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In the framework of the self-consistent electron-deformation
model, the surface of the electron concentration distribution near
a dislocation wall in a strained ZnSe/GaAs heterosystem has
been calculated, and the change of its shape as a function of the
average value of the conduction electron concentration and the
distance between misfit dislocations has been studied. The profiles
of the electron concentration surface have been demonstrated to
be sinusoidal-like in the direction parallel to the misfit dislocation
line and Gaussian-like in the direction perpendicular to it.

The heterosystem is formed during the epitaxial
growth of a layer on a single-crystalline substrate.
If the epitaxial layer and the substrate have a
mismatch between their lattice parameters a’s (for
example, in the case ZnSe/GaAs(001)), there emerge
elastic deformations and stresses in both contacting
media. The structure of the first monoatomic layer
of the film accommodates to the substrate lattice
in such a manner that the crystalline lattice of the
layer duplicates the lattice pattern on the substrate’s
surface. Several next layers of the film accomodate
to the previous ones in precisely the same way.
The magnitudes of epitaxial deformations and stresses
can be estimated as ε ∼ (aZnSe −aGaAs ) /aZnSe ≈
4% and σi = µi ε, respectively, where µ is the
modulus of elasticity. As the epitaxial layer grows, the
elastic deformation energy increases. Since the elastic
energy grows proportionally to the film volume, the
further growth of a perfect epitaxial film becomes
energetically unfavorable starting from a certain film’s
thickness. In this case, there appear dislocations in
the epitaxial layer near the film–substrate interface
[1, 2]. They are aligned in parallel to one another
and at approximately identical distances, so that a
dislocation wall is formed (Fig. 1). The number of
emerged dislocations and their Burgers vectors are
sufficient in order that the dislocation deformations
compensate the epitaxial ones at large distances from
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the heterointerface. The distance between neighbor
dislocations d is equal to |~b|/ε, where |~b| is the
corresponding component of the Burgers vector. Owing
to the compensation of deformations, the elastic
energy becomes localized in a near-surface epitaxial
layer of thickness d, and the further growth of the
film proceeds without the appearance of structural
inhomogeneities. The rate of deformation decay away
from the heterojunction is governed by chemical bonds
and mismatches between lattice parameters and thermal
expansion factors.
The availability of the dislocation wall gives rise to
the emergence of mechanical deformation [1, 3]
Umech (|x|, y) =

U0 sin(θ̃ y)
,
(ch(θ̃ |x|) − cos(θ̃ y))d

(1)

Fig. 1. Schematic presentation of a ZnSe heteroepitaxial layer
with an edge dislocation wall grown on the GaAs(001) substrate.
Dashed lines designate an edge dislocation wall. Dislocations in
the wall are located at a distance d from one another
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~
where U0 = b(1−2ν)
2(1−ν) , θ̃ = 2π/d, b is the Burgers vector
directed along the OX axis, ν is Poisson’s ratio, and d
is the interdislocation distance. As is seen from Eq. (1),
such a mechanical deformation is an alternating quantity
along the OY axis.
The calculations of the electron concentration
redistribution ∆n (|x|, y) along the dislocation wall were
carried out on the basis of the relation [?]
∆n (|x|, y) = RS (eϕ − SUmech ) ,

(2)

where the potential ϕ was found from the Poisson
equation
ε∇~2r ϕ (~r) − g 2 ϕ (~r) = aUmech (~r) ,

(3)

a = −eRS S/ε0 , and g 2 = e2 RS /ε0 . The profile Umech (~r)
was determined by formula (1). Expanding the functions
ϕ (~r) and Umech (~r) into the relevant Fourier integrals
Z ³ ´
Ω
~
ϕ (~r) =
Φ ~k eik~r d~k,
3
(2π)
Z
³ ´
Ω
~
Umech (~r) =
Umech ~k eik~r d~k.
(4)
3
(2π)
and substituting relations (4) into Eq. (3), we obtained
the following expression for the potential Φ(~k) in the
~k-space:
a
Φ(~k) = − 2
Umech (~k),
(5)
ε k + g2
where
Umech (~k) = −i

