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Within the band model we study the electron redistribution around the dis-
location wall depending on the conduction band filling (0 < 7 < 1) tak-
ing into account the electron-deformation coupling. We show that as the
conduction band filling 7 increases, the redistribution gets more localized
around the dislocation plane. It is established that an increase of the dis-
tance between the neighbouring dislocations raises the period of changes
in charge density redistribution An along the dislocation wall, whereas a
change in the amplitude of the electron redistribution as a function of the
distance to the dislocation plane is smoother.
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Modern electronics is based to a great extent on heterostructures. In the process
of growth of such two-dimensional structures at certain conditions a dislocation wall
arises due to the incommensurability of the contracted crystal structure parameters
[1]. The problem of dislocation belongs to an important field of the solid state
physics, namely, to the defect crystal physics.

Electron distribution around an edge dislocation is calculated in [2] taking into
account the electron-deformation interaction. It is shown that the distribution es-
sentially depends on the interaction of electrons with the dislocation. Let us consider
such a problem for a crystal structure with the dislocation wall. In addition to the
intrinsic interest to the problem, its results are of interest for the poligonization
process as long as the wall of the periodically arranged edge dislocations describes
the structure of the stable low-angle border of slope between grains [3,4].

We consider a crystal with an orbital degenerate conduction band. Mechanical
deformation in it produced by an impurity, defects, or dislocation leads to non-
uniform displacements of the band on the energy scale. At the same time, the space
redistribution of electrons around the deformations and renormalization of the initial
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mechanical deformation occur. The Hamiltonian of the crystal with dislocations has
the form [2-5]

1
H= Z w + SU(r;)] ¢ cio + Z NG Cio + 3 ZKQOUQ(Q)C;CW +H.. (1)
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Here ¢ (ciy) is an operator of creation (annihilation) of an electron with spin o
in the Wannier state ¢; w is its energy, and S describes its displacement induced
by deformation; )\% is the mixing integral in a non-deformed state; K is a spring
constant; U(R;) = Sp U(R,) = (Q—€)/Qy is a parameter of the deformation, which
is a relative change in the cell volume (€2 is its initial volume); H. is a Hamiltonian
of Coulomb interaction.

Using conditions of mechanical equilibrium of the system [5]

(5t ) = om0V’ ©)

(Omech 1s @ mechanical tension, V' is the crystal volume), the parameter of the total
deformation U(r) can be presented in the form

S
KQ

Ulr) = —

> {6y ewo) exp (—i(k = K)r) + Uneen (1) (3)
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where the first term is an “electronic” part of deformation Ug(r), and the second
one is its mechanical part Uyeen(T).

In the case of infinite wall of edge dislocations located in the ZOY plane along
the OY axis d apart, Upyeen(r) is equal to [7]

Up sin(Oy) ()
cosh(O|z|) — cos(Oy)’
where Uy = b(1 — rv)/2d(1 — v), © = 27/d; v is a Poisson coefficient; b = (b, 0, 0)
is the Burgers vector directed along the OX axis.

From (3) if follows that the calculation of the electron component of deformation
is reduced to the calculation of the correlator (c;f cio)

1 /2 Im ([ T%(ry, r}) exp(ikry) exp(—ik'r})dr'ydry) , . dE
(Ceohio) = Vv /_OO exp[f(E — )] +1 (9

Uneen (|2],y) =

Here I'Z.(ry, 1)) is a Green function. In the effective mass approximation, an equation
for the Green function has the form [5]

1
V% (r,v') — [SU(r) — ep(r) + Ey — E]T%(r, 1) — 2—5(1' -r')=0, (6)
T
where o* = h?/2m*, and the term with ¢(r) is an electrostatic energy caused by the
charge density redistribution An(r) = n(r) — ne; about the dislocation wall (ng; is
an average total electron concentration of the conduction band [5].
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Potential ¢(r) can be obtained from the Poisson equation

[n(r) = noil. (7)

e

e(r)eg

Vip(r) =

The electron conduction band concentration n(r) is connected with the correlator
(¢ cwo) by the Fourier transformation

n(r) = > (Gh,cuo) exp (—i(k — K)r). (8)

kK,

We expand the Green function in a series in functions ,,(r)

ooy L Un(m)n(r)
Ip(r,r) = %;ﬁa (9)
Y, (r) and A, are solutions of the Schrédinger equation
V2 200 + ) ) = (0 — B () (10)
r a* a* ¥ n - o n 0)%n .

