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Abstract. In this research, we investigate the influence of the screw dislocation on the energy levels of non-
relativistic electrons on a two-dimensional solid taking into account the deformed Kratzer potential under
an external magnetic and the Aharonov–Bohm (AB) fields. We obtain the bound state energy eigenvalues
equation and the corresponding wave functions by using the Frobenius method. We also calculate the direct
interband light absorption coefficient and threshold frequency of absorption in a quantum pseudodot. Some
of the numerical results are given.

1 Introduction

Some semiconductors have a crystalline structure. We
need to study their physical properties like elasticity,
melting, growth, etc., that are defined by defects in the
crystalline structure. As a consequence, broad theoret-
ical and experimental investigation to these defects, in
semiconductors, started in the 1950s and continues nowa-
days [1]. In other words, dislocations are basic crystal
defects [2–6]; their type depends on the crystal symme-
try. In fact, geometric description of defects in solids has
been attracted in the last years. The central role here
is played by torsion. Cartan introduced this geometric
notion [7–9] and, quite interesting, by analogy with elas-
tic media. Torsion is independent characteristic of the
space–time, which has a very long history of study [10]
and mainly on various aspects of classical gravity theory
with torsion. We can see the formalism of the torsion in
Section 2 into reference [10]. Later, Kondo [11] and Bilby
et al. [12] noticed the relation of torsion to dislocations,
and disclinations were found to correspond to nontrivial
curvature of a SO(3)-connection in spin glasses or liq-
uid crystals [13]. For example, the screw dislocation is a
topological defect associated with torsion, see [9,14]. On
the other words, screw dislocations in the crystal results
in an effective potential field and they are known to be
considerably detrimental to device performance. In fact,
screw dislocations result in high current linkage and low
breakdown voltage because this explains the accumulation
of excremental measurements of their characteristics; see
[15–18]. Recently, many works appeared in the literature.
Meng et al. have investigated screw dislocations driven
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growth of nanomaterials [19]. They have investigated to
how screw dislocations impact the growth kinetics along
different crystallographic directions and how the strain
energy of the defected crystals influences their equilibrium
shapes. Bobylev et al. have studied the nonplanar splitting
of screw dislocations in gum metal [20]. Eshelby has been
investigated screw dislocations in thin rods [21]. Kawa-
mura has studied an electronic wave which is scattered by
a screw dislocation [22,23]. Also Yosida and Kawamura
have studied the phase mismatching effect on the scatter-
ing electrons off a screw dislocation by the tight-binding
approximation [24]. Baimuratov et al. have investigated
giant optical activity of quantum dots, rods and disks
with screw dislocations [25]. Razumova and Khotyaint
have calculated bound holes states with screw dislocations
in cubic semiconductors [26]. Li et al. have investigated
interface effects on elastic behavior of a screw disloca-
tion around double nanowires for controlling mechanical
response of nanoscale structures [27]. Although, some
of the authors have investigated research about screw
dislocations and topological defects [9,10,14,28–42]. Fur-
thermore, Aharonov–Bohm effect with or without screw
dislocation have been studied on various systems by a few
authors [43–46]. One of these works, Filgueiras et al. have
investigated the influence of the screw dislocation on the
energy levels and the wave functions of an electron con-
fined in a two-dimensional pseudoharmonic quantum dot
under the influence of an external magnetic field with the
Aharonov–Bohm effect a pseudodot [46]. Although one
can work out the problem with spin-1/2 or spinless parti-
cles, Shapiro has shown that the spin of the particle can
couple with torsion [41]. In this work, we study the effect of
the screw dislocation on the energy levels of nonrelativistic
electrons without spin in a three-dimensional solid taking
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Fig. 1. Screw dislocation in the bulk of a 3D crystal [19,42].

into account the deformed Kratzer potential under the
Aharonov–Bohm (AB) field by using ansatz method. We
also calculate the direct interband light absorption coeffi-
cient and threshold frequency of absorption in a quantum
pseudodot. The organization of this paper is as follows. In
Section 2 we present the theory and the solution of the
Schrödinger equation with the Kratzer potential for the
energy levels. In Section 3, we study the interband light
absorption coefficient and the threshold frequency value
of absorption under the influence of a screw dislocation.
Finally conclusion is given in Section 4.