8π θ̃U0
δ(ky − θ̃) − δ(ky + θ̃)
δ(kz )
Ωd
θ̃2 + kx2

(6)

is the Fourier transform of the mechanical part of the
deformation parameter Umech (|x|, y) (see Eq. (1)) at
¯
¯
¯ 2π ¯
¯ x¯ À 1.
(7)
¯ d ¯
Carrying out the inverse Fourier transformation, we
obtained an analytical expression for the potential
ϕ (|x|, y) in the ~r-space:
¡
¢
ba sin 2π
d y 1 − 2ν
ϕ (|x|, y) = −
×
dg 2
1−ν
"
2π
× e−2π|x|/d − p
×
2
d 4π /d2 + g 2 /ε
#
³
´
p
× exp −|x| 4π 2 /d2 + g 2 /ε .
(8)
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Substituting expression (8) into Eq. (2) and taking
Eqs. (1) and (7) into account, we obtained the formula
for the redistribution of electrons ∆n (|x|, y) in the
vicinity of the wall plane:
µ
¶
2π
∆n (|x|, y) = n (|x|) sin
y .
(9)
d
It is evident from formula (9) that the electron
concentration distribution along the dislocation wall
demonstrates the harmonic behavior with the period d
along the OY axis and the amplitude
n (|x|) = −

b 1 − 2ν
2π
SRS p
×
2
d 1−ν
d 4π /d2 + g 2 /ε

³
´
p
× exp −|x| 4π 2 /d2 + g 2 /ε .

(10)

In Figs. 2 and 3, the surfaces of the electron
concentration distribution in a ZnSe/GaAs(001)
heterosystem with a misfit dislocation wall are shown
for the average values of the conduction electron
concentration n0 = 1018 and 1019 cm−3 , respectively.
The calculations were carried out for the following
values of the parameters which correspond to the
ZnSe/GaAs(001) heterosystem: m∗ = 0.17m0 , S =
3

3.65 eV, a = 5.65 Å, and K = 0.379 eV/Å . Panels a
correspond to the interdislocation distance d = 1000 Å,
and panels b to d = 500 Å.
From those figures, it is evident that the profile of the
electron density surface is sinusoidal-like in the direction
parallel to the line, where the misfit dislocations are
located (axis OY ) and Gaussian-like in the direction
perpendicular to the plane that contains the dislocation
wall. There is an excess of the electron concentration
with respect to its average value in those regions of
the crystal lattice which contain dislocation planes. As
the degree of the conduction band occupation (within
the range of electron concentrations n0 = 1018 ÷
1019 cm−3 ) and the interdislocation distance d grow,
the redistribution of the electron concentration in the
vicinity of dislocations with respect to its average value
becomes lower. In particular, if the concentration of
conduction electrons becomes an order of magnitude
higher (from 1018 to 1019 cm−3 ), its maximal relative
variation decreases by a factor of about 7 at d =
1000 Å and by an order of magnitude at d = 500 Å.
This is caused by the fact that the crystal lattice
becomes less sensitive to deformations if the degree of the
conduction band occupation increases [7]. The maxima
and minima of the relative variation of the electron
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a

b

Fig. 2. Surfaces of the electron concentration distribution in the ZnSe/GaAs(001) heterosystem with a misfit dislocation wall for the
average concentration of conduction electrons n0 = 1018 (a), 1019 cm−3 (b) and various interdislocation distances d. Vertical dashed
lines correspond to dislocation lines

concentration along the misfit dislocation wall have the
ordinates ykmax = (4k + 1) d/4 and ykmin = (4k − 1) d/4,
respectively. Figures 2 and 3 testify that the
width of the region of the conduction-electron
spatial localization in a vicinity of the misfit
dislocation wall is more sensitive to a variation of
the period d than to the degree of conduction band
occupation n0 .
To summarize, the results of our researches made it
possible to draw the following conclusions:
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– the profile of the electron concentration surface is
sinusoidal-like in the direction parallel to the misfit
dislocation line and Gaussian-like in the direction
perpendicular to it;
– if the degree of conduction band occupation n0 and
the interdislocation distance d grow (the former in
the interval (1018 cm−3 ≤ n0 ≤ 1019 cm−3 ), the spatial
redistribution of the electron concentration in a vicinity
of misfit dislocations with respect to its average value
n0 becomes lower;
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– local electron-deformation drains for point defects
are formed on dislocations along the dislocation wall,
which ultimately leads to a more uniform distribution
of point defects in the crystal and to the weakening of
degradation effects.
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ПОВЕРХНI ПЕРЕРОЗПОДIЛУ ЕЛЕКТРОННОЇ ГУСТИНИ
В ГЕТЕРОСТРУКТУРI ZnSe/GaAs ЗI СТIНКОЮ
ДИСЛОКАЦIЙ НЕВIДПОВIДНОСТI
Р.М. Пелещак, М.М. Баран
Резюме
У рамках самоузгодженої електрон-деформацiйної моделi розраховано поверхню електронної густини в околi дислокацiйної стiнки в напруженiй гетеросистемi ZnSe/GaAs та дослiджено змiну її форми в залежностi вiд середнього значення концентрацiї електронiв провiдностi та вiдстанi мiж дислокацiями
невiдповiдностi. Показано, що в напрямку, паралельному лiнiї
розмiщення дислокацiй невiдповiдностi, форма поверхнi електронної густини є синусоподiбною, а в напрямку, перпендикулярному до неї, – гаусоподiбною.
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