe/ZnTe core/shell
spherical QD was studied considering the dependence of
the dielectric constant and charge carriers effective mass
on radius [32]. For the case r0 = 9.6 nm and r1 = 16 nm,
the authors reported 85 meV and 0.16 nm for the binding
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FIG. 5. (color online) Dependencies of the interband transitions oscillator strength on the applied electric field strength for a
confined electron-hole pair in CdSe/ZnTe (a,b) and ZnTe/CdSe (c,d) QDs. In (a,c) the results are for allowed transitions at
F = 0, whereas in (b,d) are depicted the forbidden transitions at F = 0. The label 1s − 1p, for example, means the 1s state
for electron and the 1p state for hole. The notation 1s, 1p,... is valid only at F = 0.

energy and average electron-hole distance, respectively.
In this work, for the same CdSe/ZnTe QD structure, but
for r0 = 3 nm, r1 = 5 nm, we obtained 38.96 meV and
4.03 nm for the binding energy and average electron-hole
distance, respectively. Considering this important differ-
ence between both results, we have decided to implement
the calculation of the binding energy for at least one of
the structures studied and using another class of methods
that can better account for the binding energy. Indeed,
a first-order perturbative calculus can be quite crude as
it does not take into account the effects of many mixed
states. Following the work of Ref. [33], where a con-
figuration interaction approach is used and the binding
energy matches the experimental values, we have calcu-
lated the binding energy for the CdSe/ZnTe case with
r0 = 3 nm and r1 = 5 nm finding a binding energy value
of 50.0 meV, differing by 22% with respect to the values
obtained perturbatively. This has allowed us to have a
certain peace of mind regarding the value reported here.
Additionally, considering that the electron and the hole
are located in different spatial regions, the value of the av-
erage electron-hole distance that we have obtained seems
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FIG. 6. (color online) Dependencies of the ground state exci-
ton binding energy and exciton radius (average electron-hole
distance) on the electric field strength for a confined electron-
hole pair in CdSe/ZnTe and ZnTe/CdSe QDs.

quite satisfactory and in line with the value of the bind-
ing energy reported. Finally, we want to stress that our
results very good agrees with results from Koc and Sahin
[14] for CdSe/CdTe-based multi-shell type-II quantum
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FIG. 7. (color online) Dependencies of the radiative time for interband transitions on the electric field strength for a confined
electron-hole pair in CdSe/ZnTe (a) and ZnTe/CdSe (b) QDs. The notation 1s, 1p,... is valid only at F = 0.

dot (r0 = 1.95 nm).
In Fig. 7, we present our results for the radiative life-

time for interband transitions concerning the electric field
strength for a confined electron-hole pair in CdSe/ZnTe
(a) and ZnTe/CdSe (b) QDs. From Eq. (11), it is clearly
inferred that the radiative lifetime is inversely propor-
tional to both the oscillator strength and the transition
energy. In this sense, the decreasing effect of the curves
labeled as 1s − 1s, 1p − 1p, and 1d − 1d in Figs. 5(a)
and 5(c) combined with the decreasing or quasi-constant
effect of the same three crows in Figs. 4(a) and 4(b)
explain why in the two panels of Fig. 7, all the radia-
tive lifetimes are increasing functions of the applied elec-
tric field. At zero field, the order in which the oscillator
strengths and transition energies appear is the same in-
verse order in which the radiative lifetimes appear. Note
that the changes in the transition energies with the ap-
plied electric field in Fig. 4 are essentially minimal for
the 1p−1p and 1d−1d transitions and do not exceed 25%
for the 1s− 1s transition while Figs. 5(a) and 5(b) show
a strong dependence on the applied electric field of the
oscillator strength. The latter allows us to infer that the
behavior shown by the radiative lifetime of the curves in
Fig. 7 is completely dominated by the oscillator strength.
The crosses observed between curves in Figs. 5(a) and
5(b) are replicated in Fig. 7. Clearly, the increase in the
radiative lifetime allows us to conclude that the electric
field favors the stability of the excitonic states confined
in the QD.

IV. CONCLUSIONS

The aim of this study is to investigate the effect of elec-
tric field on the interband transition in type-II spherical
core-shell QD. We have studied the electric field effects
on the energies and wavefunctions of the ground (1s) and
excited (1p, 1d, 2s,... ) states of an electron and hole by
matrix diagonalization method. On this base, the oscilla-

tor strength of interband transitions and exciton lifetime
were calculated as a function of the electric field. The
electric field reduces the intensity of the allowed quan-
tum transitions and increases the intensity of the forbid-
den ones. The energies of quantum transitions between
the lowest energy levels of electrons and holes are shifted
to the low-energy region of the spectrum. The electric
field increases the spatial separation of the charge carri-
ers, which leads to an increase in the radiation time. This
result is qualitatively consistent with the experimental
data [2, 5–7, 29–31].
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