2 Theory of the model

We consider a non-interacting electron within an infinitely
long linear screw dislocation oriented along the z-axis. At
first, we write the metric of such system in cylindrical
coordinates as [47]

ds2 = (dz + βdϕ)2 + dρ2 + ρ2dϕ2, (1)

with (ρ, ϕ, z)→ (ρ, ϕ+ 2π, z) and β is a parameter related
to the Burgers vector b by β = b

2π .
Figure 1 shows the shape of a screw dislocation in the

bulk of a 3D crystal. For electrons on semiconductors,
we can add a deformed potential related to the effects of
the lattice deformation on the electronic properties [48].
Therefore, the screw dislocation can be written as

Vd(ρ) =
~2

2ma2
b2

4π2ρ2

[
2 + a2

(
∂

∂z

)2
]
, (2)

where a is the lattice constant. A potential of this form has
been investigated in a phenomenological approach [16].
Kosevich, argued that in some semiconductors this poten-
tial might carry a negative prefactor and then again imply
the existence of the bound states. However, the potential
is definitely repulsive and therefore does not allow the
formation of bound states to screw dislocations.

Considering a charged particle in the presence external
magnetic field as well as screw effect, one can write the
Hamiltonian as

H =
1

2m
(~p − e ~A)2 + Vd(ρ) + Vk(ρ). (3)

Here, we take the external field as combination of a con-

stant magnetic field along the z-direction, ~B1 = Bẑ, and
the AB flux field. The relevant vector potentials are then

−→
A 1 =

Bρ

2
ϕ̂, (4)

and

−→
A 2 =

ϕAB
2πρ

ϕ̂, (5)

where ϕAB is the AB flux field.
The later potential field creates the magnetic flux tube s

−→
B 2 =

ϕAB
2π

δ(ρ)

ρ
ϕ̂, (6)

where δ(ρ) is the Dirac δ-function and eventually, a scalar
Kratzer potential is defined by

Vk (ρ) = V0

(
ρ− ρ0
ρ

)2

, (7)

where ρ0 and V0 are the zero point (effective radius) and
the chemical potential in order [49]. In fact, the Kratzer
potential contains both a long-range attraction and repul-
sive parts. The superposition of these parts produces an
effective potential pocket. For the correct vibrational and
rotational energy eigenvalues of the different systems, the
form of this potential pocket is very important. There-

fore, an effective vector potential
−→
A eff caused by a screw

dislocation can be defined by [15]

−→
A eff =

hb

2πρ

∂

∂z
ϕ̂. (8)

Both magnitude of screw dislocation, b, and ϕAB have

the similar role, yet ~Aeff is a differential operator [15]. In
this paper, we aim to study an electron interacting with

vector potentials ~A1 + ~A2 + ~Aeff . Hence, the Schrödinger
equation for this model can be written as

− ~2

2m

[
∂2

∂z2
+

∂2

∂ρ2
+

1

ρ

∂

∂ρ
+

1

ρ2

(
∂

∂ϕ
− β ∂

∂z
+ δ

)2
]
ψ

+

[
ieB~
2m

(
∂

∂ϕ
− β ∂

∂z
+ δ

)
+
e2B2ρ2

8m

]
ψ

+Vd(ρ)ψ + Vk(ρ)ψ = Eψ, (9)

where δ = eϕAB

2π~ is the flux parameter. To solve the above
equation, we consider the following ansatz ψ(ρ, ϕ, z) =
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CeilϕeikzzR(ρ), where l = 0,±1,±2,±3, . . . , kz ∈ R with
C being the normalization constant. Then, it reduces to
the form:

− ~2

2m

[
d2

dρ2
+

1

ρ

d

dρ
− 1

ρ2
(l − βk + δ)2 − k2

]
R(ρ)

+

[
−eB~

2m
(l − βk + δ) +

e2B2ρ2

8m
+ V0

(
ρ− ρ0
ρ

)2
]

×R(ρ)

+
~2

2ma2
b2

4π2ρ2
[
2 + a2k2

]
R(ρ) = ER(ρ). (10)

We can rewrite it as

[
d2

dρ2
+

1

ρ

d

dρ
− ν2

ρ2
−Ω2ρ2 +

λ

ρ
+ ε

]
R(ρ) = 0, (11)

where

ν2 = (l − βkz + δ)2 +
b2

2π2a2

(
1 +

a2k2

2

)
+

2m

~2
V0ρ

2
0

Ω2 =
e2B2

4~2

λ =
4mV0ρ0

~2

ε = −k2z +
eB

~
(l − βkz + δ)− 2m

~2
V0 +

2m

~2
E, (12)

and

ε = E2 −m2 +Ω

ν2 = l2 +
λ2

4m2
. (13)