Using (5), (9), equations (3), (8) take the form

N~ )
= 2 s — T -

Ur) = —%n(r) + Uneen (1), (12)

where an =\, — FEo.

L)

v n(r)dr = 'fL, O<n< Nno1, QO < 2. (13)

Here 7 is an average total number of electrons per lattice cell. Equation (13) allows
one to determine the chemical potential.

From the system of equations (7), (10)—(13) we can obtain the potential ¢(r),
parameter of the total deformation U(r), concentration of the conduction band elec-
trons n(r), and chemical potential p. This system was solved by the successive
approximations method at 7' = 0 K. The mechanical part of the deformation pa-
rameter (4) was taken as the initial approximation.

In the case of a crystal system with a large average total electron concentration
no (metals, degenerate semiconductors), the electron redistribution An(r) around
a dislocation wall can practically completely compensate the conduction band shift
by the energy of additional electrostatic interaction (i.e. ep(r) ~ SUpean(r)). In
the case under consideration, the wave function v, (r) as a solution of Schrédinger
equation (6) may be presented with a satisfactory accuracy in the plane wave form,
ie.

1 .
(r) = % exp|—ikr]. (14)
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Substituting summation over n by integration over energy, equation (11) is rewritten
as

n(r) =2

u—Eo—SU(r)+ep(r)
/ p(E)dE, (15)

0
where p(E') is a density of electron states. In the effective mass approximation it
equals

p(E) = V2 (PR (16)

212 B3
Substituting (16) into (15) and integrating we obtain
2\/5(771*)3/2 g2 3/2
TL(I’) = F B3 H+ 6()0(1') — Ep + ?n(r) - SUmech(r) ) (17)

(here (12) is taken into account).
Let us expand this solution into a power series in (e@(r) — SUpeen(r)). In the
linear approximation,

An(r) = Rslep(r) = SUmean(|2], ¥)]- (18)

In this approximation, taking into account (18), equation (12) may be rewritten
as

Nop1r = No 1+

e e

SQné{?’K ]

where ng is an initial average concentration of the conduction band electron in the
crystal lattice without considering the electron-deformation interaction (S = 0);

3\/% 1 Al/311 4+ prl/3)1/2
Rs = (23 s 3 7[1 = *]1 1/2” (20)
8m Q 1—§pn /3[1 + pn /3] /
52
p = . (21)
(37?2)2/30z*KQ(1)/3
Then the Poisson equation takes the form
eVip(r) — g% (r) = aUnean(|z], ), (22)
where 2 RS
g=—" 0= (23)
€0 €0
Expanding the functions ¢(r) and Upeen(r) into the Fourier integrals
(r) { / (k)dk, Upeen(T) {2 /U (k)dk (24)
r)= mech\T) = mec! )
1% (277')3 1% ) h (27T)3 h

and substituting (24) into (22), we obtain an expression for the potential ¢(k) in

the k-space
a

(p(k) = mUmeCh(k)a (25)
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where

i87r2@U0 d(ky —0O) —d(k, +O)
0 0 + 2
is the Fourier transform of the deformation potential Uyeen (||, y) (4) at |Ox] > 1.

Performing the inverse Fourier transformation of ¢(k), we find an analytical
expression for the potential ¢(|x|,y) in the r-space

Unecn (k) = — o (k=) (26)

_ Obasin(Oy) 1 —2v

0Ol _
21 g? 1—v

o(lz],y) = exp(—|z[/©? + g*/¢)

S}
VO?%+g?/¢
(27)

Substituting the expression (27) and (4) into (18) we obtain the change in the
electron redistribution about the plane of the dislocation wall

An(|z],y) = A(|z]) sin(©y). (28)
Formula (28) can be treated as harmonic oscillations of An along the OY axis with
an amplitude A(|z|)

bl —2v
Allel) =~

exp(—|z[/©? + g?/e). (29)

o
R
* /O + 2z

The parameter of the resulting lattice defor-

0.8 Laning, 1073 mation U(|z|,y) (12) about the dislocation
wall with the electron-deformation redistribu-
T tion (29) takes the form
0.4 4
] U(lz|,y) = U,(]z|) sin(©y), (30)
, /,,n,n where
3 2
bl—2v
-0.2 Ua - _ |: _@
(jef) = =2 [exp(~©lal)
1 ~O
064 + ——exp(—|x @2+25},31
o PV R
.0.8 1
Y= SQRs/K.

In figure 1 we present the coordinate electron
distribution around the dislocation wall at a dif-
ferent average carrier concentration, obtained at
the values of the parameters typical of the crys-
talline systems with transition or rare earth ele-

Figure 1. Coordinate electron
distribution along the normal
to the dislocation wall. (Upper
and lower curves correspond to
planes y = (4k — 1)d/4 and y =

(4k + 1)d/4, respectively. Here  nents.
k=0,1,2,...). Based on the results we come to the conclu-
sions:

e redistribution of electrons along the dislocation wall has a periodic character.
Normal to the plane with the wall, the concentration of the electrons falls
going away from it. The falling occurs in the case of a unique dislocation as
well but such a falling is slower, ~ 1/p;

173



R.M.Peleschak

e with the increase of band filling n (0 < n < 2) both redistribution of electrons
and lattice deformation induced by the dislocation wall become more localized
to it;

e at the increase of the distance between the neighbouring dislocations in the
dislocation wall dependence of the amplitude of the electron redistribution on
the distance to the wall becomes smoother;

e from the estimation performed based on the formula (31) it follows that the
electron part of the strain in the compound containing earth or transition
elements may be of the order of 30% of the total strain.
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3anoBHEHHS eNIeKTPOHHUX CTaHiB i aedopmMaLia rpaTkum
B OKOJ1i CTIHKM KpanoBUX ANCIIOKaLn

P.M.lMenewak

Jporobuupknin negaroriyHnin yHisepcuteT iM. |.dpaHka,
JlbBiBCbka 0011., 293720 Aporobwuy, Byn. |.dpaHka, 24

OtpumaHo 1 6epesHsa 1999 p., B ocTaTOYHOMY BUMNAAI — 2 KBITHSA
1999 p.

Y pamkax 30HHOI Monesi 3 BpaxyBaHHAM eflekKTPOoH-aedopmMaLinHoro
3B’AA3KY A0CNIOXEHO €NEKTPOHHUI NEPEPO3NOALin B OKOAI CTIHKN ANCA0-
Kaui B 3a71eXXHOCTI Bif, CTyneHs 3anoBHeHHA (0 < 7 < 1) 30H NpoBia-
HoCTi. NokasaHo, Lo 3i 36iNbLLIEHHAM CTYrNeHs 3aNOBHEHHSI 30HW MPOBIa-
HOCTI 77 Nepepo3noajn Mae binbLu JIoKani3oBaHWU B OKOJi MIOLLMHN ANC-
Jlokauin xapaktep. BctaHoBneHo, wWwo 30inblUeHHs BigcTaHi MiX cycia-
HiIMM AMcnoKauisMmn NpUBOAUTb A0 30iNbLUeHHS nepioay 3MiHM Nepepos-
noainy enekTPoHHOI ryCTuHn An B340BX PO3MILLEHHS CTIHKW OUCHO-
Kauin, a 3aMiHa aMmnNiTyam eNekTPoOHHOrO Nepepo3noainy sk GyHkLUii Big-
CTaHi 0,0 NIOLWMHM AUCIoKaL,ih Mae npu LiboMy BinbLU NNaBHUA XxapakTep.

Knio4oBi cnoBa: e/iekTpoH-AedopmaLiviHa B3aeMoisi, CTiHKa
avcaokauivi
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