By introducing a new variable as ξ =
√
Ωρ, equation (11)

reduces to

[
d2

dξ2
+

1

ξ

d

dξ
− ν2

ξ2
− γ

ξ
− ξ2 +

ε

Ω

]
R(ξ) = 0, (14)

with a new parameter:

γ =
−λ√
Ω
. (15)

For the asymptotic behavior of the possible solutions to
equation (14), i.e. ξ → 0 and ξ → ∞, we take the wave
functions R(ξ) as

R(ξ) = exp
(
−ξ2/2

)
ξσ|ν|H(ξ), (16)

where σ = ±1 [50–54]. To have a non-singular solution, we
choose σ = +1 [53,55]. Upon substituting equation (16)

into equation (14), one can obtain the radial wave function
as

d2H

dξ2
+

[
(2 |ν|+ 1)

1

ξ
− 2ξ

]
dH

dξ

+

[
ε

Ω
− 2− 2 |ν| − γ

ξ

]
H = 0. (17)

The above second order differential equation is the Heun
biconfluent equation [53–58] having the solution:

H(ξ) = H(2 |ν| , 0, ε/Ω, 2δ, ξ) . (18)

Using Frobenius method [59,60], we solve equation (17) as
a power series expansion around the origin:

H (ξ) =
∞∑
n=0

anξ
n, (19)

the recurrence relation can be obtained as

an+2 =
γ

(n+ 2) (n+ 1 + α)
an+1

− (θ − 2n)

(n+ 2) (n+ 1 + α)
an, (20)

where α = 2 |ν| + 1 and θ = ε
Ω − 2 − 2 |ν| . We assume

a0 = 1 and from above equation, the other coefficients
of the power series expansion can be also obtained. For
example

a1 =
γ

α
= − λ√

Ω

1

(2 |ν|+ 1)
,

a2 =
γ2

2α(1 + α)
− θ

2(1 + α)

=
λ2

2Ω

1

(2 |ν|+ 1)(2 |ν|+ 2)
− θ

2(2 |ν|+ 2)
. (21)

To have a polynomial of degree n via the recurrence
relation, equation (20), we should have two following
conditions [61,62], namely, the power series, (19), is a
polynomial of degree n. It is terminated if and only if:

an+1 = 0,

θ = 2n, (22)

where n = 1, 2, 3, . . . Due to the divergence behavior of
the function H (ξ) for large values of it argument, bound
states solutions can be only obtained by imposing that this
function becomes a polynomial of the variable ξ. There-
fore, by analyzing the condition θ = 2n cause that we can
obtain the energy eigenvalues as
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En,l = (n+ 1 + |ν|) ~
2Ω

m
+

~2k2z
2m

−eB~
2m

(1− βkz + δ) + V0. (23)

Now, to analysis given in equation (22), an+1 = 0, we con-
sider Ω can be adjusted in such a way that this condition
an+1 = 0 can be satisfied. This is possible. In this case,
we can adjust either the intensity of the magnetic field
B assocated with the uniform volume charge density. In
this case, both conditions imposed in equation (22) are
satisfied and a polynomial solution to the function H(ξ)
is obtained. In fact, a result of this analysis is that there
exists a relation of Ω to the quantum numbers of the sys-
tem {n, l}. In this regards, also for more information, see
[52,58,63–66].

3 Interband light absorption coefficient

This section we study the interband light absorption coef-
ficient and the threshold frequency value of absorption
under the influence of a screw dislocation.

Here, we calculate the direct interband light absorp-
tion coefficient K(ω) and the threshold frequency of
absorption.

First we have to express the light absorption coefficient
as [48,51]

K(ω) = N
∑
n,l,u

∑
n′,l′,u′

∣∣∣∣∫ ψen,l,u(ρ, ϕ)ψhn′,l′,u′(ρ, ϕ)ρdρdϕ

∣∣∣∣2
×γ(∆− Een,l,u − Ehn′,l′,u′), (24)

where ∆ ≡ ~$ − εg, εg, $, N, ψe(h) and Ee(h) are the
width of forbidden energy gap, the frequency of inci-
dent light, quantity proportional to the square of dipole
moment matrix element modulus, the wave function of
the electron (hole) and the corresponding energy of the
electron (hole), respectively.

Using equations (23) and (24), one can obtain the
threshold frequency of absorption as

~$ = (n+ |ν|+ 1)

(
Ωe
me

+
Ωh
mh

)
~2

−1

2

(
1

mh
+

1

me

)
(l − βkz + δ)~eB

+
1

2

(
1

mh
+

1

me

)
~2k2z + 2V0 + εg, (25)

where me(mh) is the electron effective mass (hole effec-
tive mass) and Ωe = − eB2~ Ωh = + eB

2~ . In the absence
of defect (β = 0) as well as the AB flux field (δ = 0)
and also discarding the motion along z-direction, the
threshold frequency of absorption reduces as obtained
in reference [67]. Taking (n, l) = (0, 0), the threshold
frequency of absorption becomes

~$00 = (|νl=0|+ 1)

(
Ωe
me

+
Ωh
mh

)
~2

−1

2

(
1

mh
+

1

me

)
(−βkz + δ)~eB

+
1

2

(
1

mh
+

1

me

)
~2k2z + 2V0 + εg. (26)

In the absence of screw dislocation, above equation
reduces to

~$b=0
00 =

(√
δ2 +

2mhV0ρ20
~2

+ 1

)
Ωh
mh

~2

+

(√
δ2 +

2meV0ρ20
~2

+ 1

)
Ωe
me

~2

−1

2

(
1

mh
+

1

me

)
δ~eB + 2V0 + εg. (27)

When deformed potential can be taken into account, the
threshold frequency, therefore, is written as

~$screw
00 =

(√
δ2 +

2mhV0ρ20
~2

+
b2

2π2a2
− bδ

d
+ 1

)
Ωh
mh

~2

+

(√
δ2 +

2meV0ρ20
~2

+
b2

2π2a2
− bδ

d
+ 1

)

×Ωe
me

~2

−1

2

(
1

mh
+

1

me

)(
δ − b

2d

)
~eB

+2V0 + εg. (28)

In addition, when δ ≡ 0, above equation reduces to

~$screw
00 =

(√
2mhV0ρ20

~2
+

b2

2π2a2
+ 1

)
Ωh
mh

~2

+

(√
2meV0ρ20

~2
+

b2

2π2a2
+ 1

)
Ωe
me

~2

− 1

4d

(
1

mh
− 1

me

)
b~eB + 2V0 + εg. (29)

For final calculations, we want to demonstrate the influ-
ence of the screw dislocation on the threshold value of
absorption for transition 000→ 000, in the presence and
absence of the deformed potential. It can be obtained as

~$00

εg
= 1 +

Ee0 + Eh0
εg

. (30)
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(a)

(b)

Fig. 2. The variation of threshold frequency of absorption $00

(in units of εg) as a function of B (T ) for several values of the
r parameter. In (a) we display $00 for absence of a flux field
δ = 0 and in (b) we display $00 for δ = 1.

To study the problem numerically for the typical 2D struc-
ture of GaAs, we use the parameters as V0 = 0.68346 meV,
a= 5 Å, d= 15 nm, me = 0.067m0 and mh = 0.34m0 and
also m0 is the free electron effective mass.

In Figure 2a, we show the variations of the threshold
frequency of absorption $00 (in units of εg) for a quantum
dot as a function of magnetic field (in units of Tesla) for
different values of the ratio r = b

a when AB flux field is
absent (δ = 0). The same plot in the present of AB flux
field (δ = 1) has been drown in Figure 2b. In Figures 3a
and 3b, we have plotted the variations of the threshold
frequency of absorption $00 with quantum dot size (in
units of ρ0 ) in the absence and presence of AB flux field.

4 Conclusions

In this work, we studied the influence of the screw disloca-
tion as well as the external magnetic and Aharonov–Bohm
(AB) fields on the energy levels of electron gas with a
Kratzer pseudodots. Having obtained the bound state
energy eigenvalues equation and the corresponding wave

(a)

(b)                               

Fig. 3. The variation of the threshold frequency of absorption
$00 (in units of εg) as a function of ρ0(m) for several values
of the r parameter. In (a) we display $00 for absence of a flux
field δ = 0 and in (b) we display $00 for δ = 1.

functions, the calculations of the direct interband light
absorption coefficient and threshold frequency of absorp-
tion in a quantum pseudodot becomes straightforward.
Our results are shown in Figures 2 and 3.
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